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PREFACE
 

The past three decades have seen a revolution in telecommunications-from the 
first television transmissions via satellite in the early 1960s to the video- and computer­
conferencing activities of the 1980s. Today, telecommunications serve as the "nervous 
system" of many societies; they are multi-purpose in use and pervasive n effect. Tele­
communications provide significant social and economic benefits critical improvingto 

and maintaining national economies and, by extension, the quality of life.
 

In the relatively short time that communication satellites have been with us,
satellite technology has displayed amazing range and versatility. The technology has 
demonstrated its value to telephone and telex commrunicat ions, radio and television 
broadcasting, business communications, and the delivery of public services to isolated 
communities. 

It has also proved a sound financial and, according to many, productive development
investment. Indeed, telecornmunications' vital contribution to development was noted in 
The Missing Link, a report by the ITU's Independent Commission for Worldwide Tele­
communications Development: 

Henceforth no development program of arty country
should be regarded as balanced, properly integrated or 
likely to be effective unless it includes a full and appro­
priate role for telecommunications and accords a cor­
responding priority to the improvement and expansion of 
telecommunication. 

In the last decade, it has become evident that the developing wor!d also considers 
telecommunications a worthwhile investment. Indonesia, India, Brazil, Mexico, Chi na,
and a coalition of 22 Arab nations have launched their own satellites. Through INTEL-
SAT, 27 other developing nations have established internal satellite-based communica­
tions systems. 

Satellite communications offer the potential to reach the isolated and rural areas 
which characterize much of the Third World and which have long remained outside the 
vital flow of information. 

In 1980 the U.S. Agency for International Development initiated the AID Rural 
Satellite Program to explore the potential of telecommunications as a means of ex­
tending scarce expert resources and expanding educational opportunities to remote and 

ral areas. Building on simple, interactive, and inexpensive telephone-baseG technolo­
gies, the Program developed teleconferencing systems for use as a development tool. 
Three pilot projects-in Indonesia, the West Indies, and Peru-were implemented to test 
and demonstrate that audioteleconferencing could reliably and affordably support de­
velopment activities in education, health, and agriculture. 

In Indonesia and the West Indies, distance education programs were established with 
national universities. Linking 13 distant universities in Indonesia and six universities in 
the West Indies, audioconferencing systems are used to provide academic courses to uni­
versity students, to upgrade faculty skills through in-service training programs, and to 



facilitate administrative and institutional communication. The effect is to makc the 
expert resources of each institution available to all members of the network, thus rnul­
tiplying each professional's outreach and effectiveness. Over 15 courses are taught each 
semester to thousands of university students in Indonesia. The University of the West 
Indies trained over 500 doctors and nurses in 1985 and doubled the annual number of 
teaching certificates awarded because of expanded training opportunities offered by the 
teleconferencing system. 

In 	Peru, the Rural Satellite Program provided basic .elephone service to seven rural 
communities and established an audioconferencing link for in-service training of health 
workers, agriculture extension agents, and teachers--connecting them for the first time 
with experts in the capital city of Lima. Over 300 audioconferences were requested by 
field personnel in 1985; over 92 percent of users indicated that the training improved 
their work. 

The experiences of the Rural Satellite Program in Indonesia, the West Indies, and 
Peru have shown that: 

" 	 Telecommunications can be adapted to provide affordable communication ser­
vices in rural areas and provide a cost-effective means of extending social 
services to these areas. 

o 	 Telephone-based technologies can be made to operate reliably in the developing 
world. ihe RSP pilot project networks operate at a 90 to 98 percent reliability 
rate. 

" 	 Teleconferencing, specifically audioconferencing, is an effective means of 
providing quality instruction and essential training to rural and isolated public 
service personnel. 

Beyond these major research conclusions, the Riral Satellite Program projects have 
afforded valuable lessons in the planning and implementation of distance education 
programs, the design of appropriate technical systems, the programmatic and technical 
management required by these programs, the process of technology transfer, and the 
identification of the most suitable uses and audiences. 

The following report, one of a monograph series, describes one aspect of the ex­
perience of the Rural Satellite Program. 
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INTRODUCTION
 

The AID Rural Satellite Program represents the first attempt to use telephonetechnology, namely audioconferencing and related services, to support development
efforts in the Third World. 

The feasibility and utility of telecor.erencing has been widely demonstrated in theUnited States and Canada; two-way, interactive communications systems hold muchpromise as a tool for Third World development. Although satellites are expanding theavailability of telecommunications services, simple telephone service does not yet enjoywidespread usage in the rural areas of the developing world. The challenge of the RuralSatellite Program was to adapt and transfer telephone technologies to these areas and to
make them work for rural development. 

Four years after the initial design efforts, three teleconferencing networks are inplace and supporting development applications in Indonesia, the West Indies, and Peru.Personnel have been trained in their use, operation, and repair, and the networks areregularly used by their sponsoring institutions. The technical reliability of the systems is
between 90 and 100 percent. 

Yet these positive results of a unique technology transfer experiment reveal littleof the efforts required to design, install, and operate the technical systems. The RuralSatellite Program has proved telephone-based systems can be made to work in the ThirdWorld. This report explores the steps the Program took to arrive at fully functioning
technical networks. 

The Rural Satellite Program de.,eloped many innovative solutions to overcometypical LDC problems of "line noise," erratic power supply, tropical 
the 

heat and humidity,equipment shortcomings, and limited human, material, and financial resources. Thesechallenges resulted in new network configuration designs, equipment adaptation, and
procedures for technical management, such as: 

o the design of a small, solar-powered earth station for rural use v the first-time use of a six-meter earth station with INTELSAT domestic service
@ satellite bridging to conserve channel use 
* a network "gating" system to reduce line noise 
e auxiliary power systems to compensate for brown-outs and black-outs 

Most important!y, the Rural Satellite Program made the perhaps unoriginal dis­covery that the technical and "human" systems are intimately linked. For true tech­nology transfer to occur in the developing world, new and appropriate training andmanagement procedures must be developed for even the most "old-hat" technologies. 

Th, ultimate outcome of the Rural Satellite Program is that tlh,_ experience andknowledge now exist within AID and each of the project countries to provide a soundtechnical foundation for others interested in establishing innovative uses of satellitetechnology, sparing them need repeat the arduousthe to "trial and error" technical 
transfer process. 



The following report is a description and analysis of the teleconferencing systems 
and end equipment performance of the Rural Satellite Pilot Projects in the West Indies, 
Indonesia, and Peru. its purpose is to review the design, installation, and operation 
processes of the three teleconferencing systems. Because these aspects differ from 
project to project, this report will consider each of them separately while attempting to 
relate each to overal! program and technical goals. 

As is often the case, those components of the technical systems that functioned 
well are given relatively less discussion space than the components which proved prob­
lematic. It is hoped that, based on the experience of the Rural Satellite Program, others 
might benefit from its triumphs and its pitfalls to more effectively design and inplement 
similar projects in the future. 

BACKGROUND 

The Rural Satellite Program (RSP) goals were developed from NASA's Applied 
Technology Satellite (ATS) experiments in Alaska, the Rocky Mountain states, Appa-­
lachia, India, the Caribbean, and the South Pacific during the 1970s. This experience 
clearly demonstrated that satellite technology could be a valuable tool in supporting the 
development of remote areas. Satellites, operating from the geostationary orbit, had 
access to any point on the ground without regard for the problems of distance, climate, 
or terrain. This made them ideal for reaching widely dispersed communities that would 
otherwise have to depend on costly or unreliable forms of terrestriai radio communi­
cations. These experiments demonstrated that inexpensive and rugged satellite tech­
nologie- could be developed for rural uses. The NASA experiments, however, were 
limited and were intended to be a one-time use of technology. NASA had no plans to 
launch additional satellites for further experimental communications after the ATS-6 
and, more importantly, was not going to offer any ongoing satellite service beyond that 
already accommodated on the aging ATS satellites. 

AID, wishing to continue the momentum gained from these experiments, developed 
the AID Rural Satellite Program. Its focus was narrow-band, interactive technologies 
which could "ridge the distance" between isolated communities and urban centers and 
take advantage of the two-way communications capability to extend scarce resources. 
The technical goals of the RSP were relatively straightforvard: 

* 	 to demonstrate the feasibility of using two-way telecommunications technologies 
within the severe operating constraints of developing nations 

o 	 to find means of reducing the costs associated with the technology to make the 
large-scale implementation of such systems economically feasible 

* 	 to work in cooperation with equipment manufacturers to modify technologies to 
make them more "appropriate" in terms of costs and operations in developing 
naiions 

e 	 to develop operational systems which would continue after the initial AID 
funding period ended 

In the interest oi emphasizing the applications over the hardware, AID also wanted 
to use "end equipment"-- that is, the equipment which was actually provided on the 
premises of these agencies--which was commercially available and therefore. presumably 
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reliable and affordable. The experimental component of the audioconferencing systemswas to be kept to a minimum, except in the area of certain graphics equipment. Aseparate research and development effort was planned for the development of a small,
solar-powered earth station suitable for rural use. 

In approaching the technology transfer, the RSP wanted to avoid the experience ofother communications projects where the applications agency had ) assume majortechnical functions. The RSP emphasized at the planning stage that health or educationministries should not be telephone companies and vice versa. This goal derived from thepoor maintenance and operations records of other projects as well as from the goodresults achieved in the Guyana Medex project where two-way radios, installed to supportrural health services, were maintained by the Ministry of Telecommunications. In theAID Rural Satellite Program the userlocal institutions' responsibilities were limited to
the operation and maintenance of the end equipment. 

The Rural Satellite Program was to provide and install the project-specific equip­ment and provide technical assistance and training in operating and maintaining theequipment. In doing this, AID contracted with the Academy for Educational Devel­opment (AED) to oversee technical design, procurement, and installation. AED sub­contracted with an engineering firm to actually design the equipment and supervise its 
testing and installation. 

DESIGN OBJECTIVES AND CONSTRAINTS 

The Rural Satellite Program goals had to be realized in terms of the various con­straints presented by developing nations. The major design objectives were: 

o Interactivity: The RSP wanted to move beyond the distance demonstration 
projects which had separated the urban centers from the remote areas whenproviding broadcasting, print materials, and the like. The RSP instead wanted
the remote areas actually to converse with the urban areas, a move toward
eliminating the asymmetry of resource distribution between urban and rural 
areas. 

* Use of Satellite Transmission: The RSP was intensely interested in demon­strating that existing commercial satellite systems could meet the communi­cations needs of remote areas. Thus, the projects were designed to use satellite
communications--either a domestic system (where available) or INTELSAT. Itwas only in the absence of any cost-effective means of using a satellite system
that alternate forms of transmission were chosen. 

* Low Costs: wanted showThe RSP to that advanced communications tech­nologies could be used in remote areas at affordable costs. Thus, both capital
and operating costs had to be low to make the program successful. The use ofexpensive technologies would make if difficult to continue or expand the project
after the RSP's departure. In cases where this could not be shown in the shortterm, as with earth station equipment for use with INTELSAT, a strong case had
to be made that the equipment costs would drop in the future. 
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The following factors were considered during system planning and implelentation: 

* 	 Climate: Communications equipment had to be designed to accommodate the 
often extreme climates in developing countries which may include high heat, 
humidity, and dust. Communications technologies are generally designed to 
operate in controlled environments. Thus, care WI selection and adjustment was 
necessary to ensure that equipment which tinctions well in the United States 
would not fail in tropical Indonesia. 

* 	 Power: Repeated studies have shown that the major operational problem for
communications technology in rural areas is the unrelidbility of power suplies. 

Unstable power in particular can severely daniage equipment as power levels 
spike for short periods. Thus, the program could succeed only if reliable and safe 
power were assured. 

* 	 Ease of Operation: Because many developing nations lack sufficient trained 
personnel to operate and maintain communications equipment, the program had 
to utilize equipment which was appropriate to locally available skills as well as 
develop training programs to teach the necessary skills. 

" 	 Innovative Means of Distributing Local Signals: Developing countries often have 
poor local distribution "Plant" (i.e., the wires which carry the signal from the 
earth station to the project site). Poor local plant can cause line noise, signal 
and frequency attenuation, and cutoults. Obviously, any equipment design had to 
take the local plant's condition into account. Unfortunately, many of these 
problems cannot be solved except by replacing the local plant. This can be very 
expensive. 

* 	 Reliable Equipment Operation: Because the project sites were to be located in 
relatively remote locations with varying degrees. of access to transportation, 
equipment had to be sufficiently reliable, and to minimize the amount of time 
the facilities would be out of service there had to be ample spare parts. 
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THE PROJECTS
 

THE UNIVERSITY OF THE WEST INDIES 

The University of the West Indies Distance Teaching Experiment (UWIDITE) de­veloped out of Project Satellite, a joint AID/University experimental project using theATS-3, which demonstrated the use of satellites to link UWI's island campuses and ex­tension stations. UWIDITE's purpose was to implement distance educationa programamong UW1's separate island campuses. Initially, the project was to serve the three mainUWI campuses in Jamaica, Barbados, and Trinidad and two extension campuses in St.Lucia and Dominica. A third extension campus in AntiguLa was added during 1984. The
project territory is shown in Figure I. 

