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PREFACE

Human thoughts on space expioratiocn can bte traced Ctu
all ancient civilizatinons. The motives behind these were
varied. According to Geoffrey Pardoe, it was the curiosity
to understand the meaning of life among philosophers, the
desire to know more about the Universe among scienvistis,
while to.othe:s space represenfed another "reaim Or e€Xpiora-
tion. " {t was only afterAthe.advent ot the Space Age in
1857 that scientists began exploring the possibilities fteor
utilizing. space technology for practical purposes. And  the
first application was for military purposes in the {orm o2f

missiles.

Unlike the programmes of the developed countries, the
"Indian Space Programme did not evolve either out ot mititary
programmes ar because of the compulision created by the
autonomous devetlopment of technotogy. The indian programme
was conceived for the purpose of utilizing space technology
to achieve practical benefits in the social, economic and

industrial spheres,.

This study 1is an attempt at 3.} understanding the

reasons behind India's decision to develop space technology



and, (b} evaluating the Indian Space Programme. ¥hile the

first chapter deals with the indian perceptions on space
technology, the second chapter discusses the policy measures
initiated by the Government of India to achieve the goals ot
the Programme. Chapter 111 gives the details of the
projects undertaken as part of the programme and, Chapter [V

enumerates the benefits derived from the programme.



CHAPTER - I

INDIAN PERCEPTIONS ON SPACE TECHNOLOGY

PERCEFTIONS

The initial efforts towards mastering space technology wers
made by the United States and the Soviet Union in the field. of
rocketrey with the purpase of using missiles for military pur-
poses. The American and the Soviet spéce programmes developed
"nut of expiicit!y military programg designed Lo creahé*bailiafic
missiles for the delivery of nuclear weapons.‘l This was the

case with France and China also.

Hence, science analysts have generally vieuwed =space pro-
grammes a3 being “directly tinked to the destructive system of
2

reliance on force and violence in the international arena ...",

and clvilian applications as representing spin-offs from mititary

Research and Development and not the objectives of policy.

This has not been the casze in the development of India‘'s

i -William Schauer, The Politics nf Spacse : A Coaeparizoa of the

Soviet and American Space Programg, (New York, 1876}, p.41.

2 Baldev Raj Hayar, Indis'z Quest for Techaslongical [adapand -
ence 3 The Resulits of Policy, tRew el hi, 1963),Vol.




Space Programme which has been ‘deliberaﬁély linked to the ‘pro-
ductive, rather than ithe destiructive, sysiem ...'3, with the

riority being assigned to sncio-econnmic objectives.
p

Thié divergence in India's approach to the development of
space technology can be said tw have arisen largely due Lo the
problems which the Indi#n leadership had been confronted with in
the years after independence.

India, ranked among the poor developiag countrins  of the
world, has been beset with the problems of ;overty, mass illit-
eracy, frequent natural disasters, evfo.... As a3 solution to
these probleas, the _hlanners, under the leadership of Prime
Minister Nehru, decided to‘eubark uspan 3 potisy of rapid  indus-
trialization using the latest techniques in the field of science.
The goatl waé to imbrove the swpacin-ascounwic conditions of the

people.

Much emphasis was laid on the rote of science a0nd techanlogy
in national development. As Prime Minister Nehru stated : "1 do
not  sea an¥y way oukb of our ¥icinus cycle of poverty except by

wtilizing the new sources of power which science has placed at

our disposal.'a
3 ibid,
4 Quoted in F.A. Long, "Science aand Techaology in India:

Their Role in Development®, in Jéhn W, Mellor, ed., India: A

Risigg,Midale Power, (Colnradn, 1379}, p.221.



In accordance with thig view, a Scientific Policy Resolutior
w33 adopte& by the Government of India in March, 1958, Thi
Resolution stated that the key to ‘'national prosperity’ lay in
the effective combinatifon of ftechnology, raw materials, an&
capital. And, among these three factors, it identified technolo-
gy as the most important, since the adoption of scientific tech-
niques " can make up for a deficiency in natural resources, and
c2duce the desands on cap[tal.;s

The Resotution also asseréed that "reasonable material and
cultural amenities and services can be provided for every member
of the coamunity" only through the 3dophtion of the scientific
appenach and the use of scieatific kunuledge.s In general, the
Scientific Policy which the Resonltution eaunciated aimed at
securing "for the people of the country all the benefits that can

accrue from the scauisition and application of scientific knowl-

edge o7
Thus, the evolution of science policy in India was largely
determined by the social and economic needs of the country. At

-

the same time, as Possony and Pournelles point out, “"technology
has a momentum of its Own.'s So, the evolution of Science Policy

S Government of india, Scientific Policy Resntution {New

elhi, 1858).

8 ibid,

7 “ibid,

8 Stefan T. Ponssony and J.E. Pournelle, The Straﬁegy nf fech-
nology inningtihe ﬁec;sive Yar {Massachusetts, 18701,
p.8.



can be said to have been the result of the interaction of these

two factors. It wag due to thisz interactioa that' a major thrust

was providsed, right at the beginning, to such areas a5 atomic

e P = - - e &
parrgy, e2lectronics, space, ebtc (...

The Indian plaanars beliesved that spase techanlogy would
provide significant contributions “to.the solution of problems
such 335 overpopulation, mass ittiteracy, freqgquent natural disas-
ters and ponre exploitation ot resources"lo Sn, the major aim of
India's space programme hés been to utilize space technology for
the cause of social and ecoﬁomic development with major applica-
tions in the areas of satellifte-based telecosmunications, satel-

lite remote sensing and satellite- based weather forecasting.

The Indian scientific leadership has felt, according *to
Nayar, that given India's size, diversity and backwardness space
technology is, in the long-term, a3 cost-effective solution for

11

her problems in these three areas. This «view iz atiszo shared by

other scientists- in the world who view space technology as "an

s} *Scircace and Techaology:&n ovecriew of Achievements,indian

and Fordign Review (New Delhi) vol ;23, no.3 (Nov.188B4),

p. 20.
10 Stephen F. Von Welck, "India's Space Ponlicy : A Developing

Country in the Space Club," SPACE POLICY (Kent) vol.3, no. 4

{19871}, p.326.

11 Nayar, n. 2, p.435.



jdeal tool for modernization of the underdeveloped areas of the
world”®, especia{ly in_the fields of telecommunications, remote

sensing and m@teorclogy.lz

For exa2mple, it has been estimated that 75 perceant of the
villages involved in the Satellite- Instructional Television
Experiment (SITE), cohducteé in 1875-76 using the American ATSE-6
satellite, can be c;vered through a ground-based system only. at
three times the cost of SITE, which was about Rs. 13 crores.13
Sharma notes that {if the entire country were tcoc be cowvered
through a ground-based television system, it would take many
years and would, mo;eover, involve a heavier financial burden and

also the requirement of trained manpower on a large scale.14

This i3 alsns the case for Lhe provisinon of 3 tetephons

sveEtem for ithe country. According to Yash Pal, India would have

12 Lani Huwmmel]l Raleigh, “"Space Technology and the Developing
Nations,® in U.S.Congress, House of Representatives, Repocet

of ihe Suvboosmitirse on Space Sciences and Applications of

the Commibtiee on Science and Technnlozgy {Washington,DM.C,,

1977, p. 542,

13 Quoted in L.K. Sharwma, "After the Ead of SITE : The Costs of

Interruption, "Times of India (New Delhi), 6 Aug. 1876.

-4 ibid,




to invest about a trillion dollars (U.S.) for the provisicn of
the same number of telephones per capita as obtains in the United

States or Canada, which works out to a total of 300 million for a

population of 680 miltlion, This, he further nantes, is nearly six

times the Gross National Product of India.15

This 13 also the case with respect to remote-sensing.
According to U.R.Rao, while ground-based methods cost about Rs.53
per sgquare metre, satellite remnte seasing costs only about

Rs. 14 per square wetre.le

Moreovear, it enables the coverage of
a larger area in a short time when compared with ground-based or

aerial remole seasing.

According to U. R. Ran, spase tachanlogy 3lso ofters unigue
solutions to India in the areas of mass communications and
management of natural resowurces. For a vast country like Indi&,
"nation-wide television,.through a geostationary satellite, .can
be used as 3 most ponwerful tont for impérting education to the
bulk of our rural masses in'héalth, hygiene, family planning and

agriloul tural practices.'17

15 Quoted in Edward W¥. Ploman, Space, Earth and Communication

{Connecticut, 1984), p.6E.

16 Quoted in R. Ramachandran, "An Eye in the Sky, "FRONTLINE

{Madras}) vol.5, no. 7, tApril 1888 ., p.4.

17 U.R. Kao, Space Technoliogy - Jis Relevance 1o ihe Develop-

ment of the MNation (Bangalwore, 1976}, p.4.




Citing the example of'how a few days of satellite imager:
can cover the entire forestry of India, whichv would otherwis:
take years, Rao insists that there is no alternative to spacs
technonlogy  "for quick generation of complete information on our

resources.‘18

He concludes that techniques like remote sensing, observa-
tion »f natural phenomena; etc ..., "can really bring about
total revolution in our knowledge and optimal utilization of our
resourceE.alg Referring to the Indian space programme, he as-
gerts that it is based on the belief that “*through purposeful,
selective énd imaginative utilization Df.advanced technology, we
can provide unique inputs into the process of natjonal develop-!

' . . 2
aant eaabilag us o leap-froeg snae of the 5&33&3.'”0

The idea of ‘leap-frogging' or skipping stages in develop-

ment by utilizing high technology "has had a powerful attraction

1

)

for both the political and scientific leadersﬁip in India.™"
Anotheyr exponent of this coacept was Vikram Sarabhai, according
to whom, India's national goals "involved leap-frogging from a
state nf economic backwardness and social disabilities - attempt-

ing to achisve in a few decades a change which has historically

18 Ramachandran, n.18, p.4.
19 Raw, n. 17, pp. 4-5.
20 Nayar, n. 2, p.435.

21 ibid, '



~y

&

taken centuries in other lands."™

S

To achieve these goals, he

suggested the development of competence in advanced technologies

like space, atomic energy, electronics, etc..., and their wutili-

zation for solving the probliems faced by the country.

Sarabhai envisaged space achtivities and space research to be
an engine {o the process of industrial and technological deveiop-
ment. According to him, an annual investment of 40 million U.S.
dollars, in a five-year period, for the pro;ision of community
television to all the villages in India, would generate "3 strong
industrial base in electronics providing employment to about

120,000 qgualified scientists enginears, technicians, managers and

2
other administrative perscmnel."‘3

Regarding the applications of space technology, he refers fo
the importance of weather forecasting in India, where the wmajor
economic activity is agriculture. According to him, spacé mete-
orology can play an useful role in this sphere since it permits

the acquisition of valuable data from satellites as well as

™

through the use of Iounding eockets, 4 He also identifies the

other uses of space technology, like telecoammunications and

22, Kamla Chowdhry, ed., Vikfaw Earabhai : Scievnce Policy 304

National Development (Delhi, 1874), p.3.

@]
o

ibid, p.35.

24  ibid, p.26.



remote sensing, which can be, in his view, ®"of immense benefit to
developing nations wishing to advance econownicatly. and

. 2
saczaliy.'“s

To sum up, the Indian percaptinns on space techanlogy can be

said to be guided by the following considerations :

al that space technology can be productively applied to
help solwe the major socio-economic problems facing the
country:

b) that a space programme, involwving the development of
the requisite technology, can play an important role in

the development of industrial capabilitias;

c) that space technology is more economical than other
conventionnal methods in the areas of
telecommunications,, remota sensing, nass

communications ete, 3 and,

d) in general, space research and space activities play an
important rale in the overall development of the

country.

Given these counsiderations, the (ndisn percaphionan is sunmed
up by the following comment made by Sarabhaiy "1t was naot a

questinon of whether a developing couniry such as India could

25 Ras, n. 17, p.2Ll.



afford to go in for space technology, but whether it could afford

not to.'26

ORIGINS AND DEYELOPMENT

The JIndian spxce programme can be said to have had its
arigins in space sciencas in the forw of raseacch by scieatigts
at various research and academic institutions. Some examples
are: Meghnad Saha, who studied the spectea of the sun and the
stars:; Homi PBhabha, who conducted cosmic ray research at the
Indian lnstitute of Science, Bangalore; Vikram Sarabhai, who
worked_ with C.V., Raman in Banglore and later set up his own re-
saarch laboratory for the stuwiy of cosmic r3ys 3t Ahmedasbad in

1847.27

After indaependence, tha Goverﬁaant ot ndin set up the
Hational Physical Laboratory at New Delhi for conducting shkudieg
onn  ionoapheric physics. And, when the Space Age begasn, the Tata
institute of Fundamental Research initiated studies on Cosnic

rays using high alttitude ballowas, which according to HNanda-

26 Quoted in Y.S; Rajan, "Benefits from Space Technology - A

View from a Developing Country, "SPACE POLICY wvol.4, no. 3

(Aug. 1988), p.221.

27 Mohan Sundara Raijan, [ndisn Spaceflighls (Mew Deiki, 19531,

p.2.

10



Kumar, marked the first attempts within the country at studying
: ' 28 |
sparce phenomena through ecdeca sefhods.
It was only in August 1961 that the Government of Indias hLook
: \
an active interest in space research by allocating the subjscti to
the Daparﬁmént of ALomic Energy. And in 1962 was set up the
Indian National Committee {for Spacs Ressarech (INCOSPAR) under

the chairmanship of Vikram Sarabhai "to lonk affer 3ll aspacks of

. . 2
space research in India, "2

INCOSPAR's first masor project was the setting. up of 3l
sounding rockef range at Thumba with the aim of studying problems
in a2ronomy in the region upto 20D Km. The range became opera-
tional on November 21, 1963 with the launch of a U.S, Nike-Apach
sounding rocket. This marked the formal beginning of thé India

Space Frogramme.

Three phases of the development of the space programme ca
be identifisad. Phase one was marked by the setting up of th
infrastructure facilities, and Phase two by "3 series of plannac

experimental missions in the development of satellites, launch

28 P. Nanda Kumar, *Space Resgarch in india, " INDIAN ANL

FOREIGN REVIEW vol,1E8, no.2, (1 MNov.,1877), p.LE.

zZ8 Government of India, Department of Space, ANNUAL REPORT,

1972-72, p.1. ' -

i1



vahicles and applications of spaée technology, and the third

phase by the operationalisation . of the space services.ao

During the first phase, 3 number of facilities were estab-
lished which were to form the infrastructure for the space pro-
gramme. These include :the Space Science and Technology Centre,
Trivandrum (19685); the Experimental Satellite Comzurications
Earth Station. Ahmedabad (1967); the Rockét Progetlant Plant,
Thumba (1368), etc .... Efforts were also made during this phase
to build up a cadre 0f sciantific and techuical persoumel  whe
were Lo be magaged in research on space science and technology.

By 1868, according to Nayar, some 2000 Yechnical and scientifis

personnel wers involved in space research within the country.31

Phase Two was marked by a series of projects in the develop-
ment of sxtellites, .applications, and launch vehicles on. an
experimental basis. These include; the Sataellite Ilnstructinaal
Televisinn Experimant (SITE), using the U.S. ATS-6 satellite
(1975-761, the.Satellite Telvcoamunicatinns Experimental Projeact
{STEP}, wusing the Franco—Germah ‘SYMPHONIE' satellite (1977-781);
the lawunch from the Soviet Qnion*of the_‘indigenously devaloped
*ARYADHATA' satelilite (1975f, BHASKARA-1 AND 2 satellites (in
1979 . and 18B1l respectivelyi; the launch by the Europesan  Space

30 Parliamentary News and Views Saervice Coapentius of Policy

Statements Made in the Parliament {Budget Session) 1887,
{New Delhi}, p.51.

31 Nayar, n. 2, p.438."



Agency's ‘ARIANE' rocket of the indigenously developed geosyn-
chronnus satellite - the Ariane Passenger Payload Experiment
§APPLE) -in 1881; and the SLV-3 launch vehicle project in which
four of these launch vehicles were launched between 1979 and

1883.

