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Some Implications of Telecommunication Policies
in Developing Countries
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Abstract—In developing countries telecommunication policies are
tased on the urban development program. It is pointed out that the
telecommunication needs of the developing countries lie in both the
urban and rural areas and as a result two distinct networks, urban and
rural, are needed. Establishment of a National Rural Telecommunica-
won Agency is suggested to implgment the concept of rural networks.

INTRODUCTION

HE present telecommunications policies in developing

countries derive from considering telecommunication
w=rvices primarily as an urban consumption item for the in-
dustry and its government. The importance of telecommuni-
cations as an input to the rural development programs that
represent a major effort in all developing societies is not
=mphasized in the present planning. For example, in a country
Uke India 80 percent of the population live in rural areas with-
sut adequate telecommunication facilities.

In general, in the urban sector the development process
ends to be characterized in purely economic terms such as
wzvings, investments, outputs, unemployment and demand
and supply and prices. In the rural areas where peasants have
lived in a subsistence agriculture oriented economy for genera-
tions the success of a development process is dependent on
communicating a growth perspective [I]. There is greater
scceptance that the development process cannot only be
characterized in purely economic terms, ie., in terms of erea-
don of wealth. As a matter of fact, greater equality is a pre-
sondition for lifting the society out of poverty [2]. In the
developing countries, economic development is only a means
t0 social goals and aspirations such as closing the gap between
the elite and the common people [3]. This paper emphasizes
he development of a rural telecommunications network to
catisfy the needs of rural population. It emphasizes the role of
sommunications in the development process, briefly outlines,
23 an example, India’s telecommunications network and then
Siscusses communication needs of rural areas. Based on these
s2eds some design considerations and system possibilities are
stlined,

Thie Role of Communication in Development

Communication is a prerequisite for development. Rao
1] bas pointed out that when information comes to an iso-
sted community, it triggers changes. He holds coinmunication
= a big contributor towards development. He further ob-
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serves that if the channels of information are varied, the
changes triggered by them are smooth. Lerner [3] sees com-
munication as a great multiplier of ideas and information for
national development. He has also observed a very high corre-
lation between measures of economic growth and those of
communication. Deutsch [6] concludes that communication
can do much in bringing social coherence, in weaving people
and regions together. In a developing country the fundamental
problem is to persuade the people to adept new ideas, tech-
niques, social relationships and to inculcate desired attitudes
and attributes. New ideas are not automatically accepted; they
require education and training. Astute use of communications
can greatly help these processes [7].

Tanner [8] has pointed out the dangers of too much
one-way communications (mass media), and has urged the
development of telecommunications for the establishment
of feedback channels. Schramm [9] has emphasized the need
for two-way communications so that the needs, concerns, and
achievements of various communities can be communicated
upwards and outwards. Teer [10] states that while the mass
media can reach large numbers, telecommunications spread
participation and are operationally stimulating. Myrdal [Z]
points out that most developing nations profess egalitarian
ideals. To become imporfant, these ideals need pressure from
below—something that is missing in most developing coun-
tries.

Hudson and Parker [11] state that telecommunicatious ser-
vices can play important roles in rural development. They
observe that at the present time, telecommunication is treated
as an urban consumption item and is designed o maximize
economic return for the entrepreneurs. Thomson [12], [13]
points out that evaluation of communication innovations in
a soclety is more complex than the simple notion of profit
for the investor. He suggests that important communication
innovations alter the environment in which the system is
embedded and open up whole new ways of creating wealth.

INDIAN TELEPHONE NETWORK

The Indian telephone network, which has grown from
82 000 telephone lines in 1948 to 1 590 000 in 1974, is
primarily a nodal network interconnecting the state capifals
and large cities. About five percent of the population in 13
major cities account for more than haif the telephone sets in
the country. [l14]. The other cities and towns account for
most of the other telephones. Recently, there has been some
penetration in smaller towns; however, the rural areas have
hardly any service. The planners perceive the Indian network
as an urban service “for the operatian of business, admimistra-
tion, defense, etc.” [15]. In the forecasts for the 1980%
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[16], it is predicted that *major expansion (in telephone
networks) will continue to be in urban areas in exchanges
with individual capacities of more than 1000 subscribers.”
In the forecasts, very casual and tentative references are made
to rural telecommunications. In the “Ten Year Profile for
Electronics and Communications” [15], rural communica-
tions find reference only in the sixth plan under the miscel-
laneous heading of “other likely services.” As long as the
telecommunications services are planned as an urban service
for industry and government, the present plans and projections
make eminent sense. However, the communication needs of
80 percent of the population in rural areas are not reflected
in the present plan.

COMMUNICATION NEEDS OF THE RURAL AREAS

The information needs of rural and urban populations are
different because of different vocations and existing levels of
knowledge [17].

The requirements of comumunications for a community can
be organized in a hierarchy [18], namely:

1} International
2) Centinental
3) Regional

4) National

5) State

6} Local

7) Interpersonal

The more developed a community is, the higher in the
hierarchy its communication requirements reach. For rural
areas, the interaction span is generally limited to the nearby
villages, the subdivisional town, and sometimes to the dis-
trict headquarters. Thus, the telecommunications requirements
rarely go beyond the local level in the hierarchy. Some of the
specific areas in which telecommunications might be useful
in the rural areas are the following.

1) Health Care: The delivery of health care in rural-areas
of all developing countries is far from adequate. There is a
shortage of doctors and their reluctance to live in rural areas
further reduces the availability of medical services. The intro-
duction of rural telecommunication networks will provide the
services of the doctor te a larger number of people through
paramedical personnel. The doctors serving in rural areas
will be able to discuss cases with doctors in the urban and dis-
trict hospitals and will not feel isolated. As a result, more doc-
tors may feel inclined to accept rural assignment. Specialized
services such as mobile X-ray vans can also be scheduled for
visits through the rural telecommunications network.

2} Access to Markets: In villages, the farmers obtain ferti-
lizer, seeds and other requirements from shops or cooperatives
located in small towns or large villages. Telecommunication
services will help the rural areas in obtaining reliable informa-
tion about price, availability and other matters.

3} Participation in the Planning and Development Process:
Suitable communication techniques can lead to participation
of the villages in planming of the development projects that
affect their lives, thus ensuring the success of these projects.
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Tanner [19] suggests the design of a lateral communication
system for encouraging and facilitating the discussion of issues
among the people so that each consensus is the result of well-
informed thinking. With the help of a proper communication
network, the village councils in the neighboring villages will
be able to discuss projects in their areas with the project
coordinator.

4) Education: A large-scale experiment called Satellite
Instructional Television Experiment (SITE} is currently being
conducted in India to beam developmental programs to a few
thousand remote Indian villages [20]. SITE has instructional
objectives in the fields of agriculture, family planning and edu-
cation, especially pertaining to rural development. This experi-
ment is likely to be followed by continuing developmental
education by television and radio. Feedback channels which
can be provided by rural telecommunications network can
considerably increase the efficacy of this type of educational
project.

5) Emergency Information: Emergency information on
flood, fire, epidemics, etc., can be sent on the rural network
so that they can be broadcast by the local radio station.

6) Requirements of the Change Agents: The extension
workers who live in the rural communities can be used more
effectively with the help of the rural network. Based on the
fourth five-year plan of Uttar Pradesh, Owen [21] points out
that there are 112 000 villages to be contacted by agricultural
extension workers. Fach worker has to help 600 to 1000
families spread over 10 to 12 villages. Within the time and re-
sources available, it is not possible for the worker to approach
each family even once a year. Availability of two-way com-
munications will provide access to the villager who can contact
the change agent on his initiative also, be they paramedical
workers or animal husbandry workers or agriculture extension
warkers.

DESIGN CONSIDERATIONS

Having established the need for rural communications, we
will review the following basic design considerations.

1) Geographical: Communication is to be provided between
villages that are somewhat isolated because of lack of transpor-
tation and communications. It must be pointed out that at
least in the Indo-Gangetic plains where more than half the
Indian people live, the communitics are separated only by
small distances unlike the cases in Alaska, Canadian North,
and Australia, where the population density is small and the
isolated communities are separated by vast distances.

2} Social: The requirements for communication is mostly
local to the nearby villages and to the small towns in the area.
There may be infrequent need to interconnect to the urban
network, Communications between a group and an individual
or between several groups may be needed more than individual
person-to-person communication. Since most of the communi-
cation will be development oriented, privacy is not a prime
requirement. As a matter of fact, experience in Alaska with
“doctor calls” [11] shows that much may be gained if other
interested persons have access to the conversation.

3} Economical: The pricing of the service has to be such



F.!

LB |

mom

W

RN R A

PRASADA: IMPLICATIONS OF TELECOMMUNICATION POLICIES

that it encourages people to use it. Since villages are poor, the
rate structure has to be far from compensatory.

SYSTEM POSSIBILITIES

Thomson [12] states “that communication innovations
that are high in conviviality and are also consensus builders
appear to directly impinge upon the processes that are basic
t0 the wealth creating means of a society.” Hudson and
Parker [11] have translated the development needs into
three main design requirements, namely:

1) intraregional commmunication capability,
2) conference call capability, and
3) accessibility.

Among the possibilities, extension of the urban telephone
network to rural areas will not meet the developmental re-
guirements and will be very expensive. Telex with low band-
width service has several limitations for rural requirements.
It is not interactive; it does not meet the accessibility require-
ments and cannot transcend the illiteracy barrier. (The govern-
ment of India plans to install 5000 new offices for the rural
network [22].)

Hudson and Parker have preferred a sateilite based system.
For a given satellite power, therc is a tradeoff between the
number of channels and the cost of the ground terminal.
For a high-power satellite, the cost of the ground terminal can
be brought down in the range of $2500 to $7500, if the num-
ber of channels is reduced to a few (~15). This alternative has
proven very attractive in providing communications te thinly
populated and widely separated places in the Pacific [23].

Seme of the concepts and technologies of mobile radio
communications can be useful [24], [25]. Since the com-
munication requirement is mostly local, by putting a transpon-
der on a 200-meter tower and using multiple access tech-
niques, communications can be provided in a radius of about
20 miles. Frequency rcuse can be planned as in the mobile
communication systems. In the Indo-Gangetic plains, nodal
points of the urban network may be made available every 40
miles or interconnecting points can be created for the rural
network so as to connect one rural transponder to another.
Radiotelephones can provide immediate service in most of the
areas.

At this time, there is a need for experimentation rather
than blueprint of a single design. In the light of the needs and
environment, concepts such as Comminterphone. radiotele-
phone, transponder on tower, multiple access systems through
satellites, and conference type telephone sets should be
explored and tested in the field wherever possible.

To organize the research and development work and sub-
sequently to design and implement the rural network, it is
necessary to assisn a separate budget and possibly a separate

! 1n the Canadian arctic, a new coinmunication technique called the
Community Interaction Telephene (Comminterphone) [26] has been
designed to cncourage community involvement through rhe combined
use of telephones and radio. By dialing a certain number, the individual
conversations can be broadcast over a low-power AM transmitter over a
radius of five miles, Listeners can jein by dialing and up to four persons
can participate.

organization. A National Rural Telecommunications Agency
should be created. This agency could be totally autonomous
or could be a part of the Posts and Telegraphs Depattment.

The rural network cannot be funded from the present bud-
get of the urban network or from its revenues. The National
Rural Telecommunications Agency must have a separate bud-
get which comes from funds assigned for rural development.
It will have to work very closely with the various state govern-
ments. Since the rural network will be a decentralized net-
work, planning and implementation can begin with states
which are more enthusiastic about the possibilities.

CONCLUDING REMARKS

In a developing country, there is a rmral-urban dichotomy.
It is proposed that the developing nations should consider
setting up an autonomous rural telecommunications network
quite distinct from the urban network in terms of facilities,
characteristics, services pricing, and accessibility.

Once the development planners accept the need for two
distinct networks, the utilization of radio spectrum resource
should be reviewed. At the present time, most of the spectrum
is assigned for services to defense, industry, government, and
railways. Radio spectrum is a development resource and the
rural sector must get a fair share of this resource.

The need is stated for research, development, system stud-
ies, and field trials of various concepts and technologies
relevant for rural telecommunications.
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Choice of Technology for Rural Telecommunication
in Developing Countries

HENRY CHASIA

Absiract—This paper draws attention to the outstanding feature of
present telecommunications in developing countries, namely that most
of the equipment is installed in towns but most people live in rural
areas.

Various features of the social environment are cutlined, indicating
their importance for planning and choice of technology. Social change
is shown to offer the opportunity for telecommunication development
but it also poses the main ehallenge to planning.

The paper outlines the main constraints to choice of technology,
emphasizing those that relate to the sociceconomic environment in
the rural areas. Within these constraints, a pragmatic approach is advo-
cated which admits both old and modem technological solutions. A
discussion of the technology-transfer question develops a conceptual
framework within which this approach may be justified.
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“The Role of Telecominunication in East African Development,” sub-
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munication Union. The opinions expressed in this paper are the author’s
and do not necessarily reflect the views of INTELSAT.

The author is with the International Telecommunications Satellite
Organization (INTELSAT), Washington, DC 20024.

I. STATEMENT OF THE PROBLEM

A. Introduction

ELEPHONE networks in developing countries typically

conform to a standard patiern: most of the equipment is
installed in urban centers whereas the overwhelming majority
of the population live in rural areas. This pattern is the out-
come of various factors, social, economic, political, etc.,
which have combined to create a climate favorable for the
development of telecommunications in the urban centers bui
not in the rural areas.

The demand for telecommunications in the rural areas is
low; such demand arises in small pockets which are generally
widely separated and therefore expensive to satisfy. Because
the service is expensive, demand is inhibited and therefore
service continues to be expensive, mutafis mutandis. Although
the demand is low, the need is strong because the various
agencies and institutions required for rural development need
telecommunication for the conduct of their everyday business.
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The initial requirement is therefore for a telephone network
10 meet the needs of government in the area of administra-
tion and security. Additionally, the network should provide
the communication requirements of pubhc services in fields
such as education, health, land tenure, and agriculture. These
services form part of the expanded role of government in the
rural areas, offering a pool of information and advice to assist
development.

This paper discusses the problems involved in planning a
telephone network for the rural areas with particular attention
to the choice of appropriate technology.

B. The Social Context of Technology Choice

In the past it has been generally considered that the choice
of technology for telecommunications in Third World coun-
iries was something apart from their conditon of underdevel-
opment. The technologist has paid only peripheral attention
to development matters, being content to define his mission
in developing countries as merely that of constructing systems
to cope with the physical and climatic conditions in these
countries. What society did with techuology, or what tech-
nology did to society has not appeared to be a matier of
legitimate concern to him.

In such circumstances, it is hardly surprising that tech-
nology should be conceived as something neutral to develop-
ment and the task of technology transfer as that of making
modification to equipment so that it may suit the different
physical and climatic conditions in the Third World.

It has become clear that technology transfer is basically
a social process. Many of the assumptions embodied in the
design of equipment reflect social conditions in the coun-
tries where and for which the equipment was originally made.
The transfer of such equipment from one social environment
to another may violate these assumptions and affect its opera-
tion.

II. TECHNOLOGY ENVIRONMENT

1) In the present environment, developing countries have
the opportunity to consider old and modern technologies
from various manufacturers throughout the world in making
their choice. Some developing countries also have the capa-
bility to develop technologies of their own, which are uniquely
suited to their needs. Through published literatare, the services
of consultants, and organizations such as the International
Telecommunication Union (ITU), developing countries may
avail themselves of the experience of developed countries m
many fields of telecommunication.

In principle then, the technology environment appears to
be a favorable one, offering developing countries a wide range
of choices. Moreover, without the encumbrance of large invest-
ments in existing networks, they have the opportunity to
apply fresh thinking to their problems, to avoid pitfalls which
developed countries were able to recognize only after the
fact, and to choose only those technologies which suit their
circumstances.
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2) The telephone network itself has certain characteristics
which have a tompelling influence on decisions pertaining to
technology choice.

The first feature of the telephone network is that it is
extensive in space, serving people in homes and work places.
It s intitmately associated with the space relationships inher-
ent in humnan settlements. Associated with the space properties
is the network’s essential feature of iuterconnectedness. Each
telephone must be connected to millions of other telephones.
This requires an enormous network which must be properly
organized to provide desired transmission quality through
complex signaling and routing. The extensiveness in space,
complexity, and interdependence suggest that the network
must be conceived on an overall, rather than on a piecemeal,
basis.

The second feature is that decisions concerning the choice
of telecommunication technology have a very long impact
time—equipment installed today will most likely still be in
operation after the year 2000. A further consideration is that,
in general, telecommunication equipment is installed to suit a
particular community and to move such equipment is not only
expensive, it is liable to cause damage; while operation in a
different locality may be unsatisfactory.

I11. SOCIAL ENVIRONMENT

1) The organization of any society depends on the means of
communication available to it. Rural society in Third World
countries is organized on the basis of personal contact and
face-to-face communication. While face-to-face communica-
tion promotes group and neighborhood cohesiveness, it is
incapable of sustaining the more flexible organizations which
characterize developed societies. In such organizations, social
relationships are impersonal and membership is generally large
and widely dispersed; their communication requirements
therefore involve such means as the post, newspapers, and
telecornmunication.

The process of development involves the creation of new
forms of organization which require the support of modern
communication facilities of which telecommunication is an
important component. Early provision of telecommunication
in the rural areas helps development by offering channels for
the rapid dissemination of “modernizing’ ideas, by facilitating
more effective government and efficient deployment of the
various development agencies operating in rural areas. Tele-
cornmunication is an asset to the development effort because
it is rapid, efficient, and relatively cheaper than other coin-
munication facilities.

2) Development in the rural areas is also accompanied by
changes in the pattern and location of human settlements.
New settlements may be established by deliberate policy of
governments or spontaneously by rural people as they seize
new opportunities necessitating change of location. Sonie
Third World countries have developed “physical plans™ which
provide for the use of land, the movement of people and
goods, patterns of production and residence, distribution of
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the physical infrastructure. Such plans are generally only
indicative offering an informal reference point for those
mvolved in infrastructural planning but providing no firm or
mflexible guidelines.

The telecommunication planner in developing countries
therefore faces an uncertain situation with regard to the evolu-
tion of rural settlement patterns. However, the purpose of
infrastructural planning is to help mould these patterns
through careful identification of “growth poles”, i.e.,locations
which may be provided with communications and other
services. The availability of superior communications attracts
increasing aggloineration which, in turn, justifies additional
communications, ete. [1], [2].

The availability of telecommunication at growth poles also
provides a nucleus from which the cultural impact of the tele-
phone may diffuse into the surrounding area [3], [4]. The
initial relephone subscribers are normally from government
and institutions; at a later stage, as rural inhabitants appreciate
the value of this innovation, the requirement for telecommun-
ication would arise spontaneously from private subscribers.

IV. TECHNOLOGY CHOICE
A. Constraints Upor Technology Choice

1} General Factors:

a} The choice of technology can onlv be exercised with-
in the scope of the availgble resowrces: In relation to the
allocation of resources, political factors determine the level of
priority placed on rural telecommunications in relation to:
i) the competing claims for improvement in urban telecom-
munications, and ii) the competing claims of other items of
infrastructure such as transportation, health, water resources,
education, etc.

b} The choice of technology is circumscribed by the
stipulations of foreign financing arrangements: Telecommun-
ciation development in Third World countries is character-
ized by bilateral and multilateral financing arrangements.
An important feature of these arrangements pertains to the
approach to the rate-of-return criterion. Since investments
in rural aress are not generally expected to yield a return for
many years, it is nor easy to find the necessary finance from
foreign sources. On the other hand, it is relatively easier to
attract finance for urban and interurban telecommunications.
Therefore, it is fair to say that the effect of foreign finance so
farhas been to widen the cleavage between the rural and nrban
areas in the field of telecommunications.

¢) The choice of technology is influenced by technology
choices which have been mude in the past: Because of the
interconnected nature of the telephone network, any new
equipment must be capable of mmterworking with equipment
already in operation. If not, expensive interfaces may be
required. Moreover, new technologies require new skills and
the necd for retraining. Mixed technologies necessitate vari-
eties of test equipment and stores holding. The advantages of
standardization tend to operate in such a way as to limit the
scope for choice of new technology.

IEEE TRANSACTIONS ON COMMUNICATIONS, JULY 1976

2) Social Change: Social change creates difficulties in fore-
casting requirements. Developed countries have the advantage
of a long history of records which help to identify trends. This
is not the case in the developing countries; however, it is im-
portant to stress that records alone do not spell the difference;
the problem is much more fundamental, concerning the rela-
tionship between the telephone and institution-creation.
Traditional forecasting methods which rely on macroindicators
make the implicit assumption the institutions exist and that
there is an ongoing interaction between them and relecom-
munications. When one cannot make this assumption, one is
unable to forecast.

The second aspect of social change has to do with location
changes. Location changes have serious implications for tele-
communication planning because telephone exchanges are
designed for specific locations. When conditions change in
such location, the equipment may have to moved or modified.
Otherwise, the exchange will not operate efficiently.

3} Inadequate Infrastructure: The telephone is being intro-
duced alongside, often much in advance of, other infrastruc-
tural development. Many items necessary [or the installation
and operation of the telephone service, such as transportation,
supplies, main power, and technical skills, are generally inade-
quate and often lacking.

B. Attributes of the Chosen Technology

i) Cost Effectiveness: Cost effectiveness is an essential
attribute of the chosen technology because of the shortage of
funds for rural telecommunications. Initial prices are impor-
tant, but an important consideration is the high cost of
operation and maintenance of a network in rural areas. More-
over, cost effectiveness has to be reflected in the organization
and layout of the network to achieve maximum benefits for
each dollar invested, e.g., reaching greater numbers of people
or a greater area of coverage. Different technologies offer
different facilities and since these facilities may not all be
capable of quantification in monetary terms, value judgments
are necessary.

2} Power and Maintenance Limitations: Rural electrifica-
tion generally lags behind telecommunication development. In
most areas mains power does not exist. A similar constraint
applies to maintenance requirements. The requisite skills and
necessary supplies may not exist in the immediate locality.
The choice of technology will therefore be heavily weighed in
favor of equipment with low power consumption, low fault
liability, and no on-site repair work.

3) Relighility: Reliability has to be considered from two
viewpoints. Firstly, in rural conditions, unreliable telephone
service will not encourage the rural population to organize its
affairs round the use of the telephone. Therefore, the system
must be well-maintained and dependable. However, reliability
involves more than just good maintenance. To provide safe-
guards against breakdowns the network needs to have certain
topological features ensuring diversified routing.

These safeguards cost money and the question is whether
the additional expense can be justified. In the initial stages,
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network configurations based on the “minimum spanning
iree” [5], though highly insecure, may nevertheless be ade-
guate. Security may be improved with increasing subscribers
and traffic demand.

4) Flexibiliry: Social change in its various manifestations
has one main implication for technology, namely flexibility.
But flexibility has a price and therefore the search for flexi-
bility must be accompanied by efforts to minimize its cost
penalties. Two kinds of flexibility are required.

The first kind of flexibility is required to deal with changes
in the time domain, such as inaccuracies in forecasting sub-
scriber requitements and the need for interworking with new
technologies. The second type of flexibility is required to cope
with changes in conditions affecting location.

Two approaches to the flexibility problem may be cited.
The first is based on container technology. Telephone equip-
ment is installed in a container which is then transported on
wheels to site. No elaborate preparations of site are required
beyond bringing in subscriber’s cables. If for some reason the
location is subsequently found to be unsuitable, the container
can be wheeled to a new location. In this way, the problem of
inaccurate forecasts or changes in subscriber or traffic patterns
may be obviated. However, no mobile exchange can be fully
versatile and often these exchanges operate inoptimally
because they are designed to cater for average rather than
specific conditions.

