s 3
¥
i

i
- 5
;ﬂ/ - % Mg lee. MDD

Q few Hdicw Cous d be

: : = or i) 7Dt
e de % . & 5 IMC‘ |

/e Fu O% & ex st
| Ttb jQU-umaz bsf o Urkmmur. Dinged

aubaxa} /Q,O_zCll,J'tL_ﬂ a_ Verd |
Mu%d@ %zu Sen {aY -
SexerH sts JQ&_A/-:FQ, were. LducYed
fﬁb\m subdhde. ISKs. ! Brehe. RablosL
e e de ax °“ﬁ3““““"‘“€
Con b dse s Gnsstidasin +
FHaliligiep VSSC . fasl (Cal® witsyr
« 0 o B el b
@WM Sey =t S e
Gxism& ;Ac. :&dwb“:+‘ﬁiy

URas shoo execulzt A«\(/LM_,;&Q e




e
. i a,“\@&i/w;%“)

&S
Sto

by A Hwe come dorTuse

ti5 meﬁﬁo/Q :

GuécesseTS _ -
@ s @’Z’ﬁj””.s@ww
q,;yu’«f\(ea“ l ool ¢:§L.?L‘af°te’

1 1*” Ceo i, D X ‘571"‘“
O_E bo_sic. & leove il

' ‘§&mdjk7' +tliis

sla.ufev CLE
ce ' 0s SelacPfoe & |wduioss

1 et 0’(_ lwn U ADY S T"NAN

ot_Ytde .

(QL, mf‘&v s

e, pe
gﬁ*ﬁz— ‘
25’/7.




From :

Subject :

INDIAN SPACE RESEARCH ORGANISATION

HEADQUARTERS

MEMORANDUM

PROF. S. DHAWAN File | Ref : TSR0:SS:13/61

Y S RAJAN, ISRO HQ Date : Sept 25, 1987

Management of the Indian Space Programme

As 1 had mentioned to you, I am enclosing herewith a copy of the
pre-print on the subject which 45 scheduled to appear in SADHANA,
Whike 1 don't consdder Lt to be an earth shaking piece of work, I am
happy that at Least 1 was able fo put down major elements as
obfective a way as possible giving also proof for further researches.
1 hope, 1 have succeeded in thying to keep down personal biases to
give a much greater role {or academic rdigour.

1 would appreciate recelving cniticisms/comments/advice from
you and more LAmportantly some specigic Lopics on which 1 could
pursue some gurther thoughts.

With regards,

Encl: as above




MANAGEMENT OF THE INDIAN SPACE PROGRAMME

Y.S. Rajan
Indian Space Research Organization, ISRO
ISRO Headquarters
Bangalore

ABSTRACT:. A brief survey of/ some =salient aspects

of the management of the gndian Space Programme

is made, with a qupfél ;gtggsa on the mperiod
1992 - 984 In view of Jthe complexity of the
subject matter, some major elements are addressed
without necessarily econcluding on all the issues
or the questions posed. Some major policy initia-
tives during the period 1972 - 1984 are also

described.

KEYWORDS: Indian space programme; national

space programme management; Space policy.

1. INTRODUCTION:

The benefits from space activities have
now become widely known 1in the country. In
fact  there 1is a «worldwide precopnition of  the
importance of space activities ~not. only  foe
the developed world but more importantly for
the developing countries. Such a recognition,
even at well nformed  levels, did nol exist
in the ' ecountry when 1India formally ©orcanisecd
its modest space effort through the establishment
of Tndian National Committee FPobr Space Hesearch
(INCOSPAR) in 1962, In November 1963 the first
sounding rocket was launched from the Thumba
Rocket Launching Station (TERLS) near Trivandrum.

