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SEMINAR ON * 

SATELLITE TECHNOLOGY : THE COMMUNICATIONS EQUALISER 

SATELLITE COMMUNICATIONS : EXPERIENCES OF INDIA 

N Sampath 

Space Applications Centre, ISRO, Ahmedabad 380 053 

1. INTRODUCTION 

At the outset, I would l ike to express my sincere grat i tude to the organisers 

of this Seminar, v iz . , AMIC and the Government of Indonesia" for giving 

me an opportunity to be w i th you here and share our experiences in this 

exci t ing f ie ld of satel l i te communications. The topics that are outl ined 

for these four days cover the ent i re gamut of satel l i te communications 

and 1 look forward to learning a great deal in these sessions. 

I must congratulate the organisers for the most bef i t t ing t i t l e chosen 

for HUN Seminar viz., Satel l i te Technology: The Communications Ilqualiser. 

Since the advent of the Early Bird in the sixt ies, the satel l i te systems 

have changed the concept of telecommunications in a major way. The 

abi l i t ies of the satel l i te to provide reliable access to remote and isolated 

locations, immediate and tota l coverage, the f lex ib i l i t y , immunity to natural 

disasters, possibility of quick implementat ion independent of distance, 

etc have been most a t t rac t i ve part icular ly to the developing countries 

where the infrastructure build up has been slow. 

In India, where the possibilit ies and potentials of the satell i te-based te le 

communications systems were real ised in the sixties and large scale exper i 

mentat ion undertaken in the seventies, the real impact has been rather 

recent. With the introduct ion of INS AT-1 (Indian National Satell i te) System 

in 1982, the expansion the national television network took a rapid str ide 

f rom about 16 t ransmit ters in 1981 to over 160 transmit ters today. The 

population covered has increased f rom 17% to over 70% in the process. 

Note: The views expressed in this paper are those of the author and need not 
necessarily ref lect the position of ISRO or Government of India. 
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The TV is no longer the privi lege of the urban areas but is now available 

to a very large port ion of the rural India too. With the possibility of viewing 

the events taking place elsewhere simultaneously and the programmes 

being common for most of the country, the 'Equaliser' concept of the 

satel l i te systems has been amply demonstrated. 

EARLY EXPERIENCES 

India's entry into satel l i te communications began almost two decades 

ago wi th the establishment of the Training Centre in 1963-67 to provide 

training to earth stations operators and technicians f rom the developing 

countries. This was possible due to the great foresight shown by the leaders 

of the Indian Space Programme who visualised the giant leaps that would 

fo l low in terms of technology which could be harnessed to a greater advan

tage by those who are yet to catch up. The tremendous advantages the 

sate l l i te can' of fer over the conventional ter rest r ia l systems involving 

a large amount of infrastructure over an extended period of t ime were 

quickly perceived and wi th the aid of UNDP the f i rs t experimental communi

cation earth stat ion came into existence. There was hardly any input 

f rom the country in this Project in terms of technology but the experience 

gained through observation and subsequent training courses conducted 

for more than 30 countries paved the way to take up the next major sate l 

l i te communicat ion earth stat ion project w i th in the country. This was 

the f i rs t Overseas Communications Earth Station at Arv i bui l t in 1969-

71 . With this, the confidence in handling such advanced technology had 

been gained sat isfactor i ly . - . . . -

;• ' '•_' i -.•'' "'.-.' r " v . ' •' i. \ " ' . ' :
 : ' - i ' • ! ' '' "•• : • - ' : . . • . . 

The emergence of high power di rect broadcast satel l i te systems was the 

most important milestone in the history of Indian Space Programme. While 

NASA's Applications Technology Satel l i te (ATS-6) was in the conceptual 

stage, India had already begun to explore the possible configurations for 

a hybrid system combining both terrest r ia l and space systems to meet 

the country's requirements in the f ie ld of communications. Studies had 

been in i t ia ted w i th a number of US f i rms as wel l as Institutions to arr ive 

at an opt imal system conf igurat ion. The avai labi l i ty of ATS-6 was a boon 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



- 3 -

at this juncture to provide the much-wanted experience as well as answers 

to some questions which are unique to every country and for which no 

consultant can help. Thus the now famous Satel l i te Instructional Television 

Experiment (SITE) came into being. 