The third phase of development, the operationalization
phase, aims at providing tangible benefits to sociaty through the
utilization of space technology. The three major areas where
Space Lécbno!ngy was applied were telecommunications, remote
sensing and weather forecasting. The preojects undartaken during
‘4his phase include; the Indian National Satellite system, de-
signed to provide services in the arras of .elecammunicationé 3.3
weather forecasting; the Iﬁdian Remote Sensing Satellites; the
Polar Satellife launch vehicle (PSL¥} préject for the purpnse of
placing remole-sensing satellites in polar sun-synchronous or-
bits; and, the Geo-synchronous Satellite launch vehicle, for.'the
purpese of placing INSAT-11 clasggof spacecraft in geostationary

transfer orbits.:
GOALS

The basic gnal which was envisaged by the Indian leadarship

-

for the space programme was the utilization of space technology
for national development. This was sought to be achiwved throwugh
the application of space technology, especially in the areas of

telecommunications, remote sensing and meteorologicsl obsaerva-

tions.



So, the immediate objectives of the Indian space program&e
was to achieve competence in developing the appropriate technolo-
gy systems ﬁifﬂ satellites for the various applications and the
launcﬁ vehiclies for placing them in the appfopriate orbits, and
the grownd systems Ffor supporting the space missions and

utilising their services.

14



CHAPTER - 2
POLICY INITIATIVES

A major feature of the Indian policy for national develop-
ment has been ‘self-relisance*. This policy has. been adaopted,
according to Hayar, because of the rexiization that _:' {a) no
lndusfrial systam caﬁ e sushained over the long run on’the basis
of imports alone; and, (b} no advanced industrial system can
extiat without the firm back-upg of Lts own scientific recscarch and
development.l This has also been the case with the Indian Space
Frogramme,

The mafor thrust given to the poticy of self-reliance in the
case of the space programme is evident from the goals assigned to
it whiech ineludes the *deveicpseat  and Dperationalisatién of
indigenous satellites, launch vehicles and associated ground
segment® {for the provision of space-based services in the areas
of telecommunications, resources survey and metecrological appli-

cations.® This_ covers tha davelopment of the entire ranse  ni
L 4

technologies required for an integrated zpace programme.

1 7 Baildev Raj Nayar, India's Quest for Technological independ-

ence ¢ Policy Foundation and Ponlicy Change (New Delhi,

1883), vol, 1, p.241,

[

Counctl of Sclentitfc and Industrial Research, Status Report

n Science and Technology in India, 1988 (New Delhi, 1988},

PR.35-36,



The pursuvance of a co-ordinated and integrated space pro-

gramme in a self-reliant manpsr wauld raguire i

{a} an administration which would formulate and implement

policies aad decisieas
ib) the building up of an infrastructure bass;

(¢} the building up of the scieatific and technisal WINPOIW—

(31 the allocaticw of appropriste resoucoes;

(e} 4the forging of cooperative relationships batween the
space programms 3and athaey national agencies and the

industry; and,

(f1  the building up of cooperakive relationships with space

agencies and industries in other countries.
ADMINISTRAT ION

Initially, the OGovernment of India (GO!) entrusted the
responsibilih? for carrying oubt spang rEseatch.hD the Department
of Atomic Energy (DAE) in 1961. The Indian Nationdl Committese
for Space Reséarch {INCDSPAR} sot up in August, 1962 snd. later
the Indian Space Research Organisation {(1SRO) set up in 1868 -

both wunder the DAE - were responsible for careying oub the pro-

grammes related to space rssearch,

16



In 1972, the GOl carried out a major administrative restruL?
turing by sSetting up a separate Space Comaission and a Departmenk
of Space (DMS) under the direct jurisdiction of the Prime Minis-
ter. At the some time, [SRDO was recoanstituted as 3 Reswsaerch and

Development Grganisxtion wader fhe IS,

The ESpacw Porkioiio nas besn held, from the beginning, by
tha Frime HMinisler who operates through a Minister of State
responsible for the Ministry of Science and Technwlogy wunder
which the [0S falls. The Minister of State operates through the
Space Commission and the Department of Space - the planning
agency and the executive agency, respectively of the space pro-

gramme.si

The GO! resolution of June, 1872 which sstablished the Spacse
Commission, . assigned to it the responsibility *in the entire
field of Science and Tachaology of Duter Epace and theiv Applica-

tions."4 The specific responsibilities of the Space Comamission

include
{a) the formulation of the policy of the DBZT for the
consideration of the Prime Minister
3 For Organisational Chart, See Appendix 1
4 GD1I, DBS, Annual Report 1872-73, p.1i.

17



ib) the proparation of the budget of the D35S for the
approval of the Governuwent; and,
{(c} the implementation of the Government's policy in all

: 5
mattars concerning Outer Space.”

The Departament of Space is the executive agseacy nof the spacs

programnme. Its activities cover three broad Jdveas :

-

{a) Space Scignces, which inwaives resaarch In agreooassy,

Cosmic rays, plasma physics, sic

{b) Space Technology, which includes the developmaant of

launch vehicles, satellites, etc ...: and,

{c) Spase Applications which represent the applicaftions of
space technology in the fields of telscommunications,

remote sensing, etc . 6

.

It operates through the indian Spacye Research Orzanisatkion
(ISRO), the [NSAT-1 space segment project (INSAT-1 GSSP), the
National!l HMNatural Resources Managewmant Syshew (HHEMSY, the Nation-

al Remote Sensing Agency (NRSEA), and the Physical Research Labo-

ratory {(PRLG.

.

The Indian Spacse Research organisation (ISROF is  the
major research and development agency of the DOS. It is respon-
sible for carrying out the progrimmes of the DNS in the areas of

5 GOI, BDS, Annual Report 1977-782, pp.7-8.

6 GOo!l, D0OS, n.4, p.2.

18



Space Technology and Space Qpplications, which it does through
its Centres/units located around the Country.} The overall guid-
ance and direction for carrying out the wvarious scientific,
technological , and managerial tasks of the ISR is provided by
the {SRO Couacil aad the (SR Hesdguarters at Ban%}are.7 The
composition of the [ISRO douncil include : the Secretary of the
DOS who is also the Council‘s>Chairman, the Directors of the ISRO
centres, the Director of the PRL, and the Joint-Secretaries in

the DOS.®E

The INSAT system is a jnint venture between the DDS and the
Department of Telecommunications, the India Meteorological De-
partfment, and the Ministry of Information and Broadcasting,
designed to provide space-based telecommunications and meteoro-
logical services. The overall coordination and manageaent of the
system rests with the inter—ministerigf INSAT Coordination .Com—
mithtae {2}, whose seacretariat i3 in the &05.9 While the DOS is
reasponsible for the space gseguent of the [NSAT systewu, the De--
partment of Posts and Tele=graph, the India Meteorological Depart-

ment, Doordarshan and All India Radin are respeasible for the

telecommunications ground segment; the meteorological ground-

segment, the television ground-segmant, and the radio ground-

segment, respectively.

7 Gol, DO0OS, Annual Report 1888-88, p.7.
8 Git, DDE, n. &, p.7?
g G S, n. 7, p.10.
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The DOS is the nodal agency for the establishment of the

National Natural Resowurces Managemeht System (NNRMS). The HNNRMS,

set up in 1883, "is conceived as a system to facilitate optimal

utilization of the country's natural resources through a proper
and systematic inventory of the resource availability and reduc-

. 10 A Plan-

ing regional imbalances through effective planning.
ning Committer was constituted in 1982 to guide the evolution of

the NNRMS.

The major components of NHRERS include :

{a) ensuring the supply of remote sensing data and faciii-
tating its integratinn wikth the coaventinnal system
through appropriate collaborative application studies;

(b) estabiishuéﬁt of .infrastructure and generation of
trained manpower; and,

{(c) appiivcabion shtudiaes 35 buildiog blocks for generation
of d&fa base for the Natural Resources Information

System (NRIS). 1

The activitiss of the NNRMS are "coordinated at national

{peatl by the Plaaniagz Cereaibttes of HHEMS {PC-NNRMS) and the

Standing Committee sef up with the wuser ministries/departunents®

. . 2
in various areas.i®

10 DOS, Satellite Remote Sensing {(1SR0O, Bangalore, 188%81), p.3

i1 GO1, DDBE, Annual Repsrt, 1988-80, p,.22,

12 GO1, D0OS, Annual Report, 1990-91, p.27.
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The National Remote Sensing Agéncy, Hyderabad, ;s an autono-
maE ragi:s-téred( saaisty astablished by the GO in 1075, and
brought under the Department of Space in December, 1880. [ts aim
is to utilize remoke sensihg techniguas fpr "the surveyr, optimum
planning and management of the country's natural res;s:mrczes.“13
The Ageuncy is equipped with facilities for the classification and
wonitoring of earth resources using aerial and satellite data.

At its earth statinn at Shadasgasr, HNRSA receives data from the

indian Remote Sensing Satellites, the French 'SPOT! and the

American LANDSAT and MDBAA satetllites, and routinely pfocesses and
disseminates data products to user agencies throughout the coun-
try.

The Phyrsical Research Labnratory, Ahmedabad, iz also an
A onoRoUS institwtion wmainly supported by the Department of
Space. 1t is responsible‘for carcying nut the DDS pragraﬁwes in
the field of Space Sciences. It is mainly engaged in studies
connected with "the structure and dyanamics of the sarth's atmos-
phere, solar-terrestrial relationships, astro?byﬂcal probleas,
investigatious using metenr samples and luaar s3mples, laboratory

-

studies of plasma for wunnderstanding ioncspgheric phenomena,-

ete .. .'14

13 Git1, DOS, Annual Report, 1880-81, p.37.

14 P. Nanda Kumar, "Space Research in india, “INDIAN AND FDR-

EIGN REVIEW vol.15, no.2 (1 Nov. 1977), p.15.
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INFRASTRUCTURE

{t was during the initial phase of the development of the

zpace prograese that the GOl established mosgst of the
infrastructure for supportiqg the space programme. For exaaple,
the apasce Scieoace and Technology Centre %et up at Thumba in 1865,
the Rocket Propellant plant commissioned in February, 19689, the
Rocket Fabricatinn Facility comaissionaned in January, 1871, the
Space Applicatinas Ceatre foramad ia 1972, etc R These wunits
have been grouped unéer various Centers which are discussed

below:

VIKRAM SARABHA! SPACE CENTRE

ISRO units sikuaked ot Tri{andrum w2re groupsed together into
a single entity in July, 1972 and named the Vikram Sarabhai Space
Centre (VSEC. YEECL is ISHD"s5 wmajor research and development
e&tahiishmant‘ working on the developmenf of sounding rockets,
satellite launch vehicles, and ground and vehicle-borne instru-
mantation. These include Rohini and Menaka sounding rockets, the
SLY-3, the ASLY, the PSLY, avionics and missinan dynamies, solid
propulsion, propellants and chemicals, materials énd mechanical

systeas, 3nd coampubars 30d iaformation systeas.

15 CS1IR, n.2, p.39.



YSSC carries out its activities through its various units :

the Spaace Science and Technology Centre (SS8TCY, the Rocket Pro-
pellant Plant (RPP), the Rocket Fabrication Facility (RFF), the
Propellant Fuel Complex (PFC}! and the Thumba Equatorial Rocket

Launching Station (TERLS).

The Space Science and Technology Centre (SSTL) was estab-

}ished in 1985 as a research and development unit on the Veli

Hill. 1t is divided into the folinwing functional groups -
Aeronautics, AviDnics, Themicals and Materiais, Composiées,
Propulsion and Systems Reliability - which share the respoasibil-
ity ¥or research and development in propellants, propulsion

systems, rocket hardware, design, on-board and ground electronics
and Control systems for application in launch vehicles, payloads

and spacecraft systems and for their test and qualification.16

The Rocket Propellant Plant (RPP) was commisszioned in Febru-
ary 1968 for the production of seolid propellant blocks.

»

The Propesllant Fuel Complex, Thumba, was set wup for the
purpose of producing a varisty of polymeric fuel binders for high
energy 50tid propellants, special polysters, formaldehyde, polyu-

rethane resins, etc ....

16 G011, DS, Annwal REeport, 1%79-80, p.32.
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VSSC also has extension centrés at Valiamala for the PSLV

project  and at Vattiyonrckavu for the development of Composites.

And, it has an experimental plant to manufacture homonym perchlo-

erate at Alwaye.

ISRO SATELLITE CENTRE

This center was eskabtishesd ita 18972 3t Baugalore 35 a part

nt £h WSSO and waa aaaad 335 the Indian Scientific Satellite

ib

Project (ESSP). its purpose was to desigan aad fabricate India‘s
first ;cientific satellite - ARYABHATA. In November, 1876, it wgs
reconstituted a3 3 full-fledged ISRO Satellite Centre (ISAC) with
responsiilities For designing, fabricating, integrating and
testing of Indian spacecraft for scientific, fechnnlogical, and
appl ication wissions. !t is ISED" s msain centre for the develop-
ment of satellite ftechaology. it is organized into five main
groups the”Spacecraft Electronics Group, the ;1titude and Orbit
Control Systems Group, the Mission Planning and Devslopment

17

Geoup, 3and the Techaical Suppoarct Seceices Group. ISAC includes

a 'Large Space Simulation Chamber'.

SPAGE APPL{CATION CEHTRE

The Space Applications Centre, Ahmedabad, was egstabliszhed in
Sapteabar, [F2978 with the aim of applying the benefits accruing
from the space programume in fthe sress of socio-ecosaomic impor-

tatnce. In this connection, the Centre "conceptualizes plans and

-2
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executes Research and Development Programmes and projects leading

to practical applications of spacs technology.'18

lts activities are covered by wvarious functinnail groups
which "execute and manage programmes relating to telecommunica-
tions and television-groadcasting via satellites; use of remote
sensing techniques to survey earth resources; space meteorology

and satellite geodesy.'19

The Centre is made up of the follouing unifts =

{a) The Experimental Satellite Communication Earth Sta-
tion, set wup in August, JS67 3%t Ahmedabad, with the aim
nf establishing contacts with communications satel-
lites. 1t also provides training facilities in satel-
lite communications technology to students from both

within and outside the counbcygs

{b) The Satellite Communications Systems Division, respon-
sible for the design, installation and Commissioning of

satellite communication earth station systems

{c} The Rewmote Sensing and Meteorological Applications

fFiwisina (RSMD) whose main objective is to wutilise

~N
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space technology for the collection of data relating to

the sarth's surface and 1ts atmosphere and uge them for
T applications in various fields like agriculture, for-

estry, meteoroclogy, etc ... 20

(e} The Microwave Division, responsible for meeting the
reguirements in microwave systems for satellites,

launch wehicles, and ground systems operating at micro-

. \
wave fregquencies, and, !

(f} The Audin-visual Instructional Division (AVID}, formed

in Junse, 1971.

LIQUID PROPULSIDON SYSTEMS CEMTRE (LPSC) i
| |
The Liguid Propulsina Systems Ceatre (LPSC)  was formed‘
during 1887-88. lt.was initially set up 3s the Auxiliary Propul-
sion System Unit with the responsibility for the ;evelopment of
auxiliary propulsion systems for satellite and launch vehicles.
fn 1925, it was merged with the‘Liquid Pfopulsion Project of
1SRO, and the new unit was named the Liguid Propulsion System
ffalt (LPSU)., 1t ;as té be responsible for the degeloﬁment of the
Cryogenic engine and rgcket for the Geosynchronous Satellite
Launch Vehicle (GSLV) prbject, in addition to its earlier respon-

sibility for the development of auxiliary propulsion systems.