The founders of the Indian Space Programme had
recognised the possibilities of immense benefits

from Space Technology even in the early 1960's,




when humanity was just ushering into the Space
erais The early ideas about possible space appli-
cations of relevance to India can be found in
a number of writings and speeches by Dr Sarabhai,
a selection of which are brought out in a publi-
cation Anon (1979: ) by the Indian Space Research
Organization (ISRO). The early ideas were mainly
around. the wutilisation of satellites for televi-
sion and developmental education; meteorology
and remote sensing for natural resources manage-
ment. The programme also included development
and launch of sounding rockets for space science
research. Though international cooperation

dominated in the early years, careful stress

was placed on self-reliance. NucleiyEf trained

manpower were formed at the 1laboratories of
the then INCOSPAR which was named as ISRO in
1969. ¥t is not fhe purpose . of - this artiele
teo dwell on . these details. The beginnings,
however need to be noted to understand the manage-
ment of the programme during the seventies and
the early 1980's.

Organisationally the activities oL ISRO
were under the overall direction of the Physical
Research Laboratory (PRL), Ahmedabad till the
sudden demise of Dr Sarabhai who was Director
PRE “and - dlso < Chairman, = ESRO. PRL was under
the Department of Atomic Energy (DAE) which
had considerable freedom from the "needlessly
inelastic rules" of other Government Departments
through the Atomic Energy Commission (AEC) struc-
Cure: The elements of decade profile 1970-1980
for the 1Indian Space Programme were elaborated
in document Anon {(1970) of the DAE. The objec-
tives ‘and targets fixed 1in ‘these profile  had
considerable dimpact on the activities of ISRO
during 1970's and 1980's.




The annual budget of 1SR0O prew to - abait
Rs.10 crores in 1972 and the manpower reached
abeut 3000. Soonafter Dr Sarabhai's demise,
after = brief period of dinpterinm arrangements,
the Space Commission (SC) and the Department
of Space (DOS) were formed in May 1972 essential-
1y on Lthe same Jlines of JAEC and DAE SC and
DOS are responsible for all Space activities
10 Fpdia. PRL was placed under DOS but with
a8 separabe Director. Prof S Dhawan became Chair-
man Space Commission, Secretary DOS, and Chairman,

ISRO and remained so till end September 1984,
Rapid growth of space activities and implementa-
tion of major projects occurred around mid-
seventies. The trend continued subsequently.
This article deals with some elements of the
management of the Indian Space Programme during
1972-84.
2. SOME MAJOR EVENTS:

For a reasonable understanding of the activi-
ties and achievements of the programme during
1972 - te 1984, a5 o minimum, the annual reports
of DOS placed to the Parliament at the end of
every finaneial year, have +to be  consulted.

Some major events are listed here.

1972: The Department of Space and the Space Commis-
sion set up by the Government of India
to promote the development and application
of Space Science and lechnolopgy for identi-

fied national socio economic tasks. Bref

Dhawan takes Charge.

1972-76:

A number of air-borne remote sensing experi-




ments conducted for surveying earth resources.

A number of indigenous sounding rockets

were tested and flown for scientific experi-

/solid ments. A number of elements off propulsion,
propellent, and avoionics were developed

in a laboratery seale. Development of

@ lounch range at Orihapikots bepan.  Track-

ing stations Experiments with liquid propul-

sion . inecluding a major technieal knowhow

arrangement with =a  Freneh  Company were

done.

1975: The Fipct Indian Satellite, Aryabhata,
launched on April 19, 1975 from the Seviet
Union.

1975-76:

The first major space application programmé,
Satellite Instructional Television Experiment

(SITE), —condueted ' during BRupust 1975 -
July - 1976 wsipe the U8 S-oteilite. L7856,

1977: The satellite Telecommunication Experiments
Project [(STEP) ecopried out from the middle
of 1977 to 1979 wusing the Franco-German

satellite, Symphonie.

19%59: The 'secornd @ Indian  Satellite, a satellite
for earth observations, Bhaskara-1, launched

en. dume: . 1979 fpom the Soviet Union.