SITE, as the name implies, proceeded to demonstrate the potentials of 

satel l i te technology in the rapid development of e f fect ive mass communi

cations in developing countries, w i th the objective of acquiring experience 

in the development and management of a satel l i te-based. instruct ional 

TV system in rural areas and st imulat ion of national development in India. 

The specif ic instructional objectives were in the fields of fami ly planning, 

agr icu l ture, national integrat ion, school education and teacher t raining. 

The SITE system consisted of the fo l lowing: 

* ATS-6 spacecraft of NASA positioned at 35° E, 

* 2400 direct reception sets for community viewing - designed, 
developed to the specif ic local requirements and fabr icated 
wi th in the country - and installed in as many villages spread 
over six states, 

* two major earth stations providing transmit l ink to the satel l i te , 

* one receive-only terminal l inking a local TV t ransmit ter to the 
national network. 

i . . • 

* . instal lat ion of studios in areas near to the target audiences 
and production of: instruct ional programmes for transmission 
fo r 4 hours a day - one and a half hours in the morning for 
the school chi ldren and two and a half hours in the evening 
for the adults. r 

Research inputs for appropriate programme production in terms of complete 

prof i le of the audience in d i f ferent states and needs assessment surveys 

as wel l as a . quick feedback mechanism f,or midcourse correct ion were 

generated. The programmes had to be produced in four d i f ferent languages 

and a novel a t tempt in having two audio channels along wi th one video 

was successfully t r ied out. An elaborate evaluation mechanism was also 

se t ,up as the results were c r i t i ca l for the fu ture systems in the larger 

national context . This covered the technical performance, social ef fects, 

cost parameters as wel l as the management system. 
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The results of SITE are widely available through reports published by Indian 

Space Research Organisation (ISRO) as wel l as a number of other organi

sations. The signif icant among these are as below: 

It is possible to deploy, operate and maintain community TV 
sets and DRS even in remote areas of a country, and that too 
w i th an avai labi l i ty of 80% to 90%. 

Community viewing is possible and audience sizes of 80-100 
can be expected. 

Instructional programmes are preferred to pure entertainment 
programmes. 

Most dramatic gains could be observed amongst female i l l i te ra te .'.= 
viewers. 

Design, fabr icat ion and regular operations of communication 
earth stations wi th internat ional ly comparable re l iabi l i ty figures 
and entirely indigenous know-how is possible. 

Di f ferent government agencies can work together i f there is 
a common objective and an inf lex ib le deadline. 

The next major experiment that was undertaken by India is the Satellite 

Telecommunications Experiments Project (STEP) w i t h the Franco-German 

satel l i te Symphonie during 1977-79. The concept of transportable and 

emergency communication systems was demonstrated in this Project which 

are essential in a country of large area and populat ion, where a variety 

of events can originate f rom d i f ferent places and which is prone to natural 

disasters of many kinds w i th the attendant fa i lure of the ter res t r ia l systems. 

In addi t ion, advanced communicat ion techniques to e f fect ive ly ut i l ise 

the spacecraft capabil it ies were experimented w i t h . Radio Networking, 

Teleconferencing, etc.werealso demonstrated. 

While the acquisition of experience through the opportunit ies provided 

by internat ional cooperation was being fu l ly ut i l ised, the ef for ts towards 

eventual indigenisation were on the paral le l path . The successful launching 

of the f i rs t experimental sc ient i f ic sate l l i te (Aiyabhatta) and the remote 

sensing satel l i te (Bhaskara) had generated suf f ic ient- confidence in under

taking a complex communication satel l i te and the opportunity came through 
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the Ariane development programme of European Space Agency (ESA). 

The Ariane Passenger Payload Experiment (APPLE) was the f i rst exper i

mental communications satel l i te buil t by India and launched by Ariane 

launch vehicle in 1981. The applications experiments carr ied out during 

the two-year l i fe of this spacecraft include demonstrat ion of the concept 

of a Small Communication Terminal (SCOT) and a number of d igi ta l com

municat ion techniques such as Time Division Mul t ip le Access (TDMA), 

Spread Spectrum Mult ip le Access (SSMA), Random Access Packet Switching 

(RAPS), Computer Networking (COMNEX), e tc . The Radio Networking 

technique successfully demonstrated during STEP was cont inued. and Data 

Communicat ion, Facsimile Transmission, Tele News Gathering, Telecon

ferencing, Disaster Communicat ion, etc were also demonstrated. 