Stored-program systems constitute a second approach. In
these systems, the basic design and hardware featnres are inde-
pendent of the particular installation. Features specific to a
given installation are held in easily alterable software. More-
over, a modular structure is envisaged, minimizing the variety
of bagic units and permitting growth in regular steps without
disruption to what is already installed and working. An addi-
tional feature is that a number of widely scattered switch units
may be remotely controlled from a central processor. The
remote units may be kept especially simple. Conceptually, the
system is well-suited to the flexibility requirements of rural
conditions in developing countries, Neverthless, cost and
maintenance requirements need to be reviewed.

C. Considerations Relating to Technology Transfer

An important concern in discussions of cheoice of tech-
nology for developing countries relates to the need for labor-
intensive techniques. [s this a legitimate objective of planning
for rural telecommunications? 1t is to be remarked that the
direct impact of a rural telephone network on rural employ-
ment is likely to be exceedingly small. At this stage, the
overriding need is for good communication and therefore the
objectives of the plan need not be unduly complicated by con-
siderations relating to employment.

A further concern is often expressed by the view that
developing countries must seek out the older forms of tech-
nology in the first instance and then move on to the more
advanced technologies in imitation of the historical pattern
followed by the developed countries. In some respects, this
argument is not unreasonable: the older equipment is generally

less complicated, requiring a lower level of techmicin &
Moreover, older equipment may have been designsd ©
traffic and few subscribers, whereas modern eg:
designed for large subscriber concentrations and la
ties of traffic.

However, the older equipment may have been superseded
precisely because the newer techniques were cheaper, more
efficient, ‘and even simpter. In such circumstances it would be
unreastnable to go for old technologies for the sake of con-
forming to a precept. Indeed, it is likely that the older tech-
nologies may be a maintenance liability on account of the
difficutty of securing spare parts.

The advocates of outdated technology, as well as those like
Schumacher who advocate a middle way or an “Intermediate
Technology™ [6], are much concerned with the quest for
relevance in terms of the social environment. In relation to the
rura] environment, telecommunication is in every way an
“advanced™ technology. Even the older forms of the tech-
nology do not form part of the sociotechnological milieu of
rural society. This is not, however, to say that the tech-
nology is not required or that it could not function in that
environment.

The transfer process can be viewed in terms of the adjust-
ment of the society’s institutions to the technology. This
adjustment may be conceived at three levels. The first is the
ability to wse the technology. In regard to telecommunica-
tions, it has already been argued that the need already exists
and, in the light of the various activities concerned with rural
development, this need will grow steadily to embrace all
istitution users and, through innovation diffusion, bring in
private users as well,

The second level of adjustment is the society’s ability to
acquire the skills necessary to operate and maintain the tech-
nology. This is the crucial element in the choice of telecom-
munication technology for a developing country. A
distinction must be drawn between the requirements of tech-
nology transfer at this level and those of the first level. In the
first level it is anticipated the technology would in time be
accessible to the majority; at the second level, it is only nec-
essary that a group of people, perhaps only a very small
proportion, can be found who can be taught the skills required
to keep the equipment in operation.

The third level of adjustment requires the society to have
the necessary cultural and institutional structure enabling it to
invent and make the technology. The approach of this paper
has not been based on this level although it is appreciated that
some Third World countries already have the institutional base
permitting technology transfer at this level.

V. CONCLUSION

From the foregoing discussion, the basis for choice of tech-
nology for rural telecommunication in Third World countries
is not simply a decision between old and medern, laber-
intensive or capital-intensive technologies. The decision should
be based on suitability of the given equipment of the socioeco-



nomic conditions in rural areas, specifically those pertaining to
cost, operation, and maintenance.
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Telecommunication Development—The Third Way
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Abstract—The object of this paper is to define the rhird way to
telecommunication development—sunitable to the needs and conditions
of the third world countries. It begins with some comments on the
present conditions, identifies probable reasons, and defines three funda-
mental goals for developing nations: 1) rural communication, 2} accessi-
bility, and 3} reliability. Based on these three goals, the third way to
telecommunication development is defined. Tbe need for an autono-
mous (elecommunication techunaology center for the third world is
emphasized, and its objectives, organization, and implementation are
discussed.

A ueed for new systems geared toward Increasing accessibility is
advocated. As an example, 2 new concept called the “community
tefephone”™ is imtroduced, whieh is designed to provide reliable tele-
commupnication service to a small community. At the end, it is con-
cluded that the rcal implication of the third way to telecommunication
development can only be analyzed through further interdisciplinary
research.

1. INTRODUCTION

RACTICALLY all of the developing countries of Asia,
Africa, and Latin America have been colomized in the
past, directly or indirectly, by a few of the indusirialized coun-
iries. With few exceptions, present development programs in
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the third world countries are based on the framework of
social, political, economic, and technological institulions
that these countries inherited from colonial rule. The pro-
grams emphasize industrialization aimed al producing a high
gross national product (GNP) growth rate. The telecommuni-
cation development in these countries is also based on the
models inherited from the industrialized nations. In fact, the
telecommunication equipments and practices designed for
use in the developed countries are also being used in the
developing countries.

The problems confronting the third world countries are
many and require immediate atlention. For any meaningful
contribution, the telecommunication programs must consider
the needs of rural areas where over 70 percent of the popula-
tion live in poverty, suffering malnutrition, illiteracy, and
unemployment. At the same time, these programs must be
based on the third world models that take into consideration
limited capital resources and virtually unlimited manpower.

It is believed hat telecommunication has a significant
contribution to make in developing countries where large-
scale participation at all levels by all people is necessary for
rapid development. However, in its present form, telecommun-
ication in developing countries is used by a small privileged
class and serves only business and government.
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The object of this paper is to define a third way to tele-
communication development—adopted to the needs and condi-
tions of the third world countries. [t begins with some com-
ments on present conditions, identifies probable reasons, and
defines three fundarnental goals: 1) rural communication, 2}
accessibility, and 3) reliability. Based on these three goals, the
third way to telecommunication development is defined. The
need for an autonomous telecommunication technology center
for the third world is emphasized, and its objectives, organiza-
tion, and implementation are discussed.

A need for new systems geared toward increasing accessi-
bility is advocated. As an example, a new concept called the
“community telephone™ is introduced, which would provide
reliable telecommunication service to a small community. At
the end, it is concluded that the implications of the third way
to telecommunication development cau only be completely
analyzed through further interdisciplinary research. However,
the tinie is running out, and the work has to begin now.

[I. THE PRESENT SITUATION

The present situation of telecommunications in develop-
ing countries can be analyzed by reviewing existing applica-
tions and problem areas.

A. Applications

Telecommunication technology in developing countries
has been applied to service industrial and governmental organi-
zations in order to increase production and ensure social and
political order. It has also been applied as an urban consump-
tion item, The pricing policy has been designed to discourage
demiand by requiring heavy initial investment. As a result,
only the rich and elite can afford telephone services. Chasia
|1] draws attention to the outstanding problem of existing
telecommunications in developing countries, namely, that
most of the equipment is now installed in cities whereas
people live in rural areas. [t is estimated that over half of the
telephone sets in most developing countries are in a few metyo-
politan cities having less then 10 percent of the population.
The telephone density of urban areas is considerably higher
than the rural areas.

The use of coin-operated public telephones in developing
counfries is minimal. The ratio between private and public tele-
__.'510'nes in developing countries is not known. In developed
countries, the ceutral office is normally designed with less
than 1 percent coin-operated trunks. Since much the same
switching systems are used in developing countries, it is
ssrimated that the ratio is over 1 to 100, ie., 1 public phone
cor over 100 private phones. For example, in India, there are
wer 500 000 villages with about 120 000 post offices and
nly 20 000 telephone offices. In many developing countries,
thie private phone is used as a public phone service by many
hops and restaurants.

8. Problem Areas
The problems related to telecommunication in developing

countries can be characterized by a disorderly evolntion of
rapidly growing networks, which are congested and lack per-

5,

formance. These problems can be divided into twe groups: 1}
planning and 2) performance. The planning problems are ad-
ministrative and include forecasting methods, determining
demand patterns, pricing policies, service features, technologi-
cal dependence, etc. Wellenius [2] calls these the problems of
method. Planning problems also include implementation activi-
ties such as the introduction of modern management tech-
niques, automation, standards, etc. Since systems in develop-
ing countries are acquired without overall naticnal network
planning by pnrchase, production, or as gifts (aid programs),
the planning problem is aggravated by the introduction of in-
compatible systems from different manufacturers.

Performance problems directly affect the user and are ulti-
mately manifested in available services. Performance problems
include long waiting periods for dial tone, repeated dialing
effort, frequently lost calls, multiple connections, and poor
voice quality. The problems related to billing, maintenance,
etc. are also considered performance problems.

Existing applications and a long list of performance pro-
blerus show that telecommunication in developing countries
provides unsatisfactory performance and only limited access,
Telecommunication service has not yet reached the largely
illiterate rural population. For them, verbal communication is
the only way to communicate. [t is this population that needs
to be mobilized for development from the bottom (at the
microecononic level}. It is assumed that the present state of
telecommunication is undesirable and an alternative is needed.
Before an alternative approach can be suggested, the reason
behind the present conditions needs to be understood.

IIi. REASONS

The present state of telecommunication results from a
variety of interactions at all levels, from planning to produc-
tion. As a result, it is difficult to clarify the reasons for partic-
ular problems. However, it needs to be emphasized that the
preseut state of telecommunications in developing countries
results from a long history of imported equipments and tech-
nology. These imported equipments are designed for condi-
tions existing in industrialized countries, and their appro-
priateness to developing countries has been questioned. The
following two cases illustrate the appropriateness aspects of
imported systems.

In one Asian country, an imported common control cross-
bar type exchange was selected after careful feasibility studies
and long negotiations. During the first cutover, after several
catastrophic failures, it was recognized that the traffic gene-
rated from the subscriber was considerably higher than the sys-
tem could handle. The average calling rate varied from 10 to
16 busy hour calls per line. The trunk traffic, due to repeated
attempts was found to be as high as 36 busy hour calls. The
fact that low telephone density in a highly populated area
senerates high traffic per line was overlooked. The usual re-
sponse of administration was to deload the system and order
additional equipments.

[t should have been recognized that switchimg systems In
industrialized countries are designed to serve areas with high
traffic density. Normally, these areas have one phome per



738

home having three or four family members and generate
low per line traffic. The situation in developing countries is
exactly the opposite. The telephone density is low. As a resnlt,
one phone is used by many people and the traffic generated
per line is high.

In an African country, an imported modern communication
system was found to drop calls regularly. After careful analy-
sis, it was learned that the interdigital pause was too short,
The designer had assumed user experience in dialing. The local
population had no experience in dialing and required a large
interdigital time. The system had to be modified to incor-
porate these variations.

In both cases, the appropriateness of equipment manufac-
tured in developed countries should have been analyzed by the
local administration. It is the prime responsibility of the recipi-
ent administration to see that the ultimate benefits of the new
equipment and all technological ventures are compatible with
the national requirements and goals. However, these recipient
administrations generally lack knowledge, not only in the arca
of technology, but also in the area of applications, and are
unable to provide a precise and coordinated policy and pro-
gram,

Based on these and several other cases, it seems that totally
imported technology without any local design participation
necessary to obtain appreciation for applications and capa-
bilities is one of the reasons for the present telecommunication
problems in developing countries. The other reason is that the
telecommunication planning in developing countries is based
on an industrialized model that is designed to increase tele-
phone density by providing private telephones in every home,
This approach is not practicable in developing countries where
resources of time, technology, and capital are limited.

A considerable amount of capital investment in facilities,
such as telephone instruments, carriers, and switches, is associ-
ated with each telephone line, and it is desirable to use it
effectively when capital is limited. Tt cannot be overem-
phasized that the private telephone approach is unsuitable for
developing countries. It is only suitable for industrialized
nations with sufficient capital and resources.

Besides these two fundamental reasons, 1) totally imported
technology and 2) emphasis on telephone density, there are
several other reasons which contribute to the overall inade-
quacy of telecommunication in developing countries. These
include: lack of standards, lack of training, limited capital
resources, limited technical manpower, etc. Because of the
problems and associated reasons, it is desirable to define the
basic telecommunication goals of developing countries.

IV. BASIC TELECOMMUNICATION GOALS

There are three basic telecommunication goals for a
developing country: 1) rural commumication, 2) accessibility,
and 3) relabihty.

A. Rural Communication

The need for rural communication has been emphasized
by Prasada [3] . In a majority of the developing countries, the
national development plans, such as agriculture, housing, and
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industries, are aimed at rural growth. However, their telecom-
munication plans do not emphasize rural growth and as a
result, are not consistent with other national programs and
policies.

B. Accessibility

As mentioned earlier, the telecommunication planning in
developing countries is designed to satisfy a long list of waiting
customers, thereby increasing telephone density. It is generally
believed that the telephone density is related to the GNP of a
country and any increase in it is prestigious because it
represents national development and a growth in telecom-
munications. In reality, what is important is not the total
number of phones or the telephone density of a country, but
rather the accessibility of telephones. The telephone network
should be readily accessible to majority of the population.
It should be noted that to have guaranteed access to a tele-
phone, you should not need to own one. Accessibility can be
provided to a large community at minimum cost by providing
one telephone line.

C. Reliability

Once the access to a telephone line is available, it is
important that the access be teliable and result in call com-
pletion with a minimum of interruptions and delays. It is also
important that the c¢all provide noise-free conversation
irrespective of the distance. It is recognized that high reliabil-
ity requires considerable maintenance and diagnostic abilities.
However, for any favorable public acceptance, this high
reliability is imperative.

Some administrations in developing countries believe that it
is economically sound to use old equipment and apply a huge
work force to keep this equipment maintained. This idea
results in an added benefit by reducing unemployment in
highly populated developing countries [4]. This approach is
strictly based on economics and does not take into considera-
tion the social acceptance of telecommunication facilities by a
rural population.

V. DEVELOPMENT THE THIRD WAY

Based on the present situation and related reasous, it has
become absolutely clear that the third way to telecommunica-
tion development in developing countries should be atmed at
three primary goals: 1) rural communication, 2) accessibility,
and 3) reliability. The third way is different from the present
technology that emphasizes urban communication and private
phones.

Beside these three primary goals, the third way to telecom-
munication development takes into consideration three
secondary objectives that are based on conditions in develop-
ing countries: 1) labor-intensive programs, 2) capital
sensitivity, and 3) self-reliance.

A, Labor-Intensive Programs

One of the main resources in a developing country is its
virtually unlimited, largely unskilled manpower. The telecom-
munication development program in developing countries
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should be designed to use this available manpower. Unfortun-
ately, technologies that use plenty of labor and Httle capital
are poorly documented and in many cases, nonexistent. The
mass-production-oriented, labor-saving, capital-intensive, and
highly complex technologies are well documented and easily
available in industrialized countries. However, the laboratories
in industrialized countries and their staff members are not
oriented toward development of labor-intensive products,
processes, and programs. As a result, developing countries have
no choice but to develop their own capabilities. The people
from developing countries are familiar with the labor-intensive
approach and can provide the proper environment for inuova-
rions in this direction. For example, in a developing country, it
should be desirable to use manual wiring techniques for the
production of switching equipment rather than sophisticated,
automatic, computer-coutrolled wiring machines that require
millions of dollars of investment. No doubt, manual wiring
introduces error; however, the manual approach in this case
provides a considerable number of jobs and does not need a
large amount of foreign exchange for new equipment, The
labor-intensive approach should not mean installation of old
unreliable equipment so that more jobs can be created to
repair it, nor should it mean going back in time to nature
without regard for moderu technology. It means there has to
be a proper balance of technology and human participation.

B. Capital Sensitivity

The third way to telecommunication development
emphasizes capital sensitivity through the following two
concepts: 1) The capital available for telecommunication
development is limited and, as a result, must be used to benefit
a large number of people. For example, if investment is avail-
able to add ten telephone lines in a small town, should it go to
bureaucrats, rich, and the elite who can afford it or should it
go to schools, hospitals, etc. in the forrn of public phones. In
brief, with the available sources, how do you plan your pro-
grams to benefit everyone?

2) The large development programs, which are based on
large-scale economy in terms of investment and returns, should
be avoided. The preduction facility should also be based on
the capital-sensitive, labor-intensive approach. For example,
automatic machines to insert components would be desirable
from the viewpoint of efficiency. But in developing countries,
it would require additional capital, most probably in foreign
currency, and replace several jobs. These approaches should be
carefully evaluated.

C. Self-Reliance

The emphasis on self-reliance is extremely important. It
fosters development from within. The local population realizes
the potential needs and recogmizes the spontaneous situation.
However, for them to be useful, self-reliance has to be
emphasized at the beginning of the program. They should
participate in the planning, engineering, production, mainte-
narice, and service aspects to be really productive.

Self-reliance and local participation should be emphasized
at all Jevels. For example, there is no reason why public tele-
phones should not work in a university town where postgrad-

uate work in all engineering fields is offered and at the same
time, hundreds of college graduates are unemployed. The
university staff and student community should take it upon
themselves to participate in a telephone maintenance program
as a part of the graduate course. They should make sure that
all phones in their own community are maintained properly.
This requires cooperation from the telephoue administration
and a change in the present procedure. In a developing
country, capital equipment is limited and should not be left
idle or unoperated at the cost of capital required for the man-
power needed.

Self-reliance does not mean a curb on all imports and
isolated growth. Self-reliance means active local participation
at all levels to be productive for local needs.

In brief, the third way to telecommunication development
emphasizes new objectives and new guidelines which are third
world oriented. It is recognized that the key to the third way
development is technology. The appropriate technology would
result in benefits for all at minimum cost. The technology
center aimed at providing the technelogy required to
implement the third way to telecommunication development
is now discussed.

VI. TELECOMMUNICATION TECHNOLOGY CENTER

In order to implement the third way development program,
it is suggested that an autonomous, nonprofit Telecommunica-
tion Technology Center be established for developing
countries. The objective of this center would be to develop
appropriate technologies for the telecommunication needs of
developing countries. It would provide a mechanism for
technical participation from all over the world that would
include both developing and developed nations. The center
would be responsible for coordinating communication develop-
ments in developing nations. It would be different from the
International Telecommunication Union (ITU) or other exist-
ing organizations due to its emphasis on being a product-
oriented technology center.

The implementation of the Technology Center would
require considerable international understanding and coopera-
tion. If telecommunication services in developing countries are
viewed only as potential markets, the solutions are going to be
undesirable. The telecommunication services have to be viewed
as a fundamental social need of modern society that is trying
to solve global problems. The needs of developing countries in
the area of telecommunication have 1o be recognized and dealt
with through collaboration. This collaboration cannot be just
between banks and multinational corporations; it must be
between governments and international institutions.

Five aspects of the Technology Center are briefly discussed
here: 1) objectives, 2) organization, 3) activities, 4) location,
and 5) finances.

A. Objectives

The objective of the Technology Center would be to
provide telecommumication plans, programs, and products
based on guidelines from the third way approach, for the
developing countries. The center would make a clear distine-
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tion between science and technology and, as a result, would
deal only with the application of science. The aspects of
appropriate technology would be the emphasis of the center,
It would be product oriented and provide product-oriented
ideas, designs, and assistance.

The center would be responsible for international compati-
bility standards for all developing countries. It would try to
develop a set of standard product lines suitable for applica-
tion in a majority of the developing countries. It would
emphasize technological leapfrogging and suggest new
concepts compatible with state of the art technologies. The
telecommunication center would also provide assistance m
manufacturing technology.

B. Qrganization

An international orgamization similar in structure to
INTELSAT, which requires government participation and not
corporate participation, would be ideal for implementing this
program.

It is recognized that the third way to telecommuiication
development emphasizes the third world eleinents. As a result,
it is believed that the solutions have to come from within the
developing community. The organization would rely heavily
on staff from developing countries. It would also include
scientists and engineers from developed nations working for a
commeon goal.

A typical organization is suggested in which the central
responsibility of the managing director would be shared by
several directors in various technologies, such as systems,
hardware, software, components, and manufacturing. For
efficiency and control, a product-oriented organization is
preferred. This results in a matrix structure with technological
responsibility on one axis and specific product responsibility
on the other.

C. Activities

The overall activities would include, beside technology
monitoring, and technology participation, specific product
development. It is believed that technology in the area of semi-
conductors is very complex and changes rapidly. As a result, it
is desirable to borrow semiconductor technology by importing
components such as IC’s, microprocessors, memories, etc.
Thus, the manufacturing activities would result in a simple
assemnbly process. The activities would be divided into three
major product lines: 1) terminal equipments, 2) carrier and
signaling. and 3) switching.

The products would be designed to meet local needs. For
example, due to heavy traffic generated in developing coun-
tries, it would be desirable to design nonblocking switching
networks. These networks are not c¢ost competitive using
analog concepts; however, with digital concepts, nonblocking
networks are practical at lower costs. It is recognized that
skilled manpower is limited in the developing countries. As a
result, a centralized maintenance system with remote access to
a tngjority of the new facilities would be necessary.

Detailed cost analysis, based on developing country models,
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would be an important activity of the center. For example,
when initial cost comparisons of a particular technology is
made in developing countries, it is rarely emphasized that the
high markups and overheads from industrialized nations are
normally included in the price structure. A telecommunication
system that is sold on an interuational market for $1000
probably, includes a $500 markup, $300 labor and overhead,
and $200 components, half of which could be reduced
through local substitution. As a result, the system, which is
sold on an international market for $1000 might cost only
$100 worth of foreign exchange if proper technology is avail-
able to assemble it locally,

As an initial activity, the center would survey the immedi-
ate needs of various developing countries and define system
parameters for rural networks. This would include the
definition of average system size, basic features, technology
to be used, and various other data required to begin detailed
design activities. It would alse include comparison between
various concepts, such as line concentrators, rewnote satellite
switching, centralized maintenance, for a rural switching con-
figuration. The objective would be the sharing of the
production of standard telecominunications equipment by
developing countries.

As mentioned earlier, one of the activities of the Tech-
nology Center would he to participale in international
organizations to set up compatibility requirements for trans-
mission, signaling, and switching. At present, the International
Telegraph and Telephone Consultative Committee (CCITT)
and International Radio Consultative Committee (CCIR}
meetings to define standards are attended by the majority of
the developing countries with at least one representative from
a country as small as Fiji (0.5 million population) and as large
as India (600 million population). These meetings are a foreign
exchange drain on some of the small countries. The center
would participate on behalf of developing conntries with the
idea ol relaxing some of the standards for rural applications.

The center would provide consulting services Lo leleplone
administrations in developing countries. The traditional role of
multinational corporations as advisors to telephone planners in
developing countries is now being changed by consultants
from industrialized countries. More and more developing
countries are hiring consultants to plan their networks. These
consultants along with their sophisticated technology bring
their own way of modernizing developing countries. They lack
experience in the third world conditions and approaches. The
center would provide the proper balance between technology
and applications in the third world nations.

D Locarion

The location for the center is a very crucial issue. Based on
the excitement in telecommunication technology and advances
in semiconductor industry, it appears rhat the U.S. would be &
good choice. However, the program outlined in this paper
emphasizes the contribution which has to come from the
third world countries. Based on this third world element, it is
necessary that the center be established in a developing nation.
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TABLE [
DEGREES AWARDED IN INDIA

1970 1973

Science

HE S o et AR 1! 83,698 106,489
N R B o L Pl 12,686 16,149
RN . ST LY 1,107 IR 307
Engineering

ST =S L L 19,316 14,342
(I ERCh s v o A 1,201 1,263
[5ln Py b el 98 110

There are two major criteria used to select the location:
1) availability of technical manpower and 2) finance. As
mentioned earlier, the technical staff would consist of people
from all over the world. However, the miscellaneous technical
manpower needed for the center has to be available locally. At
the same tirue, it is also assumed that a certain level of infra-
structure for electronics technology and ancillary industries is
available locally. Based strictly on the engineering manpower
issue and the available infrastructure for electronics industries,
India seems to be a good choice. India has about 4300 colleges
affitiated to 103 universities. There is a total of 460 engineer-
ing institutions with 290 providing associate degrees and 160
providing graduate programs. The degrees awarded in science
and technology in India for the years 1970 and 1973 [5] are
shown in Table I. Because of their financial resources, any of
the oil-exporting middle eastern countries would be a strong
alternative.