1980: 5LY-3  TIndig's first Satellite Launch Vehi-

cle, puts Rohini Satellite into a near-earth

cittiptical orbit Irom Sribarikolg on dUly
i85, 1980,

1981: Indig’'s First experimental geo-stationary




communication satellite, APPLE successfully
launched by ESA's Ariane lLaunch Vehicle
from Kourou, Freneh GBuyana,  on. June 19,
1981. India's second satellite for earth
observation, Bhaskara-11, launched from

the Soviet Union @on:  November 20, 1983

1983: Second developmental flight of SLV-3 success-
tully conducted freom Sriharikota on Aprild
1t 1983 and RS-D-2 satellite orbited.

INSAT-1B, India's multi-purpose domestic
satellite, 1launched on - board USA's Space
Shattle, 'Challenger!, on fugust 20, 1983

Major national seminar to define National
Natural Resources Management System was
conducted, arriving at a national consensus
preparing ground for the Government deecision
on NNRMS which took place in early 1985,

1984: The first joint Indo-Soviet manned space

mission launched on fpril 5. 1984, Frof
Dhawan retires in end September 1984 and
Prof U R Rao who was Director, ISRO Satel_—
lite Centre takes over the same unitary

structure from October 1, 1984.

3 DESCRIPTION OF SOME IMPORTANT MANAGERIAL
ASPECIS:
Annual budget of DOS which was around Rs.10

crores during 1972 -inereased  to apour Rs: 100
crores during 1984. Manpower grew from about
3000 in 1972 to sbout 15000 iv 1280 A number
of small units situated in and around Trivandrum
were organised into a 1large Centre and called
the Vikram Sarabhai Space Centre (VSSC) in 1972

and placed under a Director. Similarly a number




of smaller units located at Ahmedabad were brought

under the Space Applications Centre (SAC).

An ISRO Council consisting of Centre Directors,
Birceter PRI and senior officers of the DOS
Secretariat was formed. This provided a symbol
as well as a forum for participative management
between the Department which has the Government's
powers and the Centres which execute the Jobs

It should be rnoted that in the normal parlanee
of traditional government departments, TSR@'s
Centres and units are subordinate or attached
offices, words which are not prevalent in ISRO
and DOS¢ Such a participative management Jjointly
evolved between those who wield administrative
powers and the executing agencies, is an important

feature of the management of the Indian Space

Programme.

A project for India's first lsunch vehicle
S1.V-3 was  organised  under VSSC€C  durimp. 1013,
With a wunified projeet structure while retsining
the elements of matrix strueture 1n the specia-
iioed divisions of VUSSC. Some projects relating
to the launch vehicles were organised at Srihari-
lbots whienh ater led to the formation of SHAR
Gentre S milarly a project for India's [TiPst
satellite, which was subsequently named Aryabhata
dfter launch, under the woverall direction of
VSSC was formed at Bangalore; the infrastructure
built f6r the =atellite projects led o the
formation of the ISRO Satellite Centre (ISAC).
The National Remote Sensing Agency (NRSA), an
autonomous society under Department of Science

& Technology (DST) since 1975, was placed under

DOS from December 1980, placing major remote

sensing efforts under a single ambrellz of DOS.
In the eighties some smaller units were "spun
of f" from the major Centres of ISRO.




Having project core teams with responsibi-
lity Tor the  major, well-identified projects
with tasks being executed by different Centres/-

Units of ISRO became an important factor in
ISRO management from late seventies. Partly

for reasons of participative management and
partly for ressons of techrnical complexities
requiring multi-disciplinary approach, various
inter-centre management boards/councils are
formed; some have executive functions; some
have advisory roles. All the projects had a
lead centre named for its execution. For example,
Y88C 1is fthe lead Centre for Jaunch vehicle
Projects: ISAC for =atclilite projects. In addi-
tion the 1Indian industries exeeuted major wWork
backages, as a matter of policy. This faetor
added further complexities of contract management
in addition to the internal technical and manage-

rial coordination needed within the ISRE Centres:

oLV=3  -project ‘had about U0 sdel i

"work Centres" and for the Polar Satellite Launch
Vehicles the number has increased by five or

si% Fold.