Transmission System Options 

When the project was being designed there were three transmission options for theCaribbean basin: service onleased INTELSAT, use of the ATS-3 Oil an "experimental"
basis, and leased private lines on existing teirestrial and satellite systems from thevarious carriers serving the area. Leased service from U.S. domestic satellites was not
available during 19l. 

INTELSAT 

The INTELSAT option was quickly dismissed on the basis of cost. The cost ofmultiple earth stations for use with the INTELSAT system was too high for the limitedapplications of the project. Also, INTELSAT did not then offer single channel leases, butonly quarter "transponder" leases (800-1,200 channels), which provided more capacity
than was needed. 

NASA 

NASA's ATS-3 satellite offered limited but generaily reliable service. Because theATS-3 was well past its design life, its transmission quality was poor. More importantly,NASA could not guarantee the satellite's continued operation. Although the satellite'selectronics could last well into the future, its available fuel, its guidance system, andNASA's budget for maintaining the satellite were all in question. Also, because theATS-3 did not transmit in commercial radio bands, any equipment designed for use with
the sateliite would not work with any other satellite. 

The major advantage of the ATS-3 was that it was inexpensive to use. The spacetime would be provided free by NASA, and the earth terminals cost as little as $3,000.Both of these features were attractive to UWlI and the RSP. Because of a limited budget,I IWI's management saw the free use satelliteof the as critical for continued projectoperation. UW[ also believed that the piysical presence of an earth station would 
generate interest in the project. 

Afer examining other projects using the ATS series, however, the RSP discoveredthat the most inexpensive ground stations could transmit only for short periods of timewithout overheating, which would make the transmission of lectures problematic. Ad­justing the system for teaching would require more expensive electronic equipment. 
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The ATS-3 also had to be shared with emergency services like the Federal Emer­
gency Management Administration (FEMA), thus requiring the earth stations to be
equipped with a remote interrupt device so that NASA could quickly bring the satellite 
into use for emergency communicat ions. 

Traking into consideration ;hese parameters, several inaiiufacturers were ap­
proached for bids. Only General Electric was willing to bid, and its high price, $28,000 
per station, was discouraging given the satellite's uncertain future. 

Finally, AID and UWI did not know if the Trinidad Government would permit an
ATS-3 earth station in the country. The government hiad previously refused permission
for Project Satellite to operate an ATS-3 earth station there. 

Existing Capacity 

Using existing capacity was the final possibility. A series of inquiries indicated 
that Cable & Wireless (C&W) provided a microwave chain connecting St. Lucia, Domin­
ica, and Trinidad, as well as a "troposcatter" adding a connection to Barbados. Trans­
mission between Jamaica and the other sites could be achieved by a satellite link from
Kingston, Jamaica, to Port of Spain, Trinidad, and to the other islands h mi(rowave. 

This method offered the possibility of rapid system developient and relatively
reliable transmission quality. The system could be expanded as required siinpiy by
leasing more channels. It also posed no political problems for Trinidad as it used existing
telecommunications facilities. This systemi, however, would have recurring annual lease 
costs. Although these costs would initially be paid for by AID, they would eventually
have to be assumed by the University. 

After considering these options, and several variations, the RSP recommended
C&W option because of cost and long-term practicability. 

the 
The C&W option's projected

costs were approxiimately the same as the ATS-3 over the project's two years of opera­
tion, but it did offer the possibility of long-term operations until a less expensive solu­
tion, presuniably a U.S. domestic satellite lease, could be found. The ATS option was
viewed as risky, given uncertainty about the satellite; costly, given the high price for the
earth stations; and limited, only demonstrating the use of obsolete equipment. 

System Design 

The system is designed as a large "party line," each site hearing every other site on
the system. This is accomplished by using a telecommunications bridge (i.e., a device for
electronically balancing and mixing multiple incoming signals) in St. Lucia. Given inter­
island tariffs, St. Lucia was the least expensive place to locate the bridge. Each site 
connects to the bridge via a leased The bridge wasline. provided under a lease ar­
rangement with C&W and installed in the St. Lucia main telephone office. A network 
diagram of the project is shown in Figure 2. 

Equipment 

The RSP emphasized early in the planning that the system be designed primarily for
interactive voice communications. Although UWI was interested in interactive graphics
equipment, no real need for such equipment was identified. Further, there had been no 
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overall project planning process which would have analyzed the need for graphics or 
other equipment, and therefore it was decided to forego any additional equipment. 

Working with UWI, a (classroon design for accomninodating groups of approximately 
20 was developed. The P.SP recomtenided the tise of the l)aromeit!dio converer, a well­
tested device for atpiif'ing telel)hone signlls inI a classroon an1d ciantling the oUt)ut
of various ticrophones in to I te lephone chanel. To aCCoirttnodlito ,he altiticipated
problenis vitn hum idity, the 11a faIUc t!rer , Daro t, \k as a sked to changiwe the design of 
its MlicrophoitS so tIhat all cotacts ulsed iprecik)us i etais. Sc rew cotiec tors for the 
microphones %,ore replaced w 'Ith hard wirig, and nilitarv stv!e (onne(tors were iised. 
All of these changes tnt inmiz.d the clangers oi corrosioI. 

U\/iDIT's project ir anagenent was concerned that art open sys,ten (i.e., where 
every site could listel to anH ongoin, .onterencTw .tltit excIusion) Would he iniappro­
priate for private adnrinistrative rneetings. In addition, the ahility to hold smialler 
toleco)-erences on short. notice ws des red. Theretore, I dialing sy;tern with a privacy 
feature was designed Vith sep-ratot nm ber a:ssigned ea( I The organi zer of aa - - to site. 

private: ( S ilfert ,I e h:id io di ial the numiiibers of the partici patiiig sites. Any sites 
not 
included in the (Atf-feIce tVLldwo only receiye a busy signal if Lhey attemrpted to use the 
svstern while it ,.n s engag'ed. 

I_iplenen La .ion 

The West Indies proje(t was the first of the RSP projects, and there were a nunber 
of unexpected difficulties during installation. A key difficulty was the lack of smootha 
working reiationship with LlI's project maiiagemient. UWI insisted that it act as the 
contact point for all tec tn I(taI coimunications between the carriers, which included 
C&W as well as the local telephorne companies. This was impossible given the frequency
of detailed cont-tcts required betweo:i the engineers arid the carriers. Coordination 
problems were exacerhbated by the delay in api)cinting a local Liniversity technical 
director to act as liaison with the iustallation teain. 

A series of contrlictual agreemients were signed with the regional and local carriers 
for the esitablishirtrnt of both inter-island and intra-island connections. This was not an 
easy procedure, given the diffusion of authority and the unique nature of the service 
request. 

The international transmission system was established relatively easily. U\VI 
arranged the local tranisniission systems in each of the islands. Local companies were 
relatively acconmodating, but they were also passive in the installation. Transinis,;ion 
links were provided, but the installation team had to identify the problems with the 
carrier's systemis. 

Fhe equipment, purchased through a conpetitive bidding proc-,;ss in the United 
States, was shipped and installed from ,January to March 19S2. [he in itial transi iission 

quality was u.even and generally urn sable largely beca, iso. of a poor trasnission link 
from Jamaica, very poor local loops in Trinidad from the camirpus to the earth station, 
and problematic loops in Barbados. Trinidad's problemns rexnil ted frot the use of old and 
deteriorated loops which were due for replacenent. Lnifortunately, the replacement 
occurred after the project was under way, resulting ini months of noise interference. 
Barbados' problems were caused by both the shie.'ding and loading of the outside plant.
Like many LDCs, the telephone poles in Barbados carry both telephone and power lines. 
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These problems would require re- engineering of part of the outside plant. Most of these 
problems have been overcome by inproved responsiveness of the local carriers to re-­
quests for repair znd maintenance. Trinidad, however, continues to "dump" noise into the 
system and, of necessity, is often omitted from user activities. 

Additional Equipment Provided by UWI 

After the installation was completed, UW.( purchased additional equipment to 
augment the system's operations. Scramblers were purchased to provide greater privacy 
for administrative meetings. Unfortunately, the scramblers were not designed to be used 
in point-to-rnult ipoirit applicaton- and have been only marginally' useful 

The University also purchased slow-scan video units followed by a set of electro­
writers to augment the audio-based distance teaching. Both sets of equipment were 
purchased with little technical consul tation with AID. Because the transrilission systen 
utilizes conventional telephone circuits, it i:.no( possible to simultancously transmiit both 
a voice and graphics signal through the systern. As a resuilt, teaching mst stop while the 
graphics image is being transmritted. 

Thie graphics equipment has operated wi tlh linited success. The problem is with local 
locps, particularly in Barbados, often prevert reliable signal transmission. Often images 
must be transmitted moz-e than once, and even then not all sites will receive a usable 
image. There have also been problems with power stability at some of the campuses,
leading to intermittent operation. Users of the slow-scan equipment, however, are 
enthusiastic, and, despite its less than optimum performance, it appears to offer a 
vaiuable and highly prized function in UWIDITE activities. The electrowriters have been 
much less successful. The light pens appear to be particularly vulnerable to damage and 
malfunction. 

System Operation and Prognosis 

The UWIDITE system has been operating for over four years with marked success. 
Although there are still problems with noise, on the whole the system provides adequate 
service for teleconferencing. The system is fully booked for regular classes, seminars, 
and outreach programs. The UWIDITE system is a regular feature of the University's 
educational program and enjoys tremendous popularity with the extension campuses. 
Since its inception, three sites and an auxiliary classroom have been added, and more 
have requested link-ups. 

The University has developed staff skills and a close worlking relationsip with the 
carriers to deal with problems in either the equipment or the transmission system. Some 
of the equipment still operates unevenly, but the University has developed a better sense 
of what equipment will and will not wori<, which should improve future technical deci-­
sions. 

A major technical issue facing the University is how to accommodate growing 
demand. There is no question that the satellite systems now availab!e in the Caribbean 
could provide better quality and more reliable services than are now available via the 
terrestrial facilities used by UWIDITE. Whether the University will rnove to a satellite 
system will depend on a mix of financial and political issues. Given UWI's experiences, 
however, this is clearly the next step for an investigation. 
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THE INDONESIAN SISDIKSAT PROJECT 

The SISDIKSAT (Indonesian acronym for the Distance Education Satellite System)project has a long planning history. Initial AID interest and contacts in Indonesia date
back to 1974 when PERUMTEL, the national telecommunications company and operatorof the Palapa satellite system, held a planning conference on development applications
for the satellite. 

Detailed planning for the RSP began during !981. 'he project plan called for asystem to connect 11widely separated and remote universities of the Eastern Islands
University Association (3KS) and the Ministry of Education and Culture in Jakartatwo channels, one for voice and one for graphics. 

with 
(The locations of the campuses are 

shown in Figure 3.) 

This project posed a real challenge for demonstrating a special use of satellitesystems for development. Indonesia a.'eady had the Palapa ;atellites, but was not usingthem for any national development purposes except for general telephony and broad­casting. The project offered both PERUMTEL and the Ministry of Education and Culturethe opportunity to experiment the use thewith of Palapa system for the support of 
national educational institutions. 

Transmission System Options 

Because Indonesia already owned a domestic satellite, the initial set of decisionsconcerned the design of the satellite transmission system. Because the applications
design anticipated that interactive graphics would support the lectures, two transmission
channels were necessary. Given this requirement, the satellite architecture was a 
critical point for controlling costs. 

Two basic options were possible (see P igure 4). The first, a loopback modeled onthe Alaska Health Services Experiment on the ATS-l, called for each site haveto
identical up-frequencies and two identical 

two 
down-frequencies. In this way, a point-to­multiooint broadcasting system was established, with any point in 
 the system being ableto act as the tansmitter. The result was the equivalent of a party line---the satelliteconnected all the sites using only four frequencies (i.e., two satellite channels). 

The second option, terrestrial bridge, drawing upon the more conventional means
for establishirg audio-conferencing networks, would have each site working into a bridgelocated either in Jakarta or Ujung Pandang. This design would require each site toutilize two complete satellite channels, or 40 in total, rather than two. Each option had 
its virtues and problems. 

Given the concern with system economy and the difficulties with the signal delaysin double hops, PERUMTEL agreed to the satellite bridging technique. Two channels
would be leased as part of the dedicated conferencing network--channel A for voice and 
channel B tor graphics. 
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FIGURE 4 

SATELLITE CONFIGURATIONS 
FOR SISDIKSAT 

CONSIDERED 

OPTION ONE: 

LOOPBACK: 
Transmission of any one site goes up to the 
satellite and back down to all sites. All sites rely 
on echo suppressors to prevent their own trans­
mitted signal from coming back into their 
classrooms. 