During 1987-88, the fesources and expertise of the LPSU was

consolidated and the LPSU was formed.zl' LPSC has i{ts develap-
ment wings 3% Pangalore and Triwvandeum (the Valiamala Campus!,
with the former concentr;ting on satellite control systems and
the latter on faunch vehicle control systems. The Centre also
runs a Liguid Propulsion Test Facility in the Mahcndragiri Hills
of Tamilnadu, and é preéision transduycer manufacturing facility

at Bangalore,

DEVELOPMENT ANHE EDUCATIONAL COMMUNICATION UNIT

The Develophent and Educational Communication Unit (DECU},
Ahmedabad, was eghtablished during 1SB2-24 for the purpose of
consol idating the various audio-visual software activities of the
ISRO since the Satellite lInstructional Television Experiment
tSETE) was‘vcmrried put. The unit maintains close cobperation
with Donrdarshan/Miniskry of Information and Broadcasting and is
responsible for ®the production of development and educational
programmes, related research, training, =etc...., especiatlly in
support of CINSAT services. 22 1t also provides technical

consul tancy services &£o various users in planning eguipment

selection and instatiation opaeations of talevisinon studios.

21 GO1i, DOS, Annual Repnrt, 1987-88, p.B83.

22 GO01l, DOS, Annual]l Report, 18983-84, p.8.




This is in addition to its involvement in the conception, plan-

ning and gocin-econneic evatwation of space applicatinns pro-

grammes. DECU also conducts national and international training

programass on coamunicationns research and wideo prograwmae produc-

tion.

I1SRO INTERMAL SYSTEMS UNIT

The ISR Inertial Systems Unit (11ISU) was astablizshed a3t
Trivandrum during 1880-21 with the purpose of consolidating and
promoting the "efforts put in 3o far in the inertial systems for

23

satellites and launch vehicles, " Facilities at this unit are

being set up for producing lnertial Sensor Systems.

SHAR CENTRE

This Centre has developed into a mainr Centre of ISERO  with

s
or

st asseably and launch facilities for large multi-stage

rock

)

ts and satellite launchers, and tracking, telemetry and

telecommand stations for Indian spacecraft.'24

The Centre's major responsibilities include: the provision
of rocket test and launch facilities, the management of. ISRO's
nation - wide tracking network, and, the production of solid

propellants for sounding rockets and launch vehicles.

23 GOl!, DOE, Annual Report, 1820-21, p.72.

24 Kenaneth Gattand, THE Jllustrated Encyclopedia of Spacs

Technology (London, 1881), p.58.
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It is composed of five units - the Rocket Sied Facility, the

Etatis Test Hvailwation Lomplex, the Sslid PFroapelliant Rocket

Boostsr FPlant, the Sriharikota Computer Facilities, and the

Srihariknta Launch Compiex, which is5 part of the ISR0O Range

Complex (IREX}.

The Rocket Sled Facility (SLED) consist of -3 4 km long rail
track on which rocket vehiclies, carrying test specimens are
propelled to supersonic speeds. The facility is wused for testing

the performance of spacecraft during their launch.

The Sthat

Pt

= Test Evaluation Complex (STEY%: was sat up for
the purpose of providing the following facilities : {a) for
ground-testing large propulsion syshems and sub-éystems used in
sounding rockets and satellite launch vehicles; (b)) for simulated
high-altitude testing of rocket motors wused in the upper stages
of launch +vehicles and control ;ocket ﬁotors; and, {c) static
test stand for spin and vibration tests and a3 multi-purpose test

2
stand.“s

The Solid Propelilant Rocket Booster Plant (SPROB) was com-
missioned Iin 1977 with the pu;ﬁose of processing large-sized

propellant grains for the satellite launch vehicles and the stags

motors.

=)
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real-time computing and data processing during satellite opera-

tions. »and rocket launches. it also provides support for other

scigntific and management oriented applications.

The IS8T Raage Compiex ((RERE, a patt»of the SHAR Centre,
has launch ranges at Sriharikota, Balasore and Thumba. It con-
sists of block houses, launch pads, control centre, vehicle
teiemeatey, telecommand and tracking systeas, Computers, data
links, glosed—circuit televisinn, range timing, intercommunica-
tion, and range safety facilities at all the tﬁree '!aunnh

26
ranges. <"

The Sriharikots Launch Complex is the most important launch
facility of the !REX._ Its facilities include: the sounding
rocket launch facility, the SL¥-3, ASLY a3nd PELVY Launch Complex-
s, the liguid booster complex, range instrumentation for teleme-

try and tracking, range engineering, e2tc...,.

The Balasore Rocket Launching Station (BRLS) was set up in
January, 1878 as part of [ISRO's contribution to the International
HGHEY programme. This range can launch rockets from latitudes

which are higher compared to those from Sriharikots and Thumba.

-

The Thumba Eguatorial Rocket Launching Station (TERLS) was

the first launch facility to be established in India. In 1865,



the United Nations recognised it as an international facility
opsn to any member of the United Nations. This range was estab-
lighed for purpose of developing and maintaining a fully—équipped
range for the purpose of supporting "scientific experiments with
necessary launch instrumentation and other back-up f{acilities for
carcying out investigatiéns in the equataorial upper

[
atmospi’\ere."“‘7

ISRO TELEMETRY TRACKING AND COMMAND MNETWORK

The ISRO Telemetry Tracking and Command Network IS5TRAC),
with its headgquarters at Bangalore, controls ﬁhe.ground network
facilities which support ISRO satellite and launch vehicle mig-
sions by providing Tracking, Telemetry and Command (T1TC) support.

ISTRAC'3 responsibllities include "the development and operation

of interface, software packages and the network stations. * <°
ISTRAC's network stations are located at Sriharikota,
Ahmedabad, Trivandrum, Lucknow, Car Nicobar and HKavalur. They

provide ground support for tracking, data acguisition and space-

craft control operations.

MASTER CODMTROL FACILITY

. B g
The Master Control Facility (MCF), at Hasan, 1is the major

Control Centre for the INSAT series both during the taunch and

27 GO1i, DbS, Annual Report, 18978-78, p.2/.

28 GO, bBNS, n. 21, p.84. -
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the operziional phases. 1t was set up for undertaking the fol-

k2 [ . -

lowing funchtionns for the cﬁntro{ and management of the INSAT-1

] .

saria: : {a) satellite commanding and ranging; {b) satellite

A

health-moniteoring and oan-orbit testing; () recepltion and proc-

ossing of satellite telemetry ranging and test data; (d) recep-

tinn and processing of very High Resolution Radar Data for guick-

o -
Yook evaluvation, and, 1e) orbital awa)ysis.‘g

At present, MCF has four earth stations and an Fﬁtegrated

Satellite Control Centre. “whilé two of the earth stations have

catered to the INSAT-1 series, two more have been added to sup-

wort the INSAT-Z series.

MANPOWER a

-

The aims of the Scientific Policy, enunciated by the Scien-
tific Poltiay Resolution of 185®, included, among others, ensuring
an adeguate supply of reasescch aad fechaical pergnnnel.3o Accord-
ingly, fthe G2 establizhed 3 nuabar of institutions for sducation

and research In various Bclientific disciplines.

Thug, the 198@5fmarked the BD1's attempt to build a Cadre of

Ay

xientific and Technical Personnel in all fields of science and

technology, inclisiiang spane scisace and technology. This led to

30 Sl Soientific Poiicy Eesoiuntion idew Deihi. 15858).

W
)



an almost twenty-fold increase in the number of scientific and
technical personnel involved in space teséarbh'#ithin the country
between 1965 and 12689. Vhile there was only 110 scientific
peré§nnel engaged in space research in 1985,’this number went up

to 2009 hy 1969 31

During the 19703 and the 188035, the number of personnel
involwed in ‘the space programme steadily increased, but at a
more moderate pace., By the time-of the launch of'lndié‘s first
satellite, ARYABHATA, in 18975, thé nuﬁéer of scientific personnel
engaged in the space programma had more than doubled since 1868
to 5,137, This number had increased to 6,200 by March, 1881 and
upto 8,825 by March, 188%. And, by March, 1882, some 10,527
scientific and technical personnel were involved with the Indian
Spane Programme.szv

Betweeﬁ 1975 and 19892, the number nf adwministrative staff

engaged in the space programme increaséd from 2765 to 5385.
FINANCIAL OUTLAYS

The DOS, being an agency of the GOI, is solely dependent on
the latkeaer €or-iths {iuauciai v2snurans. The Government decides
the allocations to be made for "the space programme on the basis

31 GOI, DAE, Atomic Energy and Space Regearch : A Profile for

the Decade 1970-80 (New Delhi, 1870}, p.31,
32 Sew Appendix 2.
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of the projections contained in the Space Research Profile which

I
~

covers a ten-year period.” The allocations are made as parft of

the plan outlays on an yearly basis.

The firat Space Profile projected a . cost estimate to the
tune of Rs. 165 crores for thevten-yeay period 14/0-80, wi£h Rs.
62 crores to be provided during 1970-75 3nd Rs. 103 creores during
1975~-80. The actual provisions m%de during the Fourth and Fifth
Plan periods (1869-70 to 197B8-79) was Ra. 21.10 croresv and Ra=.

128.27 crores x"e'spec:tiwely.‘34

The second Space Profile (1880-8B0) projected an estimate of
Rs. 851 crores, with Rs. 377 crores to be allocated during 1880-
85 and Ra3. 47? crores during 1885-80, Actual provisions made
during the Sixth‘and Seventh FPlan Periods (1880-81 to  1989-50)

- . 35
was Rs. 382.72 crores and Rs. 1075 crores respectivety. ™"

A study of the area-wise digtribution of funds during the
Fourth Plan period indicates that Research and Development on
Space Technolegy,, Space Applications and Space Sciences received

the largest share with about 34 per cent annualily, on an average.

33 Three Profiles have been drawn up so far for the 19/0s,
1980s, and the 1990s. (nst Projections made by the first

two Frofiles are given 1n Appendixes 2 and 4.

34  GOI, DAE, n. 31, p.41 and CSIR, n.2, p.10.

-

35 CSIR, n. 2, psifd.
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This was also the ocmse during the Fifth plian peariod when Reséavch
and Developmenf recefved about 389 per cent annually, on an aver-
age. This was fo{lowed by the infrastructure facilities grouped
a3z ‘'Ranges and Facilities' with an éverage of 32 per cent of the
allocations per vear. Projects received 24 per cent and Direc-

tion and Administration, 3.6 per cent every year.36

During the Sixth and Seventh Plaan perionds {1880-501 the
Operationalisation phase\of the space programﬁe, allocations were
made under the following categnries: Rocket Developmenkt , Satel-
lite Development, Space Applications, Space Sciences, INSAT- 1,
and Direction and Administration. During the ten year period
represented by these Plans, Rockét Development received the
highest share of the annual allocatinons with 41.27 per cent on an
averaga. This. was followed by Satellite Development, Space
Applicatibns, Space Sciences, I[NSAT-1, and Direction and Adminis-
tration Vwith annual averages of Z2.75, 9.56, 3.43, 18.81%, and

3.44 respectively.

These statistics indicate that the thrust of the Indian
Space Programme during the 18705 was on Research and Development
in an effort aft mastering the basics in spacs techonlogy, space

applicxiions and space sciences. This pericd saw the carrying

36 See Appendix 6.



out of several experimental projects for the purpose of testing

tha various teohnolagies acguired and develpped by Indian  Space
Criantists - the Satellite Instructional Television Experiment,

the developmnent of the ARYABHATA and the two Satellites for Earth

Observation, the launch of the SLV-3, etc...., are some examples.

During the 19805, the thrust was on the development and
operationalication of the applications satellites, utilisation of
the serwvices provided by them, and the launch vehicles reguired
for placing them in oribit. E.g., the Indian Remote Sensing

Satellites and the Polar Satellite Launch Vehicle.
IRTERNAL CODPERATION

ln accordance with the goal of overall national development
which wag sought to be achieueéthrough the space program, the
Indian IDepartment of Space.made it a policy to involve as many
national agencies, institutions, and industries as,vpossgble in
the execution nf (t3 «arinus projects. Iinitially, this took the
form of ‘"sub-conftracting of specific jobs, participation of

actnntiasts {froa obther ageacies. in fechnfecal review of the ele-

ments of the space programme and 2xchange of scieatific informa-

tion.“37
However, the increasing complexity of the technaologins
involved in the space programme led to a more formal mechanism

36



for 1involving external agencies in the space programme. This
took the form of the establishment in 19?6 of the 1SRG sponsored
Research Programme (RESPOND), and the decision taken by tnhe DG4S
in 1978 to make the maximum use of capabilitiss of ladian indus-

iry ip carrying out all space projects.

This policy results in the improvement of the techanologicsl
capab{lities af fndian induatry; while at the same time, benefit-
ing the space programme. For exampke, in the case of the devel-
qpment of the satellite programme, this policy not only "paid
dividends in terms of 3 murch shorter gestation perind for the
satellife programme but also served:to distribute the philosophy

of exacting gquality among all the agencies concerned.'ae

RESPOND

This programme was initiated by [SRID Iin 1978 with the pur-
pose of establishing ®*a strong interaction between ISRO and the
acadenmic ingtitutions in the country to carry out jointly, re-
search, developmental and educational activities of relevance to

x 38

the Indian Space Programme. The aim was to support the space

programme througﬁ the development of 3 large base in space re-

search at academic institutions, training of the manpower to be

38 N.N. Sachitanand, *"Haking Our QOwn Satellites, *THE

HINDU(MADRAS}), 28 May 1878.

39 GOI, DOs, nf?, p. 66,
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involved in space research, building-up of the ianfrastructure

facilities for space research and, nurturing of indigennus
capability.

The major activities supported by RESPOND are :

{a) research. projects in space science, applications and
technology areas;

{b) thee Space Technology Cells (STC) at academic institu-
tions for carrying our research in advanced technology
areas; and,

(c) educatinonal activities, Conferences/sympnsia, 3eminars
and publication activities.“o

These activities are carried out by ISRO on the advice of

the RESPOND Programme Board, comprising of members drawn from the
acade&ic community, represenfatives from [SRO Centers and f{from

the Physical Research Laboratory.

The thre

i

Space Technmlogy Cells, established as part of the
RESEOHD prograxae, are  located at the Indian Institute of
Science, PBangalors, and the Indian Institutes of Techanology at
Bombay and Madras. They carry 'out research and development

activities in select space technology areas.

ISRO, through RESPOND, has supported.zlo research projects

at 80 institutions till March, 1992.41 The institutions include



N

universities, 1ITS, national laboratories, regional engineering
cnllegea, and public gector industries with the involvement of

-~
about 1,200 scientists and engineers.““

IMDUSTRY

The Department of Space has, over the years, made concerted
efforts to proamcte cooperation with the Indian industry 1in the
execution o©f the various projects of the space programme, The
policy has evolved from "an infqrmal sub—contracting level to s
iﬁore formél collaborative péftnership made necassary by the

increasing complexity of the programme.‘43

Accordingly, a ftwo-way partnership has been evolved between
the space programme and the industry in ordervto build wup a
sustainable relationship thch would be adwvantageowus to both. i1t
involves "the transfer of advanced technologies developed in the
Space prograame to industry and ghe provision of techuningical
consultancy from the space programme to industry on the one hénd,
and the utilisation of industry's own technological potentfial on

the others.'44

o o o e e = e T e e e e e v e s e e e . e e e - == = - e - . — - A - = =~ — - —— —

42 Goi, DOS, n.7,p.686.
43 Anita Bhatia, "India's Spaée FProgramme - Cause for

Concern?®, ASITAN SURVEY (Berkeley) vol.25, no. 10 (O0CT.

18851}, p.1021.

44 GO1!, DGS, n.7, p.G6B.
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Techaolagzy transfer, carried out through ihe
Transfer Group, serves three =majvnry purpeses: (z2f 16 mesis the

requirements of the Space Programme through buy-back arrangements

of predocts for which techasiogy was ftransfecred earliec  to
fadustey; {b) it caters to the market for space  applications
within fthe country which has been éenerated by the Space programe
in the areas of satellite communications, television and radio
broadcasting, remote'sensing.for natural resources, and m@meteoro-
logical services; and, (c) it exploits the full potential of the

space technolngies developed indigenonusly for variows spin-off

In 1882, ISRE launched ihs Technonlogy Consuliancy Sarvices
¥For the purpose of offering its experticse in a wide range of
technologies and engineering disciplines fto industries and other
Research and Development institutions.