E. Finances

In order to operate a facility of this magnitude, consider-
able financial resources are needed. These could come from
the participating countries, their administrations, or other
mternational agencies. Due to the difference in the cost of
living in the developing countries, it is expected that the local
operating expenses would be reasonable. It is estimated that a
professional staff of 100 people with 200 support people
would be required in the beginning. This would require an
operating budget of about 5 million dollars per year.

VII. COMMUNITY TELEPHONE

The community telephone is an example of a produci based
on the third world medel. As mentioned earlier, telephone
planning in developing countries tries to sarisfy a long list of
waiting customers, thereby increasing telephone density. With
the limited resources available, it is not possible to satisfy the
ever increasing demand for private telephones. As a result, a
community telephone, providing services to a small com-
munity through one telephone line, is suggested for both the
urban and rural areas of developing countries. Every com-
munity would be provided with a “community phone” but
members of that community would be denied private tele-
phones. As a result, with only a minimum telephone density,
a large proportion of the population can have access to the
nationat telecommunication network.

make the community telephone concept attractive: 1) the
generally warm climate and 2) the life style of the people.
Most of the developing countries have a warm elimate and as a
result, it would be convenient to operate an outside telephone.
it could be answered either by an assigned individual paid by
the community or by a member of the local youth organiza-
tion. The life style of the people in developing countries is
such that the telephone on a street would be a natural
extension of street activities. In most of these countries, the
normal life inside the house is almost the same as the life
outside. People drink, eat, sleep, dress, and socialize out on
the street. In fact, the street, with hundreds of clustered
houses, is full of social activities at all times. In an environ-
ment of this type, one telephone per street seems an
appropriate pattern for telecommunication growth.

The community telephone would not be just a public
telephone. It would also have speaker phone capabilities for
local conferences between the village communities, and will
thus generate high traffic. Because of the high traffic, it would
have considerable impact on the national network. Hughes [6]
suggested that the coin required to operate community
telephones could be identical in all developing countries. This
would simplify system design and eliminate problems in areas
where coins keep changing every few years. In order to provide
a preliminary proposal for use in developing countries, various
areas such as system design, implementation, maintenance, and
network planning need to be investigated.

VIIL. CONCLUSION

In conclusion, the telecommunication development in
developing countries is based on the industrialized model that
emphasizes imported technology and an increase in telephone
density. An alternative approach to telecommunication
development in developing countries is suggested. The third
way to the telecommunication development emphasizes rural
communication, accessibility, and reliability. In order to
implement tle third way development program, it is suggested
that an autonommous, nonprofit Technology Center be estab-
lished in a developing country. As an example, the concept of
the community telephone is outlined.

It appears that the third way approach provides a wide
range of alternatives which need to be explored. For any
meaningful contribution, the real implications of this new
concept need to be analyzed through further interdisciplinary
research. Considerably more work needs to be done in this
area before a concrete program, ready to be implemented, can
be presented.
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INTELSAT and the Developing World

IRVING GOLDSTEIN

Abstract—Adequate telecommunications facilities to meet both
internal and external telecommunications requirements are important
prerequisites for a country’s development. The International Telecom-
munications Satellite Organization (INTELSAT) has been cognizant
of this fact, and has endeavored to respond to the needs of the develop-
ing world in a vardety of ways. This paper discusses why developing
countries have turned to INTELSAT to meet their telecommunications
requirements, how INTELSAT has responded to this need and fostered
such usage, and what activities INTELSAT is contemplating for the
future which are likely to continue and improve upon this trend.

As nations move from the patterns of traditional
society toward the patterns of modern industrial society,
spectacular developments take place in their communica-
tion. From one point of view, developments in commu-
nication are brought about by the economic, social, and
political evolution which is part of the national growth.
From another viewpoint, however, they are among the
chief makers and movers of that evolution.?

I. INTRODUCTION

HE importance of adequate telecommunications facilities

in both generating and facilitating the development process
has long heen recognized since communications play a variety
of roles in a country’s development. The extent to which the
communications framework can meet these demands and the
degree of quality it can bring to bear in playing these roles will
depend, in large measure, on the type of telecommunications
facilities selected and how such facilities are provided.

The International Telecommunications Satellite Organiza-
tion (INTELSAT), established in 1964 under interim arrange-

Manuscript received December 18, 1975; revised February 18,
1976.

The author is with the Communications Satellite Corporation,
Washington, DC 20024,

'W. Schramm, “Communication development and the develop-
ment process,” it Communications and Political Development, L. W.
Pye, Ed. Princeton, NJ: Princeton Univ. Press, 1963, p. 30.

ments and continuing under definitive arrangements (which
entered into force in 1973}, is capable both of increasing and
enhancing the roles played by communications in the develop-
ment of countries. As early as the passage of the Communica-
tions Satellite Act in 1962, the United States Congress was
cognizant of this fact when it declared it to be the policy of
the United States:
... to establish, in conjunction and in cooperation with
other countries, as expeditiously as practicable a com-
mercial communications satellite system, as part of an
improved global communications network, ... In effectu-
ating this program, care and attention will be directed
toward providing such services to economically less
developed countries and areas as well as those more
highly developed, ... 2

A similar principle was reflected in both the interim and the
definitive arrangements for INTELSAT since an objective of
the organization under both sets of agreements was to permit
access by all peoples to the global satellite system.

Since the creation of INTELSAT in 1964, developing
countries have made increasing use of the services provided by
the organization, and have become increasingly aware of its
serviceability in meeting national objectives with respect to
both external and internal coinmunications requirements.
INTELSAT’s original 19 members consisted exclusively of
developed countries. However, by the time of entry into force
of definitive arrangements, this pattern had clearly changed,
has continued to do so through the present, and is reflected in
INTELSAT’s current membership encompassing 92 countries,
the majority of which can be considered to be developing and
whose usage, as shown in Fig. 1, currently reflects more than
30 percent of the total,

Why this has occurred, what INTELSAT has done to foster

? Communications Sateltite Act, 47 U.S.C. 701(a) and (b) (empha-
sis supplied}.
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ig. 1. Use of INTELSAT satellites by developing countries as a per-
cent of total full-time utilization.

this development, and what INTELSAT may be expected
io do in the future to enhance this trend are worthy of
examination.

IT. THE INTELSAT SYSTEM

Prior to the availability of satellite telecommunications,
direct communications links between and among many coun-
tries, particularly those in developing areas, were complicated,
circuitous, and sometimes even nonexistent. Countries which
were neighbors, such as Argentina and Brazil, were frequently
unable to communicate with each other, and the developing
countries of Africa, Asia, and Latin America were in many
instances without reliable telecommunications facilities,
depending instead on the vagaries of HF radio. Now, given
INTELSAT’s impressive record of achievement, all a country
needs to do is to invest in the construction of one earth
station, and it will have direct reliable communications to
virtually any part of the world.

A. Scope of Activities

INTELSAT currently provides a variety of public telecom-
munications services. Its prime objective is the provision on a
commerical basis of the space segment for international public
telecommunications services of high quality and reliability to
be available on a nondiscriminatory basis to all areas of the
world. Certain domestic public telecornmunications services
between areas separated by the high seas, or by natural barriers
preventing the establishment of terrestrial facilities (if approval
is obtained in advance from INTELSAT’s Meeting of Signa-
tories in the case of thie latter), are to be treated on the same
basis as international public services. Other domestic public
telecommunications services may be provided on the
INTELSAT space segment on a nondiscriminatory basis to the
extent that INTELSAT’s ability to achieve its primary objec-
tive is not impaired. In addition, INTELSAT may provide, on
request and under appropriate terms and conditions, satellites
separate from the INTELSAT space segmeut for domestic and
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international public telecommunications services and domestic
and international specialized telecommunications services, pur-
suant to appropriate technical, operational, and financial terms
and conditions as set forth in the Agreements.

B. The INTELSAT Space Segment

Te meet increasing requirements for and to ensure continu-
ing availability of telecomimunications facilities, INTELSAT
since 1964 has launched and put into operation more than
four generations of satellites, each generation more powerful
than the one preceding it. The INTELSAT I or ““Early Bird™
satellite, launched in April 1965 and placed over the Atlantic
Ocean area, had a capacity of 240 voice quality circuits, or one
television channel, and an expected life of 18 months.

As of Yanuary 1976, INTELSAT had in operation four
satellites (two in the Atlantic and one each in the Indian
Ocean Region and the Pacific Ocean Region, and three addi-
tional satellites as spares in orbit, one for each ocean region).
Service in the Atlantic Ocean Region is provided by one
INTELSAT IV-A and one INTELSAT IV satellite with an
INTELSAT IV-A as backup. Service and backup in the Pacific
and Indian Ocean Regions are provided by INTELSAT IV
satellites. Each INTELSAT IV satellite has 12 transponders
and is capable of providing an average of 4000 circuits or 12
television channels or combinations thereof. Each INTELSAT
IV-A satellite with 20 transponders has approximately double
the usable capabity of INTELSAT 1V; four more INTELSAT
IV-A satellites are scheduled to be launched to augment the
INTELSAT IV system during the next few years.

INTELSAT presently is considering and planning for the
next generation of satellites the INTELSAT V series which is
expected to commence operation in the 1979/1980 time
frame and for which the contract is expected to be concluded
before the end of 1976. The INTELSAT V design upon which
the REFP (request for proposal) is based incorporates the use of
the 14/11 GHz frequency band and uses extensive frequency
reuse by dual polarization and beam separation to provide
increased capacity in the 6/4 GHz frequency spectrum. When
used as the Atlantic Ocean Region Primary Satellite, it is esti-
mated that this satellite will be capable of providing for 24 000
agsigned telephony channels, as well as providing for SPADE
and occasional use services, including TV.

The ground segment, the earth stations, are under the con-
trol of each Signatory, although INTELSAT is responsible for
establishing standards to which earth stations are expected to
conform before they will be permitted access to the system.

II. REQUIREMENTS QOF THE DEVELOPING WORLD

As countries’ comiunications requirements have grown,
initial efforts both with respect to satellite communications
and other media appear to have been focused on linking a
country’s capital city with other major capitals throughout
the world. Once international telecommunications needs were
being met satisfactorily, a country’s focus tumed inward, and
in many cases it readily became apparent that the biggest com-
munications problems might lie with the shortest distances to
be covered. Thus, countries have turned first to INTELSAT to
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meet international demands, and only recently, as these
requirements have been met, have countries turned more and
more to INTELSAT to satisfy domestic needs.

Satellite telecommunications have a number of unique fea-
tures which make them more acceptable to developing
conntries in particular, than submarine cables or HF radio to
meet international requirements. These include

1} simultaneous use by several earth stations;

2) high-quality, reliable telecommunications;

3) introduction of services not available previcusly cn an
intercontinental basis, such as international television, data
and computer exchanges, and aircraft and seacraft position
location;

4) high levels of cost savings and economic benefits; and

5) reduction of the gap between nations in knowledge and
development of technical capability 3

These characteristics have indeed been reflected in the fol-
lowing milestones in INTELSAT’s | 1-year history.

1) As of January 1976, 131 operational antennas (both
standard and nonstandard) were providing service at 104 earth
stations among 71 countries.

2) Developing conntries, in particular, have joined
INTELSAT, invested in and constructed earth stations, and
accessed INTELSAT satellites. More than two-thirds of
INTELSAT’s 92 members are countries located in Africa and
the Middle East (33) , Asia (13), and Latin America and the
Caribbean (18). More than two-thirds of these currently use
the INTELSAT system.

3) Live intercontinental television broadcasts for news,
sports and entertainment are a regular occurrence.

4) INTELSAT utilization charges have decreased annually,
from $32 000 per annum in 1965 to $8280 per annum as of
January 1, 1976.

While both the interim and definitive arrangements legally
permitted provision of a variety of service offerings, including
provision of domestic public telecommunications, it has not
been until recently, 1972, that Signatories have explicitly
sought such services. Since that time, such requests have come
with increasing frequency, and for this purpose, ten Signa-
tories have sought and/or completed long-term allotment
agreements for such use of INTELSAT space segment
capacity. These Signatories and the nature of their allotment
agreements are summarized in Table 1.

In response to these requests, INTELSAT has evolved a
policy whereby a developing country may come to INTELSAT
and have available a variety of alternatives from which to
choose to meet their requirements.

1) Allotment Capacity: A developing country may request
lease of one or more transponders, one-half of a transponder,
or one-quarter of a transponder in an INTELSAT IV satellite,
pursuant to a decision by INTELSAT’s governing body, the
Board of Governors. Such requests can be for the purpose of
meeting domestic requirements between areas separated by the
high seas (e.z., U.S. mainland to Hawaii, and Malaysia for
inter-island communications), between areas separated by

?See R. R. Colino, “International satellite telecommunications and
developing countries,” J. Lew and Eeconomic Develop., vol. I, no. 1,
Spring 1968.

IEEE TRANSACTIONS ON COMMUNICATIONS, JULY 1976

natnral barriers such as mountains, desert, or jnngle (e.g.,
Brazil, Algeria), or for ordinary domestic needs (e.g., Nigeria).
The time period for such allotments has ordinarily been for
approximately a two-year period or a five-year period. How-
ever, there are no firm constraints regarding time period other
than an expression of relnctance by the Board to entertain
requests for less than two years.

2) Terms and Conditions: Long-term allotments of space
segment capacity may be requested on a preemptible or a non-
preemptible basis. Capacity requested on a preemptible basis is
subject to removal if operationally necessary in order to meet
nonpreemptible service, Capacity which is not snbject to pre-
emption has the same status in terms of provision of service
as that serving international public telecommunications
requirements. Capacity leased on a preemptible basis is subject
to more favorable charging terms than that leased on a nonpre-
emptible basis.

In addition, the Board has approved the utilization of non-
standard earth stations (i.e., earth stations with a G/7T of less
than 40.7°/K) in connection with such transponder leases
where requested since the nonstandard stations would be oper-
ating only with each other and not with the rest of the
INTELSAT system. {Thus far, Algeria, Brazil, Malaysia, and
Nigeria have sought and been given approval to use nonstand-
ard earth stations i connection with their leases.)

3) Charges: Upon receipt of the first request for bulk lease
of space segment capacity by Brazil under the interim arrange-
ments, INTELSAT’s governing body under those arrange-
ments, the Interim Communications Satellite Commitiee
(ICSC}) decided that the capacity would be charged for on the
basis of 360 units per annum for full-time use of a global beam
transponder, 360 nnits having been determined to be the aver-
age revenue-producing capacity of an INTELSAT IV global
beam transponder. Hence, charges for long-term leases on a
nonpreemptible basis are based on this 360-unit charge.

Algeria was the first Signatory to request bulk lease of a
transponder on a preemnptible basis in order to obtain a
reduced rate. It proposed a flat rate of U.S. $1 million per
annum, with the intention that this would yield over the
whole period of the contract an amount equivalent to about
half the 360-unit rate established as the fully allocated cost for
nonpreemptible service using an operational global beam trans-
ponder. INTELSAT accepted this proposal, and it became a
precedent for determining subsequent charges for long-term
preemptible allotments. Thus, charges for preemptible allot-
ments for half of a transponder are U.S. $500000 and
$250 000 per annum, respectively. Brazil is utilizing its trans-
ponder for communications among earth stations separated by
jungle. Norway’s leasing of haif of a transponder is providing
communications to oil rigs in the North Sea.

Algeria was faced with the problem of establishing good
and reliable communications between the main population
centers in the Sahara and their administrative centers, and
from there with northern Algeria and the rest of the world. In
addition, these areas were to be provided with televisien for
information and educational purposes. Living conditions were
harsh, the towns were isolated, and the distances to be covered
were sizable.
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TABLE I
LONG-TERM ALLOTMENT AGREEMENT FFOR INTELSAT

SATELLITE TRANSPONDERS

Signed Contracts

Allottee 2llotment Initial Period Charge Intended Use

Srazil INTELSAT 1V_qlobal beam transponder in 30 months Regular charge as Domestic telephony and
Atlantic major path =atellite. for 360 units television

2lgeria INTELSAT IV global beam transponder 5 years C $1,000, 000 per Domestic telephony, tele-
(or equivalent) in spare capacity in annum graphy and television
an Atlantic or lndian Ocean satellite
subject to preemption by INTELSAT, if
operationally necessary.

Malaysia INTELSAT IV global beam transponder 53 years $1, 000,000 per Domestic telephony and
(or eguivalent} in spare capacity in annum television
an Indian Ocean or Pacific Qcean
satellite, subject to preemption by
INTELSAT if operaticnally necessary.

Norway One-half of INTELSAT global beam 5 vears %500,000 per Domestic telephony,
transponder (or equivalent]} in annum telegraphy and data
spare capacity in an Indian Ocean or services
Pacific Ocean satellite, snbject to
preemption by INTELSAT 1f operationally
necassary.

United States One global beam transponder (or egui- Initially 21 as for 360 units Domestic telephony, tele-
valent) in the Pacific Ocean. months graphy and television

between Mainland and
Hawaii
Prospective Agreements
Zaire INTELSAT IV global beam transponder 5 years 31,000,000 per Domestic telephony and

(or eguivalent) in spare capacity in
an Atlantic or Indian Ocean satellite,
subject to preemption by INTELSAT if
operationally necessary.

Nigeria The alletment of spare capacity

5 years per

annum television

$1, 000,000 per Domestic television

equivalent to two INTELSAT IV transppnder ATINUM distribut?on and message
transponders in an Atlantic or transmission
Indian Ocean region satellite,
subject to preemption.
France Allotment of spare capacity 5 years 3500, 000 per Domestic services between

equivalent to one-half of an INTELSAT
global beam transponder on a pre-
emptible basis.

Colombia :
for preemptible leases for domestic

public telecommunicatipns services
eguivalent to 1/4 of an INTELSAT IV
global beam transponder with terms
and conditions similar to the
Norwegian allotment.

Spain Allotment of one-half of a global
trancponder on an Atlantic Ocean
Satellite on a non-preemptible for
domestic public telecommunications.

The allotment, in terms of capacity 5 years

1 year minimum

annum France and St. Denis de
la Rennion

$250, 000 per
annum

Regular space Domestic services between
seqgment charge as Spain and the Canary
for 180 units Islands

The cost of attempting to establish a microwave system was
estimated to be approximately U.S. $62 000 000. The relia-
bility of any such system was highly questionable given the
climatic and topographical conditions in which the system
would have to function. In addition, in terms of initial and
maintenance costs, lead time, and flexibility, the use of satel-
lites was deemed far superior. For example, the total cost of
the satellite nerwork was estimated to be approximately U.S.
$7 800000 (an average of $550000 for each of the 14 earth
stations planned). Implementation of a microwave system was
estimated to require more rhan five years, while that for con-
struction of 14 earth stations less than two years.

Algeria first apprised INTELSAT of its peeds in July 1973.
INTELSAT’s Beoard of Governors and the Board’s technical
and fipancial advisory committees reviewed Algeria’s request,
and in October 1973, the Board authorized the requested
allotment and negotiation of an appropriate contract. In
March 1974, Algeria requested that this prospective allotment

be considered on the same basis as international public tele-
commupications services since it was of the special tvpe
described in the Agreement, and they requested the Board to
so advise the Meeting of Signatories. In April 1974, the Meet-
ing of Signatories gave the necessary approval. The contract
was concluded and approved by the Board in September 1974.
The Algeran domestic service commenced operation on
February 27, 1975.

A. Technical and Operational Benefits

To ensure the availability of adequate facilities for interna-
tional public telecommunications services of high quality and
reliability and those domestic public telecommunications
services treated on the same basis, INTELSAT continually
assesses future requirements, plans for expeciled increases in
demand, and evaluates and, where appropriate, introduces new
technologies into the system.

One such technological development which can beuefit
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smaller users is SPADE, an acronym for single channel per
carrier pulse-code modulation multiple-access demand-assigned
equipment. SPADE permits use of the satellite system on an
occasional, as-needed basis in lieu of a full4ime allotment for
whatever number of channels required. Hence, with SPADE, a
country can communicate with another country for the time
required for the particular communication without having to
maintain a full-time cuircuit at a cost their communications
traffic would not justify. The charge established by
INTELSAT for this service is U.S. 10 cents per minute. As of
November 1975, SPADE service billable time averaged 26 467
minutes per day, and 188 demand-assigned channel units were
activated at 19 SPADE terminals around the world.

The coverage areas of transponders leased which will be
available in the near future within the INTELSAT system will
range from global, i.e., approximately one-third of the earth’s
surface, to hemispheric, i.e., approximately one-third of the
coverage of a global beam and generally pointed toward large
land masses, to spot, which is a very narrow pencil-shaped
beam directed toward a precise location on the earth’s surface.
The number of leased services that can be accommodated in a
transponder is primarily dependent on the type of transponder
leased and the size and number of the earth stations accessing
the transponder. It is conceivable that multiple requests for
leased services could be provided for in a spot or hermispheric
transponder if there existed a commonality of need within a
limited geographical area. All leased services to date have been
provided through global transponders.

The ability of a system to support leased servicss is directly
related to an earth station’s G/T. As this figure of performance
decreases {with a corresponding decrease in the size of an earth
station), the number of leased services that can be accommo-
dated through a transponder decreases, as illustrated in the
representative table below.

INTELSAT IV Global Transponder Service Capacity

Type of Earth Channel Capacity  Channel Capacity
Earth Station for FDMA/FM for FDMA/FM
Station G/Tin“/K  (Single Carrier) (Multicarrier)
Standard 40.7 972 300
Nonstandard 31.7 540 240
Nonstandard 22.7 72 48

These characteristics of INTELSAT’s approach and of the
INTELSAT system are especially conducive to the accommo-
dation of either international public telecommunications
requirements or bulk lease domestic public telecommunica-
tions services. A developing country is assured of viable
communications facilities in sufficient quantities to meet both
external and internal communications needs for whatever time
pericd deemed appropriate. Also, a developing country
receives the benefits of a sophisticated technology which it
would be incapable of establishing and supporting alone.

Developing countries oftentimes are situated in those areas
of the world where geography tends to create adverse condi-
tions, causing and/or contributing to the developing country’s
inability to progress economically and socially. Satellite tefe-
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communications neutralize many such physical barriers, and
INTELSAT is accutely aware of this fact, as reflected by
INTELSAT equating certain types of domestic public
communications services with infernational public tele-
communications services.

B. Financial

Any country, whether or not a member of INTELSAT,
may utilize the INTELSAT system. Countries which are non-
member users include Bahrain, Bangladesh, Mauritius, People’s
Republic of China, and the U.S.S.R. Pursuant to specitic pro-
vision in the Agreement, all users of the INTELSAT space
segment pay the same utilization charges, and the charge for
each type of utilization is the same for all users for that type
of utilization; thus, there is no charging penalty to nonmember
users.

If a country does become a member, it automatically
becomes an owner to the extent of its investment share, and
certain financial benefits and obligations attach which do not
apply to nonmember users, Each member has an investment
share corresponding to the percentage of its ufilization of the
INTELSAT space segment to that of all members. If the
member does not vet utilize the system, it automatically is
given a minimum investment share of 0.05 percent. Investment
shares are adjusted annually to take into account changes m
utilization. In accordance with its investment share, each mem-
ber contributes to the capital requirements of INTELSAT and
is entitled to receive compensation for the use of capital.