Example: Site E Transmits to the satellite and 
all other sites receive on the same channel. 

F1 

t 

SATELLITE 

F1 

F1 
A 

OPTION TWO: 

SATELLITETERRESTRIAL BRIDGE: 
Each of the sites is assigned its own channels. "k 
All transmissions first go to the central bridge at 
one location and ithen are re-transmitted to all 
locations on their allocated channels. 

Example: Site C transmits to the satellite on its 
own channel which goes down to the control 
bridge. The bridge then re-transmits that signal 
to all other sites on their respective channels. 

5B 
VA 

CONTROL STATION TERRESTRIAL BRIDGE 
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OPTION ONE 

The chief virtue of the satellite bridging option was its economy-all 
sites could share a single channel. However, it also required the use 
of nonstandard procedures and equipment at each earth station which 
necessitated additional technician orientation. The use of the satel­
lite as a bridge also made the system more susceptible to noise 
problems. Unlike a terrestrial channel where two users speaking at 
the same time would simply hear garbled speech, two users speaking 
at the same time on the same frequency via satellite causes crashing
noises that are often diagnosed as technical rather than user prob­
lems. The satellite bridging plan allowed only one person to speak at 
a time. A speaker could not be interrupted as long as his site was 
transmitting. 

OPTION TWO 

The second option, which was supported by PERUMTEL, offered 
greater control over the overall transmission system because noise 
problems at a site could be identified and controlled by the bridge 
operator. A high level of noise coming from poor local lines at one 
location could be halted at the bridge and not retransmitted to every 
site in the network. This bridging system would also allow for "full 
duplex" communication--speakers could be interrupted if -necessary. 
One of the problems with this option was that it created a one-second 
delay as transmissions from outside sites went through the satellite 
twice. The major drawback to this design, however, was itr costly use 
of 40 satellite channels. 

All of the project sites were located nerir carth stations, and access to the satellite 
system was to be achieved by using leased line-s from the campus to the earth station. As 
with UWI, leased lines were seen as a means of avoiding any problens with access to a 
long distance circuit and as a way to bypass local telephone switches which tend to 
generate noise. RSP assumed that leasing a circuit would enhance control over circuit 
quality. 

Transmission System Installation and Performance 

The project was implemented in close consultation with PERUMTEL which desig­
nated a project liaison officer. Subsequently, all technical documents dealing with the 
system architecture and equipment specifications were forwarded to PERUMTEL for 
comment and recommendations. 

Equipment availability was an early topic of discussion with PERUMTEL. Questions 
were raised about the availability of modems for the earth stations and, more important,
whether local distribution plant was readily available. While PERUMTEL believed that it 
would have sufficient modems on hand by the time of installation, distribution plant was 
a greater problem. Many campuses were already drastically short of incoming circuits, 
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making it difficult to provide dedicated circuits to the project. Several CalIpUses had no
existing phone service at all. It was clear that new cables would have to he provided at 
many of the campuses and even at one (falipus, aicross a bay from the earth station, nlew 
radio circuits. As a result of these discussions, an installation schedule was developed to 
accommodate the availability of outside plantt. It is imvportant to note in reviewing the
availability of transmission plant that PE_ UMTEL. never icilal( that, asidegave an\, t.ioll 
from the connection to the Bogor site, there wouLld be an qualitative problems ith the 
distrihution plant once it was supplied. This would later prove crucial in attempting to 
bring the system into full operation. 

The basic transniissioi s s Ie installation proceeded in a tin ely mnner. After 
most of the facilities were instalh-.d, how ever, serious noise prob lenis began to occur. 
Both channels had lotid, interrIilittent crashes of so'und, as ,ell as intermittent white 
noise, cross-talk, a-nd yolcc choppir g. The noise made teleconferencing difficult and 
unreliable and precluded the i se of the graphics qijilpinmnut. 

It is iniportant to first discuss the natuire of in a.bridg'd s, stemn.noise The greater
the number of sites, the greater the possibility of site lddinanev one a g noise ito the 
overall system. A system that isalso geogr,-phic(all wldecsproad, li acs tle 2,500 mile
length in Indonesia, is more likely to have at least one site in a str In a rea at any given
time. A terrestrial bridge, such as that used bv L \V I lTEL, ca noiitro! !twe noise (o;1iirig
from one site by the simple expedient of blocking its transiliss ion pat I)o that the noise 
is not passed to all other locations. The Indonesian system used the satellite as the 
bridge, and therefore had no ceintral point where noisy transn issions Could be con­
trolled. Both the U\VIDITE and Indonesian systems were designed to minimize the 
possibility of ambient classroom noise being transniitted by using push-to-talk miicro­
phones. Classroom noise would be transmitted only when someone was actually using the 
microphone. 

Compared with the 1.1WIDITE project, however, the SISDIKSAT Project .,hould have
had fewer problems with additive noise due to the use of network thresholds. Each earth 
station modem is designed to transnit only when the incoming signal is above threshold 
level. This prevents the transmission of multiple carriers leading to "collisions" at the 
satellite. Such carrier collisions produce crashes and other types of noise. The threshold 
settings for these niodems are set to accommodate the quietest speaLkers using poor
equipment and lines. Because the modems are set for :[he variable signal levels gen­
erated in switched networks, they were too sensitive for a dedicated network. H-owever,it was difficult to convince PERU.MTEL to actually revise its policies and change the 
modem thresholds. 

More imoortantly, the level of noise corning into the earth stations clearly ex­
ceeded any possible threshold adjustment. The most severe problem, the intermittent 
crashes, probably resulted from lightning. This explanation seemmed reasonable because 
the interference diminished with the onset of the dry season. This problem could be 
corrected only by ensuring that cables were properly shielded. 

Generally, the other noise problems resulted from cable with improper shielding, 
poor grounding, water insect Noise also fromor and damage. could result improper
balancing of lines, particularly where signals go through multiple links. 

A series of diagnostic tests were designed to detect the source of the noise. All of 
the telephone terminals were tested. They proved negative, placing suspicion on 
PERUMTLL's plant. 
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Discussions with PERUMTEL indicated that assumptions previously made about its 
outside plant were unrealistic. PER.UMTEL's outside plant staff indicated that certain 
procedures common in the United States, such as line balancing, were not followed. 
PERUMTEL suggested that the noise in the lines, in fact, might be normal and part of 
their system. PERUMTEL agreed to assign a team of engineers who would travel to each 
site and attempt to mininize the noise problem,/ through corrective maintenance. 

Given the uncertainty about PERUMTEL's ability to provide circuits sufficiently 
quiet for graphics transmission, the RSP engineer investigated the feasibility of de­
signing, building, and installing "transmission gates." These devices would he attached to 
both ends of the local telephone line--the classroo It'. side. Theyside and the PILAi LtFI_ 
Would "pass" siginals to the earth station modems only Mhen accompanied ov a DC signat 
generated at the classroom. The signa0l would be transmitte. to the gate whenever a 
piece of classroom equipiment was actually transnitting. In this \vav, all Ine generated 
noise would be elimnated except when a site was actually transmitting. The gate would 
not eliminate line noise; it woulld only protect the overall system from noise. 

The design of the transmiission gate, cir(:u its was done in the most simple manner 
possible, sending a direct current over the wire to operate a relay at the renote end (i 
the telephone central office). More sophisticat 2d methods such as coded signalling were 
considered but discarded for reasons of cost and complexity. Such a method would have 
involved installing active circuitry at the telephone company and increased main­
tenance. In future designs, if the telephone comiipany is direct'L/ involved in the equip­
ment maintenance, this aspect could be reexamined. 

Although the transmission gates appeared to offer a partial means of resolving the 
noise problem, continued system testing indicated that the problem might, in fact, be 
more complex. Although channel A became, even in the absence of the gating device, 
much quieter, channel B co(ntinued to produce noise. Upon further investigation, 
PERUMTEL discovered that changing the frequenicy for channel B significantly improved 
the signal quality. Apparently, the current transponder loading leads to intermodulation 
interference for the frequencies associated with channel B. 

Problems have also resulted from the use of a loopback mode for the two chan­
nels. This is a simplex party linle imode of operation and differs from the duplex mode 
used for telephone traffic. i.sing this mode required a change in operational procedures 
for PERUMTEL and an adjustment of the Single Channel Per Carrier (SCPC) model 
equipment at each earth terminal. A high level of cooperation has been required by the 
BKS and PERUMTEL to ensure the proper operations of the earth terminal equipnment. 

Clearly, an important lesson from these experiences is that the systern should have 
been designed to assume far worse noise conditions in the transmission lines. The RSP 
assumed that the use of leased circuits would obviate the noise problems in the local 
loops and that the satellite system would instantly provide clear service. These as­
sumptions might be reasonable in the United States or Europe, where enormous technical 
resources can be brought to bear on such problems, but they clearly are not reasonable 
assumptions in developing nations. 

End Equipment Installation and Performance 

Because the SISDIKSAT project includes large lecture classes, smaller seminars, 
faculty meetings, and document and research exchanges far more extenisive than the 
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UWIDITE projc ct, the equipment supplied for the classroom is elaborate. Figures 5 and 6 
illustrate the equipment configurations in the classrooms. 

The 	Telepho. . Terminal 

The 	central piece of equipment in each classroom is the telephone terminal. This 
device is the interface between the classroom equipment and the outside telecom­
munications network. The terminai is designed to: 

I. 	 Provide a means of setting signal levels for transmissions from the classroom 
equipment. 

2. 	 Provide "addressable" control for each of the pieces of classroom equipment
(facsimile, telephone, and telewriter). Each unit at each site has an individual 
number which can be addressed. In addition, each category of equipment can 
be called in unison with a single code (e.g., "All Fax" or "All Telephones"). 

3. 	 Exclude sites not participating in channel B conferences, thus ensuring privacy
and also protecting graphics transmissions from noise. 

4. 	 Combine channels A and B to allow for full duplex operation with both channels 
being used for voice transinissions. 

The 	telephone terminal was the 	first part of the system to be installed. It suffered 
an 	 unexpectedly high rate of circuit card failures during the early installation period.
The malfunctioning cards were returned to the manufacturer for diagnosis and repair.
One of the wain sources of failure was found to be in the logic circuit components on 
several of the circuit boards. This was apparently a result of the high humidity and 
temperature in the classroorns. Some cards were damaged by improper handling during
installation, but many were in working order. In thei- haste to complete the installation,
the 	engineers often resorted to component switching without determining if a card was
 
actually faulty before replacing it. Fortunately, the rate of card failures greatly dropped

after the equipment was in operation for 
a few months. The occasional failures that

occurred later were repaired by SISDIKSAT technicians with inexpensive components.
 

As mentioned above, the telephone terminal was the subject of intense scrutiny in 
the attempt to determine the source of the continuing noise problems. Repeated testing
confirmed that the terminal did not place any significant noise into the transmission 
system. Even then, some minor adjustments were made to lower its already low ambient 
noise production. After the initial problem of card failure, the telephone terminal 
worked extremely well. 

A major concern during the system design was that it might be unduly complex. A 
wide range of functions was incorporated into the design, thus greatly increasing the size 
and complexity of the terminal equipment. This complexity made it more likely that 
technical problems would occur and also made it more difficult for local technicians to 
operate, maintain, and repair. A system evaluation by an Indonesian electronics firm
noted that the system worked best when operated by technicians with a high degree of 
training. Because the terminal equipment was the key to the system, technical training 
programs were conducted over the system once a year for the local technicians and 
classroom operators. 
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The reqvrement for strict privacy when n li iing the tolephone for adtnin istrative 
purposes on cl ..nnel R resl Lted in tt ,ict o 'es n ly oining very coiplex. It was.:; 
necessary to include <overal adnitional e avs and . or ,ircjits in eiarl-; terniIunalt to 

_prever t eavesdropping b,, operators or i ilitlol.. Olor son:,. 

The requretln ent to prove( both In al aid . a:ll-cal! gn ing for the f.osiri ile, 
telcivriter, and telephonie also rcrlted in dd imt (iruit :oeiiplexi y. Lilo ise, stwh 
fea ures as full--uplex op. tV n 611Trt v l rn,' I ' i'211 atand , ni tret! ( ec.11 o r ' Ir i 

times, resulted in additional relay circnitary.
 

The co!tiplexit, Of the design of ci ndtiit wv iwracro Mso;hV L e desire to be able to 
select and ,Wrci from one to the other of the t, oc pot ipheral services, either locally 
or, ir 1:0 ( as-t-s, rer tel'. Thi included the rn.ed to provide an ,xclusion feature so 
that when one of the threte stvwices was in u, ino dterfe nce con Id t he ctased by 
someone trl i n to i" ino thor one. In ret1:rospect, it a ppea:-s that thi.<-> t plii.;or t becamne 
overly cotmplex,; i!!ore fuinct ions v,,ore added, vithoutl rigorons ly e re-i the re­
quirement for stiplickit\. Ihi clearly led to l)robleitis later durin, inst,,illtion and 
opera t ions. 