Till March, 1882, ISR has transferred 181 technologies to
the Indian Industry iaithe areas of Electronics and Computer
Based Systems, Optics and Opto-Electronic Instruments, Mechanical
and others, Chemicals and Materials, and Telecon, Meteorological
and ftelevision hardware. 40

Apart from ;echﬁqjogy transfer, the other modes of  15R0O’'s
cooperation with industry are.fabrication contracts,‘ development

contracts, joint design and development, and, supply to industry

of special itewms.

40



The space programme has also been benefited by the techno-

)

lngical pontential and expertise of .the Indian Industry which Thas
provided ®"crucial support in develqping indigenous capability for
the production of specialised systéms such as precisinn  inertisl
eensorsl svestems for navigation and guidance, liguid propulsion
engines/stages, etc... "4 1t hasialso played an important role
in the supply of rocket fuels, in the augmentation of the track-

ing network and in the supply of aystems and components for

[SRO's satellites.

The demands on industry made by the space programme have
also resulted in the establishment of divisions and units within
private and public sector industries which cater erxclusively to

. l )

the needs of the space programme. One such example is the Space

Electronics Division of the Bharat Electronics Limited,
NATIONAL AGENCIES

. The Indian Spéce Programme has alsno co-opted variowus nation-
atl ageacies in pursuance of its objectives. ISRO has estab-
lished a formal link with the University Grants Commissionn in  an
effort at fostering linkage at the policy level with the national
education system; Tﬁe purpnse was to develop a strong academic
base within the country which could be made responsible _to the
needs of the Space praéramme in the areas of space sciencgs,
g

applications and \t.ec-hmalc:gy.""r
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The Satellite Instructional Television Experiment involved,

beglides the Departament of Space, the Ministries cf JqInrformation

and Broadcasting, Health, Communications, Agriculture, Fawmily

Planning and Educatinn.

The [HEAT system is a jJoint venﬁute of the Department of
Spaée, the Department of Telégqmmunications, the India
Meteorological Departament, All India Radio and Doordarshan.
While the DéS is responsible for thé establishment, operation and
maintenance of the space segment, the other agencies are respon-
sible for the various ground-segments of the system - telecommu-

nicatinns, meteorological, radic and television.

Similarly, the Indian Middle Atmosphere Programme {(IMAP) -
involving the DOS, the Department of Science and Technology, the

ferpartaent of Sgriculture, the Department of Education, the

Council of Scientific and Industrial Ressarch, the University
Grants Commission and MTCA - is a mufti—agency programme for the
investigation of the physical and chemical phenoaena and

processes taking place in the Earth's atmosphere between 10 to

100 km.

The Physical Resaearch Laboratory (PRL) has conducted ssveral

anmxlyses on the Junar rock samples, provided by the Soviet

0

Academy of Sciences, in a multi-agency research programme which
involved the Bhabha Atomic Research Centre, the Geological Survey

of India and the Indian Institutas of Technology, Bombay and

&~
r



The National Natural Resources Management System was estab-
lished by the Department'of Spacé with the participation of
number of Central and State departments.

The HNational Aeronautical Laboratoyy (RAL) has played an
important role in India's Space Programme. [t fabricated the
dynamic balancing machine used for ARYABHATA and alzo the éatel-
lites notation chaaber. 1t has also conducted wind-tunnel tests
for sounding rockets and the SLV-3. it is also inveolved in
specialised fabrication, materials development, and testing and

o o .
evaluatzon;s .

INTERNAT IONAL COOPERATION

India was initially dependent on the expertise and services
of other advance countries to a large extent. Even though indi-
genisation has been achieved to a good degree, the country is
still dependent for certain key com?onents on the asdvanced coun-
tries. These inciude: high-speed momentum wheels for the [NSAT-2
series, light-detecting CCDS used in remofte sensing camerals,
cells for the satellites batteries and solar array, titanium

tanks for fuel and helium, Kevlar fibers used for the upper stage

33l £ motar _ casing, - ete ....

g1 N. Gopal Raj, "Future Shock. The Implications for 1SR,
"FRONTLINE wvol.9, no. 11 ( 5 June, 1822), pp 9-12. For a
list of items imported almng with their suppliars, see

Appendix 7.



India has also been dependent on other countries for the launch

of 1tz applications gatelltltes.

Its major partners in the field of space techanlogy have
been: the United States, the former Soviet Union, France and
Germany {(formerly West Germany). India also maintasins a coopera-

tive relationship with the European Space Agency.

It was the United States which formally began the Indian
Space Programme by launching a Nike-Apache sounding rocket from
the Thumba Eguatorial Rocket Launching Station in Hovember, 1963.
The United States had, earlier, helped India in designing the
Thumba range, and it also trained the first growup of Indian

. . . . 2
gngineers in rocket launching and range operatlon.s

According to Mithollin, HASA, the U.S. space agency also
provided ISRO with technical reports on the U.S. Scout rocket's
design. He further asserfts that India's SLVY-2 is wvirtually

identifical in design to the Scout.>3

52 Gary Milhollin, "India's Missiles : With a Little Help from

OQur Friends, "Bulletin of the Atomic Scientists (Chicago)}

vol.45, no.9 (Nov. 1988}, p.32.

ibid, p.32.

an
(6]
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In 1975, the United States loaned its ATS-6 satellite to
India for a perind of one year for conducting the Satellite
instructional Television Experiment. In 1878, the D0OS entered
into a contract with Ford Aerospace and Communications Corpora-
tion (USA) for the supply of four INSATs and also for the supply
of eqguipment for the Satellite Control Centre of the Master
Controi Facility ét Hassan, and other miscellaneous eguipment and

54

services.”

And, in July, 1978 the DDS signed a Memorandum of Under-
standing with NASA for the prpvision by the latter of launch
services for the INSAT spacecraft. NASA launched the [NSAT-1A in
April, 1882, the INSAT-1B in October, 19832, and the INSAT-1D in

June, 1220,

NASA has also loaned certain eguipment to the indian
Institute of Technology, New Delhi, for conducting laboratory
investigations on the ‘Mossbauer Effect' for space applications

purpose.55

Under an Indo-US Memorandum of Understanding, the National
Remote Sensing Agency has been receiving data from U.S. Landsat

and NDAA satellites.

54 Go1, D8S, n. 27, p.6.

&sEe GD!, DNS, Annwual Report 1976-77, p.56.
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SOVIET UNION

Tha Indo-Soviet aoaperation in space began in  the early
18680s when the Soviet Union gave token assistance to India in ths

development of the Thumba rocket station in the form of a Minsk
Computer, a@fhelicopter and a shaketable.56
Collaborative research work began in 1870 with the weekly

launching of Soviet M-100 rockets from Thumba for joint meteoro-

logical and aerononmy studies, which still continues,

The Soveit Union offered itsAéxpertise forléhe fabricatién
nf India's first satellite, ARYABHATA. i1t supplied the solar and
chemical batteries for the power suppiy system, stablisation
systems, on-board computer memory systems, etc. .. for

ARYABHATA.>’

In 1975, ISRO and the USSR Academy of Sciences signaed an
agreement  for the supply of equipment for the JSRO Satellite
Tracking and Ranging Station {(STARS) at Hawalwur, which included

an AFU-75 Camera and laser equipment.58

The Soviet Union has also preovided launch services for a
nunber OF Indian sate)iites - ARYABHATA (1975), BHASKARA-1(1979),
BHASKARA-2 (1981), the Indian Remnte Sensing Satellites IRS-1&

56 R. Ramachandran, "Cooperation in Space Techuonlogy : indo-

Soviet Experience, "THE HINDU (Madras), 19 Nov. 1988.

57 ibid,

58 ibid,
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(1988) and IRS-1B(1281)., And, the Soveit Union also placed the

first Indian in Space in April, 1884,

Indian Scientists have also participated in the SEoviet

programme for the building and operation of orbital stations.>®

FRANCE

Cooperation with France dates back to the 18605 when French
sounding rockets were launched from Thumba. In 1964, India

2ntered into agreement with Sud Aviation (France! for the 1i-

censed production in India of the Centaur rockets.so

In April, 1972, 1S8R0 concluded an agreement with the French
Centre National d'Etudes Spatiales (CNES) for collaboration in

space research and set up a CMHES-{SRO Joint Commissinn.

During the 1870s, ISRO engineers participated in the French

*Viking® ligquid engine development program through an agreement

with the Societe Europesne de FPropulsion (SEP). And in 1874,
ISRO acquired the knowhow for the design, development and testing

of this engine from SEP.%!

£9 Vitali Sevastyénov and Vladimir Pryakhin, Mankind's Rocad 1o

the Stars (New Delhi, 18B8), p.32.
60 GOl, DAE, n.31, p.27.

61 Parliamentary News and Views service Compendive of Policy

Statements made in the Parliament (Budget Session), 1886,

{Mew Delhi, 1887}),p.36.
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France has also conducted training programmes for 1SRG

enginesrs and scientists {n variloua fields in French space re-

search establishments. 62

FEDERAL REPUBLIC OF GERMANY

West Germany (formerly!) was aqother ma.jor partner ofvlndia’s
Space Programme. Cooperation began with an umbrella agreement
gigned in 1871 between the two gonvernmenhs. !n July, 1973, a
‘training prog;amme was commenced for ISRO personnel at the UWest

German space research establishment.

FRG assisted India in the de@elopment of three major tech-

nologies - Guidance, Rocket Testing, and Composite Materials.

—

The West German asrospace agency, (Deutsche Forschungsanstalt fur
W -

Luftfahrt wund Raumfahrt g.v.) DLR, first began its cog peration
N
with I[SRO in 1976 oa guidaace techaology. It helped indian

scientists in fabricating interferometers which are useful for
guiding rockets from %the ground. Later, under the Autonomous
Paylnad Control Rocket Experimenf‘(APC—RExi - joint programme

between India and Germany - DLR hélped India in the development

AD
)]

of an autonomous navigation system for satellites..
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In the field of rocket testi@g, DLR tested a model of the
first stage of the SLv-3 in its wind tunne! at Cologne - Fortz in
1874-75. .Later, it helped India in buélding rocket test
facilities by "furnishing a complete facility design and 4raining

Indian engineers in high-altitude testing."64

DLR trained Indian scientists in composites at Stuttgart and
Braunschweig. The subject ranged from glassfibre reinforced
plastics wvia impregnated materials to Carbon fibre reinforced

- )
composites, which helped Indian scientists to make rocket nozzles
85 ‘ . : .
and nose cones. DLR also supplied the documentation for a

precision filament-winding machine which would help in using the

composites. The plan was commissioned in 1898E5-86,

ESRO and DLR Scientists also worked jointly for developing

sof tware for large-scale computer networking.

FRG also helped Inéia to expand the National Remote Sensing
Agzency through> an Indo-FRG Technica{ Coopoeratiqn Prograame.
This programme also involved the tyaining of Indian scientists
and engineers and joint projecté in microwave remnte sensing,
forestry and vegetati?n mapping, cartography, agro-meteorology

and geology.s6

64  ibid, p.35.
65  ibid,

66 GOl!l, DNS, Annual Report, 1884-85, p.4S, .



Under a joint programme, DFVLR developed a Monocular Electro

Optical Stereo Scanner, which was one of the payloads carried by

the second of the Stretched Rohini Satellite Series.

EUROPEANM SPACE AGENCY

The Ewuropean Space Agency (ESA} has also been an important

partner in the India Space prog{amme. Its contribution has
heen mainly in the area of launch serwvices. In June, 1981, it
launched the India Experimental Geostationary Communications

Technology Satellite - otherwise known as APPLE. And, in July,

) ~
1988, ESA's Ariane ltaunch vehicle ptggced INSAT-1C in its trans-

fer orbit, The Ariane-4&4 launch vehicle has also launched the

INSAT-2A spacecraft on 10 July, 1882.

ESA has also trained Indian specialities in meteonrological
s3teitite JHafa peoncesaling 3nd in the area of satellite mission

operations and control,

The base on whch ISRO - ESA Cooperation rests is the Aé;ril,
1978 agreement signed by the two agencies for strengthening their
relationship and for establishing mechanisms which would "facili-

tate the development of Cooperation" between them in the peaceful

uses of outer space.67 The areas of cooperation it covers are:

information exchange, exchange of visits by Scientists, award of
fellowships to scientific and technical persennel, making avail-

able test facilities and tracking and telemetry support.



CHAPTER = 3
PROJECTS 0OF THE SPACE PRUGRAMME

The basic goal of the Indian Space Programme has been to

utilise space technology ¢for achieving practical benefits,
especially in the areas of telecommunications, remvie sensing,
and - meteorology. Accordingly, the immediate objective has been

to develop, in a self-reliant manner, the appropriate technology
systems, nanmely, satelilites for the various applications, and *%he
necessary launch vehicles for placing them in the appropriate

nrbits.

In accordance w;th this pbjective, a number of projects were
undertaken by the Indian Space Establishment. During the devel-
opmental phgse of the Indian Space Programme, these projects were
on an experimental Basis and " focuscsed on devéloping ﬁhe neces -
Sary experience to enable the design, manufacturing and opera-

tional teams to make best use of the technology available."! The

projects wundertaken during this phase include: the Satellite
Instructional Television Experiment (SITE), the Satellite Tele-

communicationg Experimental Project (STEP), the Aryabhata and
Bhaskara Satellite ‘projects, the Ariane Passenger Payload Experi-

ment (APPLEY, and the Satellite Launch Vehicle (SLV-3) project.

1 Stephen F. Von Welck, "India‘'s Space Policy : A Developing

Country in the Space Club, "SPAGE PULICY, vol.3, no.4 {(Nov.

1967), p. 327.



During the operatinnal phase ofithe Indian Space Programm=,
the projects undertaken aimed at tge achievement of practical
benefits. These include: the Indian National Satellite system,
the Indian Remote Sensing satellites series, the Polar Satellite
Launch U;hicle (PSLVi, and the Geos;nchronous Satellite Launch

Vehicle (GSLV).

The other projects that have been undertaken are: the Rohini
Satellites project, the Stretched .Rohini Satellite Series
(SROSS), the Augmented Satellite Launch VYehicle (ASLV) project,

and, the Sounding Rockets programme.
SITE

The Satellite Instructional Television Experiment {(SITE),
"the greatest communications experiment in history“2 according to
Arthur Clarke, was designed to demonstrate the possibility of
transmitting educational programmes through satellites to large
gegments of rural society. Under the experiament, instructional
programmes were gelecast to 2,400 vi}lages spread over six states
for over flve hours every day. For this purpose, ISRU signed a
MemoraAdum of Understanding with the U.S. space agency. NASA, in
1964, CRPlth& ptiiigatiopn af the sereinns nf NASA's ATS-§ sahel-
lite for a period of one year, beginning with 1 Auguét, 1875,

2 Quoted in L.K.Sharma, "After the end of S!{lTE : the Costs of

Interruption, "TIMES OF INDIA, 6. Aug. 19/86.



SITE, according to the Department of Space, was "an attempt
at bullding a total instructionalisystem based on ftelesvision
broadcagting via sateliites.'3 The éfforts involved ranged from
the building up Qf earth stati;né, .studios and "community
receivers to planning and conductiné research for assisting pro-

gramme production.

-

The general cbjectives of SITE were to

{a} gain experience in the development, testing and
management of a3 satellite -~-based instructional
television system particularly in rural areas and

to determine optimal system parameters;

(b) demonstrate the potential value of satellite
technology in the rapid development of satellite
technology in the rapid development of effective
mass communications in. developing countries, |

{c) demonstrate the - potential value of satellite
broadcast TV in the practical instruction of
village inhabitants; and,

(d) stimdlate ~national aeve!opment in India, with

important managerial, econcgmic, technological and

social implications.'a
3 G011, DOS, Annual Report 1876-77, p.9S.
1 5Re,
4 INDIAN SPACE PROGRAMME { Bangalore, 1988).
. N .
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STEP .