As previously noted, INTELSAT space segment charges
have continuously decreased as use of the system has ex-
panded, and this downward trend is expected to continue. In
addition, if a country is willing to conclude a lease arrange-
ment subject to preemption, it can obtain such services on
even more favorable financial conditions. As a consequence,
any user of the INTELSAT system is receiving quality service
at a minimal cost. While this is beneficial to any country, it
appears to be particularly advantageous to developing coun-
tries which usually have scarce capital and monetary resources
which must be allocated among numerous pressing needs.
Thus, by using the INTELSAT system, not only is a develop-
mg country saved the additional mvestment commitment
incumbent upon meeting all communications requirements
independently, but also, the developing country is obtaining
maximum worth from its financial participation, and at a risk
far lower than would be the case if a separate system were
established for just one such country’s requirements.

A developing country is #zble to minimize financial risk-
taking by pursuing the INTELSAT approach., The risks
associated with such a venture are spread among a large
number of participants, and only to the extent of their usage
of the system. In addition, even if the domestic leased service
is preemptible, many of the countries in developing areas
are able to “see” satellites in two of the thiee ocean regions.
Hence, even if the leased service may be interrupted (pre-
empted) in one ocean region, the leasing Signatory could be
capable of restoring it in the other ocean region merely by
repointing its earth station.
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C. Political

As the number of developing countries becoming
INTELSAT members and ufilizing the INTELSAT system has
increased, their participation in the decision-making and oper-
ation of the organization has also grown. INTELSAT has four
major organs,

1) An Assembly of Parties (the governments) whose func-
tion is the consideration of those aspects of INTELSAT which
are primarily of interest to the Parties as sovereign states.

2) A Meeting of Signatories (the telecommunications
entities public or private, desipnated by the Parties) which
considers technical, operational, and financial questions.

3) A Board of Governors with prime responsibility for the
design, development construction, establishment, operation,
and maintenance of the INTELSAT space segment.

4) An executive organ responsible to the Board of Gover-
nors, headed until December 31, 1976 by a Secretary General
and thereafter by a Director General.

INTELSAT’s structure under the definitive arrangements,
as outlined above, reflects a significant change from the
interim arrangements in that the voice of small users, the
majority of which are developing countries, has been increased
by the creation of two bodies of the entire membership, the
Assembly of Parties and the Meeting of Signatories. Important
steps were also taken with respect to the Board of Gover-
nors.

The Board of Governors is composed of any Signatory or
group of Signatories whose investment share either singly or
combined meets a mimmum investment share determined
annually by the Meeting of Signatories pursuant to guidelines
set forth in the Agreement. In addition, in recognition of the
large number of small users and developing countries, the
definitive arrangements provide for reprcsentation on the
Board of up to five groups composed of five or more Signa-
tories from each of the five ITU regions, regardless of their
investment shares.

The five ITU regions are Region A (the Americas), Region
B (Western Furope), Region C (Eastern Europe and Northem
Asia), Region D (Africa), and Region E (Asia and Australasia).
Presently, there are four Governors on the Board representing
regional groups, two from Africa and one each from the
Caribbean and the Scandinavian countries. The Agreement
provides that the number of Governors under this category
is not to exceed two from any region or five from all such
regions.

However, regional representation notwithstanding, many
developing countries have been able to obtain representation
on the Board by meeting the minimum investment share either
singly or by combining. Presently, 25 Governors representing
73 of INTELSAT’s 92 Signatories compose the Board. Each
Governor has a voting participation equal to the investment
share of the Signatory or Signatories he represents for that
position reflecting use to meet international public telecom-
munications requirements and certain types of domestic public
telecommunications needs as specified in the Agreement.
Thus, a developing country utilizing INTELSAT to meet
certain of its domestic public telecommunijcations require-
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ments not only receives the technical, operational, and finan-
cial advantages described above, but also can have its invest-
ment role in the organization’s decision-making process
enhanced proportionately.

IV. NEW DEVELOPMENTS

INTEESAT continuously has under review ways in which
the INTELSAT network can evolve. To this end, it studies
on a continuing basis, inter alia, the implications of new tech-
nologies, new transmission methods and the new systems rele-
vant to both space and earth segments which the INTELSAT
systern and its users might employ, and the implications of the
use of nonstandard earth stations in the INTELSAT system.
Nonstandard earth stations have had, and are expected to con-
tinue to have, two major on-going uses within the INTELSAT
system: in connection with domestic transponder leases, with
no financial rate adjustment factor applied, leaving it to the
leasing country to define the optimum tradeoffs vis-4-vis the
use of nonstandard stations; and in connection with normal
commercial use in the global system, subject to appropriate
financial rate adjustment factors as defermined in each case.
The use of nonstandard earth stations in the INFTELSAT sys-
tem and in connection with domestic transponder leases does
have certain advantages, particularly for developing coun-
tries.

Since the early years of its operation, INTELSAT has con-
sidered and approved access to the INTELSAT space segment
by various types of nonstandard stations on a case-by-case
basis. Depending on the extent to which the nonstandard sta-
tion deviated from the criteria established for standard sta-
tions, varying financial rate adjustment factors were estab-
lished reflecting the larger amount of satellite capacity re-
quired. Nonstandard stations have been and arc expected to
continue to be utilized for the following purposes.

I) Permanent use for regular commercial service in con-
nection with leased facilities or access to the global system
(e.g., for access to major path satellites, remote areas, small
traffic streams, television).

2} Temporary use for commercial services for a limited
period of time (e.g., disaster relief, restoration of other com-
munications facilities, coverage of special events).

3) Tests and demonstrations frequently using satellite
capacity at no charge.

Because of INTELSAT’s planning premises and objectives,
the organization finds itself with differing amounts of spare
space segment capacity available in certain regions at certain
times. Hence, INTELSAT is in a position to consider the
development of appropriate guidelines for access to the system
by small stations for a variety of purposes, e.g., normal full-
time service on a controlled basis, full-time service of a particu-
lar nature, service designed to utilize spare capacity.

For certain countries, in particular developing countries, and/
or for certain types of service, it may be more economical to
build and operate a small earth station. Cost comparisons be-
tween small and standard earth stations studied by INTELSAT
indicate generally that, where the requirements are unlikely to
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exceed 24 channels over the expected system life, a small
earth station with a G/T in the region of 31.7 dB/K and with
the present rate adjustment factor of 2.5 times the normal
utilization charge can provide service at lower total cost than
a standard earth station. Low density traffic streams which are
presently carried by other means could possibly be carried
more economically by satellite using small earth terminals.
Such a change in the mode of transmission would not only
benefit the interconnectivity of the network, but could also
upgrade the quality of transmission. Development and com-
mercial availability of new modulation techniques and cquip-
ment which make more efficient use of satellite power/band-
width resource or which could operate with lower power flux
density would also encourage the use of small earth terminals
for specialized data and message applications. Similarly, com-
mercial availability of a limited range of standardized anten-
nas, at economic prices, could substantially reduce the invest-
ment costs of small terminals. This, coupled with possible
unattended operation and programmed maintenance, could
make the small terminals more attractive, even allowing for
the rate adjustment factors which might apply.

Cognizant of all these factors and after extensive studies,
INTELSAT s presently considering the establishment of a
second standard for earth stations operating within the IN-
TELSAT global system with a minimum /T of 31.7 dB/K
in the 4 GHz band nsing SCPC since this size of nonstandard
earth station appears optimum given the various factors which
must be juxtaposed. The extent to which any financial rate ad-
justment factors or other operating constraints would need to
be applied has not yet been deterinined. Nonstandard earth
stations with a G/T of less than 31.7 dB/K or those using
FDM/FM would still be considered for access to the space seg-
ment on a case-by-case basis, as in the past.

V. CONCLUSIONS

The past ten years has witnessed a mushrooming of demand
for and interest in satellite communications, both interuation-
ally and domestically. The advantages of multipoint accessibil-
ity, including remote arcas; TV capability, in additon to tele-
phony, telegraphy, telex, and data transmission; high capacity;
and coverage of vast distances with little maintenance, added
to the proven reliabilily of satellire communications have pre-
sented telecommunications planners with what seems to be
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almost an ideal system. The attraction of satellite communica-
tions is heightened within developing regions by the desire for
an independent communications capability and the absence of
a sophisticated telecommunications infrastruciure as exists in
developed countries.

INTELSAT both now and in the future can offer valuable
services to developing countrics as they seek to maximize these
possibilitics for internal and external telecommunications
requirements at minimal cost. This fact has long been recog-
nized by developing countries, as attested to by their growth
among the ranks of INTELSAT members and users.

Net only have developing countries been cognizant of bene-
fits accruing to them by virtue of INTELSAT use, but also
INTELSAT has been aware of its value and its obligations in
meeting such requirements. This awareness is reflected in
INTELSAT’s structure, its decision-making apparatus, its
scope of service offerings, and its development planning,
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Pan-African Telecommunication Network: A Case for
Telecommunications in the Development of Africa

PHILIP O. OKUNDI

Abstract—Some of the special problems and constraints associated
with African Continental Telecommunications are reviewed. A descrip-
tion of plans to establish a continental terrestrial telecommunication net-
work—now called the Pan-African Telecommunication (PANAFTEL)—
network is given together with traffic predictions. Future development
of such a network in a rapidly expandig traffic environment is sur-
veyed taking into account the complementary role which a domestic
satellite communication system would play.

INTRODUCTION

LL studies of the econoinic situation in Africa undertaken

by international agencies emphasize the urgent need for
integration of the African economies [1] to accelerate the rate
of economic growth for the purpose of not only maintaining,
but also raising the standard of living of the African people.
One of the essential prerequisites for economic integration is
the development of a sound infrastructure in the telecommuni-
cations sector since establishment of a modern, reliable, and
rapidly expanding telecommunication network contributes
considerably to the promotion of a variety of activities of
economic expansion.

The African continent consists of some 54 countries
encompassing some formidable geographical obstacles such as
the great deserts of the Sahara and Kalahari, the thick equa-
torial forest along the Zaire river, and the Great Rift Valley
stretching the length of the continent. These physical factors
have dictated the population distribution which predominates
along the coastal regions and along the fertile river basing
isolating the community into eastern, southern, central, wes-
tern, and northern zones. Apart from geographical barriers,
political and language groupings exist which further compli-
cate the development of the downestic telecommunication
network.

The historical development of the African telecommunica-
tion network has been dominated by commercial and admin-
istrative relatious with Europe and, as a consequence, a large
amount of domestic traffic is still routed through Europe
which results in very ligh and completely unrelated telecom-
munications tariff structures [2]. In addition, the emergence
of former colonial territories as sovereign independent states,
each concentrating on the development of its own network,
has precluded the overall improvement of inter-African com-
munication. Thus when viewed in comparison with other
countries, African telecommunications development has not
kept pace with its general economic development.

Manuscripl received January 19, 1976. This paper was presenled al
the World Telecommunications Forum, Geneva, Switzerland, Oclober
6-8, 1975,

The author is wilh the East Alrican Posts and Telecommunications
Corporation, Nairobi, Kenya.

It is within this rather complex framework that the Organi-
zation for African Unity recognized the urgent need to
develop an inter-African telecommunications network while
preserving the commercial and cultural links with Europe and
other confinents, thereby laying a basis for the Pan-African
Telecommunications (PANAFTEL) Network.

GENERAL SITUATION OF THE AFRICAN
TELECOMMUNICATION NETWORK

Most of the African national telecommunication networks
are neither as developed nor as profitable as they should be,
given the overall economic situation in these countries. The
world telecommunication statistics for 1971 reveal that Africa
has the lowest telephone densily in the world, equalling 1.0
telephone instruments per 100 inhabitants (the next lowest is
Asia with 1.8, while the world average is 7.8). When only inde-
pendent African countries are considered the telephone
density is considerably reduced to 0.57 telephones per 100
inhabitants.

Furthermore, analysis of amount of resources of the econ-
omy that is devoted to telecommunications over a given period
[i.e., evaluating the ratio of investment in telecommunications
to the gross domestic product (GDP)] indicates that this ratio
did not exceed 4 percent in Africa during 1962-1968, whereas
in most of the advanced countries, this ratio ranged from 4 to
9 percent during 1954 and as high as 12 percent in Japan in
1964 [1].

The long-distance telephone networks still consist of over-
head lines equipped with low-capacity carriers or HF radio in
most African countries, although some microwave radio relay
links have recently been installed.

International links were, in general, installed and run by
overseas companies, and these comprise HF radic for inter-
state communications; a considerable number of communi-
cation satellite earth stations operating within the INTELSAT
global network have recently been installed. This latter
communication medium has grown rapidly over the past few
years but only insofar as points (capital cities in Africa) to
other globally distant points through the INTELSAT global
systein are concerned. Interurban and inter-African telecom-
munication links are still much underdeveloped.

There is a rapid urbanization of the African population (the
rate of population increase in towns is around 5 percent
compared with about 2.4 percent for overall population
increase) which is expected to result in a rapid increase in
trunk telephone traffic with which the existing networks will
be unable to cope. Delays of several hours—or days, when
there is a breakdown—in the establishment of a trunk call will
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occur (this is, in fact, the case at the present time) as a
consequence.

Wide differences in tariffs are in existence for both inter-
state and international telephone calls between the various
operating organizations. The ITU’s Tariff Study Group for
Africa (TAF) has studied these tariff inhomogeneities and has
found that telecommunications tariff structures in Africa are
completely unrelated between the various operating admin-
istrations; and tariff relation to distance in Africa is nonexis-
tent and therefore, no conclusions of a tariff relationship to
distance can be drawn [2]. These deductions are explicitly
explained by Fig. 1 where it is evident that whereas several
administrations would have to raise their tariff levels, several
would also have to lower their tariff levels in adopting a
rational tariff structure for the continent. Consequently, there
would clearly be considerable advantage from standardization
once a homogeneous network is established.

RECOGNITION OF A PAN-AFRICAN
TELECOMMUNICATIONS NETWORK

As a consequence of the above general historical survey of
African telecommunications, the emergent African nations
were quick to realize the following.

1) Telecommunications development in a country is vital in
its total economic and social progress.

2) Telecommunications is a vital tool in the hands of gov-
emments in exercising their indispensible functions of control
and administration at the national level, as well as enabling
them to participate more fully in the life of the world com-
munity of nations.
1t was necessary to take the following facts into consideration.

1) Most of the African countries do not, as yet,-possess
even the minimum telecommunication facilities necessary for

government to exercise satisfactorily the basic functions in
matters of administration in all parts of the territory.

2) In too many cases telecommunication traffic between
African countries had to be routed through fairly remote non-
African countries, even in cases where the African countries
shared a common border.

3) Available intemational telecommunication links were
acutely inadequate both in quantity and performance
standards.

4) Because of the geography and demography of the con-
tinent, a good telecommunications link could act as a life line
to a community, making its existence highly precious.

These considerations made the establishment of an efficient
and up-to-date telecommunications network a first priority in
accelerating the overall socioeconomic development of the
continent, Indeed, all of the difficulties so far discussed in this
paper are well considered by the new African countries and
they are firmly committed to eliminating their effects.

The concept of the PANAFTEL network had been tossing
in the minds of some of the leaders of the new African states,
but it was not until 1962 when 1TU organized a conference of
African Postal and Telecommunication Administrations at
Dakar, Senegal, that the first international plan for the devel-
opment of an African telecommunication network was
outlined. The conceptualization, planning, and implementa-
tion of an integrated telecommunications network to serve the
vast African continent is surely a vast undertaking and must
allow for realization over a period of years.

In late 1968, the ITU, as the executing agency under the
United Nations Development Program (UNDP) began detailed
preinvestment surveys in Africa of the international telecom-
munication requirements for the purpose of producing
suggestions for the future plans of an integrated African inter-
national network for telephone, telex, telegraph, and television
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comrnunication, In these preinvestment survey studies, the
consultants examined all possible transmission media, ie.,
open-wire lines, coaxial cables, submarine cables, radio relay
systems as well as regional satellite systems and concluded that
the most appropriate system for the immediate needs of Africa
is a combination of coaxial cables and radio relay sustems.
This conclusion was justified by the fact that PANAFTEL
would not only provide connections between countries but
would also provide communications between the major
national centers, thus providing a medium for developing
national networks at the same time. Accordingly, the
PANAFTEL preinvestment survey is based upon these trans-
mission media. A total of some 30 African countries are now
involved in these surveys and studies which have been con-
ducted by the ITU experts and international consultants under
contract with the ITU.

The first output of the preinvestment surveys was discussed
at the Meeting on the lmplementation of the Pan-African Tele-
communication Network held in Addis Ababa, Ethiopia, Oct.
30-Nov. 10, 1972 [2]. As these studies had not been com-
pleted in the West African region, a meeting was held in Lome,
Togo, Apr. 17-19: 1973 [3] at which full discussion on the
West African preinvestment survey output on their part of the
network was completed.

At the Addis Ababa meeting, the links comprising the net-
work were defined. The investment required to finance the
network which is defined as entailing over 20 000 km of inter-
national transmission links accross the continent and 18 inter-
national switching centers, was estimated to be of the order of
100 million U.S. dollars in foreign exchange expenditure. Most
of the transmission links in this network will consist of
medium- to high-capacity microwave radio relay systems,

TRAFFIC CONSIDERATIONS

Two major traffic studies conducted by the ITU are avail-
able for the African continent. The first is a fairly detailed
general plan for the development of the regional network [4]
covering the period 1970-1978 for telephone, telegraph, and
telex services, The second ome is in connection with the
PANAFTEL network [2] and covers the period 1975-1990
which shows a considerable increase over the previous study
for the whole continent. Traffic forecasting for the African
continent is very difficult owing to lack of reliable base traffic
information. Consequently, the actual traffic requirements are
normally very much uunderestimated by as much as 50 percent
0T more.

Viability of a telecommunication link is principally a func-
tion of the level of traffic desired over it. Because of this, and
the inaccurate previous continental traffic forecasts, and the
fact that there is cousiderable evidence of latent regional
traffic, the ITU had to in effect, cause most of the
PANAFTEL network to be viable. Thus after consultants had
met with the 1TU at a coordination working meeting to adopt
common approaches to traffic estimation and circuit calcula-
tions for the whole region, the I'TU applied an input jump of
50 percent to 1975 telephone traffic forecasts. A yearly
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increase of 20 percent was thus allowed for up to 1980, and
thereafter, a 15 percent yearly increase.

Predicted telephony circuit forecasts for the PANAFTEL
network, as well as the corresponding total regional network
based on the above studies, is shown in Fig. 2.

The requirements for television and sound broadcasting are
much more difficult to formulate but most of the PANAFTEL
links are planned for 1 + 1 or | + 2 protected medium- to
high-capacity telephony bearers, thus enabling the use of
television and associated sound broadcasting on a part- or
full-time basis.

In the East African sector, however, duplicated microwave
radio relay (1 + 1) paths are planned and television will be
transmitted on the protection chanrel similar to the existing
backbone microwave system. In the event of main telephone
channel failure, the protection channel will take on telephone
traffic. Furthermore, the PANAFTEL link, like the existing
backbone microwave system, is planned to transmit data on 12
of the available 960 telephony channels.

ROUTE ENGINEERING AND TECHNICAL
SPECIFICATIONS FOR EQUIPMENT

In adopting the output of the preinvestment surveys, suit-
ability of the sites selected by ITU consultants to form the
PANAFTEL linkages were discussed in detail at both the
Addis Ababa and Lome meetings. It is crucially important to
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similify the cperation of the PANAFTEL network as far as
possible by minimizing cross-border coordination problems
between administrations as well as applying uniform signaling
systems. The ITU, in compliance with general agreement at the
Addis Ababa meeting, has prepared general technical specifica-
tions for international switching ceuters, and for radio and
multiplex systems that the administrations can use as a basis
for their individual technical specifications. This would ensure
compatibility of equipment thus enabling a homogeneous net-
work to be established over the continent, and that is the
principal aim of PANAFTEL.

FINANCING OF THE PROJECT

The original estimated cost of the PANAFTEL network as
of November 1972 was approximately 100 million U.S. dollars
for the foreign part. But owing to world inflationary trend this
estimate would now be exceeded considerably.

Several financial institutions and bilateral aid agencies were
invited to participate at the Meeting on Implementation of the
Pan-African Telecommunication Network (Addis Ababa, Oct .~
Nov. 1972). The meeting adopted two resolutions; namely:
“Financing of the Pan-African Telecommunication Network
Implementation™ and “Establishment of an Investment Fund”
aimed at forming a basis for followup of the preinvestment
survev to locate sources of finance that would enable the com-
plete network to be funded as a whole unit. In July 1974 a
meeting of several multinational and bilateral financial institu-
tions was convened in Geneva under the coordinating effort of
the Coordinating Committee for PANAFTEL Network
Implementation {i.e., OAU, ITU, ECA, and ADB). The output
of this meeting was that in several cases definite financial
commitments to finance certain sections of the network were
made by various donor countries.

As a result of these efforts as well as those carried out
independently by administrations, financing has been secured
for most of the network mainly from ADB, IDA, and IBRD.
Several bilateral financing agreements will also be applied
enabling some parts of the network to be in service during
early 1976.

TECHNICAL SEMINARS

A further output of the preinvestment survey was the
recognition and subsequent adoption of Resolution 3 “ITU
Microwave and Switching Seminars™ at the Addis Ababa meet-
ting. The purpose was to improve the technical knowledge of
the staff of the administrations in the planning of systems and
subsequent bringing into service of equipments to be used.

Four seminars were envisaged and they have all been held at
Abidjan, Dar-es-Salaam, Lusaka, and Yaoundg, respectively,
covering radio and transmission, switchiug, traffic, tariff, and
signaling fields. These seminars have provided invaluable know-
ledge and open discussions among middle level technical staff
necessary for the planning, implementation, and subsequent
operation of the PANAFTEL network.

They have provided the much needed forum where techni-
cal staff discuss in detail the meanings and implications of the
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various CCIR/CCITT recommendations necessary for homo-
genizing the technical standards and operational procedures
for PANAFTEL. In particular, the recommendations of the
ITU% Tariff Study Group for Africa (TAF, Lagos, 1971)
have now been adopted as CCITT Green Book Recommenda-
tions D200 R and D201 R. In addition, there was the desire
to adopt a uniform signaling scheme throughout the PANAF-
TEL network. It is quite significant to note that all admini-
strations have agreed to adopt the CCITT signaling system R2.
The Yaounde Seminar dealt with tariff and signaling to be
used in PANAFTEL in detail and came up with common pro-
posals to be applied in employing signalling system R2, Impli-
cit in these proposals is the coordination that mnst be effected
between administrations before bringing into service part or
the complete network, and this is in agreement with the polit-
ical aim of PANAFTEL.

STATE OF IMPLEMENTATION OF THE PANAFTEL
NETWORK

Current information on PANAFTEL implementation is
shown in Fig. 3 and indicates that by 1980 virtually all of the
originally proposed and surveyed network will be in service.
Tenders for a good part of the network have been called and
many are either awarded or are under adjudication at the pre-
sent time with the civil works part having beeu started earlier
in a good many cases,

At the recent Conference of African Telecommunication
Administrations (Kinshasa, Zaire, Dec. 3-16, 1975) the sub-
ject of African telecommunications was considered in every
possible extent. Several new routes were confirmed as essential
extensions to the PANAFTEL network, and firm requests
for survey by ITU were made to ensure that the extension
routes would also be engineered to the CCIR/CCITT interna-
tionally recommended technical standards. These routes are
also shown in Fig, 3. The network therefore continues to ex-
pand.

The project is at an advanced stage in its progress towards
complete implementation and to assist administrations with
implementation, 1TU has established a project implementa-
tion coordinating team based at Addis Ababa consisting of
experienced switching and transmission engineers who could
be attached to administrations on short-term missions to assist
with equipment tender adjudication, installation, and accep-
tance testing, apart from regularly keeping up with all coor-
dination activities necessary for ensuring that PANAFTEL is
evolved as a technically colierent network with the best possi-
ble financing arrangement.