Audio Convener 

Like UWxIDITE, each classroom is equipped with a four-wire Daronie convener. The 
SISDIKSAT Project had more microphones (I? per classroom) because the classes were 
large. .Microphones were provided on the basis of one microphone for every four 
students. 

The a dio (:on vener was, by far, the most ,,veil-established piece of technology 
purchased for the project. Obvious problon is with hunidity were avoided by using
"military connector-" for the inicrophones and using silver c:on tacts at points where 
corrosion might occur. 

Somite ot-obies appeared in the second year of operat ions wiih the final power 
output amplifier. Overheating appears to be the primary cause. The heat irl< on which 
the its wreeo imlnqouted niav not be aidequate. This nount tiig becatllie oxidized on 
sonie of the units and probably did trot dissipate the heat as efficiently as it should 
have. The conveners are easy to repair, however, and the maintenance can be done by 
the ,KS technical staff. Overall, the conveners perforni very well. 

Graphics Writer 

As an experiment in using interactive graphics to support lecturing, each classroom 
was a!so provided with an "electronic blackboard," or graphics writer. The experimental 
aspect was related to the relative ncw'.vness of the graphics writer equipment. Unlike the 
aUdioconierencing component of the RSP technical systems, which were relatively 
assured of operational success, the addition of a graphics component to the systeLn was in 
the interest of pur "research." Would it work in this environinent? There had been 
little field experience in its application or use. This component is signiicant ly more 
complex than the other classrooni equipment. 

To be suc',,ct, the Aregon audio graphics equipment has been a major dis­
appointment. Despite the expenditure of much money on spare parts, repair visits, and 
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training, the equipment does not operate reliably and probably will never be an integral
part of the teleconferencing system. A detailed discussion of the graphics writer
equipment performance is included in Technical Note One at the end of this report. At
this juncture, it is telling that the manufacturer no longer markets '.ne equipm1ient. 

Television Receivers 

As 	 an auxiliary display system for the graphics writer in addition to the master
monitor, two Philips 26-inc.h television monitors were provided to each ciassroom. The
cornbinl!iio ci the three i!olittors was smtficient for a cla.sroom of 50 stLudents. A
Philips ttnner \,"Sa ro ided to receive broadcast sigils Thole.Pilips ssteni was chosen
largely eci, ,d, and more ilpoj)rtatlV, [11o oxistenCe ot oXt ensivo reiDairservices for .lf.,i , ! oi ia. H"inallv, \,Ct~s \ar,,Droviled by the Indoesiaun (;y­
ement throii inn it oroi101 asstance roj0ocI. Iiso \V.ivwore coi telCd toc the 
classrooi non ttltrh he Philips tuilers.r ,,itrr: 

Facsimnile 

It vqs clear early in the planning "hat phYs cally mnoving paper around the BKS was 
a. problen. It is difticult to exchange course niotes, research articles, arid administrative
nemoranda quicKly on,,-'inexpensively. Itwas obvious that a facsirni!e component wvould 

be a valuable andition to the systen. 

An 	 cxte;i-ive re,,iew of availble facsimile machines was conducted with the 
following C(oris idera lons: 

1. 	The niber of m,:oving parts had to be minimal to keep maintenance low; at a
miitn un., iS meant the use of flat-bed image scanning rather than a rotating 
drum, 

2. 	 Because a large volume was expected, reception had to be unattended and auto­
ma tic. This required a reliable paper feed svsten and the use of numidity­
resistant paper. 

3. 	 The machine had to have a high "mea - t i rue-b-tween- failures" rate because 
arranging tor repairs would be difficult. 

4. 	 To ruintini ransrission time as well as to ensure coiipatibility with other 
machine-s to facsiile had to offer rapidcransnission spoeds, and be com­
patible th exis tring CCITT Group One and Gwriup Fwo facsimile :tandards. 

5. 	 The machine -iad to tolerate noisy Imes for both trati-m iissi,) a-ld reception. 

6. 	 The machine; had to be capable of oneral ing frolnmini.to-niltijxoint so that, 
i,enO from . 1for xi L, [mii Ii,,()eah,2, of ihocaiipi'e-,; would he trans­

mitted onik' ontco. 

State-of-the-art digital machm e tetitS - rejece C e yvraI raiufatcturers
warned that the digital machines required e teisive soCware Ma inteoaice arid would not 
operate reliably in the high temperatiure and high i'umidiy imi the classroomrs. 
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The Burroughs Dex 2100, an analog desk-model machine, was chosen as the least 
expensive machine offering a full range of features. The Dex 2100 pr vides transmission 
in a proprietary standard in 35, 50, and 100 seconds per page, depending on the desired 
level of resolution, and is compatible with the miiajor CCITT analog standards. In the 
presence of line noise, the machine auto inatictlly defaults to thle CCIFT three- inu te 
mode which is far less susceptible to noise. 

The machine offers automatic unattended reception, uses roll paper with plastic 
coating (preventing moisture absorption), and toleratesIlndonesia's clitnate. 

Unfortunately, the machine's sophisticated electronic "hand shake," used to estab­
lish synchronization with the receiving machine, made point-to-inultipoint telephone 
transmission problematic. The 1SP engineer tried to circulnvent this by altering the 
terminal's circuitry so that when the facsimile iachines arc addressed in the A1l Fax 
mode, the telephone terminal in allxbut one location disengages the receiving machines' 
return path. Thus, all but one of We iultiple handshakes are suppressed. This adapta­
tion, however, was not successfuI, and the All Fax function was never used. All 
su~tcess fu l traslr isions are Mclae point to point. 

Finally, [I re was a relatively minor problen related to the need to adjust the 
Burro(gh., machirnes' two-wire interface with the SISIDIK.AT ,vsterm's use of four-wire 
interfaces. This necessitated a conversion from fonr-wire to two-wire at the termi'.Val 
interface, adding complexi -v lo the design and the adjustmeint of signal levels. ,\rranging 
for a four-wire design of the Dcx 2100 wonld hlave req iredI expensive Customizing of the 
machines. 

Like the audio convener, the facsimile machines were cotnmuercially available long 
before their purchase. There have been few prokleiis with the machines, although 
increased maintenance probably will be necessary as their use increases. Because the 
machines are very complex, further maintenance training will be required before the 
SISDIKSAT technicians can diagnose problems and repair the machines. A repair con­
tract may have to be arranged with an electronics shop in Jakarta. 

Telephone 

A four-wire telephone was proided at each site for University and system admin­
istrative applications. In addition, a two-wire 'telephone for use with the facsihnile 
machine was supplied because the facsimile machines, in some cases, are located outside 
of the classroom. To ensure privacy where the facsimile is removed from the classroom, 
the telephone terminal is designed to automatically disengage the facsimile telephone 
during a teleconference. 

Auxiliary Power 

Because of the unstable and unreliable power at all of the project sites, equipment 
had to be provided to stabilize incoming voltage and ensure power in the event of a 
power outage. The system is designied so that incoming power from the public utility is 

routed through a voltage stabilizer. In addition, a series of batteries, operating vith a 
battery charger, are connected to a DC/AC inverter. During a power outage the inverter 
will automatically switch on and provide AC power to the classroom equipment. The 
auxiliary power system is designed to provide a rI aximum of five hours of power. The 
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batteries are designed to be discharged and recharged without danage. Conventional 
automobile batteries, the most obvious alternative, would not provide the necessary 
operating longevity because they cannot be continually discharged to the levels an­
ticipated in the project operation. The auxiliary power system is shown in Figures 7 
and 8. 

Ihis equipment has operated reliably for over two years. In nost locatioins power
failures have occurred alhost daily so that these units are used often. The batteries, 
which can sustain major charging/discharging cycles, have an estiiated lifespan of nine 
years. Future designs shoud consider the addition of a low battery voltage cut-,ff relay
in the power lead to the equ i:pnont to elinilate the possibility of draining the batteries 
if cormerciai power is ,ut for two days or more. Ihis will a so protect less sophisticated
replacerent. batterie:s ran be inrg ;overely daii aged h deep po\,r discharges. 

System Maintena~nm and Staff irg 

SI" ' KSAT has developed a large techrical staff and has ac:hieved iniexd results-­
technical ability appears to th' reater than i anagerial capabilitv. Two engineers work 
out of the central projert office and ave responsihiliy for overall s, ste ima in tenance 
and operations, tia(h caripis has a local technician who is either i teilleer, or soimone 
with hands-on electronic!. t perience I Ic supervises the rlailteni' -hv (ohlssroori 
equipment and tle ork o thle Ioc- I operators who Fur the eqi pi i ',l ,ver ( id\. So e 
operators hav had foriial teclunicaI trawing; sine have onIv n iiterest in electronics. 
The chief engineer went to the United States aid ;rozt -ritain for ir.-ining. I le and his 
assistant worked closely with IIIUNLMTEL and the RSP engineer during the installation of 
the equipnient. Yhe .SP and SISDIKSAT engineers trained the oaI technicians in a 
seven-day training programi. The operators were trai ed initially ori Lhe Job ard now 
receive yearlv refresher courses over the sotelIite svys cii. 

A major problem with mia intenance has been that the project engineers and tire 
local technicians are not full-time personnel. They also serve as regular faculty
members at their can ipuses. Mo,[ operators are on the job full tihne, and they generally
have performed well, even co uIicatsed It wasdci ng , tasks like leveling. in itially thought
 
that only the local technicians would be able to perfern that task.
 

There h,:.,ve been onlyI niiior probleriis in passing on the technical knowledge to staff 
menibern, but there has been a greater difficulty in helping them to iianage the system
and mainia ir discipiine aio g the sites. Althugh systei-wide technical )roblens
generaily a're dcalt with very quickly, equipment probleus at the sites often persist for 
days or weei*s. Problems are not reported quickly .o the central office-, or the central 
office ails to respond because the engineers are busx with their other jobs. Broken 
equipment is not repaired quickly despite the a, ailability of spare parts. The technical 
personnel know how to do theii- jobs. brc the weakness lies in poor nrianagement of the 
whole system. The. two project engineers 'l, not have time for constant rionrtoring of 
the systen, and they do riot have dirs: t an t over personnel at each of 02 sites.Wv i th, 

The lack of full-tihe centra! prcject :,tfI lias been compounded by inadequate
national funding to pay for iore staff, to pirchase spare par ts mannufacured in-country,
and to transport parts, technicians, and equipnent where needed. Without such a budget, 
long-term maintenance cannot be successful, particularly after the initial foreign 
assistance funds are depleted. 
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Images from the AID lural Satellite Program
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Basic telephone service is essential to rural development. For the 
first time, the rural Peruvians in the remote San Martin region 
are connected with the nation's commercial and political 
centers-and with each other. Within months, the new telephone 
system was used to capacity and has since been expanded twice to 
accommodate heavy Usage. Over 110,000 phone calls were made 
in 1985, generating over $100,000 in revenues. 
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Push-to--talk icrophon,e Felephone termiinal ard private tolophono 

A'A 

Facsimile machine Telewriter/graphics display 

Special equipment attached to telephone 
lines can transforrn ordinary telephones 
into audioconferencing systems linking 
many groups over vast distances. Using a 
simple tle phone (ir:rCuLt, groups of people 
C"an talk, vW picture. transmitted b. 
telewri ters, and receive text via fac­
simile.11 The Pural S.-tellite Program 

A.installed 2) "electronic classrooms" for 

hree different projects. 

I ypical classroom layout 
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In-service training of primary 
school teachers 

AAu 

Administration of rural 
institutions 

- 771: 
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University teaching to thousands Technical training for tele­
of students 
 communications personnel 



.0* ,Interactive audioconferencing networks 
4, .- can reliably and affordably support manydifferent development activities. Audio­
-... conferc',cing provides a of extend­means 

ing scarce expert resources and educa­
tional opportunities to remote and rural 
areas. The Rural Satellite Program ex­
plored its applications for health, educa­
tion, and agriculture. The Pilut Projects
in Indonesia, the W\est Indies, and Peru 
used audioconferencing for university
teaching, in-service training of health 
care workers, teachers, and agricultural
extension agents, medical consultations, 
research exchange, and rural administra­
tion. Over 92 percent of the participants
indicated it helped them do their jobs 
better. 
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Effective audioconferencing programs need careful coordination 
and management of programming, Lechnical, and administrative 
components. General requirements for successful communica­
tions support projects include: 

* 	 a central coordinating office supported by staff at all sites 

* 	 accurate identification of user needs and appropriate program 
deveLopment 

e 	 thorough training of management and technical staff, as well 
as program presenter and general users 

* 	 development and distribution of educational support materials 

* adequate budget for central office and local site operations 
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Earth station, photovoltaics, and Station requires only quarterly main­
audioconferencing room tenance visits 

Satellite technology can be adapted to withstand the rugged 
conditions prevailing in rural areas. In the remote Indonesian 
village of \Vaatobi, the Rural Satellite Program designed and 
installed a small solar-powered earth station and photovoltaic 
array. The station provides nulti-channel telephone service with 
low maintenance and power requirements. It operates on less 
electricity than a home steam iron. 