The Satellite Telecommunications Experimental Project
(STEP}), a3 joint project of ISRDO and the Posts and Telegraphs
Department, was designed to provide experience in "operating and
utilizing & geostationary satellite for domestic telecommunica-
tions."5 The project was carried out with £he help of a leased

transponder aboard the Franco-German 'SYMPHONIE' satellite, for a

period of two years, beginning with 1 June, 1877.

The entire ground network for the projéct - Earth Stations
and Communication Terainals - were established by [ISR0O, except
for the Earth Station at Madras, which was set up by the Posts

and Telegraphs Department.
The objectives of this experimental project were

(a} to provide a system test of a synchronous satel-
lite for domestic telecommunications;

{b) to enhance India's capabilities in the design,
development and operation of variowus ground sys-

tems required; and,

(et to acquire competence in cﬁoosing the right
operational system for satellite telecommunica-
tions.6

5 Welck, n.1, p.327..1m 10O
(53 Mohan Sundara Rajan, lIndian Spaceflights {New Delhi, 198kl

p.B7.
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A number of experiments were carried out under STEP, which
include: television with multiple audio channels, radio network-

ing, remote area communications, emergency communications digital
communications with mulﬁiple access, and Single Channel rer
Carrier.7‘
ARYABHATA
ARYABHATA, India's first satesllite, was launched by a Soviet
hooster on 18 April, 1275, The satellite was designed, fabricat-
ed, and integrated at the ISR0O Satellite Centre, Bangalore.
The objectives or the project we?e:
(a) to indigenousiy design and fabricate a space-
craft, and evaluate its performance,
(b} to master the on-orbital management ot the saiwl-
liteg
(ch to set up the necessary ground-based receiving,

transmitting and tracking systems;

(g} to establish the relevant infrastructure for the
fabrication of such spacecratt systems; and,
(e} to carry out scientific experiments.a
The experiments conducted were of relevance for future (SR
projects also. For example, the experiment to determine the

range, velocity, and directiqnal paramefsrs of the szatellite.

7 G011, DOS, Annual Report 1877-78, p.ib.

8 U.R. Rao, Space Technology - its Relevance 1o the Leveiop-

ment of the Nation ( Bangalore, 15¢5y, p.3.



Another experiment was conduct to test the feasibility of provic-
ing medical help to rural areas, by transmitting e2iectro-

cardiogram data from Shriharikota to Bangaiore via Aryabhata.g
BHASKARA

Also referred to as the Satellite for Earth Ubservation, the
firgst of the two 'BHASKARA' satellites was {aunched from the

Soviet Union on 7 June, 1873, its goals were :

ta? to conduct.earth'observation experiments for ob-
taining data in the areas of weteorology, onydruio-
gy, forestry and gceanography;

(b) to evolve a methodology for the reception, proc-
essing and‘ disseminoliovn of remulely - Seits U
data; and,

tc) to conduct experiments in the areas ot space

. technology, applications, anag sc1ences.io

The second of the Bhaskara satellites, SkU-2 or BHASHKARA-Z,
was also launched from the Soviet Union, on 20 November 1881l. it
carried two major remote sensing payloads.- a television camera
operating in both the visiblie and the near-intra-red spectruns,
and a microwave imaging system caltlead SaMiIR. in addition; it

also carried two payloads which were deéigned to evaluate the

9 ibid, p.10.

10 GO1, DBS, n.3, p.22.
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performance of indigenously developed sotlar celis and thermal
coatings, which were of relevance to ISRU's spacecratt technoliogy

programas.

The experience gained through this project was an 1rwmporiant
milestone in the "reatisation of an operationat sateliite-based

remote sensing system for the country.'11

APPLE

The Ariane Fassenger Payload Experiment (APPLE) consisted ot
an expefimental, geostationary, communications satellite,
designed and developed by ISRO, and launched by the Ariane }aunch
vehicle on 18 June, 1881 The aim of the project was to gaun
experience in designing, developing, and operating a geostatiun-
ary communications satellite which would provide telecommunica-

tions services to the country.

Experiments conducted with the satellite include: (3) educa-
tional television; (b) computer interconnect; {¢c) remote area and
emergency communications; and, (d} teieconferencing wusing trans-

portable two-way earth terminals _and small receive-only communi-

- . -~
cation terminals. +<

Another experiment that was conducted using ‘'APPrik* was the
transmission by facsimile of the pages of the 'The Hindu' from

Madras to Bangalore.

11 G01l, DOS, Annual ReportﬂlQBO-Bl, p.13.

12 G011, DOS, Annwual Report 1881—82] p.b.
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ROHINI SATELLITES

The Rohini series of satellites were launched aboard the
indigenously-developed satellite jaunch vehicle, SLV-3. RS-1,
the firat in the series, was launched by the second experimental
flight of SLV-3 on 18 July, 1480, and was mainly intended for the
purpose of monitoring the fourth stage perforﬁance of the launch-

er. RS-D1, the next Rohini Satellite to be launched, by the SLV-

3, on 31 May 1981, carried a remote sensing device - the landmark
Sensor.
The last in the series was RS?DZ, launched by the second
\
‘developmental flight of SLV-3 on 17 Aprii, 1883, its primary

objectives were

{a) to space qualify a solid-state imaging device:
(b) to develop a-methodology for identification of
major land features viz., snow,- cloud, water,

vegetation and barren land by an on-board prucess
for wutilisation in remote sensing applications;

and,

(¢} to refine attitude and orbit using landmarks on

the imageries.r3

13 GO1, DOS, Annual Report 1883-84, p.13.
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INSAT

The Indian Mational Satellite (INSAT) system represents
"Indian's first step toward implementing operationai' space
systems for identified national requirements." 14 yhese include :
nation-wide direct television and radin broadcasting, network
broadcasting, and weather forecasting.

The first generation INSAT spacecrafts - INSAT-1A, iB, iC

and 1D, were designed, developed and fabricated by Ford Aerocspace
and Communications Corporation {(USA). These satellites had three
distinct components which provided the services of telecommunica-
tions, direct broadcasfting, and weather forecasting. The tele-
communications componént was composed of 12 C-band transponders
which pfovided over 8,000 two-way telephone circuits; The direct
broadcasting <component consisted of 2 S-band transponders which
enabled direct television broadcasting to augmented receivers,
national networking of térrestrial television transmitters, and .
radio and television programme transmission. The Meteorological
component consists of : a Very High Resolution Radiometer (VHRR)}
which proQides half-hnurly observations of weather systems over

Indian territory as well as over the adjoining land and sea



areas; and, a Data Relay Transponder which receives data from
unattended and remote land and ocean-based platforms and transmit

15 |4 addition, under the Disaster

~ - Py s
them to a central facility.
Warning Scheme, warning messages to coastal areas are disseminat-

ed in the event of an approaching cyclonic storm,

Only two of the four INSAT-1 satellites were successfully
nperated. INSAT-1A, launched by a U,S. Delta rocket on 10 Aprit,
1982, and INSAT-1C, launched by the Ariane launch vehicle on 22
July, 1988, failed to function. INSAT-1B, launched by‘ the U.S.
shuttle ' Challienger' on 30 August, 1983 was fully functionalised
and had successfully completed its seven-year life span. INSAT-
1D was launched on 12 June, 1980 by a U.S. Delta rocket and has
been operationalized, _

Work on the second generafion INSAT system was formally
started in April 1885. A tota]l of five satellites have been
planned for in this series. These are to be indigenocusly de- -
veloped and are to have enhanced capabilities compared to the
first generation ﬁatellites.’ The telecommunications component
consists of 18 C-band transponders, while the other components
are the same as in INSAT-1. in aédition to thess, INSAT-2
satellites are being equipped with a payload for Satellite Aided
Search and Rescue (SASLR} mission which is designed to detect

distress signals from land and sea, thus providing instantaneous

emergency alert capability.

15 GDI1, DNS, Annwual Report 1878-79, p.51.
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The first of these satellites, INSAT-ZA was launched aboard .

the Ariane launch vehicle on 10 July, 1982,

The definition of the third generation INSAT system - (NSAT-

3, has been initiated,.
IRSS

The India Remote Sensing Satellites are the next step in the
nperational stage of the Indian Space Programme, They form the
space segment of India's Natioral Natural Resources Management
System. The major areas of their application include: crop
inventory and forecast; forest mapping and damage detecticon; tand
use, land degradation, and land desertification mapping; ground
water, petroleum, and mineral expl!oration; land erosicon monitaor-
ing in coastal environments ; urban land-use studies and cartog-

ra.phy.18

The first generation IRS satellites - IRS-1A and IRS-1E,
were launched from the Soviet Union on 1/ March, 1988 and 29
August, 1981, respectively. Their payloads include: two Lypes ot

Linear Imaging Self Scanners - LISS-1 and LissS-2, with the former

’
‘.

having a spatial resolution of 72.5 metres and the latter 365.45
metres ~ and operating in four spectral bands. The satelli;es
return to their originél orbital trace every 22 davs, thus,
enabling the repeated collection of data at the same place at the
same local time.

16 Yelck, n.1, p.328.
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{ The <second generation IRS satellites - IRS-1C and IRS-1iD -

fra-

j1d

ara to have hatter spatial and spectral resolutions, mar
quent revisit capabilities, stereoviewing and on-bovard data
recording capability.17 They are also to be incorporated with
sensors in the vis%ble, near—infrgred, and short-wave infrared
bands. The multispectral bands are to have a fesolution of 20
metres and the panchromatic bands-better than 10 metreé. The
short-wave infrared,with a resolution of 70 m is being included

along with a wide-field sensor {(resolution of- 180 metres), ~for

the purpose of vegetation monitoring.
SROSS

The Stretched Rohini Satellite Series - is directed towards
providing a satellite system "for conducting various scientific
and technology experiments using the Augmented Satellite Launch

Vehicle, ASLv."18

The first two in the series - SROES-1 and ERDSE-Z - could
not be operated because of the failure of the ASLV to place them
in their orbits. While SROSS-1 carriéd a technological payload,
3 Gammma Ray Burst detector, and 3 laser tracking eqguipment,
EROSS-2 carried arM;nocular Elecro Optical Stéreo Scanner {(MEVEE

and a Gamma Ray Burst detector.

17 GUt, DLUS, Annuai Report 1890-81, p.z4.

18 GRI, D0S, Annual Report 1991-82, p.46.




SR0SS-3 was ltaunched on the third flight of the AsSLY on 21

May, 1882, It carried a Gamma Ray Burst detector, and a
Retarding Potential Analyser (a payload designed by the National
Physical Laboratory) for measuring the fluctuations in the number

of electrons in the ionosphere.

The next satellite in the series, SROSS-4& will carry an k-
ray astronomy payload which is being jointiy developed by tory

and the Tata I[nstitute of Fundamentai Research (TIFRI.
SOUNDING ROCKETS

According to MPrakasam, "experimentation with scounding rocck-
ets is an excellent point of departure for space research,”
because of the relatively simple techniques and range facilities
required. He further adds that a sounding rocket programme
effectively stimulates technological interegst, study and coopera-

tion.19

India's Space Programme had its formal beginning when a3 U.S.
Nike-Apache sounding rocket was launched from Thumba on 21
November, 18632, Buring the dévelopmentaiﬂphase of the Iindian
programme, the e&phasis was on developing and using sounding
rockets, lnitialfy, before the technonlogy for developing sound-

ing rockets'éould be mastered, sounding rockets from other coun-

tries were launched from Thumba. These include: the U.S,. Nike-
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Apache, the Nike-Tomahawk, the Dual Hawk, the Arcas, and the Judi

Gart vrockats, the Saviet M-1G0=, ;the French Dragon and fentaur

)

rockets, and the British Skua and Petrel rockets. 0

In 1864, India concluded an agreement with Sud Aviation of
France for the licensed production of Centaure rockets in india.
Later, a number of rockets were developed indigenously, which
were termed as Rohini sounding rockets. the tirst i1ndigenous

rocket, Rohini-7%, was {aunched from thumba on 24 November, 1sn/.

The launching of {ndian sounding rockets is carried out
under the Rohini Sounding Rocket‘programme, which T"coordinates
the development, production and launch ot the Rohini series of
sounding rockets and Indian Centaure rockets for research of the

Upper atmosphere and meteorological sounding."21

The Rohini series comprises the following: RH-/b, RH-100,
RH-125,  RH-200, RH-b560. the HKH-1Z5 and RH-200 are used
for 'meteorological research and are referred to as Menaka rwuck-
ets. They measure the temperature, wind velocity ana airection,
etec ... Apart from RH-200 [SRO produces only RH-30U and the Rh-

560 on an operational basis.

Sounding rockets were also used *"fo deveiop and ¥ast geveral

20 Kapil Kaul, *lIndia in Space, "SiRATEG] ANALYSIS (New Delhi)

vol.10, no.7 (QOct. 1886), p.s55,

21 GOl, DUS, n. 11, p.3b.
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sub~systems for advanced rockets and evaluate more energetic

o

propelliants.” For e2xampie, RH-125 rockets were used for test-

ing and perfecting technigques like stage separation, destruct
system, clustering of boosters to serve as a single large .boost-

er, payload recovery systems, and ejection of nose cones.

Under an agreement signed between India and the former
Soviet Union, Soviet M-100 rockets haye been launched every week
from Thumba since 1870, These rockets help in studying meteoro-
logical data -atmospheric préssure, temperature, electron Jdeiisi-

ty, etc ..., upto a height of 80 to Y0 km.
SLV-3

SLV-3 was an experimental project designed to achieve compe-
tence in the area of satellite launchers. It was to "serve as a

model for bigger rockets, leading to a geostationary orbit.“23

The first experimental flight of SLV-3 was on 10 August,

1878, which was a failure. The goals of this launch were :

{a) to realise a fully-integrated wvehicle;
{b) to evaluate on-board systems !ike stage motors,

control systems, and electronic subsystems; and,
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22 Rajan, n.8, p.6.

23 Mohan Sundara Rajan, lIndia in Space { New Delhi, 19761},

p.286.



{c) to evaluate ground systems 1ike check-out, telem-

etry, and real-time data facilities in launch

operations.z4

The second experimental flight, SLV-2{(E)1-02, was on 18 July,
1880, which succeeded in orbiting a Rohini satellite. Ite goatls

were the same as that of the first experimental fight.

The first developmental flight of the 5LV-3,5LV-3 D-1 was
on 31 May, 1881, It was intended for the purpose of evaluating
the performance of the vehicle for future operati?nal flights.
This launch was a partiél failure, for, it deviated from its
planned trajectory which resulted in the placement of the Rohini

satellite in a lower orbit.

The second developmental flight of the SLV-3,SLVY-3 D-2 was
on 17 Apriti, 1983, This launch marked the completion of the

project.

ASLY

The Augmented Satellite Launch Vehicle (ASLV) is designed to
augment the indigenous satellite launch capability, as also to
"validate a number of important advanced technologies needed for
the larger launch Tehiclesnof the Country such as FSLV/GSLv‘“ES

Examples are closed-loop guidance system, strap-on mechanisms,

etc ...

24 ~ GOIl, D0OS, Annual Report 1878-80, p.1i8.
f

25 GOI, DDS, Annual Report 1888-8%9, p.36.
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The ASLV is an augmented version of the SLV-3 with the
addition of two strap-on motors. It wag originally designed to

orbit 150-kg class satellites in 400 km orbits. Because ot the

faflure of the first two launches, the design was altered to
incorporate some additional mechanisms which has resulted in a

reduced payload capacity of only 1086 kg.

&he first flight of the ASLV on 24 March, 1887 failéd due to
the non-ignition of the first stage after the separation of the
Zero stage. The second flight on 13 July, 1888 alco failed
because of a flaw in the vehicle desigh which led to aserodynamic

instability and the resultant breakdown of the launcher.