FUTURE OF THE PANAFTEL NETWORK

The traffic routing over the PANAFTEL network will be
influenced by the quality and the (flexibility that this
network will provide, security demanded by some coun-
tries, and the cost of setting up regional circuits. Some coun-
tries are not covered at all by the original PANAFTEL nei-
work proposal and some of the longer Hnks m PANAFTEL
(e.g., from Alexandria to Cape Town, 8200 km) are several
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times longer than the CCIR/CCITT hypothetical reference
circuit, and thus traffic routing over such distances connecting
several switching centers might degrade the circuit quality
considerably.

As a terrestrial network, PANAFTEL consists, essentially,
of a minimum of interstate links necessary for the evolvement
of a complete system and cannot be expected to meet all the
inter-African telecommunication needs even at its completion.
The overall inter-African links thus enabled by this network

mmunication network.

will consist of several composite channel capacities. Theretore,
various levels of traffic congestion will tesult.

Furthermore, PANAFTEL is likely to take several years
to implement in total, as the necessary economic support
and manpower capacities of each of the participating cow-
tries are so diverse. Present inter-African traffic forecast may
change dramaticaily over the next few years, thus necessitat-
ing a complete network replanniug. It is also true that even
when all the necessary materials are available, terrestrial net-




754

works usually take considerably longer to build while traffic
growth continues day by day.

However, it is sufficient at this time to recognize that the
PANAFTEL network is at its first step in the development of
an efficient and moedern telecommunication network within
Africa, because it must be the foundation of an efficient
future regional network for Africa. That is why it requites
every possible support available and it should he completed
first, A future network to share traffic with it and which has
greater flexibility to cope with the diverse needs of emerging
African nations will need to be planned.

Consequently, the next stage will be the consideration of
complementary systems including satellite communication.
Additional national and intercountry trunk circuits need to
be provided as time goes by. Each step of such development
will go hand in hand with the development of traffic which
itself is generated by the facilities provided by earlier steps.

A brief study of traffic forecasts over the African region
(Fig. 2) cleatly indicates the necessity for a complementary
system to PANAFTEL during the next decade. One of such
systems would most probably be a domestic communication
satellite system for Africa [6] working to and from a network
of earth stations and operated as a complement to tetrestrial
microwave radio relay links together with remnant HF links.
A communication satellite system with its overwhelming
advantage of flexibility and relative inexpensiveness of imple-
mentation and operation would be the most ably equipped to
supplement the PANAFTEL.

In this way most of the longer terrestrial links which suffer
circuit degradation arising from link transmission performance
difficulties may be routed via the satellite together with cir-
cuits over which greater touting security is required, This will
be in addition to normal traffic sharing between these systems.
Taking the foregoing inte account and the current techuologi-
cal design efforts to improve the whole field of satellite com-
murnication systems technology, in particular, the spacecraft
design, substantial cost advantages will result in the earth sec-
tor, ie., earth stations, with the same or improved perform-
ance. Therefore, it would appear that between one-third to
one-half of the total African regional traffic would best be

routed via an African domestic satellite system during the next
decade. This is illustrated by Fig. 2 and in a paper by the
author read at the Institution of Electrical Engineers Confer-
ence on Satellite Communication Systems Technology (Lon-
don, Apr. 1975) [6].

But the African people have decided with regard to an
African domestic satellite communication system. At the
Conference of African Telecommunication Administrations
(Kinshasa, Dec. 3-16, 1975) a resolution was adopted calling
for an urgent feasibility study of an African satellite communi-
cation system for common carrier communication and educa-
tional broadcasting. The conference also discussed in detail
special measures necessary for the development of telecom-
munications in the rural areas and decided on close coopera-
tion between administrations to share existing and new experi-
ence such as may be obtained from the radio-Call network
operated in East Africa for rural telecommunications.
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The next decade should see the virtual completion of orig-
inal configuration of PANAFTEL and the development of its
extension by a mixture of systems inclnding an African domes-
tic satellite communication system as the main to provide for
the principle of complementarity to PANAFTEL and com-
munications to the rural areas.

CONCLUSIONS

In this paper a brief historical background of African tele-
communications has been traced leading up to the concept-
ualization of a pan-African telecommunication network.
The role of the ITU and UNDP in first mounting preliminary
studies of African telecommunications and subsequently, the
detailed prefnvestment survey studies is described. The output
of the preinvestment study and its followup to locate sources
of funding for the implementation of the network and te train
African engineers by means of technical seminars on the tech-
nigues to be used has been described.

A completed PANAFTEL network alone is visualized as
consisting of interconnected pational networks with various
composite channel capacities enabling several traffic levels
of congestion to occur in the regional network and therefore
must be considered, in its present stage, as only a step for the
development of an efficient and modemn telecommunication
network,

The next stage is seen as inevitably consisting of the
PANAFTEL as a terrestrial network as well as a complemen-
tary network having greater traffic handling flexibility, ease of
implementation, and subsequent operation.

A complementary telecommunication network that would
best contribute to an inexpensive method of satisfying the
continuously changing traffic matrix of the African continent
as well as provide adequate capacity for educational broad-
casting is considered to be a domestic satellite communication
system [6] and is suggested for implementation possibly to-
watds the end of the next decade at the earliest.

A feasibility study for such a satellite system has now been
authorized,
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Educational Television and Development in Iran

LAWRENCE T. BREKK A, MEMBER, IEEE, AND BRUCE B, LUSIGNAN

Abstract—Some developing nations, sueh as Iran, have the resources
for rapid econemic development. Typically, that development requires
very large and rapid expansion of education and training programs. An
educational television (ETV) system is shown to be an effective tool
for providing the needed expansion as long as it is used primarily for
training adults. This conclusion is based on a dctailed. analysis of suc-
cessful ETV operations in the United States and Great Britain. Specific
functions needed for effective ETV application are identified, and or-
ganizational guidelines are proposed.

INTRODUCTION

HIS paper examines the potential nse of educational tele-

vision (ETV) to train and educare large numbers of people
in support of rapid economic development. The discussion
focuses on the case of Iran, which is in a unique position to
develop rapidly, based on its expected oil revenues over the
next 20 years. If that development is to be fully achieved,
Iran must inecrease its supply of skilled manpower at a rate
greater than is possible with conventicnal education and train-
ing programs. An ETV system provides a means of meeting
these training needs. Furthermore, the oil revenues enable Iran
to support the expansion cof its ETV production and distri-
bution system, and to carry out the large education and train-
ing programs needed for development. The following sections
describe Iran’s need for trained manpower, the use of ETV to
train large numbers of people rapidly with a small number of
academically qualified instructional staff, and the factors
impertant for successful implementation.

Manuscript received lanuary 19, 1976; revised February 18, 1976.
This work was supported by National Iranian Radio and Television
(NIRT). The views expressed are those of the authors and do not neces-
sarily reflect official Iranian government policy.

The authors are with the Communication Satellite Planning Center,
Stanford University, Stanford, CA 94305,

IRAN’S MANPOWER NEEDS

Based on present projections of Iran’s oil revenues, the per
capita gross national product (GNP) in the country can be ex-
pected to rise from about $570 in 1972 to nearly $5000 in
20 to 25 years as shown in Fig. 1 [1]. Thus Iran can expect
to have a GNP comparable to Western Europe in 20 years.
These projections, however, make one major assumption:
that the skilled manpower needed to make industry, com-
merce, and agriculture function in the expanded economy will
be available. This could be a poer assumption. An assessment
was therefore made of lran’s future manpower needs to find
out how difficult it will be to educate and train a sufficient
number of peeple.

Since the projected 1992 GNP is comparable te that of
many developed countries, the distributions of skills and occu-
pations in a number of those countries were used to estimate
Iran’s needs. A “typical” distribution is shown in Table I,
based on data frem France, Germany, the United Kingdom,
and the United States. Table II shows how Iran’s work force
would appear in 1992 if it has the typical developed-nation
distribution, and compares those values to the present. The
largest numerical change needed is in clerical support person-
nel where more than two million must be added to the work-
force between 1977 and 1992. On a percentage basis, the most
severe shortage is in college-trained administrative and mana-
gerial personnel, where there should be a factor of 14 increase.

The problem of developing a skilled workforce is compli-
cated by a high incidence of illiteracy, particularly in rural
Iran. In 1967, some 86 percent of the rural population was
still illiterate. An intensive campaign to eradicate ifliteracy has
been under way for a number of years, but some 75 percent of
the population in the rural areas is still illiterate. It is estimated
that in the 10-44 age group this represented approximately
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Fig. 1. GNP and oil revenues through the year 1991 (from [1, tables
2 and 6]).
TABLE I
DISTRIBUTION OF WORK FORCE BY SECTOR IN
INDUSTRIALIZED COUNTRIES
German F
France United UsA 7
Percent Workforce y |Federal - "Typical"
in Sector (1988) Republic i((;gt;;,?c)]m (1973)
(1970)
1. Professional, Technical 5
R 11.4 9.8 111 13.2 1%
2. Administrative and o
Managerial | 2.7 Zxe 3.8 NG 4%
I
3. Clarical and Related | 11.7 17.6 L 16.7 16%
4. Sales 7.6 a.9 8.0 6.2 9%
5. Service B.4 9.3 11.8 13.0 128

6. Agriculture, Animal
Husbandry, Forestry, 15.3 7.7 3.0 3.4 11%
Fishing, Hunting

7. Production, Transpor-

tation Operators, 3.5 35.3 39.9 34.6 3%
Laberers
8. Unclassified 5.0 0.9 e 2.0 et
TOTAL WORKFORCE (millions) 20 26 25 91 =)

Note: Country columns do not add to 100 percent. Some cate-
gories, such as ‘‘Foreign Workers,” are not included because they are
not relevant.

6 200 000 people in 1972. Plans for the expansion of the ele-
mentary school system in Iran are expected to stop the influx
of new illiterates into the population by 1982. Before then,
however, an estimated 1 070 000 children will have becoms
additional candidates for literacy programs, making a total of
7 200 000 people requiring training in literacy.

Fig. 2 summarizes our estimates of training needs, including
literacy, for Iran over the 15-year period between 1977 and
1992. Examination of Iran’s present education system and its
plans for expansion show that conventional training and edu-
cation methods are not going to be able to produce the re-
quired number of trained people. For example, the number of
college graduates in Iran over the next several years, inclu-
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TABLE II
DISTRIBUTION OF IRAN’S WORK FORCE BY QCCUPATIONAL
CATEGORY (IN PERCENT AND IN THOUSANDS OF WORKERS)

YEARS

A 1345 1381 1356 {Esfgg‘?te‘”
CHEATION (1566) | (1972) | (1977) {1992)
1. Professional,Technical 2.7% 4.6% 6. 7% 1%
aglieta sy 203 423 706 1504
e i\dmin'isj:rative and 0.1% 0.2% 0.4% 4%
Sanaders) 12 22 46 £56
3. Clerical and Related 2.7% 2.6% 3.1% 16%
201 240 325 2674
4. Sales 6.7% 7.8% 8.4% G4
504 718 883 1478
5. Service 6.7% 11.6% 10.8% 12%
510 1058 1143 1968
€. Agriculture, Animal e o = 3 o
Husbandry, Forestry, 41.3% 39.8% 33.8% 1%
Fishing, Hurting 3137 i620 3570 1804
7. Producticn, Transport ] 26_8% 33.3% 35.8% 37y
Operatars, Laborers 2032 3048 1887 5068
TOTAL WORKFORCE 5,169 b i 10,560 16,400
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Fig. 2. Graduates of education or training required for projected
eeonomic growth (in thousands).

ding those returning from abroad, will be less than half of
what is needed. Some other means, therefore, has to be found
which will enable these training rates to be achieved over the
next 15-year period.

EDUCATIONAL TELEVISION

ETV has the potential of helping Iran meet its needs of
trained manpower. There are many ways, however, in which it
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could be applied, and it is important to understand the various
approaches so the best one can be selected. In order to gain
this understanding, we examined a number of successful ex-
periences of ETV use ranging from elementary and secondary
grade levels to postsecondary forma! and informal education
[2].

As a result of our assessment, we concluded that the most
effective use of ETV for major and rapid expansion of the na-
tion’s total educational and training system is as a replacement
of live lecture to adult students. That use of ETV produces the
greatest increase in the number of people that can be reached
by training and education programs.

At the elementary and lower secondary levels, ETV permits
an increase of about one-seventh in the numbers of students
that can be reached by a given number of teachers and teacher
aides. This estimate is based on the experience of school
districts in Anaheim and Santa Ana, CA [3].

Washington County (Hagerstown), MD, which operates
an extensive ETV system for its elementary and secondary
schools, is moving away from grouping of classes to reduce
staffing needs and is emphasizing enrichment of the curricu-
lum. The only reduction in teaching staff made possible by
ETV is in specialty areas such as art and music [4].

In contrast to these sinall changes in student-teacher ratios,
ETV at the postsecondary level can increase the number of
students taught by an individual instructor by factors of 2,
3, and even 4. These results are based on case studies of the
following postsecondary institutions:

Chicago TV College, Chicago, IL, in operation since 1956,
provides the Associate of Art degree and includes vocational
education; programs are transmitted by VFH broadcasting.

Coast Community College District, consisting of Orange
Coast College and Golden West College, Orange County, CA,
has offered ETV courses since 1973 via UHF broadcasting.

Outreach Consortium, consisting of 18 institutions of
higher education in Orange and San Diego Counties, CA, had
its first course offering in Sept. 1972, via UHF broadcasting.

Stanford University Engineering Telecourses, Stauford,
CA, has broadcast postgraduate engineering courses over the
Stanford Instructional Television Network to area firms since
1969, using an Instructional Television Fixed Service system
broadcasting at 2500 MHz and requiring special receivers.

Association for Continuing Education (ACE), has broad-
cast postsecondary courses {rom San Francisco Bay Area
educational institutions to area firms since 1969; ACE uses
the Stanford Instructional Television Network.

Oregon State University has used cable system to trans-
mit courses on- and off-campus since 1966,

British Open University, using ETV as part of a mixed
media instructional package, has been in operation since Jan.
L7

Another characteristic of the postsecondary use of ETV is
that less highly trained people can be used as “mentors™ for
direct interaction with the student. Thus even greater expan-
sion is possible in the number of students reached by a given
size academically qualified staff. At Oregon State University,
one principal instructor was able to manage an enrollment of
700 in a bioclogy course, with the help of 22 teaching assist-
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ants who were either advanced undergraduates or graduate
students with a Bachelor’s degree. The teaching assistants
spent an average of eight hours per week on the course. This
includes meetling with groups of 30 students for two hours
per week, one in recitation, and one in the laboratory.

The possibility of using less highly trained mentors to inter-
act with the students is particularly significant for Iran because
there are far more people in that country qualified to be men-
tors than there are people qualified to be college or university
faculty. Also, it is possible for the mentors to be involved with
ETV on a part-time basis, as shown by the amount of time
spent by the teaching assistants at Oregon State. This means
that mentors can be drawn fromn working people with exper-
tise in the subject area of the course. In rural areas this is par-
ticularly important because often there will not be large
enough classes to justify any full-time instructional staff.

The much greater increase in ETV students for a given size
academic staff at the postsecondary level indicates that ETV
resources are better spent there than for elementary and second-
ary programming. This conclusion is strengthened by the fact
that the 14 percent increase in students reached by ETV at the
elementary and secondary levels requires grouping of classes.
That is not feasible for the large portion of Iran’s population
which is widely dispersed in rural areas.

IMPACT OF ETV ON TRAINING RATE

Concept

The preceding examples indicated quite clearly that ETV
can increase the number of people taught by a given-size
academically qualified instructional staff. What is extremely
important for most developing countries is that ETV also pro-
vides for more rapid expansion of the instructional staf{ than
is possible with conventional training programs. This can hap-
pen because the recent graduates from a training program can
be used as mentors in an ETV course. Normally, instructional
staff must have a number of years of additional training be-
yond the level of the program they teach.

The concept of how these [actors affect training rates is
shown in Fig. 3 for the case of teacher training. In the conven-
tional education system, students pass through the elementary
grades and enter teacher training institutions. Graduates of the
teacher training institutions can then either take positions in
the elementary and secondary schools, or, if qualified, con-
tinue studying for an advanced degree. The latter, after spend-
ing several more years in advanced studies can join the faculty
of the teacher training institutions. The conventional student-
staff ratio in that case is 30:1.

With ETV, however, the major portion of the teacher train-
ing institution’ instructional staff are mentors—if 10 mentors
are used with each principal instructor, mentors would ac-
count for more than 90 percent of the staff. Instead of waiting
years to join the instructional staff, recent graduates of the
institution can be prepared for mentor roles in a matter of
months, much as graduate students are used in conventional
colleges and universities, Thus, the major porticn of the staff
can grow quite rapidly, limited only by the availability of prin-
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Fig. 3. Acceleration of teacher training with ETV. (a) Conventional
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cipal instructors. In examples studied for teacher training in
Iran, the rate of training was estimated assuming 10 mentors
per prineipal instructor and 60 students per mentor as shown
in Fig. 3. The training rate became very large very quickly and
training goals were met before the availability of principal in-
structors could become a limiting factor.

Specific Example—Teacher Training

Training of elementary and secondary teachers was selected
for detailed examination of the effects of ETV on training
rates. In Iran, as in any developing nation, the shortage of
gualified elementary and secondary teachers is a critical limita-
tion in the rapid expansion of education and training pro-
grams. Therefore, the training of new teachers and the provi-
sion of in-service upgrading for existing teachers has high prior-
ity.

The basic structure of Iran’s education system is described
in Fig. 4. The major divisions are the preprimary, which in-
cludes kindergarten; the primary grades one through five; the
guidance cycle, prades six, seven and cight; and the secondary
school level of grades nine through twelve which can track
either academic or vocational career interests. The secondary
schools have been recrganized since publication of Fig. 4, but
the changes are not critical for this example. The postsecon-
dary level includes junior colleges, four-year colleges and uni-
versities, and graduate schools.

The training programs in Iran reflect the division of the
clementary and secondary grades into primary, guidance cycle,
and secondary:

1) The principal source of primary grade teachers is a two-
year Normal School program which substitutes for the 10th
and 11th years of schooling at the secondary level. Because
of the intensity of the program, the Normal School certifi-
cate is considered the equivalent of a high school diploma.

2) Guidance cycle teachers are trained in special centers.
The program is two years in duration and results in au Asso-
ciate degree for the graduates.

3) The nominal criterion for teaching in a high school is a
Bachelor’s degree. In practice, this has not been satisfied due
to the lack of people with Bachelor’s degrees.
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The example is based on an estimated need for teachers in
Iran shown in Fig. 5. The data in the figure are representative
in that there are more teachers than indicated, but those not
shown are considered to be less than adequately prepared for
their jobs, and in need of further training. To simplify the
analysis, it is assumed that they need a program of training
egnivalent to that of new teachers. Table III lists the specific
enrollments and staffing assumed for the starting year of the
analysis, 1977, for both the elementary and secondary schools
and the teacher training institutions.

Fig. 5 also shows the results that might be expected from
conventional training programs. It would take 13 years to
develop fully qualified staff and have 100-percent enrollment
in the nation’s primary grades. The same goal is reached in 9
years for the guidance cycle, reflecting major emphasis by the
government on developing conventional guidance cycle train-
ing centers. For the high schools, the goal is much more than
15 years away, reflecting the small nuniber of Bachelor degree
graduates in Education in Iran.

Table IV summarizes the ETV teacher training program
used in the exampie in terms of instructional staff credentials.
Student-mentor ratios of 60:1 are assumed. The results are
shown in Fig. 6, with prinicpal results as follows:

1) The primary grades can have enough teachers with at
least a Normal School certificate to accommodate 100-percent
enirollment in 6 years instead of 13. Some of those teachers
can have Associate of Arts degrees, a benefit going beyond
what would be achieved with the conventional training
programs.

2) Little or no change occurs at the guidance cycle level.
This is due to the high priority already given to conventional
guidance cycle teacher training.

3) High school staffing with Bachelor degree graduates to
accommeodate 100-percent enrollments is accomplished in 13
years compared to “much longer than 15 years” with con-
ventional edueation. Sufficient staff for 100 percent of
incoming students can be provided after only 3 years by
employing Associate degree graduates until more Bachelor
degree graduates become available.

The results presented here are insensitive to major errors in
the inftial conditions. A 100-percent error in the estimate of
available qualified primary grade teachers would result in
a year or two difference in the final outcome. The starting
point for qualified secondary school teachers is so low that a
large error in the estimate of the number actually available
would also make little difference in the conclusions reached
from the analysis.

The major weakness of the analysis is the assumption that
as many traiuees as are needed would be available for teacher
training. At the point of peak training this would require that
some 20 percent of Iran’s high school students enroll in
teacher training programs to maintain the rate of training
possible with ETV. This problem can be resolved by placing
strong emphasis on in-service training of teachers who are
already working but not adequately trained, and by training
people in other occupations to be teachers,

For Iran, or any developing nation, teacher training is but
one of the many disciplines that have to be accounted for in
major training programs. In order to properly allocate training
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resources, it is necessary to develop a balanced program across
all disciplines and across all levels of skill training. This bal-
anced program would have to reflect the need over time of
various skills to properly support ecouomic development
activities. A realistic assessment of ETV impact must therefore
apply the same type of reasoning used in these examples to the
range of training programs needed. Work of that nature is pro-
ceeding at Stanford University,

IMPLEMENTATION

The preceding sections have demonstrated the potential of
ETV for rapidly accelerating the training of skilled manpower.
Whether or not such a program could be effectively imple-
mented is another issue.

Implementation of ETV involves: 1) production of video
and support material, 2) delivery of that material, and 3) local
presentation. This article discusses key factors relating to

delivery and local presentation, and guidelines for the organi-
zation of an ETV system which accounts for these factors,
Production is not dealt with, but the interested reader can find
it discussed in detail in [2].

Delivery

The delivery of support material such as texts and labora-
tory kits will have to rely on the Iranian postal system or
supplementary services. Although the postal service is poor in
rural [ran, support material can be sent with enough lead time
to ensure its availability when needed.

The delivery of videc material has two components: local
and national. At the local level the key consideration is the
need for major recording and replay activities. The volume of
programming needed to support a major ETV effort, on the
order of tens of thousands of hours, precludes major reliance
on over-the-air broadcasting. It will be necessary, therefore, to
have local recording of programs and replay over cable net-
works, and on individual videotape and videocassette players,
as well as over standard VHF stations.

At the national level in Iran, the problem is to distribute
material to several thousand widely distributed reception sites.
The least expensive way of doing this is by satellite, An
optimal communication satellite and ground station system
which will provide nationwide television distribution for lran
is described in [5].

In addition, the satellite system will provide radio, tele-
phony, data, and facsimile transmission. These services are
important for providing effective ETV programs, particularly
in rural areas. Radio, for example, provides a means of supple-
menting television broadcasts with multiple language tracks for
people not fluent in the national language. The other services
make it possible for the local mentor to interact with the prin-
cipal instructor and handle administrative functions.

The technical characteristics of the satellite system and
ground stations are summarized in the Appendix.

Local Presentation

The major area of concern for successful implementation of
ETV is in rural communities. The examples of ETV successes
described earlier involve education and training programs for
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TABLE II1

ENROLLMENTS AND STAFFING-1977

A, Enrcl]men-ts and Staffingr in Schools

* Instructional staff are shown for grades 1-5.