Photovoltaic panels Panels and storage batteries 
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There are also problems with the qua-iity and the discipline of PERUMTEL's staff at 
the smaller transmission sites. This needs constant surveillance because the cooperation 
of PERUMTEL is essential. 

Because some of the equipment requires more technical knowledge than the sniall 
maintenance statf has, the project has developed maintenance coltrac ts with del ctronics 
firms in Jakarta. This has resolved some o.fthe more difficult technical failures, par­
ticularly in the data-related equipmnent, thus sparing the project from shipping poorly
functioning equipment back to the United States. Modems, keyboards, m~eters, and 
processor boards have been repaired in Jakarta. 

Conclusion 

Although the above description is of a complex system with many initial problems,
the overall prognosis for the Indonesian systen is positive. Many of the problems with 
the system's complexity have been overcome, operational problems with PERUMTEL 
minimized, and staff sufficiently trained to keep the systen i,- operation. An inde­
pendent technical evaluation tof the system and a rigorous technical monitoring system 
established by the RSP indicate the basic design is sound and that the audioconferencing 
system is 98 percent reliable. 

The key issue is whether the BKS and the Indonesian Ministry of L-ducation and 
Culture are able to provide the resources necessariv to sustain and inanage the technical 
system in light of the massive budget cuts induced by the falling price of oil. In the 
meantime, the system continues to provide reliable service for 17 courses to over 3,500 
students each semester. Three sites have been added and several (:lassroomns expanded 
with host-country funds, and both the Open Univer,)itv and the Directoratc of Primary
and Secondary Education are regular "guest" users. It appears that the Ministry of 
Education will decide it cannot afford not to continue to support SISDIKSAT. 
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THE PERU RURAL COMMUNICATIONS SERVICES PROJECT (RCSP) 

Tie Peru Project is quite difterent from the U-niversity of the West Indies and 
Indonesia projec: ts because its primary orientation is basic rural telephone services rather 
than fornal education. The Peru Project was designed to demonstrate how satellite 
earth stations combined with rod .o end liriks) could be used to open very remote areas to 
comunicaticr s arid do so cost ,ffectively. The sstenl provides both governmental 
teleconferencing for rur,l d velopt ent atnd public ic loptone setvices to seven sites in 
the district of San Marthini ,ori.h tern Perfi. 

The project, which has doploved t rce earth statiotis Aid fo,.,r r1adio links, now has 
ten teleconferencing site coIn ected \ a con balLtotit of )rto,,ct o(lu itrol t and existing 
Peruvian facilities. Figur,.o 9 providde -;a il ) of tlhe projc t c ea. 

The Peru Project has a differ ,nt adniiistra tive tructore from the other two 
projects which ,iffec ted its d. velopm,.nt ind ittplet ttot t n, nitiall,, the Peru Project 
was to be admlniistered by I tiLtln Resources Molagt. inic. (1kRM), a \Vashiogtoll­
based consulting firm. Pngineering plaring, however, w: t,- be done jontlv by I:.NTEL-
Peru (the Pertivian telell.one cotttiLPv), AID, ftKM. of the equipnmentand Aftr rwst 
procurement was uttder way, the contract \kis transf errecd to the Academity for Educa­
tional I)eveloptitent and became part of the Itloral SatelliLOtProgram. The KSP, in turn, 
participated in the design and )rocuremetnt of the teleconferencing equipnc nt and in the 
negotiations among UNT EL, AID, and the ecluipiiei t suppliers to rtttdv moe of the 
problems discussed below. No one person Was ever designa ted as project engineer, and 
there was never overall engineering supervision .f the project techitical -,vstem. Instead, 
the project was planned piece by piece because of the teed to mtake specific decisions at 
given points in tinie. 

Finally, \hile the Peru coon trtpart agency was ENT!-L and there was an ENTEL 
project director, responsibility for the project within ENTEL was fragotented. Specific 
project conponents includi:ag equiproent construction, installation of radio links and 
telephone offices, and earth station supervision were under separate divisions of 
ENTEL. Often, the E!NTEL projen nidirector served as negotiator antong the divisions of 
ENTEL. This adiinistrative fragmentation had serious rarifications for the project's 
final implementation and operation. 

Transmission System 

The Perui Project went through a series of design phases. The basic design was tied 
to the expansion of the domestic satellite communications system into the more remote 
areas of Peru. The initial design, proposed by the AID project team, recommended the 
acquisition of two three-channel earth stations which would be tied to surrounding 
villages by radio UlIfF/VI-IF circuits. One channel would be used for the public telephone 
system, one for government calling, and one for reduridarcy. The system was to employ 
manual (i.e., operator) switching. 

This design was rejected when the initial procurement led to bids more than five 
times the estimated costs for the community radio-telephone installations. After re­
viewing the overall network design, a greater emphasis was placed on satellite linkages 
rather than terrestrial ones because satellite links would eliminate the need for costly 
and maintenance-intensive terrestrial radio links. 
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After substantial technical and financial review, AID and ENTEL agreed that All)
would provide three earth stations and that ENTFL would connect them to four remote 
comrmunities by radio, The contract for the earth stations was let to the Htarris Cor­
potation and for redundant diesel iow r systens to Johnson Towers Con pany of Bal­
timore, Maryland. ENT EL stipp lie, Ii, radio ,equipmi ent and civil works needed to estab­
lish public cail and earth siat ion f0i:ii0 

Two siat.ions, Juanjii and T[,cache, were to operate with four SCPC channels and 
.;aiposoa, a snal'er coiniuti tv with three (although wider modification channel capacity 
could be expanded to tip to 12). All three of these sites conprised the prinary network 
and were to devote one channel full thi ie to teieconfereucihig. The full-time designation 
wat; to provert :,o: ipettion i<tow c;! th e teleconferenciing act iv ities of the project and 
coinaner,::al activities, Pach sWto was Iso to offer public telopho e service. The exact 
natire ol rte pubIic service (e . , toave home subscriher service or sipIlly puiblic call 
offices) was not doterit !nid prior to the final system design. The final network design is 
shown in Figare 10. 

Each of the secondary :tis those :ot tnec ted to the primary network by radio, was 
to receive one VIF tat t.e[ which ,-as to be shared by the telephone and telecon-­
ferencing services; [elIavis ,a l,. er commi htlunity, was to receive two r hanriels. 

As part of the effor t to redi jce capitol costs, tit: ShowingI, That riurl cor nmuni­
cationS could be affordabe, the starmtard ear th station les inas" odified in three 
way:s. First, AID and F NT:-IL s lot:A,.,d I).I-1t oter earth sa ions, nevet hefore used with 
INTELSAT domesic sevic cn :dmaller tatn stoadard ;ntias, as part of a calculated 
risk to conserve costs, Second, the earth stations were designed to be ion-redundant on 
the prenmise that rural tel_ otnlcotations could forego sonme reliability if system costs 
could be significWar tly redued. A corollary at this decision, however. was that the non­
re,.u lndant equi.1)al-nrt had atready proved relitively reliable, althouigh this decision forced 
Harris to modify its standara design. Third, systet installation wsi ld forego the usual 
"security not" of a "turkey" cor act, whereby the manufacturer is legally responsible 
for the earth statiort's installation and the success,-al completion of all INTELSAT 
accep]tance tests. 

Instead, at ENTEL's reCluest, Harris was responsible oul, for supplying, the earth 
stations and "sAupervising" their installation. ENTEL did not want a turnkey operation
because of the high cost of such a contract. (ENTEL preferred that it be given tue 
money to purchase rnore equipment.) ENTEL believed it had a staff with the necessary 
experience to install the earth stations and that by installing the earth 3tation its per­
sonnel would gain technical skill which would benefit the project and similar endeavors 
over the long tertn. 

Earth Station Installation and Performance 

The earth station equipnent arrived in Peru in August 1982. It was assembled and 
installed over a six-week period beginning in early November. Although ENTEL actually 
installcd the earth stations, Harris supervisors oversaw the process at each site. 
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Installation of the Ifarri varth stztions was problematic from the start. The frag­
mented responsibility for ergineering combined with problems with ENTEL's organiza­
tional structure and the v- ry lirnited experience of its supervising engineer with earth 
station construction and operatio'n na', have of set the economy of local installation. (In
fact, the RS,,P was ENTIL's first attempt at non-turnkey earth statior installation.) 

Because Peru lease d estic satelite servire fr-wn INIIILSAT, al! earth stations 
must meet !NTELSi'stn ismissin standards. Two of the 1!temnna, in Sap9soa and 
Juanjui, do not meet tse sta dard, ' thogflh antenna in tallation .as supervs.'ied by
two Harris engie the antennas do not provide appropriate propagaktmi character­
istics. In part, the )roblen v.'ii: -.0,,t-ma patterns nia" b(- caused by the proxilnity of 
the aitenas to builrdings. ENTL ma.ins howvever that antennas did notthe fit 
togethe t)r,'perly dur incg m lt ii 1, thwo artennas still do not imeet INTLSAT 
standards. This could '.; sos raonifitati's if VNOI LiI \were to -thrraw the 
stationsv temporar. -p-ray ii"Ing .-. ,. A"t present, however, this appears uni <.ely. 

There -ave ceen ra ior i-,roblenv; with the power Yiu ly for the trasnitters. These 
transmitters use q0-\vatt Traveling Wave -5Tubes (TWls). All four units supplied (three 
operational units and ine (Iefective or, n1ore accurately, 
out. This K j ver, high faiiure rate, and reasons for it have not been Cstablished, 
ENTEL maiint.--ins lo t there are son e iherent 

one spae) have bec o r have burned 

faults in the transnitMers. harris has 
denied that the equnont iS faulty anci has iMdicated that poor installation and main­
tenance led to the failure-. The failures night have been caused by unregulated power
supplies, but this could not he ofirrmed durin g diagnostic visits to the sites, ENTEL has 
kept the earth stations open-ltin oy replacing the TWVTs with power amplifiers from 
other rnannfact,,rers, by drawing upon Whe spare parts t other earth stations, and by
adding voltage retlators These anplifiers operate at a lowi, l.ower (five to ten watts)
and use solid state electronics. They narked satisfactorily vith the low number of 
channels, but could not sustain any major increase t earth station capacity. ENTEL 
wanted Harris to replace the ,.riginal D-watt TV with or 20-watt amplifiers,-. 10-
preferably solid state type. Harris, arguing that it had no responsibility far the TWT 
problems, resisted mraking the replacements. Evenoually, FNIEL itself made the 
necessary modifteations to expand channel capacity. 

There also were problem with the SCPC nodemns which burned out repe tedly.
Ts was apparently caused by maladjusted power level,. 

All of these problems were compounded by the instability of the INTELSAT IV-A 
satellite providing domestic !eased service to PerK. This satellite was near the end of its 
life and began deviating fram or bit more than expected. requiring the earth stations to 
track the satellite to nainrain scrvice. Two of the earth stations, however, did not have 
functioning pilot monitor indicators, .nd the satellite was tracked by technicians listen­
ing to background noise on the channel as the earth station was repositioned. The 
tracking problem was worsened bi the technicias' rel,tively casual approach to re­
adjusting the station's position, often awaiting complaints fromn telephone operators that 
the noise levels had reached unacceptable levels. i 1985 the quality and reliability of 
the satellite links improved markedly when the systern began using INTELSAT's series 
V-A satellite, resulting in 365 das of uninterrupted service. 

After installation was conpleted, ENTEI. attempted to improve system perfor­
mance and reduce the cost of rural service through the simplification of the network's 
configuration. ENTEL engineers reduced the number of satellite circuits fhorn ten to two 
by placing the main audioconferencing bridge at the Lurin earth station Lima.near 
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Initiaily, the telephone system suffered serious traffic congestion problems. Not 
only had ENTEL twice expanded the subscriber service, but the gateway point--.luanjui-­
to the radio-linked sites was unable to accommodate both the local and remote villages' 
6ermand for telephone service. In conseqluence, the Juarijui operators 'Vave preferetnce to 
local calls, resulting in poor service to the secondary ites. LNTIIL, however, has eased 
the congestion by adding two additional channels to each earth station and 5V routing the 
heaviest secondary site traffic--frorn Bellavista--through the least used earth itation at 
Saposoa. Fraffic flow is further facilita ted by the recently installed automatic switchinIg 
system at Tarapoto. 