A t this stage the experiences gained by India in satel l i te communications 

are summarised as below: 

Direct Broadcasting 

Emergency Communication 

News Feeding 

Teleconferencing 

Radio Networking 

Data Communication 

TV Networking 

Remote Area TV/Radio Orininat ion 

Remote Data Col lect ion System 

Fascimile Transmission 

INSAT SYSTEM 

Even while the experimentat ion was going on w i t h the pr imary objective 

of gaining experience for opt imisat ion, the studies towards a national 

system covering telecommunicat ion, television broadcasting, etc had begun. 

The f i rs t study is as old as 16 years today and i t would be obvious that 

in view of the enoromous investments involved in the satel l i te systems, 

there should be a very detailed and convincing exercise so as to help the 
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decision making process. It was possible to realise the economic benefits 

of the satel l i te systems for telecommunications but the decision on te le

vision had much more of uncertainty. This was again understandable in 

a country which had quite a large fract ion of the population l iv ing below 

the poverty l ine and the experiences elsewhere w i th TV had indicated 

its pr imary use as an entertainment rather than a development a id. Many 

of the questions had got answered through SITE which showed that w i th 

adequate planning for the software, the impact of TV on i l l i te ra te and 

poor could be substantial. The deliberations which lasted almost a decade 

f ina l ly concluded in 1977 w i th the present INSAT conf igurat ion which 

combined a var iety of users into a single satel l i te system. 

3.1 INSAT-1 Space Segment 

The INSAT-1 space segment consists of two ident ical satel l i tes, 

their launches and a Master Control Fac i l i ty for command, control 

and monitor ing of the satel l i tes. Each sate l l i te provides the fol lowing 

capabi l i t ies over i ts individual seven-year in-orb i t l i f e : 

Twelve national coverage transponders of 36 MHz bandwidth 
each, giving upto a tota l of 4300 two-way telephone c i rcu i ts . 
Each transponder is capable of handling two TV distr ibut ion 
channels or 1332 one-way telephone channels whi le working 
w i th a larger (11m diameter) termina l ; 

Two high power national coverage TV broadcast transponders 
each capable of handling one d i rect TV broadcast channel 
for direct reception/TV networking and f ive injected carriers 
for services such as national and regional radio networking, 
disaster warning system, etc. ; 

A Very High Resolution Radiometer (VHRR) Instrument wi th 
visible and infrared band channels and with half-hourly fu l l 
earth coverage and also sector scan capabi l i ty ; 

A data channel w i th global receive coverage w i th a UHF ear th-
to-satel l i te link for relay of meteorological , hydrological and 
oceanographic data f rom unattended, land and ocean-based, 
automat ic, data col lect ion-cum-transmission plat forms (DCPs). 

3.2 Telecommunications Services 

The INSAT-1 telecommunications ground segment consists of 31 

earth stations (28 f ixed and 3 transportable) including rearward links 
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connecting them to the switching centres. The INSAT-1 te lecommuni

cations capacity is being used by the Posts & Telegraphs Department 

for supplementary use on important, long distance trunk routes provid

ing a port ion of a tota l capacity thus result ing in bet ter re l iab i l i ty 

and f lex ib i l i t y besides greater immunity f rom breakdowns and natural 

disasters as wel l as remote area, shor t - te rm/ in te r im and emergency 

communicat ion services. Plans are also in hand for provision of addi

t ional smal l / remote area terminals for telecommunicat ions and for 

development of specialised services w i th customer premises earth 

stat ions. 

3.3 Meteorological services 

INSAT-1 system provides 

a) round-the clock, half-hourly synoptic images of weather systems 
including severe weather, cyclones, sea-surface and cloud-
top temperatures, weather bodies, snow, e t c . over the ent i re 
te r r i to ry of India as wel l as adjoining land and sea areas; 

b) col lect ion and transmission of meteorological , hydrological 
and oceanographic data f rom unattended remote p la t forms; 

c) t ime ly warnings of impending disasters f rom cyclones, floods, 
storms, etc ; and, 

d) dissemination of meteorological in format ion including processed 
images of weather systems to the forecasting o f f ices. 

The enhanced meteorological data provided by the INSAT-1 system 

w i l l benef i t Agi rcul ture, Av ia t ion, Posts and Shipping, hydrometeoro-

logical and f lood forecasting services/sectors. I t is expected that 

some 12-24 hours advance ident i f icat ion of cyclones and consequently 

early warnings would be possible. 