Grade | Enrollnent | Population Instructional Staff and Credentials
(1000} (1000)  p——— - e
Less Than Normal Schaol Assaciate Bachelar’s Literacy
Mormel Schonl  Certificate Degree Degree Corps
5 804 §14 1 Primary* £4,000 60,000 0 a 23,000
£ 525 g M e .
7 510 Byt A aNEEs 18,000+ 32,000 0 0
£ 495 B3g HEE
5 1 34 812 |
10 314 788 | Secondary
1 305 765 | Schoot d Wl 0 123000 4
12 256 743

** Normal School Certitficate ¢r High School Diploma.

B. Teacher Training

i
GUIDANCE CYCLE TRAINING CENTER | COLLEGE/UNIVERSITY

NORMAL SCHOOL
Enrolled Staff (BA, BS) Enrclled Staff (BA, BS) Enrolled Staff
BA,0S  MA Ph.D*‘ MA Ph.D
5,810 187 11,400 K[2ii] 1,020 25 1 J 24 11
*No Ph.D. program assumed far 1977, Assumes one student per year receives Ph.0. abroad.

JEHRE LY 30T \ores: ). Associate d duates also join stsff
A ; 1 1 g . Associate degree yraduates Join staff.
ASSUMED ETV INSTRUCTIONAL STAFF 2. All staff have AA degree or Normal School

TIAL
Principal Mentar
Irstructor {10/ Instructor)

INSTITUTION e

= Graduate of
|
Mormal Schec) G.A. Nermal Schonl
: Graduate of i
BNC vel 4 -
Glidangescycle B.A. Guidance Cycle

Training Center L e ¥
5 Training Center

Collage and |
University | s Bl

relatively well-educated people. Even in Iran, recent use of
ETV by Pahlavi University in the urban area of Shiraz and its
surrounding communities showed excellent results [6]. The
presentation of three foundation courses, business economics,
psychology, and Farsi, the national language, attracted 6000
students of whom 2000 completed the courses and 1800
passed the final exams.

In the ruval areas, by contrast, a large portion of the popula-
tion is accustomed to a life far removed from that of a
developed nation. Many people have not even been exposed to
television, let alone participation in an intensive education or
training program. Research on the social and cultural charac-
teristics of rural Iranian communities and the effectiveness of
conventional training and education programs has identified
potential problems with the introduction of ETV.

Some of these problems, such as the opposition of religious
leaders to the introduction of new ideas, high rates of illiter-
acy, different native languages, and different learning habits,
are primarily related to the selection of content, and the
design of the video presentation and the support marterials,
Resolution of these issues requires detailed planning and
research activities such as those described in [2]. Others
involve local community reaction to the introduction of new
organizations and new progams.

There are basically two types of community reaction
problems: those associated with the acceptance of outside
organizations, and those affecting traditional concepts of

divioma, 1003 primary grades enrolled.
3. A1l staff have AA degree.
4. Incoming class has 100% of age group.
5. A1l staff have Associate or Bachelor's degres.

o
)
=]

'
1
e

ASSUMES 60:1 STUDENT-
MENTOR RATIO

Primary

=1
(=]

NUNMBER OF TEACHERS {thousands)

At this point, staffing is sufficient to
accept 100% of graduates frem lower group

T

0 4 ; =

i 87 1952 1987 1892

YEAR
Fig. 6. ETV used to train primary, guidance cycle, and secondary
teachers.

accepted behavier in the community. Outside experts and
advisers, whether Iranians from cities or different rural areas,
or non-Iranians, have difficulty in gaining the confidence of the
local community. People in the villages may feel that outsiders
do not fully understand or sympathize with their problems or
that the outsiders are not competent because their back-
grounds and affiliations are unknown. In Iran, doctors
employed by the government and assigned to rural areas have
found extreme difficulty in being accepted into local com-
munities. Even rural Iranians assigned to clinics in areas
outside their own hometowns and villages were often rejected.
A key factor to solving this problem appears to he in the
selection of local mentors. Respected members of the com-
munity can play an important role in establishing trust in the
naw programs,
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One problem related to accepted behavior concerns the
education of women. Traditionally, women have been isolated
from men, especially men who are not members of the imme-
diate family. If women are reluctant to mingle puhlicly with
men in their first encounters with unfamiliar institutions,
classes could be held separately with mentors of their same
sex. Where this is not feasible, presence of both men and
women mentors may alleviate the problem.

These problems emiphasize the importance of the local
mentor. Even though there are issues related to the institution
sponsoring the training programs and their physical location,
the principal agent for assuring local acceptance and effective-
ness of ETV is the mentor. Individuals who are respected in
the cornmunity, competent in the subject area, and sensitive to
the concerns of the people should be selected.

Organization Guidelines

Based on the concepts of ETV use presented in this paper,
and the problems of implementation discussed above, organi-
zational guidelines can be drawn for use by all developing
nations.

1) ETV course design and local presentation should be the
responsibility of organizations already conducting conven-
tional programs. These agencies have the knowledge of the
subject area, an understanding of local community needs, and,
typically, have a local presence. The best example of this is the
world-wide use of agricultural extension agents by Depart-
ments and Ministries of Agriculture.

2) The delivery of the television portion of ETV courses,
however, should be the responsibility of a single agency. This
is primarily a matter of cost and efficiency; duplication of
technical services is not warranted. Similar conclusions hold
for radio, telephone, data, and facsimile transmission, and
library services.

CONCLUSION

For iran and other developing nations with sufficient
resources, ETV can quickly provide large-scale training pro-
grams to support rapid economic development. The key factor
is that the ETV be oriented to the training of adult students.

Local mentors are needed to provide interaction with
students if the full expansion capability of ETV is fo be
tapped. Particularly in rural areas, the selection and training of
mentors who are respected members of the local community
is expected to be an important element in assuring the accept-
ance and effectiveness of ETV,

In order to ensure the best use of existing expertise, under-
standing of local needs, and local presence, the design and
local presentation of ETV courses should be the responsibility
of the organizations already conducting conventional training
programs. Communications services, by contrast, are suited
for centralized operation due to cost and efficiency
considerations.

Finally, a full range of television, radio, telephony, data,
and facsimile transmission services can play a major role in the
implementation of smoothly functioning ETV programs.
Satellite systems offer a means of providing such services more
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economically and quickly than terrestrial means, particularly
in the rural areas of developing nations.

APPENDIX
SATELLITE/GROUND SYSTEM DESCRIPTION

A satellite system design has been developed which could
provide television, radio, telephony, data, and facsimile trans-
mission throughout Iran [3]. The proposed system has been
optimized for minimum total system cost. The resulting

parameters of the baseline system are:

35 .3-dB beam center
(ideal);

10 W;

8, minimum;

110 dB (not including

satellite antenna gain

satellite transponder power
number of transponders
transponder transfer gain

antennas);
small earth station G/T 16.5 dB/K;
antenna diameter 3.05 m;
preamplifier
noise temperature 200 K;
telephony
power amplifier 5W;

number of small earth stations 12000 (1500 per year

over an 8-year

period);
large earth station G/T 29.0 dB/K;
anfenna diameter 9.75 m;
preamplifier
noise temperature S0 K;
telephony
power amplifier 35 W;

16 (4 per year over 4
years, located at
major cities with
population over
100 000).

number of large earth stations

This system would serve two-thirds to three-quartess of the
projected 1985 lranian population of 44 million. The opti-
mization was accomplished by a computer program which uses
direct estimates of television demand, and develops its own
estimate of telephony demand from demographic and GNP
information.

An essential concept in the design of the space segment is
the use of a uniform transponder power level, but at a higher
power level than is used on commercial satellites, thus permit-
ting alternative use of transponders for video or telephony and
data iransmission to relatively small stations. This approach
minimizes the overall system cost by transferring some of the
performance burden from ground stations to the spacecraft.
Analysis shows that 1000 to 1200 telephone channels can be
accommedated in a single 36-MHz video channel. These
numbers represent a decrease in radio frequency bandwidth
and power at a given signal-to-noise ratio compared to pre-
vionsly accepied design concepts. The new values are based on
the use of the following: companders and preemphasis, thres-
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hold extension demodulators with acquisition tracking
capabilities; the use of voice activition to key the transmitter
on only when the person is speaking.
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Microwave System Development in India

DHARMENDRA K. SACHDEV, SENIOR MEMBER, JEEE

Abstract—This paper highlights the development aspects of micro-
wave systems as they have grown in India. It includes discussion on
eatly struggles, design feedbacks, and the results of a recent develop-
ment effort. A note on the lessons derived from this experience is also
included.

INTRODUCTION

RADITIONALLY, most of the professional telecommuni-

cation equipment requirements of the developing coun-
tries have been met by imports from established multinational
corporations jn Europe, Japan, and the U.S.A. In India, how-
gver, partly due to balance of payment difficulties, but mainly
due to the availability of substantial engineering talent, contin-
uous efforts are being made by the engineering disciplines
to be selfireliant. During the early 1960°s, a series of develop-
ments in the field of microwave technology were undertaken
to foster self-reliance and indigenous know-how,

This paper is aimed at highlighting the development aspects
of microwave and associated systems as they have grown in
India. In this paper, the early struggles and the resultant
achievements (as well as failures), the design feedbacks from
the field, and the results of a recent intensive development
effort are summarized. The paper concludes with a brief note
on the lessons derived from the nearly 15 years of microwave
development in India.

I.ROLE OF MICROWAVE SYSTEMS IN INDIAN
TELECOMMUNICATION NETWORK

The Indian telephone network is built arcund traffic nodes
which are separated by fairly large distances. Thus, in the
very initial stages not only the Posts and Telegraph Depart-
ment (P&T) but also other users such as the Railways, Defence
Services, etc., realized the importance of broad-band multi-
channel media between these nodes. The Indian long-distance
network grew very rapidly in mid-1950%. Initially, preference
was given to coaxial cable systems, partly because of economic
factors, but principally because of the fact that the coaxial
cable systems could work without nninterrupted ac power
requirements over longer distances than microwave systems,
This factor was quite crucial in the late 1950’s as the power
drains of the microwave systems available at that time were
quite heavy.

In the early 1960’s, however, with the fast induction of
semiconductors, particularly in the baseband and IF stages of
the microwave systems, the power requirements of such sys-
tems were drastically reduced. In addition, the traffic require-
nients called for broad-band systems in the mountainous and

Manuscript received November 14, 1975; revised January 5, 1976
and February 24, 1974,

The author is with Indian Teclephone Industries Lid., Bangalore,
ludia.

hilly regiens where it was difficult and uneconomical to pro-
vide coaxial cable systems. Serious attention, therefore, was
focused on both induction of imported microwave systems as
well as on their development within the country. The policy
adopted was a pragmatic mixture of straight purchase of
immediately required systems coupled with high-priority
indigenous development effort. Incidentally, this principle
has been the cornerstone of practically all develepments in
India in the telecommunication tield. :

II. MICROWAVE SYSTEM DEVELOPMENT-THE FIRST
PHASE

The organization entrusted with the development of the
sarly microwave systems was the Telecommunication Re-
search Centre (TRC) of the Indian P&T. A small nucleus of
trained R&D engineers was set up by the TRC around 1961
and was put full time on the development of the first indig-
enous microwave system. To keep the development cycle
short and also at the same time meet some of the urgent
requirements of the network, the first system taken up for
development was a 300-channel system in the 7-GHz band.
This system utilized klystrons for both the transmitter and the
receive local oscillator. Apart from this, the equipment was
completely solid state. The model for this system was by and
large the 11-GHz TL system of the Bell System which was just
entering service at that time. The technical achievements of
these early strmggling days would appear trivial by today’s
standards of technology or compared with the efforts of large
groups of R&D engineers. However, the thrill and excitement
of having a first link between two microwave horns placed
hardly 25 m apart from one room to another was no less than
the thrill of many classic moments in the history of telecom-
munication development! This development was by no means
original, but was in a way a major milestone for the small
group of engineers who worked on this assignment with prac-
tically no specialized test equipment and entirely on their
own. Above all, it speaks highly of the courage and the fore-
sight of the higher authorities at that stage who, satisfied by
this rather elementary denionstration of microwave “propaga-
tien,” committed practically the entire telecommunication
network of the country to indigenous development pro-
grams for a long tinie to come,

The 7-GHz system above was manufactured at the Indian
Telephone Industries Limited {ITI) in 1967-1968, after a
series of false starts mainly because of the totally new tech-
nology. The first system was inducted for limited trials around
1968-1969. The initial field results were rather discouraging
but very educative; they highlighted with full force the need
for reliability, particularly in the very subsystems which are
almost always taken for granted by electronic designers.
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Thus, the principle problems arose in the power supplies,
both low voltage and high voltage, mainly because of the
much higher ambient condition prevailing jn the Indian
repeater stations than visualized earlier. (Incidentally the same
problem was found in some of the imported systems installed
around the same time in the Indian environment.) Fortunately
at that stage, reliable silicon power transistors were just be-
ginning to become available and this enabled the engineers to
control the problem in a short time. This 7-GHz system (Fig.
1) (which is now gradually becoming a classic one) stabilized
quite well and today is providing reliable service on many
spur routes of the Indian network [1], [2]. It is not capable
of working on long distances due to the noise limitations;
however, on few hop end-links the quality is fairly tolerable
and acceptable to the users. Mainly because of the obso-
lescence of the klystrons and due to the limjted noise perform-
ance capabilities, its production is expected to be phased out
in the very near future. However, like the never-say-die TD-2
system, there is a serious consideration being given to up-
grading its capacity from 300 to 600 channels by grafting on
a few modern subsystems.

Broad-Band Systems—The First Attempt

The next system which was taken up for development was
a broad-band 6-GHz system with a capacity of 960 channels
(Fig. 2). Once again, with the exception of a traveling wave
fube (TWT), the system was tofally solid state [3], [4] . Many
lessons learned from the 7-GHz system were kept in view during
its development. Thus, a much greater emphasis was placed on
maintainability and mechanical ruggedness. However, the
field results were once again waiting to teach several new and
harsh lessons to the system designers. The first field reports
on this system were again by no means encouraging for either
the development staff or the manufacturing organizations.
The principle problems in this case were with the microwave
lecal oscillators and, once again, with the high voltage power
supplies. These local oscillaters [5] were of straight multi-
plier type and therefore suffered from serious problems with
regard to their noise level stability and reliability. While the
noise contribution was eliminated to some exfent with narrow-
band cleaning filters, the reliability was improved with beiter
matching between successive multiplier stages. However, the
overall noise performance of the system still fell short of the
CCIR objectives by significant margins.

Analysis of the “First Generation” Efforts

The development of the earlier generation of microwave
systems briefly described above and the feedbacks from first
installations drove several lessons home to the designers,
manufacturers as well as systems people. First of all, it became
evident that development of multichannel telecommunication
systems is far more complicated than that of other types of
electronic equipment. The overall system performance of a
multichanrel system is a very complex system function and
depends on each and every parameter of the individual sub-
systems. The performance of the ifidividual subsystems, in
turn, depends not only on their circuit design but also on the
choice of components, raw materials, and above all on the
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6-GHz 960-channel semi-solid-state heterodyne system with
TWT.

Fig. 2.

performance margins provided for at the time of first develop-
ment. However, the greatest factor which contributes to ex-
cellence in any engineering design, and possibly with greatest
force for long-distance microwave and allied systems, is the
strict planning of the overall development-cum-production
cycle in an unified manner, preferably under one roof. The
time-proven concepts of progressive screening of mechanical
components through go-no-go gauges is very much applicable
to overall system development cycles as well. Specifically,
long before the systems are put to any largescale utilization,
it is necessary to assess the performance at every stage startmg
from circuit design, prototype fabrication, initial batch pro-
duction, field trials, etc. The greatest degree of discipline, as
well as patience, on the part of both engineers and users is
called for to immediately stop the development cycle at any
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stage, whenever any deficiencies are noticed either in per-
formance, reliability, or economic wiability of the system
if and when it goes on the production line. Postponing a
problem, however small, to a later stage is not only costly
hut could many times become a deciding factor between
the success or failure of a complex development project such
23 a wide-band microwave system.

The paragraphs which follow describe the development of
the new generation of microwave systems in which the above
criteria have been adopted in the best possible manner consis-
tent with the resources available. While one can be more
hopeful of success, the viability and the authenticity of the
checks and balances adopted now will be fully established
only when the new systems see actual usage in the near future.

III. THE NEW GENERATION

While the first generation of indigenously developed micro-
wave systems was being put through its paces, the need for
microwave systems in India was growing extremely rapidly
and the Indian P&T and other users like Railways and Defence
Services were constrained to go in once again for fairly large-
scale import of microwave, satellite earth station, and tropo-
scatter systems. This apparent reversion of ‘“‘self-reliance”
policy was quite justified by the network requirements and
once again served as a serious challenge to the local industry
to come up with much more serious effort in developing a new
generation of microwave systems. Results of this effort to date
have been encouraging, although it would be wrong and pre-
mature to claim that the systems which have now been devel-
oped will have no field problems whatsoever. However, as
highlighted above, these systermns are being taken through
several rigorous intermediate evaluations and will have to
definitely qualify through a host of “screens” before they can
claim to have met the rigorous objectives of the communica-
tion networks.

Demand Pattern of Microwave and Allied Systems in 1970's
and Beyond

Around 1971-1972, an assessment was made of the
demand pattern for microwave and related systems in the next
decade and beyond. The broad-band network being planned
by the Indian P&T and the neighboring countries calied for
substantial quantities of 4- and 6-GHz 1800-channel systems
with TV relay capabilities. The spur routes on the same net-
work required systems with channel capacities up to 300
channels. In addition, the Railway network required dedicated
systems up to 120 voice channels to link the various railroad
stations for instant control and operation. The Defence Ser-
vices called for specialized systems both in the line of sight
(LOS) and troposcatter field with proven reliability and capa-
bility of working under severe ‘‘tactical” environments.
Finally, the impact of satellite communication was being
increasingly felt both in the international and the domestic
field. Considerable effort was therefore called for in devel-
oping satellite earth station equipment which was akin to
microwave systems.

The above requirements were carefully assessed and it was
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apparent that a large degree of overlapping design and manu-
facturing effort was called for, provided the various systems
were to the same “‘technological level.”” This called for an R&D
effort which was many times larger than any done hitherto
in India. Under a major policy decision, accordingly, I1TI
launched a massive R&D program in close association with the
users, towards the end of 1972. The clear and unequivocal
directive fo the R&D teams was that the end products had to
meet the rigorous specifications of the users without any
relaxations. The system should provide for smooth production
as well as maintenance. Most important, however, was the
stipulation that the systems would have to qualify through a
series of rigorous evaluations before any major production or
utilization was begun.

Principal R&D Decisions

To achieve the goals above, certain basic decisions with
regard to the mechanical configuration and the technological
choice of critical subsystems and modules had to be arrived
at quickly but judiciously. Some of these decisions are sum-
marized below.

1) Mechanical practice: As the development of all the sys-
tems was being done on a concurrent basis, it was very desir-
able to have a common construgtion practice for all the sys-
tems. The earlier systems of 1TI had followed the practice
CP5, broadly based around racks which were 225 mm deep,
609 mm wide, and nearly 2743 mm high. Each rack was
individually tailored for a particular system and the shelves
were integrally mounted in this rack, along with the system
wiring, before the rack was shipped to the site. This practice
was developed for a situation where either a single trans-
receiver or, say, a complete supergroup of multiplex equip-
ment occupied the complete rack. Thus from the customer’s
point of view, the basic building block of telecommunication
equipment was the 600-mm wide rack. With the experience
of utilizing these racks for the earlier generation of microwave
systems, it was realized that in order to obtain higher packing
density than a single RF transreceiver per rack, this practice
would need radical modifications principally due to the need
for combining & number of transreceivers in the same given
vertical space. After a survey of the varous practices being
evolved around the world, it was found that the vertical prac-
tice which originated in Germany, and since then had been
adopted by most of the European manufacturers, had the
maximum flexibility as well as mounting density microwave
systems. Accordingly, the basic module of the system was
made a 121 mm wide column up to 2.6 m high. The depth of the
column was retained as before, namely 225 mm. Within the
column, jack-in types of subracks housing plug-in units were
developed. Incidentally, these subracks and the units are
identical to those which had been concurrently designed for
a horizontal shelf type construction for the multiplex and
associated equipment of the new generation. This new prac-
tice, CP7M, has proved its versality and flexibility, as practi-
cally the entire range of microwave and tropo systems, which
were the objectives of this development program can be ac-
commodated in this practice. The mechanical parts utilized
in this practice are far more economical than in the earlier
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practice. Above all, the practice provides a high degree of
flexibility in station planning and growth potential both at
terminals and repeaters. Fig. 3 shows the systems in their
mechanical configuration. As can be seen, except for the
troposcatter systeni, all other transreceivers from 2 to 7 GHz
have almost identical mechanical configurations as well as
appearance [6].

2) Microwave frequency generation: The next major deci-
sion with regard to the family of systems was with respect
to the type of microwave local oscillators. This choice was
accorded very high importance in view of the extremely diffi-
cult last-minute upgradation of the earlier generation of local
oscillators in the field after a fairly large batch of production,
The straight multiplier chains which were the basis of the
earlier generation of systems had proved to be expensive and
difficult to adjust on the production line, and had fallen short
of stability and noise specifications. Around the time the
development program began in 1973, the new generation of
microwave phase-lock oscillators, based on 1- or 2-GHz VCO’s
followed by single- or two-stage mulitpliers, became available
as standard commercial items. These had originally been
developed for retrofitting klystrons in the old generation of
microwave systems, mainly in the U.S.A. After extensive
evaluation, it was decided that, pending the development and
reliability evaluation of ITI’s own local oscillators sources, the
local oscillators for ail the systems would be procured from
established vendors. This has proved to be a sound decision as
it has substantially reduced the development time cycle and
has also made the system designers’ job of meeting noise
specifications far easier.

3} Microwave power amplifier: The second subsystem
which required an almost fundamental decision was the out-

IEEE TRANSACTIONS ON COMMUNICATIONS, JULY 1976

HRARNTH

" woRs

Ifstiig
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put power amplifier, particularly for the heterodyne systems
and more so in the wider band capacities. At the time of
choice of this subsystem, a few manufacturers had announced
availability of fully solid-state 1 to 5 W heterodyne systems.
Simultaneously, the technology of TWT’s had received a very
big boost due to the efforts put in by the manufacturers for
space applications. Thus, the dc to RF efficiencies of the new
tubes had jumped from a typical 8 percent to as high as 25 per-
cent, Concurrently, the techniques for the high-voltage power
supplies for the TWT’s had also benefitted to a very large
extent from the availability of high-frequency high-power
semiconductors and the establishment of switching mode
regulators and inverters. After preliminary evaluations, it was
evident that the TWT’s held a distinct edge as they could pro-
vide higher output power (at least by a factor of two) and at
the same time consume anywhere up to half to one third of
the dc¢ power compared to the best available solid-state
amplifiers. With the system cbjective of mounting a number of
transreceivers side by side and the experience of high ambient
conditions in the unattended repeaters in the Indian con-
ditions, the efficiency advantages of TWT’s became almost an
overriding criterion. Accordingly, the broad-band systems,
namely the 4- and 6-GHz, have initially been built around
packaged power amplifiers which have the TWT as well as
power supply integrally mounted in one small unit oceupying
less than 500 mm of the standard vertical column. With a view
to leaving provision for subsequent upgradation to fully solid-
state systems, the mechanical and electric interfaces to the rest
of the systern are suitable for both tubes and the solid-state
amplifiers of the near future. Tt is anticipated that changeover
to solid-state systems would take place after about 2 years
production with TWT packaged amplifiers. For narrow-band
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systems in 2-, 7-, and 8-GHz bands, however, there was no
particular difficulty in providing seolid-state amplifiers of the
required power. These utilize transistors for 2 GHz and phase
level techniques or IMPATT amps for 7- and 8-GHz bauds.