Power Generator 

The power generators supplied by Johnson Towers were subject to rigorous use. 
Although performance specifications were based on a daily usage rate of eight hours, the 
generators were pressed into 24-hour service by heavy telephone service demands and the 
unanticipated facility support needs which required security lighting, etc. Not sur­
prisingly, the overburdened generators began to fail, causing the "cannibalization" of the 
redundant generators for spare parts. This was exacerbated by Johnson Towers' slow 
response to ENTEL's request for spare parts. 

Radio Links 

Because AID did not have sufficient funds to provide both the earth stations and the 
radio links, ENTEL agreed to provide the links to the four remote sites. ENTEL wanted 
to purchase new equipment, but severe budgetary problems finally led it. to propose using
radio equipment manufactured by BUDAVOX, a Hungarian company. This equipment had 
been previously acquired from the Hungarian Government in exchange for fish meal. 
This equipment was rarely used by ENTEL because of its poor performance. 

The secondary site radio linkages have suffered significant technical problems. 
ENTEL's hesitancy to use the BUDAVOX equipment is well justified. The units are un­
reliable and need frequent service. Most of these units are located in remote locations 
which are difficult to service (five of the units are at the top of a mountain and are 
reached only after a three-mile hike). 

More important, the power subsystems are totally inadequate for any kind of 
reliable service. Power is provided by two 12-volt tractor batteries. These batteries 
must be recharged every ten days and sometimes more frequently. They must be 
physically transported to a central location for recharging. The administrative and 
transport problems have led to frequent system outages. Conditions at the secondary 
sites have not improved and, given the fundamental difficulties with both the equipment 
and the power source, will rot improve without a complete replacement of the radio 
equipment and a change in the means for providing power and maintenance. 

Also, because of inadequate system engineering, there were problems with the 
initial connection of the radio links to the earth stations. The interface, which required 
a two-wire/four-wire connection, was poorly engineered and caused significant trans­
mission problems until an engineer was dispatched to correct the connection. 
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End Equipment 

Because the primary orientation of the Project is to provide telephone service to 
the area, the majority of telephone service end equipment was provided by ENTEL. 
Public call facilities were installed at each site, and in Juanjui and Tocache manual 
switches and outside plant were provided for subscriber service. 

Provision of the teleconferencing equipment was the responsibility of the Rural 
Satellite Programir. All sites, including Lina, were equipped with the simplest audio­
conferencing capability. The conferencing facility consisted of Dantel terminal equip­
ment for signaling, switching, and level adjustment, two Dantel bridges--at Tarapoto
(later Lima) and luanui--aad a ore convener/speakers/microphones ,ot-up. Con­
ferencing rooms vere either located at lINTEL offices or in municipal bildings. 

The audioconferencing systen itself has suffered from relatively few technical 
problems, primarily in interference and voice quaiity. 5,orne were traced to the interfaceof the Dantel and Daronie equipment with the Harris earth stations, some to electronic 
burn-out caused by unstable power and power surges, and some to the poor acoustical 
conditions of the conferencing facilities. The primary problem has been that of signal
level adjustment, a routine maintenance task. This led to inconsistent and often in­
comprehensible signal lranmissions. Fortunately, this problem eased as LNTEL became 

more familiar with systen requirements. 

The quality and reliability of the audiocor.ferencing network, however, depend on 
the overall quality and dependability of the telephone system. As telephone service 
improved at the primary sites, so too did the audicconferencing service. The addition of 
channels reduced the competition with commercial users for access to telephone lines. 
Because of the fragile telephone linkages and myriad maintenance problenis of the four 
radio-linked secondary sites, audioconferencing service to these sites vas seriously
degraded. The continuing malfuncticr A the rd(Ji links have caused EINTEL to remove 
and reassign the audioconferencing equipment to more favorable locations. 

Conclusion 

With the exception of the radio links, the Peru Rural Communications Services 
Project has successfully provided telephone and teleconferencing service to an isolated 
rural area. 

As v, ith most new and sophisticated communications systems, it has experienced its 
share of start-up difficulties. During the first 13 months of operation, the number of 
service interruptions was quite high, although the incidence of completely lost days was 
largely confined to the four secondary sites. From 19S5 onward, none of the three 
primary sites has suffered from problems severe enough to suspend a full day's service. 
The audioconferencing service operates at a 96 percent technical reliability rate. As 
discussed above, the prognosis for the secondary sites is grim unless the BUDAVOX radio 
equipment is replaced and operation and maintenance procedures revised. 

The majority of problems stemmed from three primary sources: equipment manu­
facturer unresponsiveness, fragmented engineering responsibility, and unanticipated 
demand for rural telephone service. 
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The recalcitrance of tile major equipment suppliers and their dilatoriness in re­
sponding to the unusually taxi ig requirements of installing a rural telephone system have 
had considerable ramifications for the project. Three years later, ENTEL and Harris -re 
still negotiating over the antenna problems and retrofit of the feed horns to comply with 
new INTELSAT frequency reuse standards. At the very least, the Peri experience should 
cause any prospectiye purchaser of cotmplex cottnun ica tions eqtlipt llelt to think twice 
about foregoing the guarantee--and added expense-of a t Jrnlke\ anreerent. 

As mentioned aL the beginning of this .ectio, conpiete sy stetm design and over­
sight responsibility was never lodged with one part,,. This fragmented responsib:1ity led 
to inadequate systetn engineering arid corw. iuent iiterface problhet ts. Technical re­
spotsibiItty--er at least technical coordinattori--shoutld rest \\ ith one orgi.i ;ation. 

Finalv, . , of the telephote systotti's ptrobl(ttis were u i'..,r h ,s popularity. 
The unexpected heavy demand for rural telephone service res!t i;t ,:ideqtate power 
suppl, inadequate s are parts to service the system, inadeqnpato channel capacity, and 
ovrtaxed operators. Planners of future systetns should :oee:, it, ttind that rural users 
expect the same rp-liability and quality of service as their ittlban counterparts. 
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SMALL EARTH STATION SUBPROJECT 

With the exception of the Peru Project, the Rural Satelli-e Program focused on 
using existing telecomrunications infrastructure to provide rural teleconferencing
services. The Program, however, recognized that many rural communities lacked even 
the most basic telephone service and would continue to do so because of economic 
constraints laced by Third Wot id nations. 

Although satellite iechnology costs have fallen significantly as the technology has 

matured, much of the "ground s,,stemn"--snecificallv the earth station--is still too costly
for national telecomnmunications carriers to routinely place in rural villages. Further­
more, the earth station technology is not always coinpatible with the conditions pre­
'vailing in rural settitgs---such Es the lack of trained technicians, maintenance depots, 
adequate electrical power, and so on. 

The goai of the small earth station subproject was to develop a prototype earth 
station appropriate for rural use which could support teleconferencing services as well as 
a photovoltaic power system to meet operational needs in areas lacking power. 

Background 

The Rural Satellite Program chose the remote Indonesian village of Wawatobi in 
Sulawesi Tenggara, 60 kilometers or a two- to three-hour drive from the small city of 
Kendari, as the site for the small earth station experiment and dernonstration. Site 
selection was based on its rural location, absence of a telephone or any communications 
service, lack of a power supply, and the presence of nurnerous potential user groups. As 
a district center, Wawatobi conformed to PERUMTEL's goal to supply similar gov­
ernmental adrninistrat ,e divisions with telephone service. With several large devel­
opment projects in the area, many develo.ment applications were envitsaged for the 
teleconferencing (:apability. 

The Rural Satellite Program contracted with a small U.S. engineering firm to work 
with the RSP engineer in designing and assembling the earth station; it, in turn, sub­
contracted with a-n Indonesian firm, P. T. Elektrindo Nusantara, to provide the modems 
and related eleczronics equipment. At the same time, AID contracted -eparately with 
the NASA-Lewis Research Center to design the supporting photovoltaic system. NASA 
worked with Hughes Aircraft Company to manufacture the array. Again, P. T. Elek­
trindo would provide field services. 

Within Indonesia, PERUMTEL was the designated principal. As the only legal owner 
and operator of satellite equipment in Indonesia, PERUMTEL was responsible for the 
operation, maintenance, and repair of the earth station and power supply. PERUMTEL 
was consulted in the earth station's design to ensure system compatibility arid would play 
a major role in the system's installation. It agreed to make two channels available for 
SISDIKSAT use. 
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Design Considerations 

Earth Station 

The earth station was developed to provide audioconferencing and telephone ser­
vice. The technical specifications called for: 

* transmit/receive capability 
* six duplex voice circuits 
* 800-watt power budget to operate earth station and two-channel audio­

conferencing system with end equipment (see discussion of Indonesian Project)
D conformance with PERUMTEL and Palapa standards 

The performance specifications called for: 

* up to 10-channel capacity
 
a minimum prime power requirements
 
o operation in the absence of air conditioning
 
e easy installation
 
o simple, unmanned operat ion
 
e minimal maintenance requirements
 
o low cost 

The earth station components are: 

* five-meter antenna 
* l -watt solid-state low power amplifier (LPA)
 
a GaAs FET low noise amplifier (LNA)
 
o high stability frequency converters
 
e two FM single channel per carrier (SCPC) modems
 
* weatherproof fiberglass equipment shelter enclosure on an I-beam skid 

Specific equipnent items, with the exception of the shelter and the modems, ;"re
purchased from U.S. manufacturers based on known field performance and cost­
effectiveness. 

Total earth station power requirements were 461 watts when equipped with the two 
SCPC modems. -e remainder of the power budget, 139 watts, was designated for end 
equipment operation. in all, the earth station and audioconferencing system operates on 
about the same power as the average home steam iron. Had air conditioning been re­
quired or different equipment used, the power requirements would have more than 
tripled, far exceeding the capacity of the phot.ovoltaic power supply. 

Significant power savings were achieved by two means: First, the 11-watt LPA 
draws considerably less power than the standard "travelling wave tube" LPA. Second, a 
day/night switch in the adjacent classroom de-activated the LPA and LNA when not in 
use, reducing power draw on the photovoltaics by an additional 120 watts. 

To avoid the need for air conditioning in the tropical climate, the equipment shelter 
was insulated and treated with a white, heat-reflecting paint. Three fans were included 
in the design: two LLI CFM fans were mounted on the equipment rack to cool the LPA 
which, in turn, was mounted on an aluminum plate with two oversized heat sinks. The 
215 CFM was attached to the shelter wall and protected with a weatherhood. 
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Photovoltaics 

Photovoltaic systems are a tried and tested technology with a history of use in the 
Third World. Thus, the specifications for the RSP photovoltaic array differed little from 
what is norma!V offered by photovoltaic systems: stand-alone power and reliability. 

In conjunction with a small earth station, however, there were a few specific 
requirements: 

" 	 sufficient. power output to operate the two-channel earth station and audio­
conferencing systemT 

* 	 easy installation 
* 	 low maintenance requ iremen ts 

For a descriptioii of the photovoltaic power system see Technical Note Two at the 
end of this report. 

Because the NASA/lughes contracts were effectuated before the RSP had selected 
a site and developed detailed earth station criteria, much of the photovoltaic array 
design was based on generic and incomplete information. To some extent, then, later 
earth station design was hased on photovoltaic design--a somewhat unusual and not 
recommended procedure. 

Installation, Operation, and Performance 

In retrospect, it appears that the most trying task of the installation process was to 
transport 20,000 pounds of equipment to the remote site. In Indonesia, it was a five­
month effort. Because poor transportation systems--poor roads and available shipping 
means--are generally a given in the rural setting, this should be planned for in future 
projects.
 

Once at the site, installation proved relatively easy. Civil works were limited to 
concrete pads for the earth station, the equipment shelter, and a security.' fence. For the 
photovoltaic array, a serni-enclosed shelter on a concrete pad was required to house the 
electronics equipment for controlling the power supply and the simall emergency gen­
erator. A security fence enclosed the array. 

Although installation of the phiotovoltaics was speedily concluded with few mistakes 
(a battery was damaged and some tools missing), installation of the earth station ex­
perienced a few days delay because of the Indonesian-base, installation engineers' 
unfamiliarity with the systern and water inadvertantLi entering the microwave con­
nectors. After these initial difficulties, however, alignment was completed and the 
system accepted by PER UMTEL. 

Routine operation of the earth station and photo,,-,ltaics requires turning on the 
day/night switch to actyvate the system; this is done by the local technician/operator at 
the public call office. 5nould a problen occur within the system, an alarmn located at the 
adjacent office is activated. In addition, a summary alarm panel is located within the 
equipment shelter. Routine system monitoring is tiinited to the equipment front panels 
which include several monitor ports and test points. 
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The normal maintenance program is based or three-month intervals, including
lubricating the grease fitting in the antenna and cleaning the shelter dust filter. Once a 
year the crystal oscillators in the frequency converters are adjusted. 