Meteorological Data Ut i l isat ion Centre (MDUC) at New Delhi -

the key fac i l i t y - processes the VHRR data and converts them into 

pictures of earth's cloud cover over India and adjoining sea and land 

areas. These pictures are t ransmit ted to the 20 Secondary Data 

Ut i l isat ion Centres located at d i f ferent operational forecast ing off ices 

of the country. The Data Relay Transponder on-board INSAT-1 receives 
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meteorological and hydrological data f rom 100 remote, uninhabited 

locations over land and transmits the data to MDUC via Delhi Earth 

Stat ion. Ocean data-buoys are under development. 

3A Radio Networking 

Unt i l recent ly radio networking in India has been l imi ted to that 

possible f rom either relay of short wave transmissions or programme 

dis t r ibut ion via l imi ted f idel i ty speech c i rcu i ts . Radio networking 

via INS AT-1 is designed to provide a rel iable and high- f idel i ty f i ve 

channel regional as wel l as national capabi l i ty . A l l the present (94) 

radio stations w i l l have a low-cost S-Band receive-only termina l , 

colocated w i th them. The uplink fac i l i t ies are f rom P&T's f ixed 

earth stations at Delh i , Bombay, Madras and Calcut ta and are in ter -

connected w i th the A l l India Radio studios in these c i t ies . In addi t ion, 

special event national/regional coverages f rom other / remote locations 

w i l l be possible through an augmented transportable te rmina l . 

3.5 Television Services 

Using the two high-power S-Band transponders on-board, the ground 

system for television is planned for provision d i rect satel l i te TV 

broadcasting service to clusters of villages in six stages, sett ing 

up rebroadcast transmit ters along w i th VHF communi ty TV sets, 

provision of uplink fac i l i t ies f rom Delhi , TV receive-only (TVRO) 

terminals at a l l TV t ransmi t t ing Centres for nat ional networking, 

e tc . A to ta l of 138 new TV transmit ters are being established w i th 

S-Band TVRO's. In addit ion, the production fac i l i t ies are being aug

mented through new centres. 

Besides Doordarshan of the Ministry of Information <5c Broadcasting, 

the Ministry of Education is also taking up the ut i l isat ion of INSAT 

TV for school and adult education and for teacher improvement. 

The Universi ty Grants Commission (UGC) is implementing a scheme 

for use of INSAT TV for higher education in universit ies and a f f i l i a ted 

colleges. 
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It will be evident from the above that INSAT-1 is a unique system. Its 

multipurpose nature is reflected not only in the multipurpose spacecraft 

which combine Fixed Satellite Service (FSS), Broadcasting Satellite Service 

(BSS) and Meteorological Satellite Service (MSS) capabilities into a single 

space platform but also in the multiple use of several key ground-segment 

facilities resulting in significant economies from integration of services. 

It is not an off-the-shelf design; nor is it a copy of a system conceived 

elsewhere. It has been designed specifically for India's requirements and 

while the total system as well as the spacecraft configuration is unique, 

its components are largely based as proven and demonstrated technology 

and experience. 

In addition, INSAT system is a joint venture of several Government Depart

ments. Thus it represents riot only a technical innovation for practical 

applications specific to India for cost-effective enhancement of national 

telecommunications, meteorological and mass communication capabilities 

but also a major organisational innovation which cuts across the traditional 

boundaries of Government Departments and agencies. 

FROM EXPERIMENTS TO OPERATIONS PHASE 

The approach that has been adopted by India is clearly one of conception, 

experimentation at a" small but significant scale, validation, experience-

gathering to operationalisation with due modifications. It would be evident 

that most of INSAT services have their origin in SITE, STEP and APPLE 

Utilisation Programme. Again, these experiments had INSAT as their ulti

mate goal and had taken all the operational constraints ranging from costs, 

maintenance, organisational and indigenisation to smooth merger with 

existing systems and future expansion potential. 