4) Bay power supplies: Another subsystem which has tradi-
tionally not received ifs due impertance is the power supply
module for microwave systems. The experience with the
earlier systems had indicated that baseband noise from the
high-frequency ripple in multiple de voltages could signifi-
cantly degrade the noise performance of the complete system.
These ripples were normally traceable to de-to-de inverters
required to generate multiple dc voltages as well as high
voltages for microwave tubes. In order to eliminate these
inverters it was decided to operate all subsystems from a single
—20-V power bus. This —20-V voltage was derived through a
common switching mode regulater which has been designed
both for maximum efficiency and minimum RF interference
either through conduction or through radiation. This new unit
has been responsible to a very large extent for meeting the
overall system noise objectives. Furthermore, all the RF trans-
receivers can accept any raw dc voltage from —30 to -70 V
without any change of strap and without any material differ-
ence in eificlencies. An efficiency of more than 70 percent for
this switching mode regulator has been achieved at all loads
and input voltages.

In broad-band systems utilizing TWT’s, it is still necessary
to have the necessary high voltages. These have been developed
throungh a high-efficiency dcto-de converter integrally
mounted with the tube to prevent high-voltage hazards as well
as to minimize unnecessary induction of noise voltages in
other parts of the system.

5) IF subsystems: For heterodyne systems at the repeaters
as well as terminals, a considerable portion of the microwave
systems are at the IF irequency of 70 MHz. Accordingly, a
common [F subsystem family has been developed which is
suitable for all systems right from 120 to 1800 channels. The
only module which is modified is the IF filter, to obtain the
required bandwidth. The IF subsystems provide the necessary
group delay equalizer for the system as well as to some extent
compensating for the microwave feeders echos, etc.

6) “Hardware” components: The hardware components of
cach of the subsystems are a direct function of the frequency
of operation and the power-handling capacity. To the extent
possible, MIC, stripline, and coaxial devices have been utilized
in all the systems. These have provided much broader band-
width than the equivalent wave guide versions, apart from
smaller size and weight. The hearts of the microwave systems
are the UP and nowN converters, These have been designed
with the greatest care so as to provide the required system per-
formance on a repetitive basis. The technique adopted has
always been chosen in such a manner to meet the particular
system requirement.

Individual Systems

With the above criteria, the ‘“‘family” of microwave and
allied systems has been developed in an unified manner. As the
aim of this paper is primarily to highlight the development
strategies, only a brief mention will now be made about
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Fig. 4. 4-GHz 1800-channel transreceivers. The left column mounts
one transreceiver with a TWT amp while the right column has a
solid-state amp being evaluated as an alternative to TWT amps.

individual systems. A much more “hardware” and “results”
oriented paper has recently been published on the whole
family [6], while details of mdividual systems as wecll as
requirements are being published concurrently [7]-[9] -

Two 4-GHz 1800-channel transreceivers are shown in
Fig. 4. The lower portion of the column accommodates the
complete receiver while transmitter i3 accommodated in the
upper portion. The complete rack,2.6 m high, accommodates
the transreceiver as well as the corresponding branching equip-
ments. Illustrations of systems in the other bands are shown in
Figs. 5 and 6. It can be seen that the objective of a family
approach has been achieved to such an extent that the systems
are almost indistinguishable from one and another in terms of
external appearance.

Performance Results

During the design process itself, each of the subsystems was
allotted its individual share of the noise contribution. As
soon as the system was complete, the overall performance was
confirmed and it was encouraging to obtain systematic
addition of such contributions—a factor which frequently
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Fig. 5. 7-GHz all solid-state 300-channel heterodyne system.

eludes the designers unless the interface points of the various
subsystems have been properly chosen. The white noise per-
formance of the four major members of the microwave family
is shown in Fig. 7(a} and (b).

Relared Systems

As indicated earlier, while the major exploitation of the
microwave technology has been in the conventional LOS area,
recent developments have substantially extended our “hor-
izons.”” Notable examples are satellite communication and
troposcatter systems. In both these areas, there have recently
been substantial activities.

In spite of apparent system level differences, both these
applications have substantial amounts of hardware in common
with LOS systems. Accordingly, the above program has con-
currently developed equipments to meet the satellite earth
station as well as troposcatter requirements. A brief descrip-
tion of the results obtained for these areas is summarized
below.

1) Satellite earth station equipment: India is one of the par-
ticipants in the INTELSAT network. Around 1971, there was
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Fig. 6. (a) 2-GHz all solidstate 120 channel heterodyne system. (b)
Turn key microwave project for Uttar Pradesh Electricity Board, a
38-hop dedicated communication network in northern India being
implemented with the 2-GHz system.

a requirement for a second earth station in addition to the cne
operating at Arvi near Bombay. The whole program had a
definite time schedule and developing of the microwave
ground control equipment (GCE) for both the up and down
links was a very serious challenge to the group of engineers at
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Fig. 7.

ITI. Any slippage or slowdown in this program could seriously
jeopardize the whole program of sefting up a second
INTELSAT standard earth station in India. Nevertheless, the
challenge was worth taking and a definite commitment both in
performance and time frame has been met for this project.
The program has just been completed with slippage of only a
few months in spite of several factors and stoppage of inputs
both of which were beyond the control of development
engineers. Fig, 8 shows the up and down link set, along with
test results obtained on this equipment. As can be seen, the
equipment is by no means miniaturized..However, this layout
has been specifically developed to suit the maintenance philos-
ophies of the users.
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2) Troposcatter equipment: Traditionally, the troposcatter
systems hardware has had limited similarity with the LOS
gquipment, in spite of similar techniques being applied in both
the areas. This has been mostly due to the nonoverlapping
markets as well as manufacturers for these two area. However,
IT1 development group was fortunate to be asked to enter this
at about the same time when the development of the family of
systems.had taken strong roots. Accordingly, low-power (2-W
ountput) portion of troposcatter equipment has been developed
with the same system philosophy and mechanical layout as for
the LOS systems. As shown in Fig. 9, the equipment bears
remarkable similarity to the other members of the family of
systems. In fact, this similarity extends to a large number of
subsystems as well. The equipment as developed is probably
the smallest size low-power tropo equipment available any-
where, and is also very competitive in cost.

1V. CONCLUSIONS

The development which began with modest support nearly
15 years ago has ultimately resulted in a reliable microwave
product line in India. The group of engineers involved in this
are quite conscious of the fact that the systems developed by
them are by no means more advanced than those commer-
cially available from developed countries in Japan, Eurcpe,
and the U.S.A. However, the effort has been made without
any foreign support and with an industrial intrastructure
which is several times inferior to that available in most of the
developed countries. The develepment effort has not only led
to several contemporary systems but has also encouraged a
large number of small entrepreneurs in anciliary industries.

The above development effort highlights several important
factors which are applicable whenever such major programs are
to be implemented in developing countries. The primary
tactor, of course, is the need to place complete confidence in a
selected group of domestic eugineers and to give them ade-
quate time and resources; above all, it is necessary to have
considerable patience and restraint during the development
process even when delays occur. Tt is well known that in the
best circumstances, and even in the most advanced labora-
tories, large development programns of this nature do tend
to slip. However, such slips are relatively easier to make up
through, for example, “make buy” decisions in developed
industrial infrastructures. On the other hiand, working in a
country like India, a chauge of even a simple imported com-
ponent can lead to several months slippages thus upsetting the
whole time schedule. Last, but not the least, the most impo1-
tant factor is the need to have extremely high self-discipline in
ensuring quality and reliability of the equipment right from
the feasibility stage and up to the induction stage. Develop-
ments of such nature have to be carried out in very close
cooperation not only with the user but more importantly,
with the agency responsible for ultimate production. In fact,
due to the special difficulties in communication and trans-
portation in developing countries, it is almost mandatory that
such developments should be carried out next door to, or even
under a common roof with, the manufacturing agency
involved. In short, the responsibility of the designer should
extend right up to the final acceptance of the product and its



770

Fig. 8.

Fig. 9. 2-GHz troposcatter equipment. The left column accommo-
dates twe 2-W drivers, while the right column mounts two receivers
in dual diversity. An additional column with two more receivers
provides quad divessity.

usage in the field. Finally, the Indian experience has shown
that even complex engineering projects can be accomplished in
developing countries.
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Low-Power-Consumption Microwave Radio Relay System

TAKESHI KAWAHASHI, SENIOR MEMBER, IEEE, YUKIO KAITQ,
HIROSHI TACHIZAWA, anp TADASHI FURUYA

Abstract—An economical microwave radio relay system in 2-GHz
and 4-GHz bands for developing areas can be realized by the combina-
tion of exiremely low-power-consumption radio equipinent and static
power supply equipment, such as thermoelectric generators, solar cells,
etc. High reliability of this system minimizes the number of mainten-
ance personnel and of routine inspection tours to economize the sys-
tem operation cost. The system in the 4-GHz band is capable of {rans-
mitting up to 1800 telephone channels, yet it features outstanding
economy in television or telephone ehannel transmission up to 960
channels, especially in remote areas. System description, comparison
with a conventional system, and a brief radio equipment description
are presented here.

1. INTRODUCTION

HE microwave radio system has come to be widely used

thronghout the whole world, inclnding developing coun-
tries, by virtue of high reliability, high transmission quality,
low initial installation cost, and short instaltation period.

The reliability of microwave equipment itself has been
ereatly improved in recent years by advances in semiconductor
technology, as well as the careful and proper application of
such devices. However, failure rates due to the power supply
system have remained fairly constant and have been a major
cause of the system failure. This is due mainly to the
mechanical characteristics of the present power supplies. For
example, engine generators are essentially rotary machines,
while storage batteries and rectifiers of the floating system
form a quite recommendable power system for de operation.
Therefore, overall system reliability depends mainly on the
reliability of the power facility.

Recently, a number of novel and attractive power supplies,
such us thermoelectric generators, solar cells, etc., without
mechanical contacts or rotary parts, have appeared on the
market for small-power-consumption requirements. Naturally,
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the combination of the extremely low-power-consumption
equipment and the trouble-free, maintenance-free power
supplies is preferable in order to improve overall system
reliability and overall system economy.

This paper introduces this economical microwave com-
munication system.

II. SYSTEM FEATURES

The advantages of this microwave system are summarized
as follows.

1} Since the power consnmption is very low, a normal size
floating battery system withstands the load for about one
week, if there is an ac power failure at locations where com-
mercial power is available. Thns there is no need for standby
engine generators.

2) Even at a location where commercial power is unavail-
able, thermoelectric generators, or solar cells, or primary
batteries can be easily and economically applied. There is ne
need for installation of two or three engine-generator sets, as
is usually required.

3) Even at locations where the ambient temperature is
extremely high, this equipment can be operated with suffic-
iently low ambient temperatnre in an underground shelter
without air conditioning, because of low power consumption.

4) Branching, switching, dropping, or tusertion of multiplex
telephone signals at any repeater station are easy, because of
the heterodyne type using 70 MHz 1F.

5) Installation in inaccessible remote areas, like desert dis-
tricts, mountainous areas, jungles, or isolated islands, is
possible, because the equipment reliability is so high.

6} Substantial savings in maintenance cost for the overall
system are realized.

7) Overall system reliability, including that of the power
unit, has been considerably improved.

8) The number of skilled maintenance personnel required is
reduced to a minimum.
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[11. SYSTEM CONFIGURATION

A. Radic Equipment

First, the power consumption of the radio equipment used
for this system has been lowered to a significant extent. As
shown in Fig. 1, the vacuum-tube-type transmiiter-receiver
consumed about 800 W per set. The solid-state TWT-type
transmitter-receiver, developed at the early stage of semicon-
ductor development, consumed approximately 250 W per set,
The advanced version of the all-solid-state transmitter-receiver
consumed about 100 W. However, power consumption of the
new transmitter-receiver is reduced to a mere 10 W in 4-GHz
equipment and to 6.5 W in 2-GHz equipment, in the case of
300-channel transmission, based on CCIR recommendations
[11, [2], [4].

This power consumption reduction is made possible by a
rapid advance in semiconductor technology. As a result, it has
been possible to reduce the total power consumption of a
through repeater station to a considerable extent.

Table 1 shows the power consumption of the through
repeater station for various system configurations from [ + 0
(one working channel + no standby channel) to 2 + 1 (two
working channels + one standby channel). With the 1800-
channel 2 + 1 system in 4 GHz, power consumption is as
high as 303 W. However with the 300 channel or 960-channel
Il + 1 system, power consumption is only 43 W or 59 W,
respectively. This significant reduction of the power consump-
tion led to adoption of the new power supply system that will
be discussed in the following paragraph.

The second major improvement made on the radio equip-
ment is its reliability. As described below, a mean time
between failure (MTBE) of 300 000 h or so can be secured for
both the 2-GHz and 4.-GHz equipment. This reliability
improvement owes much to the rapid progress of semicon-
ductor technology and optimum utilization of semiconductor
devices. Fig. 2 shows one example of how the MTBF of the
radio equipment, under adequate maintenance conditions,
has been improved over the past 20 years. Accordingly,
it is now possible to increase the standard maintenance interval
of the radio equipment in proportion to improved MTBE.

Also, the low-power-consumption radic equipment permits
replacing a whole transmitter subrack or receiver subrack with
a new one, as well as permitting replacement of each individual
function unit during troubleshooting. This point minimizes
the number of personnel required for maintenance.

B. Power Supply

In areas where commercial power is not available, the dual
diesel engine generator with alternative operation is employed
in almost all cases. An example of analysis of the number of
failures of a conventional microwave radio relay system using
a diesel engine generator is shown in Fig. 3. In this example,
data are based on one-year maintenance service of a system
constructed by NEC. From this example, it is apparent that
since 72 percent of the number of failures come from the
failure of power equipment using rotary engine generators,
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Fig. 1. Improvement of power consumption on microwave

transmitter-receivers.

little improvement can be made on the failure rate of an
overall system, no matter how substantially the MTBF of the
radio equipment itself is improved. Also it is extremely time
consuming to perform equipment maintenance service, since
the engine generator contains mechanically moving parts,
meaning that its MTBF is short and improvement of failure
rate may be considered impossible.

This suggests and emphasizes a need for a more reliable new
power supply system. The comparison of four types of power
supply systems is shown qualitatively in Table Il, and a com-
parison of the total cost (initial + running cost) is shown in
Fig. 4. This comparison indicates that the first three of the
following four types of power supply are thé most advanta-
geous for use as power supplies in through repeater stations,
where commercial power is not available.

1} Thermoeleciric generator: The thermoelectric generator
is a purely stationary generator operating on the principles of
heating one end of a thermocouple by a burner and cooling
the other end by a heat radiation fin. Thermal efficiency is
220 W-h per pound of fuel, when propane gas is used, which is
not $o good; but a suitable unit with a maximum capacity of
up to 100 W/unit is commercially available today. Experience
shows that barring trouble with the fuel system, if offers
reliability as high as 1000000 h in MTBF. The price of a
100-W unit, for example, is reasonably low. Two units of
identical capacity may also be used for purposes of redun-
dancy. However, it will be a standard practice to use a single
set of this generator in combination with a floating battery.

2) Solar Cell: As long as solar radiation is available, the
solar cell can generate power satisfactorily so that it is an ideal
power supply system not requiring any fuel or any routine
maintenance. As the amount of solar radiation becomes
greater, the power consumption smaller, and the unit price of
solar cell per watt lower, the total cost of power genecration
per year can be lower.
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TABLE I
EXAMPLE OF POWER CONSUMPTION FOR A THROUGH REPEATER STATION

Z2 GHz L 4 GHz “
ONE REPEATER STA- ]ONE REPEATER STA-
SYSTEM | TX POWER |TION POWER CONSUMP~| TX POWER |TION POWERCONSUMP-
TION TION
‘ |
TV +
Sound 1 +0 | 26 dBm 16 Watts e 20 dBm 23 Wart
{one way)
— ek —_—
TP 300 CH 1 + 1 24 dBm 30 Watt 20 dBm 43 Watt
By (5. ‘ AL e S o
9
TP 960 CH 1l +1 36 dBm 118 Watt 27 dBm 59 Watt
R e 36 dBm 175 Watt 27 dBm 87 Watt
| SRR e T
AL AP0 241 ‘ . 37 dBm 303 Watt
+ TV ] !
MTBF
{x 103Hrs)
1000 ey
. O All Solid Stats
@ Solid Stare with TWT
6 £ Vacuum twhe {preventive maintenance)
4 ——
24—
Microwave Eqgp't
100 -
]
Supervisory Eqp’t
-/ Power
72
L
MTBF > 100,000 hrs.
i il
10 T _
1950 1955 1960 1965 1970 1975 1980
B MTBF < 5,000 hrs.
Fig. 2. MTBF of FM-heterodyne type transmitter-receiver. Fig. 3. Analysis of system failure of a conventional relay system.

In the Middle East, Africa, and Central Australia, where the
average value of solar radiation per day is in excess of 500 cal/
cm?, the solar cell, whose current unit price is now about
$23.00 (US.) per watt, can be a competitive power supply
system for a 43-W through repeater station, If the solar cell
unit cost is substantially reduced in the years ahead, more
widespread application of the solar cell can be expected. Fig. 5
shows the cost prediction of the silicon solar cell, though the
unit price given may vary, depending upon the performance
and guantity of solar cells purchased [3]. Should the unit
price of the solar cell become one-tenth in 1980 of what it
now costs, it can be considered as a highly economical and
cownpetitive power supply, even for the 430-W through
repeater station.

Another problem besetting the solar cell is the difficulty in
selection of a proper battery. With power generated from solar
cells and stored in the floating battery on fine days, a con-
tinued supply of power can be assured on cloudy days or at
night. It is important, therefore, to choose the capacity of the
battery used on the basis of monthly solar radiation statistics,
in order to realize an economical and reliable power system as
a whole.

3) Primary Cell: The primary cell is a suitable power
source for this system because of its maintenance-free and
high-reliability advantages. The use of this cell entails much
higher cost for the operation time involved, so that the pri-
mary cell is less advantageous than the aforementioned two
types of power supply. However, the primary cell can often
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TABLE II
COMPARATIVE ADVANTAGES AMONG NEW POWER SYSTEMS

!Maintenance Maintena- | Relia- | Initial ‘ Running
Interval bility bility | Cost | Cost

Single Thermo- |
electric Generator

" i 1 e 2
with Floating = =

Battery
Primary Cells 1 1 1 1 ‘ 3
Dual Diesel Engine
Generalor for useon | 3 3 a 5
Charge-Discharge
Basis |
Solar cell system 1 1 1 3 | 1

Note: The numbers 1, 2, and 3 indicate superiority in that order.
quatters, ITT Corporation, Brussels, Belgium.
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Fig. 5. Silicon solar cell cost projectiens [3].
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be used as a temporary power source until such time as 2
commerical power source is made available,

The above three plans have been chosen as the most advan-
tageous through repeater stations’s pewer supply for the low-
power-consumption microwave radio relay system. At the
present stage of solar cell development, the solar cell proves te
be particularly suitable for applications where there is much
solar radiation and power consumption is relatively small. In
other applications, the thermoelectric generator appears to be
more suitable.

4} Floating Battery: In through repeater stations, where
commercial power is available, a battery floating system (recti-
fier and floating battery) is most suitable because a certain
capacity of the battery can feed coutinuously to the load for
about a week, and no standby engine generator is required.

3) Aeronautical Warning Lights Cownsideration: For a tower
taller than a certain height, the need arises to provide one or
more warning lights. Wamning lights often consume greater
power than the radio equipment does. Therefore, in order to
avoid excessive increase of power capacity due to provision of
warning lights, it is important to determine tower height at an
allowable minimum.

C. Maintenance

If MTBF is 300 000 h for one transmitter-receiver, that of
6 transmitter-receivers for a standard one-baseband section
(6 hops) will be 50 000 h (=5.7 y1). Therefore, it follows that
the routine maintenance required for this system will, as &
rule, be once or twice a year. The radio equipment is replace-
able in a subrack unit. In the eveut of a trouble, therefore, it is
necessary only to check either the transmitter or receiver, and
to teplace the defective subrack with a new one. The failed
subrack is repaired at the repair center. As a rule, no skilled
personnel and test equipment are dispatched to an unattended
through repeater station.

D. Overall System Improvement

Comparison of the economical advantage between the
low-power-consumption microwave radio system and a con-
ventional microwave radio system was made under the
conditions shown in Table IIT.

As is apparent from Fig. 6, this system realizes a savings of
up to approximately 80 percent in initial cost and approxi-
mately 60 percent in total cost (initial cost + maintenance
cost for ten years), when compared to conventional systerns.

E. Example of the System

This low-power-consumption system can also he used for
applications in a system for television video signal drop or for
drop and insertion of a maximum of a 300-channel telephone
supergroup signal, at any through repeater station or diversity
reception, etc. This system is highly flexible and versatile for
such applications.

As one of the typical applications of this system for one-
way television video and sound signals transmission, a system
block diagram and a baseband signal frequency arrangerment
are shown in Fig. 7. In this system, a service chanuel signal is




W

™

KAWAHASHI ef al.: LOW-POWER-CONSUMPTION RADIO SYSTEM

TABLE I1I
COMPARATIVE CONDITIONS BETWEEN CONVENTIONAL AND
LOow-POWER-CONSUMPTION SYSTEMS

System : Twin-path, TP 360 CH

Distance : 2,500 km, 54 Hops (9 Baseband Sections each
camprises b hops)

Radie Egquipment

Transmirter-Receiver, Modulater-Demodulatar

and Supervisory Equipment

Radio Freguency Band

4 GHz Band (CCIR Rec. 383-2)

Tower ;50 m high, Guy Tower

Power System

Terminal

Repealer

Conventional Type

Standby Engine Generator (30 KVA)
with {loating batrery

Dual Engine Generator {12.5 KVA)
with floating battery

Low Power Consumption Type

Terrminal

Repeater

Standby Engine Generator {30 KVA)
with floating ballery

Thermo Electric Generator with
floating battery {60 warr x 2}

Nore: Maintenance cost is subject to change by individual local con-
ditions. The cost estimated here is based on that of a specific country.

Initial Cost 170
_~ Depot spare 160
100% | Test Equip.
150
Installation
e (| 140
\ 78%
Power e 130
Equipment
120
(Sandaleanbiiile. L Bide
% (%) 110
Tower 100
90
Ant. &
Feeder £Q
1 0
Radio 20
Equipment
10
] S P

Conventional Low Power Consumpiicn

Type Type
{All Solid State} (ANl Solid State}

7"74#

Low power ccnsumpnon pe

| I

Fig. 6. Comparison of nitial cost and maintenance cost between the cenventional-type microwave radio system and the
low-power-consumption type in the 4-GHz 960-channel system.

transmitted simultaneously with the television video signal, by
one of the subcarriers, and the reverse direction service
channel is transmitted with a separate RF channel provided
exclusively for supervisory singal transmission. The total
power consumption of this repeater station is only 16 W for
the 2-GHz system and 23 W for the 4-GHz system.

In Australia [1], a 2-GHz one-way television signal trans-
mission system, identical to that illustrated in Fig. 7, was
installed in a desert district. Here, a combination of rectifier
and floating battery power supply system is adopted for
stations where commercial power is available and a primary
cell power supply system is adopted for stations where com-

merical power is not available. In such desert d
the ground surface is exposed to the direct sunl

the ambient temperature rises to an exrremns N5

60°C, in the summer time), an underground
keeping the ambient temperature of the radi
moderate and adequate temperature rangs
graph of the underground shelter tested §

Another photograph showing the fhrouss soeas

for transmissions of 300 telephone chs
television, installed in Greenland. is shows =

electric generator with standby prmasy So o n
each repeater station which consumss
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Baseband Frequency Arrangement
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Fig. 7. An example of ong-way television transmission.

Pree (R 4

Fig. 8. Underground shelter installation.

dissipation from the thermoelectric generator was utilized to
heat the equipment room in the winter season. A prefabricated
structure, transported by helicopter, was built on the ground
at a repeater station site where no access road is available.