Since the earth station's installation in June 1985, it has not experienced a single
failure or any down time. The design has proved reliable for the rugged environment.
Slightly concerned by the heat load (at 121 \vatts in the antenna hub and 255 in the
shelter), PERUMTEL plans to install additional fans which will add only slightly to 
overall power drain. 

Conclusion 

As stated abo-e, the earth station and photovoltaic array have operated reliably,
requiring little attendance or maintenance. Because its design was an instance of"putting the ca: t before the horse," however, the photovoltaic array, does not completelyrespond to current usage requirements. It supports a two-channel system for eight to ten
hours a day. This does not provide for evening telephone service nor simultaneous
audioconferencing (using two channels per the SISflIKSAT model) and public call ser­vice. The standby generator has been pressed into ,,rvice to supplement oer output in 
response to the coMtrnunica tions servie )opui arity arnd htis ha-s experienced sote down­
time. As in the Peru case, it appears that aux izliajy generators in power-scarce areas wilI 
always be subject to overuse. 

Since the installation of the Wawatobi earth station, PERUMTEL has tendered bids 
for the provision of similar stations. 

38
 



LESSONS LEARNED
 

Although the Rural Satellite Programn was to be a demonstration rather than anexperiment, it is clear that in the execution much of it was experimental. Many of thetechnologies had been proven in various contexts, but the Rural Satellite Program
the first to 

was 
attempt to develop specially designed telecommunications systems in de­

veloping nat ions. 

The three projects have provided data which nay prove useful for others who want
to use modern telecOmmunications technologies for development. The most important
lessons are: 

I. Satellite telecommunications technology.can be transferred to developing coun­

tries. With careful planning, close coord:nation with relevant developing country 
counterparts, clear objectives, adaptive design, and realistic schedules, rural tele­
communications services can serve economic arid s:ocial development, and systems can beoperated and maintained by in-country technicians and effectively used for development 
purposes.
 

2. Strong local project management is the core of a properly operating technical 
system. This lesson is central to everything. Good local management can keep a system
operating under even the most adverse conditions and can minimize down time, loss ofinterest, and other problems associated with new systems. Poor management exacer­
bates operational problems and can lead to more problems as equipment is lost, repairsare not made, and spare parts are not ordered. Also, the problems of the shakedown
period can have ninimal effects during application if there is strong local management.
Good local management also minimizes many of the morale and organizational diffi­
culties which can arise from delays in operation. 

Although the technical assistance agency can provide some of the support, localmanagement of staffs, budgets, and the like can be done only by national officials who

have the authority to ensure that their instructions are carried out and, more impor­
tantly, 
 who have the skills to continue good management long after the technical 
assistance has phased oit. 

3. Simplicity is the The higherbest policy. the level of complexity the greater theproblems. Although a major emphasis was simplicity, various forms of compiexity crept
into each project, to the disadvantage of each system. In some cases, operating com­plexity is unavoidable. (Earth stations and microcomputers, for example, introduce
complexity into any program.) In designing a project for remote sites it may be best tosacrifice operating complexity, in terms of graphics capabilities, switching, and the like,
in exchange for operating reliability. 

4. Planners must learn how to work with engineers on the design of communications
project systemns. There are no straightforward solutions to engineering designs. En.­gineers often disagree among themselves about how systems shouid be designed and
operated. Disagreement becomes acute whenmore there are operating problems withthe system. Project management without substantial engineering expertise will be at amajor disadvantage in trying to maintain control of project design and implementation. 
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With such expertise there will still be difficulties, but they will arise from sorting out the 
various solutions to engineering problems. Using in-house engineering advice to review 
plans and operations remains the best means of ensuring overall control of project 
planning and irupler,ientat ion. The in-house engineer, however, must be independent of 
any implemen tat ion ctions. 

5. Clear responsibilit_ e for aspects ofmust -rovided all engineerinmdesin and 
impleienta tion. Com plex ergineering systems cannot he designed successfully when 
there is no centralized responsibilitv for the engineering. Turnkey arrangem ents are the 
simplest because one firm undertakes desigi,, procurenient, and installation, but such 
turnkey arrangemnen s iwst be carefully craf ted to ens': re the trainiig aid participation 
of host couri r.Vnt~iiOl r5s. furuikey projoe-.ts mliay be resis'(,od inI countries which have 
well-develol.ed teloon ni ri atio-s secLors. Regardles- of .heti er a turnkey contractor 
is chosen, one person mnust be responsiblI for oust ring that there isan teeri g plriPIan 
for the whoie system. The result is that all HIi-ts of the s\'sroi \ ill nterconnect and 
that the system \wil! work. 

6. Sophisti(-ated electronic ecjuipmrent sinK incrKrocessors is likely to be )rob­
letnatic, re-ardless of the mann fa( turror's. p-ro inises. Microlirocessors are sensitive to 
heat, hurniditv, and power fluctuatioi. All three of these conditions are characteristic 
of many developing hat ions. Iinless reliable air conditioning is assured aid power sta­
bilization equipien t pro ided, eqiipmient performrance will be erratic. Although some 
types of equipenet perform better than others, it is reasonable to say that mricro­
computers will not o:ecrate it opLtiium capacity ard other equipment \il be, at best, 
unpredictab le. 

7. Do not be the firt, or even among _the first, to use a new technology for a field 
project. One of the most disappointing experiences of R-SP has been getting the Aregon 
graphics equipjiic,: nt to operate. This equipment had not been broadly field tested, 
particularly tnder conditions which prevail in Indonesia. Furthermore, the coipany kas 
relatively new arid, therefore, F )orly equipped to deal with problems in the field. From 
this experience, it is clear that only equipment which has been extensively field tested in 
comparable environmvents should be installed, even if it lacks the refinements associated 
with microcornputers and other advanced technologies. 

8. Design the communications system\with the assumption that the local distribution 
plant will be unsatisfactorv. All three projects had problems with poor local loops. 
Because the quality of local distribution ultimately affects the quality of sound and 

graphic transmissions, it cannot be ignored. Making the local distribuition problem a 
central part of project engineering may increase initial project costs, but most likely it 
will greatly improve project operations. 

9. The technical system must be operating adequately to apply it successfully in 
development. This means that timetables for technical implementation must be ade­
quate for design, procurement, shipping, installation, and testing. This seems obvious but 
was one of the continuing problems throughout the Rural Satellite Program. To meet 
project requirernents, a rapid installation was attempted. The amount of time required 
for the procurement, shipping, customs clearance, installation, and testing of equipment 
is often beyond anyone's control. Attempting to keep the equipment procurement and 
installation moving evenly is an essential nianagerial goal, but one must realistically 
account for what are essentially exogenous forces which do not fit readily into project 
schedules. 
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10, For rural communications projects, assume that the manufacturer's recommended 
number of spare parts will be too few. It is a general rule of thumb that more complex 
equipment will require greater parts inventories than simple equipment, regardless of the 
manufacturer's asse -tions. Both the Indonesia and Peru projects were substantially 
understocked with ,pare parts. While in both cases the manufacturer's recommendations 
were followed, shortages of funds neant that the bare minimum were purchased. This 
resulted in delays in the field caused by the unavailability of parts and large additional 
expenditures for the parts. 

11. Adequate funding for technical staff is essential to have a functioningprect. In 
all of the projects there have been attempts to save money by not providing sufficient 
funds for a technical staff, including salaries and travel allocations. Unless there are 
ample computer and electrical repair shops near the project sites, an uncommon 
phenomenon, equipment will be kept functioning only by a maintenance staff. Main­
tenr-ice services may be obtained through contracts with telephone companies or other 
institutions, particularly if the project does not require a full-time technical staff. 

12. Good technical operation is absolutely dependIent on a well-organized -eporting 
and management system. This may be obvious, but all three projects suffered to some 
degree from poor reporting on equipment and weak technical management. Unfor­
tunately, more attention is often spent on the problems of implementing die use of 
complex equipment than on the problems of operating and maintaining it. Project 
implementation must include the management of the technology. 
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TECHNICAL NOTE ONE: GRAPHICS EQUIPMENT 

The Indonesian Government made it clear that graphics support for lectures would 
be important for both students and lecturers. In Indonesia blackboards are considered a 
major part of teaching. Both RSP and the Indonesians believed that fully interactive 
graphics would encourage maximum student participation. In addition, there was 
agreement that the graphics device would have to transmit graphics and blackboard notes 
during lectures and that the graphics presentation had to he -isually interesting and 
clear. 

Several other equipment selection criteria were considered. First, the system had 
to be easy to use and maintain. Thus, components like television receivers and tape 
cassette recorders (for recording graphics) were chosen rather than more sophisticated 
and costly studio machines. Second, because television receivers for the graphics were 
also to be used for receiving broadcast and video cassetLe signals, they so had to be 
able to receive signals in the Indonesian television sta cdard--C(IR Standard B format 
(PAL). (Although neither off-the-air television b-oadcasts or video cassettes were not 
functional aspects oL the RSP plan, it was believed prudent co integrate the reception 
capability into the equipment should, in the future, educational broadcast become a 
standardized facet of the Indonesian higher educational system.) Third, the graphics 
equipment had to interface with the voice channel via a CCIZ standard modem to meet 
Indonesian requirements for data transmission over telephone lines. Two types of devices 
were considered--slow-scan video and a computer graphics system. 

SLOW-SCAN VIDEO 

Slow-scan video transmits a single frame of video-similar to a 
photograph-over a telephone line in as few as 17 seconds for minimal 
resolution and about one minute for good resolution. Slow-scan video 
was a new technology at the time the project was being designed and 
thus was very expensive. In addition, although slow-scan video is 
useful for showing prepared graphics and objects, it has several 
drawbacks. Fiist, it is a relatively complex system which posed 
operational problems. At minimum, lighting and a television camera 
have to be used for transmission, creating two additional elements to 
operate. Operators must be trained and readily available to operate 
the lighting and video cameras which are central to the system. 
Second, although the video image is adequate for showing charts or 
objects, it does not show blackboard writing well. The image is 
transmitted in black and white, and writing must be very distinct to 
be read in a large classroom. It would be difficult to ensure clear 

* After four years of observation, the Rural Satellite Program concludes that in ac­
tuality the average lecturer seldom employs the blackboard or does so with little 
efficacy. 
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writing by teachers. Third, the slow-scan system would be extremely 
expensive to provide on a fully interactive basis (i.e., every classroom 
being able to transmit graphics to every other classroom) because of 
the cost of the television cameras and ancillary equipment (i.e., 
lighting, graphics boards, and the like). 

COMPUTER GRAPHICS 

A computer graphics system makes use of microprocessors to gen­
erate and transmit high resolution and multi-coicred graphics. 
Graphics writers are capable of transmitting hand-drawn line draw­
ings, simple diagrams, words, and equations which are written on an 
electronic surface with a special light. pen. The writing or drawing by 
a lecturer is instantly transmitted to remote locations and shown on 
television nionitors. Students at each location can interact with the 
lecturer by "writing" on the system's main television receiver with the 
pen. This writing will be received at all locations participating in the 
conference. Both auidio and graphic information can be recorded on a 
regular audio ta.p for playback at a later time or prepared in advance 
of a lecture. Also, more sophisticated graphics, like graphs and 
charts, can be generated using computer graphics software. It is 
important to note in this context that electrowriters, unlike slow-scan 
video, are highly del-endent on software. Thus, although they are 
subject to software errors, they can be upgraded through improved 
software during the hardware'.- olperational life. 

RSP and BKS agreed that cldear blackboard writing would be the most important 
graphic information reqciired and that the graphics writer would be the best way of 
providing it. 

The Aregon Audio Graphics System (AGS) was chosen after review of several 
systems. Unilike Lhe other equipmrent decisions, however, this choice was not based on a 
full examination of the syster's overall technical features, but on its operational fea­
tures and price. 

The AGS was initially developed and tested in the British Open University to 
support distance education. Although other computer graphics systems were examined, 
most notably the French-made FTS System, which is in use in the UWIDITE system, none 
matched the range of software and low price of AGS. 

AGS combines the features of telewriters and slow-scan video. The AGS terminal 
has a microprocessor which interprets transmitted signals and converts them into pic­
tures for display on a television screen. Diagrams and charts rnay be drawn on the screen 
with a light pen and transmitted immediameiv or stored in short-term memory. With the 
addition of a keyboard, text, can be typed onto the screen, and all created graphics can be 
stored on audio cassette tape. The system offers a selection of eight background and 
foreground colors. Lines can be erased, and point-to-point lines can be drawn auto­
matically. 
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Television sets with RGB (red/green/blue) leads must be utihized. Although
Aregon's original specification sheets stated that the AGS signal could be modulated for 
use by conventional receivers, Axegon never developed the necessary RF converters to 
perform this function. 