SITE demonstrated the capability to develop the ground system as well 

as transfer of technology to industry for large-scale production at reasonable 

costs. The system designed for the maintenance of DRS's located in remote 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Nanyang Technological University Library



- 10 -

villages has turned out to be opt imal . It also brought out the necessity 

for detai led research and planning in Software in order to have a signif icant 

impact. The concepts of using low-gauge, portable, non-professional equip

ment for low-cost programme production were successfully t r ied out and 

these have now become al l accepted practices 

STEP ef fec t ive ly demonstrated the u t i l i t y of transportable terminals, 

both for TV and Radio or ig inat ion. The speed w i th which communicat ion 

fac i l i t ies could be re-established during natural calamit ies through such 

terminals and spacecraft brought out the absolute necessity for incorporation 

of emergency communicat ion systems in the country. The experience in 

l inking satel l i te c i rcui ts to trunk exchanges was gained in this experiment 

and is now implemented in INSAT. 

APPLE provided the testing ground for indigenous development of spacecraft 

technology. Though the experiments in d ig i ta l communications carr ied 

out using APPLE may take some t ime for operationalisation, the capabi l i ty 

build-up has been very essential for determinat ion of system opt imisat ion 

parameters for future when the space-segment would become a constraint, 

due to increased demands. 

Three special services are being planned on a semi-operational basis through 

INSAT system. These are Disaster Warning System, Newj Dissemination 

Service and Time Dissemination Service. In al l these cases simple and 

inexpensive receivers w i l l be located in the user premises and these w i l l 

receive the information broadcast f rom one or more centra l locations. 

The Disaster Warning System w i l l have an added feature in that the Cyclone 

Warning Centre could selectively address, through the sate l l i te , a group 

of receivers located in a zone that is l ikely to be hi t by a cyclone. The 

New< Dissemination Service w i l l o f fer a combination of Facsimile transmis

sion and several channels of te lepr inter messages so that the end user 

can select the type of news or in format ion that is of his interest. 
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Over the period of the last two decades, the indigenisation ef for ts have 

progressed extremely wel l . The capabi l i ty of the Indian industry in terms 

of ground station hardware is now substantial, thanks to the planned techno

logy development, technology transfer and phased manufacturing programmes 

orchestrated through the R&D inst i tut ions, industry, user agencies and 

Government Departments. The major element of the INSAT-1 space segment, 

v iz . , the Master Control Faci l i ty has two independent satel l i te control 

ear th stations, each w i th *• 14m diameter fu l ly steerable antenna, which 

have been ent i re ly developed, fabricated and commissioned wi th in the 

country . The DRS, DCP, RN te rmina l , DWS, TVRO, etc which are in use 

w i th INSAT-1 are also the products of India>,industry. 

FUTURE 

The avai labi l i ty of INSAT space segment on an assured basis without a 

break is of c r i t i ca l importance to the successful operation of the INSAT 

system. The f i rs t generation INSAT (INSAT-1) spacecraft are procured 

and launched f rom USA. The continued avai labi l i ty of the space segment 

is being taken up through indigenous e f fo r ts , so that the replacement 

of INSAT- IB in 1990-91 w i l l be by an indigenous INSAT-I I . The next generation 

INSAT wi l l have to provide cont inui ty of services already available as 

wel l as for increase in the demand. The conf igurat ion under consideration 

for INSAT-II • :; includes 18 C-Band transponders for telecommunicat ion 

and TV distr ibut ion, 2 S-Band channels for TV broadcasting and VHRR 

and data relay transponders for meteorological services. The extended 

C-Band is being used for increasing the number of transponders and the 

ground segment development in this region has also been taken up simultane

ously. In addition to the service requirements which decide the design 

of the spacecraft, considering the progress made in the indigenous launch 

vehicle technology as wel l as the plans in this f i e ld , INSAT-II is also being 

designed keeping the compat ib i l i ty w i th indigenous launcher in mind. 

As an extension of the services, the concepts of mobile communicat ion, 

high power broadcasting - both sound and video - to home receivers, ind iv i 

dual communications and posit ion locat ion using satel l i tes are being studied 
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and experiments in these areas wi l l be undertaken. The need for going 

in for higher frequency bands for increased channel avai labi l i ty has been 

realised and already a propagation study has been undertaken in 12 GHz 

Band. 

CONCLUSION 

The experiences gained by India in the field of satellite communication 

in conformity with the developmental objectives of the country have been 

described in the previous sections. The disadvantages of being an under

developed country are being off-set by means of the introduction of such 

modern technology, which allows one to le'ap-frog. The Indian experience 

has clearly shown that absorption of the most-recent technology in a deve

loping country is feasible. The policy of experimentation and experiencing 

before bringing in any new operational service will continue. 
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