IV. LOW-POWER-CONSUMPTION MICROWAVE
RADIO RELAY EQUIPMENT

A. 2-GHz[4-GHz Radio Equipment Performance

Table IV gives the major performance characteristics of the
2-GHz and 4-GHz microwave relay transmitter-receivers. The
frequency bands of the transmitter-receiver cover the 2-GHz

Fig. 9. Naujagdlup Nuna repeater station {Greenland 2-GHz micro-
wave radio relay system).

and 4-GHz bands of CCIR Recommendation382-2. The 2-GHz
transmitter-receiver is capable of 960-telephone-channel trans-
mission or color television transmission with a sound channel.
The 4-GHz-band transmitter-receiver is capable of up to
1800-telephone-channel transmission or color television
transinission with 4 sound channels. As given in Table IV,
transmitting output power can be increased up to 4 W for the
2-GHz equipment and up to 5 W for the 4-Glz equipment,
merely by increasing the number of output amplifier stages
according to the transmissien capacity. The 4-GHz-band
receiver is so designed that a microwave FET preamplifier
can be added according to needs. 4.5 dB is the noise figure
with the FET, which assures the 1800-channel transrnission.
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TABLE IV
2-GHZ AND 4-GHZ TRANSMITTER-RECEIVER PERFORMANCE
CHARACTERISTICS

2-GHz System

T
4-GHz System

FREQUENCY

TRANSMISSION

CAPACITY | e R

1.7 ~ 2.3 GHz

300 ~ 960 GH

i Color TV + Sound-GH

3od + 42 GH2

300 - 1800 GH
or
Color TV + 4 Sound-CH

TRANSMITTER |

0.4W /1. 6W/aW

0.1W /0. 5W,/1W /5w

L POWER

RECELVER
NOISE FIGURE

6.5 dB

6.5 dB/4.5 dB

POWER i ; j / /
CONSUMPTION | 6.5W /13 2W/28.5W 10W /14W /19W /50W
|
g
z 5 5
© = o
g 3 i
i
{ T T SR
S R-2GO60 RECEIVER | T-2G950 TRANSMITTER it o Bile
BOARD C ‘;_2%; o g
S o N ' S =2 | =
% BT R-2G960 RECEIVER ' T-2G360 TRANSMITTER e i m =
Rl [ i , E ]
- 1
2100 mm e |

Fig. 10,
TeCeiver.

B. 2-GHz Transmitter-Receiver

As shown in Fig. 10, equipment, consisting of two sefs of
112-mm-wide subrack-type transmitters and receivers is
mounted on the bay., This subrack unit construction is
designed with major emphasis placed on the ease of handling,
installation, and maintenance, whereby access only to the
front of the bay is needed. Each subrack unit is provided with
a fault alarm indicator so that, in the event of trouble, repair
of faulty equipment can be made simply by replacing the
indicated defective subrack unit with a spare one.

Fig. 11 shows a block diagram of the 2-GHz transmitter,
This transmitter is unigue in that it uses a 2-GHz direct tran-

~225 mm—

Bay configuration with subrack-mounted transmitter unit and receiver unit of the TR-2G960 transmitter—

sistor oscillator as a local oscillator and a microwave high 22
injection-locked transistor amplifier.

The local escillator of the 2-GHz transmiliss 5 2 seifoaci
lator using a super-invar cavity resonator. With this sesiiasos
the number of parts used can be minimized anc & Teo oy
stability of =5 X 103 can be achieved af an ouipal o =17
dBm. When the need arises for insertion of == Seisr wos
signal, supervisory signal, and telephone supsrmoas S
(300 channels, maximum) from a repeater siatos e T
FM oscillator of the transmitter can be gasily mossal = oace
of the local oscillator for such applications.

The injection-locked transistor ampliiier o & = oo
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circulator dnd a 2-GHz transistor oscillator. The injection-
locked amplifer also contains an alarm circuit [5], [6]. To
prevent unwinted free-running oscillation of the injection-
locked amplifier caused by an inadequately low or interrupted
input level, the alarm circuit cuts off the power supply to the
amplifier and, simultaneously, issues an alarm when the input
level of the injection-locked amplifier is dropped by 6 dB or
more from the standard level. Even when the power supply of
the amplifier is cut off, amplifier gain is reduced to about
unity and RF carrier transmission continues,

The total power consumed by the transmitter can be
reduced to as low as 4 W with the injection-locked 0.4 W RF
output transistor amplifier. The output power can be raised to
either 1.6 W or 4 W using an additional wide-band class-C

2-GHz receiver block diagram.

power amplifier which consists of microwave transistors and
printed circuits.

Fig. 12 shows a block diagram of the 2-GHz receiver and
Fig. 10 (at right) shows an outside view of the receiver subrack
unit. Mechanically, this subrack unit is almost identical to the
transmitter subrack unit. With a low-noise Schottky-barrier-
diode-type mixer and a low-noise IF transistor, the overall
receiver noise figure is 6.5 dB. The power consumption of this
receiver is only 2.5 W or about one-fourth of a conventional
receiver. This low power consumption has been realized by
using a high-efficiency 2-GHz direct oscillator with a cavity
resonator as a receiver local oscillator and a specially designed
low-power-consumption-type IF amplifier circuit which is
shown in Fig. 13. Here, the circuit feeding dc power to the
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y

IF INPUT | JE QUTPUT

LT

Fig. 13. A typical IF amplifier circuit diagram for the low-power-
consumption-type receiver.

TABLE ¥V
2-GHZ TRANSMITTER AND RECEIVER POWER CONSUMPTION
Power Consumplion g TX Qutpul Power
at—20V DC 0.4W 1.6W aw
Transmitter (without limiter) 4.0W 107w | 26.0W
Receiver 2.5W 25w 2.5wW
Transmitter-Receiver 65W 13.2W 28.5W

two stages of amplifiers is in series, thus forming a high-gain
and low-power consuming IF amplifier.

The power consumptions of a 2-GHz transmitter and re-
ceiver for a repeater station are given in Table V as parameters
of transmitter power.

C. 4-GHz Transmitter-Receiver

An external view of the 4-GHz transmitter-receiver is
shown in Fig. 4. Two sets of comipactly built subrack-type
transmitters and receivers are mounted on the bay.

A block diagram of the 4-GHz transmitter-receiver is shown
in Fig. 15. The basic technical approach to the low-power-
consumption design of this equipment is the same as that to
the 2-GHz equipment. Salient features of the 4-GHz trans-
mitter-receiver include use of a negative-resistance-type
high-gain amplifier for RF Amp 1 in the transmitter and the
flexibility of permitting a change in the number of amplifier
stages, according to the output power (0.1 W, 0.5 W, and 1 W).
RF Amp 2 is a 5-W class-C high-efficiency transistor amplifier.
Both RF Amp 1 and RF Amp 2 have sufficient broad-band
characteristics for 1800-channel transmission applications.

As shown in Fig. 15, the receiver is unique in that an FET
amplifier is used in the input end of the receiver section, QOther
design derails are substantially the same as those of the 2-GHz
receiver. The FET amplifier is designed to have broad-band
tfrequency characteristics for sufficient coverage of about a
500-MHz bandwidth with a gain of 11 dB.

The noise figure of this FET amplifier is only aslow as 2.2 -
to 2.5 dB for a bandwidth of 500 MHz. By using this FET '
amplifier, the total noise figure of the receiver can be
improved to 4.5 dB. Fig. 14, Photograph of 4-GHz transmitter-receiver bay.

RN T e e
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TRANSMITTER POWER (W)
Fig. 17. Estimated 2-GHz and 4-GHz transmitter~receiver MTBF and field data.

D. Power Consurmption and MTBF

Relationship between the power consumption of the trans-
mitter-receiver and the transmitter power is shown in Fig. 16.
Conventional 960-channel all-solid-state radio equipment and
conventional TWT-type 1800-channel radic equipment are also
shown. Here it is apparent that the power consumption of the
new 4-GHz radio transmitter-receiver is reduced to less than
one-seventh of that of a conventional all-solid-state radio
transmitter-receiver. It can be reduced to one-fourth of that
of a conventional TWT-type radio transmitter-receiver.

Fig. 17 shows the estimated MTBF of the 4-GHz and 2-GHz
transmitter-receivers as parameters of the transmitter power.
The point marked with an asterisk denotes the actual MTBF
obtained from two years of operation in Greenland. From this
actual data, it is expected that the new 4-GHz equipment may
have an actual MTBF of as much as 300 000 h,

V. CONCLUSIONS

With the advent of these extremely low-power-consumption
high-reliability miicrowave communication systems, the appli-
cation of microwave communication systems will be expanded
to areas previously considered impossible. It is ardently hoped
that these systems will contribute greatly towards the improve-
ment of telecommmunication in many developing countries. It

is also hoped that these systems will be installed widely as one
of the new standards of the microwave communication system
of today and tommorow. It is indeed a great pleasure to be
able to introduce this paper to those who are dedicated to
the planning, development, and service of microwave
communications.

ACKNOWLEDGMENT

The authors wish to thank the responsible members of the
Central Research Laboratories and Semiconductor Division,
NEC, for developing the new microwave transistors, diodes,
etc. The authors also express their appreciation for the
valuable encouragement and guidance of Telecom Australia
and the Greenland Technical Qrganization.

REFERENCES

[1} L. D. Sebire, “The provision of television services in remote area,”
Inst. Radio Electron. Eng. Australia, pp. 52-58, Mar. 1975.

H. Tachizawa, K. Kinoshita, and H. Tsuburaya, “Low powez
consumption microwave radic system,” World Telecommunica-
tion Forum, Geneva, Oct. 1975, parallel tech. sessions 3.2.4.

P. E. Glaser, “The satellite solar power station, a focus for future
space activities,”” Arthur D. Little presentation to the U.S. House
of Representatives, July 22, 1975.

K. Kinoshita, “Low power consuming 4 GHz 960-channel trans-
mitter-receiver,” IREE Int. Electron. Convention G-5067, Austra-
Ha, August 1975.

[2]

(3]

[4]



IEEE TRANSACTIONS ON COMMUNICATIONS, JULY 1976

IEEE
COMMUNICATIONS
SOCIETY

- Membership
Application

Membership in the IEEE COMMUNICATIONS Society entitles you to receive, for the low
Society fee, the monthly [EEE Transactions on Communications, and the bimonthly
Commuhications Society Newsletter. You are kept informed of latest developments, meetings
and conferences in your areas of interest, and are entitled to purchase informative conference
records and other helpful educational aides at greatly reduced rates for members.

Use the convenient coupon to become a member of the IEEE COMMUNICATIONS Society. If
you are notamember of the IEEE, but wouldliketojoin, pleasechecktheappropriate boxonthe
coupon. Descriptive materials and an IEEE membership application form will be sent to you
upon receipt.

*Society Fee: $10.00 for IEEE members of all grades except Student. Student Fee: $2.00. These rates apply
to payments received March 1 through August 31, remit one-half ot the above rates. (Payments received
September 1 through December 31 apply through December 31 of the following year.)

e

I .
Membership Application/IEEE COMMUNICATIONS Society -
[
i Send to: IEEE Service Center, 445 Hoes Lane, Piscataway, N.J. 08854 :
: ':] lama_____ memberofiEEE and hereby apply formembershipinthe COMMUNICA- i
TIONS Society. | enclose a check for the Society fee* (made payable to {EEE).
i
] D | am not now a member of the IEEE but would like to join. Please send information. :
i Name J IEEENo. |
: Mailing Address |
] City State/Country Zip = :
: Company Fieldof Interest |
. |



to advertise Iin

COMMUNICATIONS. JULY 1976

Now is the Time

B\

CONMUNIGATIONS:

Magazine

\\\ 4 N]BllTlph
1/18 Newark, N.J. 071
_K( (201) 649-3516

Oij"@




e e

Communication Switching Con it i F Rardio Communicarion $
"F. K. BECRER BE.W. Luooy R F.I Dizciplines

Bell Lab. Bl I Western-Tele-Commun. F. Haser

Denver, CO 80234 H 07733 P.O. Box 10727 Moore Sch. Elec. Eng.

Denver, CO 80221 Upiv. ot Pennsylvania
Data Communicaiion Spoce Corpnunication Philadelphia, PA
Systemns VW, (G. ScaMIpT Transmission Systems

W. H. TRANTER Satzllite Bus. Sysis. 1. KoLODNY Communication Eflectronics
Dep. Elee. Eng. (75D K St, NW General Cable Corp. J. W. SMrre

Univ. Missouri Washingien, DC 20006 13 Prospect Lane Bell Lab.

Rolla, MO 65401 Colonia, NJ 07067 Holmdel, NT 07733

Siandards Coordinarion . . . .

Educational Services and Liaison Technologival Fore::asfr'ng %ceimg Liﬂglﬂff_‘ﬂﬂg Conncit (Ad Hoc)
J. PaRk R. M. SHOWERS and Assessment (Ad Hoc) 123 N ﬁpfbelh Av

Dep. Elee. Eng. Moore Sch. Elec. Eng. R. F. FILIPOWSKI 124 : 1;“ k CA ;"1754
Univ. Minnesola Philadelphiz, PA 19104 Dep. Elec. Eng. onterey Fark, &7
Minneapolis, MN 55455 Univ. Southern Florida G. FooT

Tamp, FL 33620 10 Wedgewood Way
Soclal Implicaiions of Computer Communication . Scofch Plains, NJ 07076
Technology (Ad Hoc) R. L. PickHOLTZ

M. SCHWARTZ Dep. Elec. Eng./Comput. Sci. 5. TasHIRO

Dep. Elec, Eng. and Comput. Sci. George Washinglon Univ. 14469 N.E. 12th Pl
Colurnbia Univ, Washington, DC 20006 Bellevue, WA 98005

MNew York, NY 10027
TRANSACTIONS Editorial Board 1976

3, GARODNICE, Publications Editor D. L. ScHiLLING, Editor and F. 5. HiLw, Ir., Newsletier Editor
Stern Telecommunieations Corp. Director of Publications Dep. Elec. and Comput. Eng.
485 Mndison Ave. Dep. Elec. Eng., City College CUNY Univ. Massachusetts
New York, NY 10022 New York, NY 10031, {212) 690-6621 Ambherst, MA 01002
Editors
L. A, Wusewr, Cornunanication A, LeNper, Data Com- R. W. WYNDRUM, JRr., Transmission Assoctate Editors:
Switching murication Systems Systems N
Bell Lab. GTE Lenkurt, Inc. Bell Lab. N. J. BERSHAD
Napervitle, 1L 60540 San Carlos, CA 94070 Whippany, NT 07981 R D. GItLIN
1. Ryeuson, Comnrtiication K. FEHER, Radie R. B. KIEBURTZ, Cammunication
Systems Disciplines Communication Electronics A. Hanii
RADC, Grilliss AFB Concordia Univ. & RCA Ltd. Bell Lab.
Rome, NY 13440 Monltreal, P.Q., Canada Holmdel, NJ 07733 J. Lesn
M. K. Simon, Commnarntication H3G (M8 R. ESposiro, European D. H. MoRGaN
Theory N. BALABANIAN, Social Implications “C -k'b ) brepear
Tel Propulsion Lab. of Technology Dir el uTImn.} . S. PERSONICK
Building 161, Rm. 228 Dep. Elec. and Compnt. Fng. ',' ezjone - echica
4800 Ouk Grove Dr. Syracuse Univ. Selenia S'PA . H. ROWE
Pasadena, CA 91103 Syracuse, NY 13210 Rome, Ttaly 00131
. T, UUHRAN
R. Boorstyw, Computer K. I. KeLLgy, Space T. OSATAKE, Far
Caommunication Communication Eastern Contribusions R. ZIEMER
Polytechnic Inst, NY NEL Ctr. Dep. Elec. Eng.
333 Jay St. Code 2450 Univ. Tokvo
Brooklyn, NY 11201 San Diego, CA 92152 Bunkyo Ku, Tekyo, Japan

INFORMATION FOR AUTHORS

TECHNTCAL MATERIAL for publication in the TEEE TraNsacTIoNs N COMMUNICATIONS is invited. Submilted material must be within
the scope of inlerest of the JEEE Communications Sociely as defined on the inside [ront cover, IEEE TRANSACTIONS ON COMMUNICATIONS
does not print material previously copyrighted, published, or pending publication clsewhere, except for itemns that may have hadlimited distribution
or that have been printed in abstract Torm only. Papers published in Convention Records or Digests are common exceptions. Unless specifically
slated otherwise in the letter of submittal, manuscripts will be assured to comply with these requircments. The [act that a paper may have been
presenled helore a meeting sponsored by the IEEE Communications Society does not ensure ils acceplance {or publication in the [EEE Traxs-
ACTIONS ON COMMUNICATIONS, the essenlial requirements for presentation and publication mot being identical. All papers are considered for
publication on the basis of their individual merit alone.

Editorially and tvpographically, the lormat of the TEEE TransacTioNs on Communications lollows that of PRocEEDNGS oF THE IEEE. Papers
should be writien concisely and be no more than 20 double-spaced typewritlen pages, keeping to a minimum all intraductory and historical
malerial. It is seldom necessary to reproduce in their entirety previously publisbed derivalions where a statement of resulis, with adequate reler-
ences, will suffice. In preparing mannscripts. standard practice should be [ollowed with regard io headings, [oolnotes, abbre
and symbaols. Authors must provide illustrations suitable lor reproduction without redrawing or retouching; drawings must
ink on draflting cloth or white drawing paper. For [urther instructions, see “Information for IEEE Authors,” available on reguest
Editorial Department, 345 East 47 Street. New York, NY 10017. It js essential that each snbmilted manuscript be acco
200-word abstract clearly outlining the scope ol the paper. The abstract may also be used in preparing library card inf
should have company clearance belore subrmission. Papers submitted lor review are assumed 10 have no proprielary material
patent coverage has not been applied [or. Responsibility for any proprietary material submitted rests solely with the auibor an
and 13 in no way the responsibility ol the TEEE or its editorial siaff. ‘

Five copies each of the abstract, the manuscript text, and the illustrations (hut not the original illustrations themselves| should b2
for consideration to the Director of Publications, Manuscripfs may also be submitted directly to the listed Editorial Board memiber respon
a particular field of interest. All submiissions are reviewed by members of the appropriate Technical Cornnittee who will recomimer eplance,
madification, or unacceptability of the material for TransacTions publication. Al unused items will be relurned to the authoers. Supplementary
materials, such as biographies and original illustrations, will be requested when needed for publication. -

Papers which were previously presented befere a conlerence or symposium should be so identified. A paper not presented orally earlier may
be considered as a candidate [or such by a Techrical Comr ., and the author may be invited to give such presentation. The inclusion of
cortlgn_arﬁnse discussion and response 10 questions or suggestions from a symiposium gudience can considerably jmprove a paper when subsequently
published.

The Editor also inviles a) letters and discussi
Correspondence seeljions, respecti
and Correspondence [or informs

arlier; znd b) other brief items for publication in the Concise Papers and
ct of about S0 words or less is required Lo accompany each Concise Paper

rs are to be limited 10 10 double-spaced typewritten pages.




PAPERS SCHEDULED TO BE PUBLISHED IN THE NEXT ISSUE
August 1976

Papers

Design of Chaff and Chaf-Supported Communication Systems. . . AN Ince, I M. Voge, and H, Giss!
Properties of the Eigenvectors of Persymmetric Matrices with App]]cat:om. to Commumcatmn Thmrv . A, Cantenst and P. Burler
MESK and Offset QPSK Modulation, . e A' Grﬂnrm(ycr and A, L MeBride

Second-Order Statistical Moments of a Surface Scatter Channel with Muiup]e Wave Dumcl.lun and anasmn

.F. B. Tireur, J F Mf‘Dr.r:m!.:i' m:rf H Tm:g
Pﬂcket Swnl.ch.lng in Radm Channels, ]‘.u'l III Pnl]mg Hm:l EDvnamm‘J Srllit (hnnmﬂ Resenmllnn Mulnple Access, F. Tobagi and L. Kieinrock
A Generalization of Minimum-Shifi-Keying (MSK)-Tyvpe Signaling Based Upon Input Dats Symbol Pulse Shapmg 1 e T S T
Fractional Tap-Spacing Equalizer and Consequences for Clock Recovery in Data Modems. . . ccvvrviierniin e irn i eaeeoanan . Ungerboeck
Mearly Instantanecus Companding for Nenuniformly Quantized PCM. . ... oo 000, B L. Duttwetler aied 0. G, Messerschmitt
Superconductive Coaxial Cable as a Communication Medium with Enormous Capacity. . ... ... K. Mikosthiba, F. Sone, ¥. Shimehort, and 8. Kuma

An Exrrtrlmcnt'll System for Hybrid Digital Transmission at 140 Mbits /s on Coaxial Cables_
U. De Jtrfrﬂ, B Fnb."?r;_ L .S'm:r-"rr F Ta.::m m:dﬂ-' Veg.ﬂﬂ

Concive Papers

A Mew Technique for Displaying Continucus Tone Images on a Bilevel Display. . Lis ol P dareis and C. 8. Roberts
Partial Correlation Properties of Pseudonaoise { PN) Codes in Moncoherent Synrch{:mzntlun Delfscuﬂn Schtﬂ'ne:. .................... D, E. Cartier
Amnalysis of FM Systems with Co-Channel Interference Using a Click Model.. .. ................... 0 (".i’.lamz.a:?'-"mnafrxirrr and 1, H, Park, Jr.
On a Closed Form Expression for Phase-Locked Loop Pull-In Range. . T T S e ML S Govindarafan and 8. 1. R-:m
Envelope Detector Performance for a Partially Coherent-Fading Sine Wave i NOISE. . .. oo P L. Feimuck and N. J. Bershad
An Equivalent Linear Model for Marked and Filtered Doubly Stochastic Poisson Processes with App]lc:ar.lnn to Minimum Mean- Squnred Error
(MMSE) Linear Estimation for Synchronous M-ary Optical Data Signals. . IR N W A Gavener
An MSK Approach o Oifset QASK., . ; LML KL Siman
A Simple Technigue for Enhancing the H}'Wlh:blﬁ T:sllng (‘apal:uhty of Narrow-Banc Normal NOSE . .. ... -+« oveesenessens \F. 5. Weinsrein
Routing in Packet-Switching Broadeast Radio Metworks, S e A Gitmon, R, M. Van Shele, and H. Fronk
Recoverability of Communication ]‘rutocn]s—lmph:aum gra Thmrl.uca] Slud_',.r ............................ P. M. Meelin and D, J. Farber
A Multidigit Adaptive Delta Modulation (ADM) S¥SIEIN. . . ... . iuerinr ittt ins s e o cmee e as €. Chakeavarthy and M, N. Farugui
A Simple Biiffer Control for Variable-Rate Communication SYSTMS, « .« vaa e ev v vrns s enne sressisnsinseiins, sl Ko Covdrsand 5. K, Lee
Elimination of DC Offset by MMSE Adaptive EQualizers. . ... ... oottt ie o ia ot arere e s rae e ansmraneranmsnanreare s D. Lyon
Regeneration of a Binary Sigral in 2 Uniform Transmission Line_ . ... oo neior innsonnrns it eorsaneesss v it Osrevee and | J. Good
Corvespondence
Additions and Corrections to *New Convolutional Codes—Parts Tand 1M, . o ool it et e e v it cand o2 W, W. Wa
The Speciral Density of a Sinusoid Phase Modulated by a Gaussian-Filtered Grussian Process. . .. .oe e oroveorncrnes I, K. DeRosa
Buffer Behavior with Poisson Arrivals and Bulk Geomeiric Service. . R T e e et b e L .f'v.r D, Gearganas
Linear Delta Modulstion Quantizng Nofse Characteristics. . ... .o.cive it caas i ima s irs s e vrs e W C An‘am,lr. Jr “and [, B. & Neal, Ir.
Technigues for Correcting Transmission Ertors in Video Adaptive Delta Modulation Channels. ... ... .. .. . N Scheinberg ond D. L. Schilling

Relationship of Repeater Error Objective 10 S¥stem ErTor OBIBCtVE. 1« oo con iy cha it e i dbies s saas bre s s s s s esaiaa s dn e b T Walzman