The processor uses software for creating pictures "drawn" by a light pen on a video 
screen or hy a pen on a digitizing pad, and the digital signals that produce this picture 
can be sent over a telephoie line. Each site can see the drawing prociced by any other 
site and can add or delete parts of the picture. Keyboards may be added to allow 
teletext graphics to be generated and transmitted. This function can be used to generate
labels and text and ofters, greater control over the unit's software, particularly for 
storing rnateriuil on tape casset ies. 

After co-::,I1er,-vr the average classroom size anid the available budget, each 
classroom recei ed the basic Aregon system of an Aregon Graphics Processor, a 19-inch 
master monitor, Iid a light pen. Two large display monitors were added to this system
to provide oetter view ng for the expected large classes. Because the project budget
could rot provide all sites with digitizing tablets and keyboards, five sets of these units 
were purcha':e and placed at the sites which most often delivered programming. 

The interface between the audio graphics systein and the telephone lines is through 
a data modem connected to the teletphone terminal equipment. The data modem is a 
standard 1,200 baiid device designed to CCITT interface requirements. The levels can be 
adjusted to conform to telephone company specifications. The figure below shows the 
layout of the system. 

The AGS systern also includes a computerized production studio which can be used 
to produce mor, sophisticated graphics support. This equipment allows charts, photo­
graphs, and other graphics, Ps well as writing, to be recorded on audio cassette tape and 
later either be transmit ted over the satellite system during a lecture or used at indi­
vidual campuses. This equipment includes a keyboard, graphics tablet, dot matrix printer
(for reproducing graphics), nicroprocessor, visual display unit, television camera and 
lighting, audio reel-to-reel tape recorder, graphics processor, software license, cables,
and switches. One of these studios was purchased and installed in the project's central 
office. 

It is important to note here that at the time of the purchase, Aregon assured RSP 
that the AGS was an operational piece of equipment, which had been fully tested, was in 
use, and complied with all of the operational requirements in the project's speci­
fications. This claim proved questionable in practice. 

The first major problem, quite apart from the equipment's operational problems, is 
its complexity. Because of the number of options provided by the AGS, an excessive 
number of instructions must be learned by casual users. For example, a slide-tape
presentation on basic instruction for operating the AGS equipment requires more than 90 
slides. This compares with fewer than 10 slides for each of the other pieces of equip­
men t. 

Secord, the noise levels on the transmission system, which provides perfectly
acceptable voice quality, have significantly impeded the operation of the graphics
equipment. It is doubtful that the teleconferencing system will ever be quiet enough to 
permit reliable graphics transmission. 
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Third, particular components of the equipment often failed. Early in the project,
major failures were experienced in the moderns, master video monitors, light pens,
keyboards, and main processor boards. Most monitor failures were caused by burned out
potentiometers affected by high humidity, but there were no other sirmple answers to the 
causes of problems. Technicians noticed that the inain processor operated better in air
conditioned rooms or when a fan placed directly behindwas it, but there was no pattern
found in the actual parts that failed. The same thing happened in the case of the
modems. No one part was faiiing; each repaired modem had a different part fail. En­
gineers looked for electrical problems, such as spikes surges that were beingor not 
controlled by the classroom power system, and for other causes, but no single cause was
identified. Perhaps the major cause was jusL the heat and humidity of the classrooms.
Although the manufacturer had maintained that the AGS would work properly in the
tropics without air conditioning, experience indicated that the equipment was suffering
from the environment as well as from poor design. 

Fourth, the equipment is complex and not easily repaired by the SISDIKSAT tech­
nical staff, This problem is exacerbated by the often lax maintenance procedures used
by SISDIKSAT. While technician expertise is not as crucial with the other equipment, the 
more exacting requirements of the audio graphics equipment increases the maintenance 
difficulties. The light pen, for example, be tuned to theshould monitor three or four
times a year by a highly trained technician using an oscilloscope. This ty)e of main­
tenance is time consLming and very expensive for a Third World country. The untoward
number of AGS equipment failu.,_s far exceeded the technical support resources avail­
able. 

Fifth, and most importantly, there were serious informational problems at the time
of the equipment purchase. Aregon maintained that its units were not prototypes, but 
were commercial products which had been field tested and that the equipment would be
able to function in Indonesia. Aregon also naintained that the equipment did not require
special expertise to install. 

Nonc of these assertions proved true. The equipment had been field tested in an
earlier form, but form.not in its commercial Field testing of the commercial equipment
had been slight, shown most readily in software problems which to bringthe RSP had to
Aregon's attention. Although these were relatively minor preblems, a field-tested 
system would not have had them. Furthermore, Aregon later criticized the RSP for not
using Aregon technicians in the installation. The RSP had initially been assured and
believed that its engineering consultants could install the equipment, particularly given
the claim that no special expertise was required. 

The number of spare parts also was severe', underestimated by both parties, and 
the additions later proposed by Aregon greatly exceeded any numbers which had ever 
been suggested during the purchase period. 

Currently, the AGS equipment :s used sporadically. Because of its complexity, its
continuing technical problems, and the difficulties with the graphics transmission
channel, however, it is doubtful that it will ever become a fully functioning and reliable 
component of the system. In the meantime, the manufacturer has discontinued produc­
tion of the AGS. Indonesian-assembled microcomputers have been installed at four sites,
and they appear to be functioning far more effectively than the AGS. 
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TECHNICAL NOTE TWO: PHOTOVOLTAIC SYSTEM DESCRIPTION* 

The major components of the photovoltaic power system are the system controller, 
PV array, battery, inverter, battery charger, and the engine generator. 

The earth station electronics are powered by 221 volts AC, and the cooling fans are 
powered by 48 volts DC. This increases the system efficiency by reducing the amount of 
power passing through the inverter. The DC power normally comes directly from the PV 
array and batteries. The fans operate from the fan power supply only when the engine­
generator is furnishing power to the system in a back-up mode. 

The s)stem controller is the primary mode of power system operation for the array,
battery, and inverter. The engine-generator serves .s a back-up power source in two 
back-up modes. In the first mode, the engine-generator and battery charger charge the 
battery if it becomes discharged below a certain level. In the second mode, the engine­
generator powers the loads directly if power is unavailable from the array, battery, or 
inverter. 

The controller performs various functions as the battery state-of-charge (SOC), as 
measured by the system (and battery) voltage, changes. The controller has six corn­
parators that sense the voltage levels and initiate the appropriate actions. Battery SOC 
control is performed by temporarily and successively switching off the two array sections 
at high levels of SOC or turning the engine-generator on at low levels of SOC. Extreme 
over- and under-voltage system protection is also included in the controller functions. 

The PV array modules are rated at 66 watts (15.6 volts and 4.23 amps at 28 de­
grees C). Four modules in series provide a nominal system voltage of 48 volts. Each 48­
volt series string has a rated current and power output of 4.23 amps and 264 peak watts 
(28 degrees C). Hughes' power system sizing calculations resulted in a PV array size of 
1,584 watts (28 degrees C) resulting is six series strings wired in parallel. The rated 
output power is 1,414 peak watts at the expected operating temperature of 48 degrees C. 

The array structure is a simple above-ground structure composed of foundation 
troughs, module support rails, upright supports, and cross straps. The troughs are filled 
with ballast material, such as rocks or earth, obtained from the installation site. The 
system battery is mounted on rails on top of the troughs to add additional ballast weight 
to 	the structure. 

The battery, is composed of 24 C&D Power Systems, type 3KCPSA-5, three-cell 
packs. Each three-cell pack is rated at 341 Ali (511 hr rate) at 25 degrees C. The 
battery configuration consists of three parallel strings with each string containing eight
packs in series. This results in a battery with nominal voltage of 48 volts and a nominal 
capacity of 1.121 Al or 49 kWH. 

* 	 Prepared by Richard DeLombard, National Aeronautics and Space Administration, 
Lewis Research Center, 1985. 
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The inverter provides an AC output of 221 volts at 51 Hertz which is compatible
with Indonesian commercial utility power. The output power rating is 811 watts. This 
provides the AC power needed by the earth station electronics and the classroom 
equipment. The inverter output voltage is a step synthesized sine wave. 

The batte y chargpr provides a controlled voltage and current to charge the battery
from the engine-generator. The output capacity of the hattery charger is 2.4 kV, which 
is sufficient to power the loads and simultaneously charge the battery in approximately 
10 hours. 

The engjineg enerator provides a 2.5 kVA AC output at 221 volts at 51 Hertz, and is 
primarily used for back-up power for the earth station and the classroom. The output
capacity of 2.5 kVA is sufficient to simultaneously power the loads and charge the 
battery. The engine-generator is started automatically by the controller, or manually, if 
necessary, by an operator. The engine-generator is also used to provide AC power for 
earth station test equipment rather than using the inverter output. 
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AID RURAL SATELLITE PROGRAM PUBLICATIONS
 

This report is one of a monograph series, "Telecommunications and Rural Development,"
prepared for the AID Rural Satellite Program by the Academy for Educational Devel­
opment, including: 

o 	 An Overview of the AID Rural Satellite Program., Tietjen, K. 

o 	 The Design and Installation of Rural Telecommunications Networks: Lessons from 
Three Projects., Goldschmidt, D., Tietjen, K., and Shaw, W. D. 

* 	 Distance Education via Satellite in Indonesia, Shaw, W. D. 

o 	 An Analysis of the Costs and Revenues of Rural Telecommunications Systems, 
Goldschmidt, D. 

* 	 A Handbook for Planning Telecommunications Support Projects, Tietjen, K. 

e 	 Training for Technology Transfer in Telecommunications Support Projects, Ti'.t­
jen, K. 

Also included in the series is a report prepared by Florida State University: 

* 	 An Evaluation of the Peru Rural Communications Services Project, Mayo, J., Heald, 
G., Klees, S., and Cruz, M. 

Other Rural Satellite Program reports available are: 

* 	 Telecommunications Services for Agriculture and Rural Development: Experiences 
of the AID Rural Satellite Program 

o 	 Telecommunications Services for Health Care: Experiences of the AID Rural Satel­
lite Program 

* 	 Peru Rural Communications Services Project: Final Field Report 

Copies may be obtained from: 

Dr. Clifford Block Ms. Karen Tietjen

United States Agency for International AID Rural Satellite Program


Development Academy for Educational Development
Bureau for Science and Technology 1255 23rd Street, N.W. 
Office of Education Suite 400 
Washington, D.C. 20523 	 Washington, D.C. 20037 
U.S.A. U.S.A. 

(703) 235-9006 	 (202) 862-1900 

50 



Acknowledgements 

The following individuals are among the many who have contributed to the success of the 
AID Rural Satellite Program: 

Agency for International Development 
Bureau for Science and Technology 
Office of Education 

Clifford Block 

Peter Spain 

Robert Schenkkan 

Lawrence Frymire 


Office of Energy 

Shirley Toth 

Bureau for Latin America and Caribbean 
Office of Development Resources 

Richard Martin 

Florida State University 

John Mayo 

Gary Heald 

Steven Klees 

Martha Cruz
 
Diefla Pramono
 

Abt Ass-ociates 

Larry Kerpelman 
.John Hodgdon 
Elaine Mason 

SISDIKSAT-Indonesia 

Sidharta Pramoetadi 
Hasyah Haneng 
Tahir Ali 
Rajab Johari 
Rhiza Sadjad 
I. G. N. Agung 
Purwadi Harto 
Soedarko 
Bambang Riady Oemar 
lip A. Arief 
Abd. Muis Ba'dulu 
Musyi Amal 
M. Lawele 
Mirhanuddin 
Yan Pieter Karafir 
K. W. Timboeleng 
F. Manuhutu
 
Zainuddin
 
Soedarto
 
Emir A. Siregar 
L. A. Sinsuw 

Academy for Educational Development 
Karen Tietjen 
Willard Shaw 

Hugh Orozco
 
Luis Medrano
 
Michael Calvano
 
John Tatlock
 

Sandra Lauffer
 
Anna Stahmer
 
Douglas Goldschmidt
 
Frank DaliFa Mil 
Pay Miller
Peter Boynton 

NASA-Lewis Research Center 

William Bifano
 
Richard DeLombard
 
Anthony Ratajczak
 

Institute for Telecommunication Sciences 

Peter McManamon 
Ray Jennings 

UWIDITE-West Indies 

Gerald Lalor 
Christine Marrett 
Diana Grant 
Keith Hunte 
Max Richards 
Marilyn Floissac 
Roy Braithwaite 
Elizabeth Campbell 
E. R. Waldron 

Christine Craig 

Sadie Campbell 

Edith Allen 

Tony Walling 

Keith Manison 

Marlene Hamilton 


51
 

ENTEL-Peru 

Angel Velasquez 
Felipe Yanes 
Hector Cossio 
Jorge Cisneros 
Isabel Candia 
Mildred Casanave 
Margot Ruis 
Victor Torres 
Alippio Quincho 
Ruth Cardenas 
Gladys Infante 
Angela Campos 
Lili Aguila 
Carmen Reategui 
Cesar Arias 