The third launch of the ASLV (ASLV-D-3} on 21 May, 1922
succeeded in orbiting the SR0OSS-3 satellite. The aim of this

mission was to evaluate the performance of the vehicle,
PSLV

The Polar Satellite launch Vehicle (PSLV) is being developed
to faphieve indigennus capability to launch remote sensing satel-
lites into polar sun-synchronous orbits."28 The four stage
vehicle, which uses bofh solid and liguid rocket motors, is
designed to place a 1,000 kg satellite in an orbit of 1,000 km.

PSLV¥'s second stage fiquid rockeﬁ engine is(the French
Viking' ligquid rocket, which has been developed within the

country under an agreement with France.
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GSLV

The Geosynbhronous Satellite Launch Vehicle (GSLV}) is being
planned for the purpose of achieving launch capability for
geostationary satellites. The configuration of the Vehicle has
heen finalised. "1t is configured by replacing the upper two
stages of PSLV by a single cryogenic stage and the six solid
propelliant strap-on motors by four |igquid propelianﬁ strap-ons

derived from the FPSLV second stage.“Z?

ISRO signed an agreement with Glavcosmos, the Soviet space
agency {now -Russian}, in November 18680 for the purchase of
cryaogenic engines along with technology transfer.the GSLY 13
being developed for placing INSAT-2 satellites in geosynchronous

transfer orbits.

27 GO, DOS, n. 18, p.a4.
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CHAPTER - 4

BENEFITS OF THE SPACE PROGRAMME

As pointed out earlier, the major aim of the Indian
vSpace Programme is to utilize space technology for practical
applications in the fields of telecommunications, weather
forecasting, and remote sensing; which would heilp to im-
prove the socio-economic conditions of the people of the
country. The benefits that have accrued to India in the
three thrust areas of the space programme are discussed
below,
TELECOMMUNICATIONS

The experimental projects undertaken during the 1570s -
the Satellite Instructional Televiéion Experiment (SITE! and
the Satellite Telecommunications Experimentat Project (STEP)
~ indicated the viability of utilizing space technotogy 1in

the field of telecommunications.

The impact of SITE on the target audience - both chii-
dren (5 to 12 years) and adults - was significant. Accurd-
ing to a survey conducted by the Research and Evailusiiun
Cell of the Space Applications Centre, there was (a4 overall
improvement in health and hygiene, (b} appreciation tor _the

message of limited families, (c) improvement in the language

of the children as well as in their school attendance, and



I

{d) increased awareness and also eagerness to gain more

information on several Subjects.1

STEP demonstrated the viability of satellite-based
domestic telecommunications. For example, the 'SYMPHUONIE®
satellite was utilized for providing emergency communica-
tions between a jeep-mounted mini-earth station at Vijayawa-
da. and New Delhi when a severe cyclone struck the coastal
areas of Andhra Pradesh.2 The experience gained. through
SITE and STEP was further consolidated during the APPLE

project.

The full-fledged operationalization of space-based
telecommunications services became a reality with the INSAT
project. The INSAT system "initiated a communication revo-

lution in the country enabling, for -the fi;st time, even’

remote corners and off shore islands to become a part of the

-
mainstream of the nation."3
1 Mohan Sundara Rajan, Indian spacetlights {New Deihni,
1885), p.987.
2 GO1, DOS, Annual Report 1877-Y/8 ,p.l6.
3 U.R. Rao, Indian Space Programme : A Pefspective

{Bangalore, 1881})},p.12.
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As of 1 December, 1891, a total of 126 telecommunicaﬁion
terminals were operating in the [INSAT network providing
4,514 two-way speech ~circuits or equivaieut. vver 140
routes.4 Several rurat areas have also begn connectied
through INSAT to the main telecom network by establishing

Low Cnst Terminals in these areas.

The INSAT system is also heing usea to set up netwurks
involving a large number of small terminals throughoul Lhe
country for a variety of appiications ranging trom adminics-
trative, business, computer communications, intormation

exchange, to captive networks involviang ONGC, NTPC, NICNET,

o

ey

etc ...

The Press Trust of Indias disseminates. news and iax

messages to newspapers around the country 1n alrrrereat
languageg through the INSAT system. And, over Lthe last rew
years, ‘*The Hindu' newspaper has been using the INSAL

network for facsimile transmisszsion of its fully composed
pages from ftadras to New Delhi. And, a new service [or
emergency communications for post-disaster relief operations

has also been commissioned.®

4 GO!1,DUS,Annual Report 1581-82, p.20.
5 Rao, n.3, p.12.
6 ibid,



Under the National Informatics Centre Network (NICNET),
over 450 micro terminals are under operation. This network,
one of the 23 Captive INSAT networks, provides data communi-
cation links between the State Capitals, the District Head-

quarters and the Central Government Departments.

The Remote Area Business and Message Network _(RABMN),
similar to the NlCNEf; is under implementation. 1t is being
designed to provide data communication between industries
and congtruction projects located in rural and remote areas
and their headgquarters iﬁ distant cities. A total demand of

1,024 micro stations has been registered tor this network,

out of which 101 have been suppiied.7

Another similar network under implementation 1is the
Information Library Network (INFLIBNET) of the University
Grantas Commizsion which aims at inter-connecting the 1i-
braries of different universities and Research and Develop-
ment institutions in the country.

Another area in which INSAT has had an impact is tele-

viaion and radio broadcasting. tndia's television network

7 GO1, DOS, n.4, p.20.
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now includes over 520 transmitters which cover over 75 per

cent of the pOpulation.8 And, INSAT has also led to the

installation of over 100,000 direct reception television

sets which provide coverage to very remofe corners of the

country.g

The two S-Band transponders aboard the INSAT provide
natiénal programmes and regional televisionlsetvices. They
also support "a 6 channel radio networking service, DUS
standard time and frequency signal dissemination-.and a
direct satellite retransmigssion facility for ;rocessed INSAT

«10

metéorological images. The C-band ftransponders provide

regional television networking services.

The INSAT network helps in covering important> gvents

within the country using transportable television uplinking

The INSAT system 3lso provides facilities for breoad-
casting education programmes. About 100 hours of programmes

per month are being transmitted to about 4,000 schools and

11 In addition, programmes are also- telecast to

cclleges.
help adults become literate. Also, INSAT is being used for
teacher training and for reorientation programues.

8 Rao, n.3, p.14.

S GO1,D0S, n.4, p.22.

10 ibid, p.21.

11 ibid,



INSAT's radio networking service includes the provision
pt reliable 6 channel national or regional feeds for re-
transmission by stations of All India Radin, single channel

uplink from Bombay, Calcutta and Madras, stc ...
YEATHER FORECASTING

Early efforts at meteorological appiications were ' made
with. sounding rockets. A number Qf such rockets, hoth
Indian and those belonging to other countries, were tlown
regularly. At present, Soviet M-10U rockets and Rohini

sounding rockets are launched for this purpose,

The ltaunch of BHASKARA-1 gave India the opportunity tc
study the atmospheric processes from a space platform. The
-satellite was equipped with three wicrowave radiometers
which transmitted data on the atmosphere and the seas sur-
rounding the Indian subcontinent. For example, the satel-
lite was used for studying the feasibility of estimating

rainfall over the seas around [ndia.

- BHASKARA-Z2 wag an improved version of BHASKARA-1. it
waz also used on an experimental basis. For example, it was
used in December 1881 to estimate the dimensions of a

cyclone over the Bay of Bengal.12
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Weather forecasting on a regular basis became possible

only after +the operationélization of the INSAT system.

INSAT is equibped with a Very High Resolution Radiometer
(VHRR) which provides haif-hourly observations of weathe?
systems gver the Indfan territory and the adjoining land ang
sea areas. Data products generated using VHRR 1imageries
relate to upper ;inds, ‘sea surface temperature and
precipitation index. INSAT imageries are regularly used on
Doordarshan's news coverage and' by newspapers tor reporting

on weather. N

YHRR data is now available in real time at 22 secondary
Data Utilization Centres (SBUCs) in various parts of the
country. It is also possiblie to transmit these data to any
location in the country through the direct satellite re-

transmission service provided by INSAT.

One hundred Data Collection Platforuws (DCPs) tiave bueen
installed for the purpose of collecting meteoroliogical
information in remote areas. Data colliected by the UUPsS is
relaygd by the INSAT Data Relay Transponder to the Meteoro-
togical Data Utilization Centr; (MDUC) at new wvelni. In
addition to these DCPs, the Centrainwater Lommission has
deployed 14 DCPs in the Yamuna Catchment area for the

purposes of forecasting fioods. 19

kg



And, as part of the INSAT meteorological network, one
hundred Disaster Warning System (DWS) receivers have been
installed in select cyclone-prone coastal areas o©f Andhra

Pradesh and Tamil Nadu with uplinking tftacility from

Madras.14

REMOTE SENCING

India's remote sensing activities began in the late
18609 with aerial surveys over coconut plantations in Keralsz
and sugarcane plantations in Mandya for evaluating crop

yields and pest diseases.15

The establishment in 1879 of a LANDSAT receiving sta-
tion a8t NRSA, Hyvderabad gave an opportunity for gaining
valuable experience in the interpretation and analysis of

satellite data.16

In order to gain much-needed experience in satellite
remote sensing, India embarked upon the Bhaskara project
under which two Bhaskara satellites were |launched (1879 and
1981). The satellites carried a dual television camera
system operating in, the visible_gnd the near infrared spec-

tra, with a spatial resolution of about i1 km. Imageries

14 ibid,
18 Rao, n.3, p.5.

16 ibid,
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from these satellites were used for studying forest, hydre-

logical and land resources.

For example, using images from Bhaskara-1l, the demarca-
tion of the interface of-water and land in the Guit of
Cambay wasg carried ouf over the Saurashtra coastal! region.
And, imageries from Bhaskara-2 were used for making land use

maps for West Bengal and Bihar regions.l7

Based on the experience éainéd' from the ghaskara
project, India has succeeded in operationalizing remote
sensing services through the india Remote Sensing Satet-
lites. Remote sensing applications in India, under the
umbrellé of the NNHMS, "now cover diverse fields such as
agriculture crop acreage and ylield eslimalioun, druughit
warning and assessment, flood controt and damage assessmeni,
land use/land cover mapping tor agro-climatic planning,
wasteland management, water resocurces management, mineral
prospecting, forest{ resources survey and management,
ete ..., there touching almost aill facets ot nationatl dgevel-

opment.'18

Agriculture, the major economic activity in India, has

been given much importance in remote sensing applications.

The Department of Space has, in coilaboration with the

17 Rajan, n.1,-pp.111-12.

i8 Rao, n.3, p.S5.
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Department of Agriculture and Cooperation, launched a project
on Remote Sensing Application Mission for agriculture appli-
cations. It has six sub~projects which are being implement-
ed 1in collaboration with State‘ana Central Government wuser

agencies.

Beginning with 1386-8/¢, crop acreage estimation has
been done for every season. For example, rice crop acreage
was estimated for the Kharif‘géason of 1§86—87 in Orissa,
and wheat acreage for 1986-87 and 1887-88 in Haryana, Pun-

jab, and parts of western Uttar Pradesh.19

Under the National Agricultural Drought Assessment
Monitoring System (NADAMS}, drought bulletins based on
satellite observations are being issued on a fortnightly

basis for 12 states.zo

This provides near realtime informa-
‘tion to district authorities and agricultural resource
planners for dealing with the drought situation.

The DOS is carrying out a nationwide project on {and
use/land cover mapping for the Planning Commission. This

would help in prepdring operational plans for the management

and wutilization of land for agriculture, forestry, etc...,

in 15 agroclimatic Zones of India. Already, information on

19  GO1!,DO0S, Annual Keport 1Y88-8Y, p.25.

20 Rac, n.3, p.7.
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373 districts has been proQided to the Planning

Commission.21

Satellite reamote sensing also plays an important role
in the survey and monitoring of forests in the country. The
Forest Survey of lIndia has started biennial! forest mapping

for the entire countiry using sateilite remote sensing data.

Remote sensing also helps in the identification of
water bodies suitable for {nland fisheries and also for
the identification of ocean areas rich in fish. All India
Radio broadcasts information: ‘based on remote sensing data
on the location of fish schools iﬁ order to enable fishermen

to have a better catch.22

Satellite remote sensing also provides important inputs
in managing water resources. For example, under the Nation-
at Technology Mission on Drinking Water, a countrywide
hydrogeomorphological mapping has been prepared using space

imagery which indicates ground water prospect areas.23

Remote sensing data are also useful for mapping season-

al snow cover and estimating the snow-melt run off duringw

21  GOl, DOS, n.4, p:28.

22 Rao, n.3, p.10.

23 U.R. Rao, Remote Sensing for Sustainable Development

(Bangalore, 1881}, p.14.
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summer months. At present, remote sensing data for this

puvposa is appliad in the Sutlsi and Beas river basins. The
estimates are given "three to four months in advance of Vthe
actual run off period to an accuracy of better tham & per
cent, which are now regulariy used for optimising the use of

. S . 2
water for power and 1rr1gat10n.'“4

Remote sensing data is also used for the“"identification
and prioritization of erosion-prone areas in various water-
sheds as well as to provide inputs for undertaking desilta-

tion plants.“25 As

part of the Subansiri watershed study,
investigation are being carried out on the migration of

channels in the Brahmaputra basin.

Remote sensing data are also used for obtaining real
time information on flood-affected areas regarding damage to
infrastructure, crop .losses, otc .. For example, flood maps
were prepared for the.Ganga and Brahmaputra basins in near

real time during the 1991 floods and sent to the user de-

48]

partments. 6

Using Remote sensing imageries, a glacier atlas has
been prepared and a data base created. tThis has contributed
towards the planning and operation of mini and micro thydro-

electric stations.
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24 Rao, n.3, p.B.
25  ibid,

26 GOtL, DOS, n.4, p.31.
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Remote sensing imageries are also useful for pilanniag
and development of new urban areas. Ltand us= and urban
sprawl maps, using satellite data, provige vita; inputs {or
the optimal 1dcation of industries, nousing, afrasiruciural
facilities, ete ... For example, saileiiiie dalas was iz~
lized In conducting & survey for aligning the propossa ring
road for Bangalore bLeveiopment Authority.2/

The DBOS, in conperation with the National VWasteiand
Development Board,hés carried out wasteland mapping ot 146
critically affected districts with tﬁe help of space ilwmager-
ies to identify 13 wasteland. categories at wviittage =~ Vevel.
Thisz work haz bheen taken up for a further 80 districts.
information thus collected "is being used to generate com-

. ' . . 28
prehensive solutions towards reclamation of wastelands."
To utlilise remote sensing for mineral prospecting, the

DGS has taken up a project, in coliaboration with the Geo-

loglcal Survey nf India, named Vasundhara, which covers an

area of 400,000 sg.km of South India.
SECONDARY BENEFITS

The benefits discussed above are the primary benetits
which accrue directly from applications of space technology.
There are also secondary benefits which accrue indirectly
ffom_ghe space programme.

A spape programme.requires contributions from diverse
scientific disciplines ranging from chemistry to mathematics

ped Hag, n.3, p.Y.

Z28 ibid, p.8.
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tR  eleckrenies. &7, a.» ﬁpané programme acts as  a
technological pace-getter initiating constant improvement in
other fields of science and techno{ogy. This raisés the
level of technological capabilities within thas country ;nd
their applications in other fieids of science or industry.
ISRO has transferred about 180 technologies to Indian
industry, some of which have been put/to applications in
other fields. For example, the computerised analytical
techniques developed for rocket systems have been applied by
the Bharat Heavy Electricals Limited,” Hyderabad for solving
problems of turbine wvibration, ;nd by the Kerala GState
Electricity Board in designing arch dams. 2%
According to Rao, "the multiplier impact of this diffu-
~sion of tasks, skills, techﬁiques and technologies® is
evident in the emergence of 3 space-related sector of Indian
industry which cuts acrosé all sectors. He further’ addé
that the exp;rience of the West (USA and Europe) " is that
the benefit from such a multiplier effect is almost three
times the direct benefits, With the '‘spin-offs' from space
technology now being woven into our national fabric, there
is no reason why"similar bengfits cannot be realiszed in our

own national context."ao

28 P. Nénda“Kumar, *Space Research in 7&ndia,“[ndian and

Foreign Review vol.15, no.Z2, 1 Now. 1877 ', p.18.

30 Rao, n.3, p.1S.
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MILITARY APPLICATIONS

Space technology also has a number of aplications in
the military sphere. While remote sensing satalliteé {with
regsolutions of 10 m or less) can be effectively used for
spying over the territory of adversaries, communications
gatellies provide improved command, control, communications
and Intelligence (CSI) facilities aand, most important,
launch vehicles can be used as missiles for delivering

weapon payloads deep into the territory of the adversaries.

There arer no reports sb far ofv lndia using its
satellites for military purposes. PBut, she has utilised her
experience in launching satellites 1in designing and
developing missiles which are to be used by the Indian armed

forces.

Indiats efforts in the field of military rocketary
dates back to the ‘Devil' programme of the 1870s which
attempﬁed the reverse-engineering of Soviet Surface-to-Air

31 The only

missiles into Surface-to-Surface missiles.
worthwhile success of this programme was the development of
a three-tonne {iquid fuel engine which later came to be used
in both the ‘Prithvi' and ‘Agni' missilgs of the Integrated
Guided Missiles Dévelopment Programme (IGMDR).SQ

31 VAYU (New Delhi}), no. 3, (188Y), p.s6.

32 Sangn Panwar, "lIndia's Misgiles : A New Dimension in

South Asia", VAYU, no.8, (1988}, p.23.



The I1GMDP, initiated in Julg 1983, followed india's
sucess in placing a Rohini satelliﬁe on-board the indigenous
SLV-3 launch vehicle. The missile programme has -benefited
from the experience gained in the space programme, lnfagt,
the IGMDP was placed under the charge of ~ A.P.J. Abdul
Kalam who earliier led the developmental effort of the SLV-3
launch wvehicle . . On 7 July 1982 he was appointed as the
Scientific Advisor to the Defence Minister and will now also
head the Defence Research and Development Organization.
-The mandate of thas 1GMDP included,tﬁe development of f{our

missile systems - *‘Trishul', ‘Prithvi‘', ‘Akash’, and ‘Nag'.

- and the testing of an Intermediate Range Ballistic Missile

{IREM) ‘technology demonstrator', ‘“Agni'.

Trishul, a guick-reaction Surface-to-Air missile, w3s
the first to be tested in September 1885. It has a maximum

raﬁge of 9 km and is to be used by the Army and the Air

Force. A naval version is also under development for the
purpose of countering sea-skimming missites. This wversion
was succeffully tested during 1991-y¥?, A number of

developmental tests of this missile system have heen carried
out so far, and i{ is expected to be deployea during this

year.

33  FRONTLINE (Madras), vol 9, no. 11 (5 June, 1882), p.S5.
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Maraging steel is being used for the rocket motor

34

chamber of the ‘Trishul' This was initially developed as

part of the space programme for use in the PELV motor by

ISRO along with the Welding Research Institute, BHboL, MIUHA-

NI, Rourkela Steel Plant, etg.>®

‘Prithvi' was the next to be successfully flight-tested

on 25 February, 1888. [t is a Surface-to-Surface batflefield
support missile, with a maximum range of 250 km and a
Paylead capacity of 500 to 1000 kg. {t is to be used by the
Indian Army' vfor the purpose of vdestroying troop
concentrations, crippling enemy air bases and striking at

]
enemy headquarters.”s

So far, seven test flights of the
missile have been conducted with one failure in February

1982,

The design of this missile is based on the satellite

launch vehicle module.37

34 VAYU, n. 31, p.7.

35 -.Sanat Fiswas, "Space Progromme it Urives's  SeHgL  Or

Economy.® LIiNK,vol 28, no. “Zbh 2b Jan. 1Y8b , p. «4.

\

36\~ Panwar, n. 32, p.24.

37 Rajendra Prabhu, "Space Programme: Uetencs aspects

cannot be ignored, " Hindustan limes {(New Delnhil, 13

May 1992,
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‘Nag', the third generation anti-tank missile was first

flight-tested on 24 June, 1880. i£ has a maximum range of 4
km and is being equipped with a terminal guidance system.
The second flight-test was carrie; ocut con 28 Nﬁvember, 1990,
A total of 8 tests are to be carrged out before user trials

begin.

‘Akash"the fourth missite under the LGMLP, was
successfully flight tested in August 1880 from the Interim
Test Range at Balasore. It is aetransportable Surface-to-
Air missjle with a maximum range @f 25 km and isvto be used
for providing defence to wvital areas, points, and
installations, etc... [t is to undergo Y flight trials over

two years.

‘Agni', the IREM ‘technonlogy demostrator’, w33
successfully flight-tested on 22 May, 1888 from the Interim

Tazt Range at Balasore. The second test on 22 May 188

N

Wa.s
only a partial success for the missile "failed to carry out

. . 28
the final manceuvres in the reentry stage."

*Agni', 13 a5 Surface-to-Surface missile with 3 maximum

"range of 2,000 km agg a payload capacity of one tonne. Tt

iz a two-stage missite, with the first stége using a solid

38 THE HINDU (Madras}, 30 May 1982,



propellant and the second stage using a liquid propesilant.

While the firgst stage motor is the same as that of the SLV-

(3]

4

——

first stage, <9 the second stage is a modified version of

1]

o+

e '‘Prithvi' liguid engine. Even the missile's heat shizld
{in the reentry wvehicle! and guidance system came trom
India‘a agpace progrs«.mme.“U The heat shield was made up of
carbon compositea which the West German space agency helned

India in ::hex.ualoping.Q1

West Germany aiso helped in the
development of guidance systems for its space programme. tThe

closed-loop guidance system, used in the ‘'Agni' missiie was

first used in the Augmented Satellite Launch Vehicle.

Thus, the space programme has served a3 dual purpose. It
has not onlu supported the socio-economic development of the
country, but has also contributed towards the country's

securilty needs.

39 ibid.

4 7 Gary Mithollin, "India‘'s Missiles: With a Little help

from. our friends", Buliettin of the Atomic Scientistﬁ
vol.45, no.8 (Nov 1888), p.31.

41  ibid, p.35.
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CONCLUSION

Basic. human needs are both ph;siological. and social,
While the former comprises food, shelter, health-care and
clean environment, the latter takes the form of education,
communication, transportation, etc.. Space technology can
make significant contributions towards satisiying these
basic needs. For example, 1in the case o0t agriculture, wiiiie
: meteorologigal satellites contribute towards planning woe
planting and harvesting seaéons, remute sensing sateliites
gather information on crops aﬁd lrvesﬁock, and communlication
satellites help 1in the dissemination of theze and other

information on farming techniques, etc.

Space technology can be adopted either on an ad hug
basiz, when esach national agency decides whether ‘"space
technology is cost~effective for meeting ita requirements -
6r hy establishing a space program to develop technology

to meet national needs."?

Indiia embarked upon the latter option by establishing a

space programme whose goals were to develop the requicite

technology - in grbund network,” zatellites, and launch vehi-
cles - for identified appliications in the fieids of
1 Ralph Chipman, The World in Space : A Survey of Sgacé

Activities and lgsues (Englewood Cliffs, New Jersey,

1982), p.4937
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telecommunications, remote sensing and meteorological fore-

casting.

The Indian decision not only to utilize space technoio-
gy but also to develop it can be said to have been motivated

by the following considerations :

{a) that space technology can be productiuely applied to
help improve the socio-ecdnomic‘ conditions of the
people ;

{b) that the development of .space technology would play
important role in the development.of industrial capa-
bilities within the country;

(c) that space technology is more economical than other

methods in cerfatin areas ; and,

{(d) that the space programme would contribute towards the

overall development of the country.

Having embarked upon an integrated space programme, the
Government of India {nitiated a number of policy w@measures

which were designed to help achieve the goals set for the

programme. These Jdnclude :

{a) the decision to build up the infrastructural base for
the development of technology and for providing the

ground network}

{ht the decision to train and bulid-up a sutficient numher



nt gcientific, technical zund sdwinisirailive jr Uit L
to carry out the sSpace programme;

the 2\alsiun Lo GO-0RD SLne2r nationai agencies and  tha

i)
-

indian industry 1in he space programte
{d? the pursuit of cooperative relationships wiilbi Lhe
space agencies and space industries Dl oth=r

countries,etc. ...

W
9]
i

A  pnumber of projects were initiated wnder the 3

i
o]
G
1]

pe.

programme which were initially designed to gain exper
in the development and utilization 2f space technoiogy, and
later to operationalize space-based services. the sateliilie

development projects have been successtu!l, theough with sowe

majar §¥aitlueas. This has helped in the gg=aratianatization
of INSAT and IRSS systems, which have been providing serv-

ices in the areas of telecommunications, weallwlr TurecasLiig

and remote sensing.

The major failures in the case of satellites have Dbeean
INSAT-1A and I[NSAYT-IC. 1he tallure Ut these (wu sSatwelliies
has been attiributed to their peculier design which Lecasuw
necessary because of thé indian inéistence on the 4CCOMOUa~
tion o0f the Very High Resciution Radiometer tVHRNY Instru-
ment in thé INSAT series. Because of the inciusion oi this
instrument, the solar array twhich powers the spacecratft)
had to be given an asyvmmetrical shape so as to keep it outl

51-

of the VHRR field of operations. tThis, in turn, neca

g}

tated the inclusion of a solar sail for balancing the whole

O
O



2 o
satellite.” The two satellites were lest mainly because of
the failure of their solar sails to open up. INSAT-IB was
also plagued by a similar probelm, but ISRO and NASA scien-

tists succeeded in deploying it after various manoeuvres.

A separation of the meteorological payload will_ not
only solve this problem, but would also reduce the weight of
INSAT-1 class o%'satellites to about 700 kg.. And, this
would enable them to be launched by a quified version of

the PSLVS..

The launch vehicle projects of. thé Indian space
Programme have made less progfess compared to the satellite
projects, This aonuld be attributed to the thh priofity
being given to the development of satellites because of the
compulsion to demonstrate the relevance of the ‘Space pro-
gramme in national davelopment.4 While the first two

flights of the Augmented Satellite Launch Vehicle (ASLV)

2 S. Satyanarayanan, "Rocket Technology: with a litttie

bit of Thelp", Economic Times {(New Delhi}), 25 April

1882.
3 ibid.
4 Ashok Raj, "ASLV failure only temporary setback,"

PATRIOT (New Delhi}, 17 April 1987.
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were total failures, the Polar Satellite Launch Vehicle

R, : T 5
(PELY) which was initially anvisaged ¢for iauneh in i983-ER

has not yeft been flown.

While the failure of the first ASLV test in 1988 was
atfributed to the non—ignftion of its first stage motor, the
Failure Analysis Committe (of {SRD)'has tréced the second
failure to a design flaw iﬁ thé launch vehicie. The flaw

relates to the instability of fthe launch vehiclie because of

its length-to-diameter ratic and also the control systems
which are designed to correct deviations in the launcher's
trajectory. Deviations which normally result in jaunch

vehicle trajectories were further aggravated in_tﬁe case of
the ASLV in which many of the critical events {1ke boouster
separation and ignition of tﬁe core stags occur in the lowar
atmosphere where dynamic pressure and wind locads are high.
This eventually led fto the bfeaking up of the vehicle due to

the vehicle experiencing maximum dynamic pressure.6

The Failure Analysis Committee recommended a number of
design changes which were incorporated in the successtful

third developmental flight of the ASuLvY.

5 GO, DNS, Space Regearch and Development: Profile for

the Decade 1880-1890, (Bangalore, 1881).

{53 B THE HIRDU., {(Madras}), 1 August 158%.

(o]
3]



India has achieved significant benefits from ites space
programme in the area§ of telecommunications, remote sensing
and meteorological forecasting. In the field of telecommuni-
cations, the benefits include improved domestic and interna-
tional telephone connections, expansion ouf Lthe Lelevisiuvn
and radio networks, and other networks for the provision of
3. number of new services like PTIl news service {for rapid

dissemination of news, data communications, etc....

Improved weather forecasting, pased un satet it
observations, has made significant contribulions tuwarads uthe
management of water and other resgurces, in pregicting

natural disasters like cyclones, thus enabling precautionary

measures for damage reduction, etc...

And, in the fieid of remote Qeusiug, Satetiile 0Qata
have been extremely useful in a number ot tie{as ranging
trom agriculture to wineral resources survey to0 urban
development, thus touching upon the major {[acets ©i national

development,

In addition to these direct benefits, the spacsa
programme hég also made valuable contributions towarcdy Ltie
development of industrial and technologicat capabitities
within the country. Also, the effects of the exploitation

of the space environment can result in India entering the

stage of, what Harry Stine refers to as, the "Third Indus-



trial Revolution."7 This should enable Indis to leap-frog

some of the stages of deveiopment, as had bheen paresivad by

the Indian lsadership.

MTCR

Another area of application of space technology lius
been in the development of missiles. This has led to
considerable apprehensions among Western CDuntties,. aspe-
cially the United States. In a bid to curb the proiifera-
tion of ballistic missiles arvund the wortd, Tne vnaited
States along with its Group of Seven (G-/) partners an-
;ounced a Missile Technology Control Regime (MICR! in Ap}il,
1887. The aim was to curb international trade in missile
technology. The items to be controlled were placed under
two categories. Category | items included cuwmptete ruckel
and unmanned airvehicle sy%tems wﬁich Catt el ltvdr pay t vads
of 500 kg or more over a range of 300 km or more aiong with
their production facilities and subsystems. Category {1

consistSof components.8

On the basis of the MICR guidelines, the Uniled SlLales

imposed a two-year ban on "American trade and technology

7 Quoted in William Sims PBainbridge, +The Spacecratt

Revolution: A Sociological Study (New York, 19¢b}, p.Z.

8 Kathieen C. Bailey,"Can Missile Proliferation be Re-
versed ?°¢ DREBIS (Philadelphial, vol.35,no0.1 (Winter

1981), p.oS.



transfers with and to the Indian Space Research Urganisa-

tion‘“ on 11 May, 1982 following India‘'s refusal to cancel

its November 1880 contract with Russia's (formerly Soviet)

apace agency, Glavcosmos, for the acgquisition and subseguent
technology transfer of cryogenic rockets. The U.S. view is
that cryogenic rockets would contribute to India‘'s ballistic

missile programme.

Constraints

The U.S. ban, according to analysté; is fikely +{Lo
hinder ISRO satellite and launch vehicle projects,
especially the former. For, ISRO is dependent on the United
States for a number of major electronic components apartl
from others. 71This 1is in addition to 1ts cependence c¢n
foreign assitance for launching'its satellites, for the
design, fabrication and development of its satellites (till
recently}, for the acquisition of ground suppart systems and

also for the training of its personnel.

This dependence on foreign assistance has been one of
the wmajor constraints faced by the indian space programme.
This has necessitated India taking into account the inter-

ests of other countries while pursuing its space policy‘lo

g Gautam Adhikari, "U.S. slaps 2 year ban on ISRO, Glav-—

cosmos, " TIMES OY INDIA (New Delhi), 12 May 1882.

1Q " Stephen F. Von Welck, "india's Space Policvy: A Levelop-

ing Country in the Space Club," Space Policy, wol. 3,

no.4 {(Nov 1987}, p.331.

«
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The recent U.S. insistence on the cancellation of India's

deal with Russia is a case in point.

The tevel of Indian dependence on foreign sources has .
been very high even during the ‘operationalization' phase of
its space programme. So far, none of the Indian applica-
tions satellites have been launched by indigenous launchers.
thle two of the INSAT-1 series wefe launched by NASA, the
other two were launchgd by ESA, and the two Indian Remote
Sensing sagel!ites were launched by the Soviet Union. The

INSAT 2A was also launched recently by ESA.

In the case of satellite fabrication, all the four
INSAT-1 satellites were fabricated by Ford Aerospace of the
United States. The second generation INSAT spacecraft

however, are being developed within the country.

ISRO has also been dependent on foreign sources for its
ground support systems. For example, the Soviet Union sup-
plied an AFU-75 camera and laser equipment for the ISRO

Satellite Tracking and Ranging Station (STARS}), Kawvalur.

ISRO's dependence on foreign sources is acute in the .
case of electronic components like radiation-hardened
integrated circuits, travelling wave tube amplifiers, etc...

In fact, ISRO had been importing more than half of its



requirements of electronlec components from U.S. companies.11

Other electronic components for which india is depsndent on
forelgn Ssources are solar cells, charge-coupled devices,
detectors for the VHRR (fn the INSAT) and earth acquisition

Sensors.

Non-electronic components include reaction control
systems (RCS) which includes high speed momentum wheels and
reaction wheels, titanium alloy tanks and helium pressurant
tanks, auxiliary thrusters for satellite orbit attitude

. : 12
corrections, beryvllium reflectors, C-band antenna, etc...

The Indian Space Programme which is dependent on the
United States for most of these items is likely to suffer

some setbacks due to the U.S. ban on ISRO.

Another constraint faced by the Indian Space FProgramme
has bheen the lack of adequate industrial capabilities within
the country. Indian industry does not possess an adeguate

technology base "fto enable it to cooperate with the ISRO in

i}

o
45}
]
[e]

the implementation of the progz':—muma."3‘:3 At the mo

11 N. Gopal Raj, "French firm Willing to supply [ISRO

parts," THE HINDU (Deihil), 8 July 188Z2.

i2 R. Ramachandran, * U.S, sanctions to cripple satettite

capabilities, " ECONOMIC TIMES, 12 May 1222,

_13 Welck, n. 10, p.331.



can procure compon=antsg and materials from indian industry
and also get certain ;ystems fabricated or produced to its
stipulations. For, the industries in Indis “ténd to supply
only component units rather than the entire functicnal

units.'l4

Another major constraint faced by the indian space
programme is in financial allocations which are limited to
the absolute minimum regquired. The budget allocations made
during the 1880-1980 decade work oQt to an annual average of
about és 235 crores. This zum ig véry meagre compared to the

MASA's annual!l budget of 15 billion U.S. dellars during the

early 1980s.

To overcome these constraints, India will have to make
csustained efforts towards deueloping space technoicgy in a
self-reliant manner. Even though the relicy of self-
reliance was the guiding principle of the Indian &Space
Programme, the reliance on foreign assitance for several key
components has continued to persist eueﬁ after two decades.
Such dependenée leads to limitations being placgd on India's

.

space policy,”for the country will! have to take into account

14 N. Gopal Raj, "From Sounging rouckels Lu  sateiiites,®

FROMTLINE, voli.3, no.21 31 Uct. 136 , p.ge.



the considerations of the countriesbon which 1T 15 depmad-
ent. Technological self-reliance has especially become an
imperative for India, as wel! as for all developing ccocun-
triess, following the setting up of technology export cartels

by the developed countries (like the MTCR).

The Department of Space has een seeking, over the last
few years, the Government's approval for the ectablishment
of a corporate fraont in the public gector. The proposed
company is to be ;eséentially a ﬁfomotion and service agency

providing a range of high-tech services and will not itself

ey
15 Two roles have been

undertake manufacturing activities."
conceived for the company - one, to market Indian space
capability abroad and expioit the international market for

space products and services and two, to build up industrial

ws

capabilities within the.country.ls

While the prospects for the former appear guite dim in
the wake of the recent U.E. ban cn [ERU, the precposed compa-
ny can play an important role in promoting industrial devel-

opmaent. This, it can do in two ways - one, it can undertake

15 N. Gopal Raj, "Corporate Front for Dept. ot Space, *iHE

HINDU (Relhil), L8 May 18LZ, p. 1/,

16 ibid, -

i
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a

multi-disciplinary apprecach inveleing a wide range

~technon-managerial legal and contractual, marksting, 1

cial

of

aa3n-

and promctional services; and two 1t can cocrdinate

3 interactions with industrialists as well as

financial institutions, market resesarch organizations

Research and Development institutions and groups.

on

These and cther measures should enahle lndia tc ¢

-

with its applications-urienled space prograaume

effectively “"which has - the capability %o transturm

entire

\

‘endeavour - education, communication, environment, nao

tion, agricultural output, and industrial! productivity.

with

and

arry

mere

Lhie

society touching practically every aspect ol human

1L~

w1l

17

" 18

ibid,
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U.R.Raa, The Mext 40 Years In Space : A View Point

oi

Developing Countires (Bangalore, 1889).
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APPENDIX -

COST ESTIMATES OF THE SPACE RESEARCH PROGRAMME

Sl Funds required
No. Ttem , ————

1870-80 1970-75 1975-80

- (Rupees in crores)

1 Augmentation of faciities for R & D. at SSTC for e
butlding scientific_and comrmunication satellite and ™

sAvironment testing L . 5.00 5.00 —
2 Deveiopment of inermial & inflight guidance systems T
for rockets and onboard miniatunsed computer . 2.5C 1.25 1.25
3 Development of High Performance Missile Tracking
Radars and P.CM Communication Systems 3.75% 2.00 1.75
4 Sold Propsellant Plant and Testing Facility at SHAR 15.70 12.45 3.25
Y. Rockel Fabrication Facility for large sized rochets . 2.00 2.00 -
6 Development of SLV-3 satellite launch vehicic . 3.50 3.50 -
7. Devselopment of Scientific Satellite 3.00. 1.00 2.00
8. Expansion of Expenmental Satellite Commumication
Eartn Station including Satellite instructiona: Tele-
vision Exponment (SITE) , . 428 4. 25 —
9. Development of Communication Satellite . 27.00 2.00 25.00
10. Development of Satellite Launcher (SLV-SYN) 15.45 -- 15.45
11 Operational requirements
(+) Thumba Equatorial Rocket Launching Slano:/x 10.0C 4.60 5.40
(n) Expenimenta! Satethite Communication Earth
Station o - . 2.25 0.75 1.50
(u) Rocket Propellant Plant . . . 5.00 2.00 3.00
(v} .Space Science & Technology Centre - = 36.00 10.00 26.00
(v) Rocket Fabrication Facility ' 9.00 3.00 6.00
(vi) Sriharikota Range ) 20.00 8.00 12.00
(vi)) Indian Space Research Orgamsation * 0.60 0.20 0.40
Totul 165.00 62.00 - 103.00

EOURCE ¢ Gavernment of Indila, Department of Atomic Energy,

Atomic Energy and Space Research : A Profile for

the Decade 12/0-80, p.40.
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APPENDIX - :

COST PROJECTIONS

Estimated Expenditure in
Rs. Crores (in 1979 prices)

Total
{tem 1980-85 1985-90 1980-90

FINANCIAL OUTLAYS
1. Completion of on-going schemes

and maintenance in infrastructure

support including the operations

of the Space Centres 163 ©218 . 381
2. IRS Project & post-

launch operations 32@ 1 33
3. SLV-Variants (Polar Launch Vehicle

and Augmented SLV Projects) and

post-launch-operations 41 10 51
4. Proto-INSAT Project & post- ‘

launch operations 21 ' 27T@ 48
5. Tracking, ranging & other .

general facilities 18 2 20
6. Launch vehicle & Satellite ;

related facilities 45 ‘ g9 54
7. Follow-on projects of IRS, SLV-V

& Proto-INSAT including advanced

system studies 1 97 98
8. Facilitles related to ,

follow-on project 1 50 51
9. Miscellaneous support

activities including support

R & D and other projects 54 60 114
10. Technology transfer

and utllisation 1 3 4

Total ) 377 477 854

* The costs of establishment and maintenance of Space Systems in the
- national operational sectors (for example INSAT in the Transport & Com-
munication Sector) are not included In this profile, which addresses itself
to.the space research & development plan of the country for the decade.

@ Includes provision for external launch.

Note: The National Remote Sensing Agency (NRSA) has been placed under -
the Department of Space. effective 4th December 1980. This profile
does not include provisions for NRSA activities.

SOURCE : Government of lndia, Department of Space, Space

Research and Develapment : Profile for the Uecace

1880-90.



ArPENLIX - b

ANNUAL ALLOCATIONS TO THE SPACE PROGREAMME

YEAR . ALLOCATIONS

VN unuwno o uae N e !

1869-70 v _ 3.0
1870-71 ’ 6. 88
1871-72 11,74
19/2-43 16,26
1973-74 18,71
1674-75 | 30.72
1875-76 34018
1876-77 39,1¢
1877-78 _ 37.386
1878-79 50, B
1879-80 56.41
1880-81 85.42
oB1-82 : . | 108, Y0
1882-83 . 84, /3
£983—84 163,10
1884-85 igi.61
1985-86 235,05
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1886-87

i887-88

1388-89

1889-80

1880-91

1891-982

SDURCE

4
.

For the years 1868-70 to 1873-74, Baldev Raj MNayar, In-

dia's Quest for Technological Independence : The Re-

sults of Policy (Lancers, New Delhi, 19833, wvol.d,
p.448.

For the rest, Government of lIlndia, Bepartment of Epace,

Annual Reports 1876-77 to 1881-82.
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APPENDIX - &

AREA-WISE DISTRIBUTIUN UpF FUNDS

(1974-75 TQ 19/9-8U)
(RUPEES I[N CRORES; PERCENTAGES N BRACKETS)

YEAR RESEARCH FACILITIES FRUJECTS RANGES DIRECT tUN
AND AND
DEVELOPMENT ADMINIS-

: o “TRATION .~

v}

213!

1874-75 11,83 {38.581 £5.99 (19.51 8.2% (271 2.6% {121 O,

5 (12] 1.12131

(Sl
™
[
1]
et
»
~
[sx

1875-768 11.53 {31 } 10.78 129 1] Q;
1876-77 15.48 (38 1 7.0&8 {1ig 1 11.37 {221 =2.82 (103 1.87041
1877-78 14.57 (38 1 8.9 L3 | B.58 L2331 3./4 L1101 1.8/71b1
1878-78 21.27 {42 1 6.58 (13 | 12.686 L2l 8B.61 L1/} 1.52L31

18768-80 24.8Z (44 I #8.46 1o 1 10.72 L1191 10./2 Li8l 1.69L31

SCURCE : Government of India, Department gi_Spacef ANNUAL REPURYS

1876-77 to 18280-81.
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APPEMDIX - 6

AREA-WISE DISTRIBUTION OF FYNDS

{RUPEES IN LAKHS; PERCENTAGES IN BRACKETS)

YEAR ROCKET SATELLITE SPACE SPACE IHSAT-1 DIRECTIOHR

DEVELD- DEVELOP- APPLI1- SCIENTES AND

PHENT HENT CATION ' ADMINIST-

RATION.

1980-31 2733.4402321 3502.220411 256.26L031 102E.040121 213.858{2.81 £811.48£8.51
1881-8B2 4415 [40.51 1482 [12.81 1042 [9.61] 338 {3.11 3292 1[29.23 320 {2.91
1882-83 4805 {E50.71 1383 [14.861 1322 [1412 478 el 118 [12.212 230 £2.81
1983-84 §177.87037,49] 226E8,63013.871 1185,16([7.31 368.6102.31 £59823.14I128.81 3248.28{02.21

1984-85 90S0.35{492.81 2937.50[16.2) 1614.33(R.9} 414.

~3
(9]
~
o
’

ey
et
()
~3
P
P
o~
F-N
=
o
vl
o
(o)
o
<
g%
~3
m
™
2o}
‘

S
[}

(93]
94}
posy
>
o

1985-86 11237.31(047.81 3607.76015.3] 2256.69(98.61 g23.8 1 4838.56{21.01 804.63{2.¢81
-1986~R87 13180.717142,61 €188 E3([18.71 3083.£83{9.9] S05.80{1.61 7228.08{23.231 B72.%54([2.8
: ;}987-83 14700.83042.4] 8809.27(25.4] 40é9.92[11~7]' 6?1.32[1.95 5587.86(16.11 856.75(2.5]
19R8R8-29 16043.59[381 13874,27032.81 4388.32110.31 767.1601.81 6224.28{14.7]1 936.54[2.2]
1988-80 14740.70L311 13892.24{34.91 4507;35(11.3] B48.2902,11 4816.55012.11 1050.82[2.61

1890~21 181282.58(47) 11800.30030.61 4444.86{11.5] B46.54[2.51 2160.2005.61 1141.89{2.01

1881-82 22242 [46.11 14083 {28.21-5085 [10.51] 1283 £2.891 4082 £e.51 1385 {2.91

SOQURCE : Government of India, Department of Space ANNUAL REPORTS . -

1981-82 to 1881-82,
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APPEND 1Y

COMPONENTS

IMPORTED FOR

-7

SPACE PROGRAMME

-
.

10.

Nickel-Cadmium Ratteries
Solar Cells

lenses for LISSE Camerass

High Density Digital

Taperecorders

TWTA

CCchs

Computers
Contour Nozzles

Vertical Mixer

Vertical Boring and

Turning Mill

MEV Linear Accelerator

SAFT, France.
AEG, Telefunken, FRG
MATRA, YFrance

HONEYWELL, USA

CSF Thomson, France

FAIRCHILD, USA

DEC, USA.

M/E VULVO, Sweden.

M/7S Day Mixing Company,USA

M/ Mitsui & Co., Japan.

4

Radiation Dynamics,U. K.

SOQURCE

FParliamentary HNews and Views Service Compendium of
Policy Statements Made in the Parliament, Monsoon
Session, 1886 { New Delhi, 1987 )}, p.35.
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APPENDIX -

:Success :

1981

~Failure- k

" Success

""SROSS-1

‘March 24: 1987

. Failure

IRS-1A

March 19, 1988 _

. Success .

SROSS-2

July 13, 1988

Failure

IRS-1B Aug 29, 1991

Success

SROSS-3 May 19, 1992

Success

INSA’I‘_—I'(_"‘--;’j .- Sept 4, 1982

Failure

INSAT-1B ..~ Aug 30,1982

_Success

INSAT-1C

" July 22, 1988

~_ Failure "

INSAT-ID - .

d un'e:lzr_iz,.‘ 1990

INSAT-2A°

O

L July10,1992

- Success

ARIANE

v

. .

SOURCE : Times of India,
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APPENDIX -

MAJOR INDIAN SPACE MISSIONS 1990 - 2000

EIGHTH PLAN
MISSIONS .
1990-91 1991-92 1992-93 1993-94 1994-95 1995-96 1996-97 1997-98 1998- 99 1999-2000
c .13 . ¢ .
| [] i 1 ]
SROSS AN :
ASLV il ] il
D3C) == c2 22 w22
< s - s
< Fos Fas Fad 0
IRS *.'3‘/" PRk N s
18 1C 10 2A28
I 1 | 1 1 1
PSLV ! ! | 1o 1
T 3 3 : : 3
o T 02 "’ : R X e
’)\ v N N N N ) Y INSAT-3A
-7 KN N AN AN . AN \
R Ay, Ay NAY . Ay >, .
INSAT/ {%ﬁ%\ S o o5 L5 oof(j}:) AN A o%g
DBS ‘ \()}/ T e o e T 0
. INSA)’I-‘vo INSAT . 2A INSAT - 28 INSAT - 2C INSAT - 20 INSAT . 2€ , DBS-1 08S-2-
GSLV 1 NN 11
e ;o - > -
g ‘ -
o | : :
EXPTL./TECH. ~ B ~ - ~ = ® i
PAYLOADS 2 ’
IRS - VE RS- P2 GRAMSAT GRAMSAT
. o -
N . i
SOURCE Government of India, Department of Space, Annual Report
b

1991-92, p.6.
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