In addition, the units of the Space Pro-
gramme which started functioning in Ahmedabad
and near Trivandrum in the early sixties, have

now spread to a number of places in the country

(See Fig-1).

Yet another important feature in the manage-
ment system which emerged during the later half
of seventies and inecreasingly in the early eigh-
ties, 1is the coordination and Joint aetivities
with the users of space applications. One impor-
tant example in the operational multipurpose




Indian National Satellite Project INSAT-1.

Such user interfaces added a newer dimension
in the already complex management structures
of Ehe prejcets. Apex 1level user coordination
bodies such as INSAT Coordination Committee

{ICC) =2nd Planning Committee for. the National

Natural Resources Management SysStem (NNRMS)

also were formed.

Coerdinatiorn of efforts 1n space sciences
took a newer shape through the Advisory Committee
of Space Seienees (ADCOS) - 5 brief report on

which is given by Anon (1987a).

The responsibility for the overall programme
whieh 1is executed fthrough a complex network
Oof centres projects, industries ete still vested
@it & sinple person who held these positions
of Chairman Space Commission/Secretary DOS and
Chaiprman, [SRO. Tiis is considered to be eflfec-
tive in combining various decision making levels
- technical, managerial, administrative and
i poliey makipg thus cutting douwn delays.
T a-=7st the ¢top decision maker, besides the
tsual secretariat of DOS an ISRO - Headquarters
consisting of scientists and engineers was formed;

these units also played a role in the overall
programme management and for ensuring effective
internal and external linkages. There are also
a number of standing and transient Committees
which assist in coordination. While it is diffi-
cult to describe these functional or hierarchial
linkages even for one year or for one projecet
because of the evolutionary and dynamic nature
of these linkages, an extremely simplified organi-
sational chart in Figure 2 is reproduced from
one of the recent annual report of DOS. Sinee
the interrelationships and 1linkages are complex

and time-varying, consensus management have

e




been mostly resorted to in decision making through
Committees, Boards, Councils etc.

The budget formulation within ISRO has
since 1977 absorbed many features of zero based
budgetting. This approach has also been used
as a tool for programme management. DOS has
considerable freedom in financial management
and has delegated substantial powers to the

Centres and projects.

Regarding the promotional avenues of scienti-
fic and technical personnel which include techni-
eians,  ISRO/DOS: has @' a /merit /promoticn sehcme
broadly derived from DAE, Under this scheme
a person after a some prescribed number of years
can be reviewed for promotion and promoted irres-
pective of availability of vacancy. This system
is nowadays called NPlexible complementing".

The bulk -of 1S8R0  seientisbs and engincers are
still young and may average around 35 to M40
years. The age distribution however may have

a sharp "bunching effect" because a large number

of personnel were recruited during 60's and

early seventies after which the rate of induction

has gone down.

The Indian Space Programme's partnership
with the 1Indian 7dndustrial -seector 1S organised
under four closely linked fronts viz., technology
transfer from space programme to the industry;
consultaney by I8RO to - industry; wutdl i =aticn
of. industries own technology potential and exper-
tise by ISRO; procurement of goods and servieces
from - Industry for - the space ' programme: From

mid-seventies the partnership with the industry

10




0n Che  abpove lines was stressed as a matter
gf poliey #fctivities and Projects of the sSpace
programme were accordingly oriented. While
& technpologies were licenced in 1977 by 18RO
the rthmulative total in 1984 was 88, with the
figure in 1986 being 129. Annual flow of funds
from the @space programme to Indian industry
Was about. RBs. 13 crores during 1977=-78 and has
reached a level of about Rs.119 crores during
86-87. Further details may be seen in the spe-
geial publjeatieons  finon (1987b) by 1ISRO and -
Sudarsan etal (1987c).

Since 1974, ISRO instituted a formal system
for supporting extramural research funding 1n
the academic system of the country under a pro-
gramme  called RESPOND. some details can be
found in an ISBO Publieation by Ananth (1985bH).

The technical review systems in ISRO's projects
also utilised the expertise of personnel from

the academic institutions.

4. PROFILE FOR THE DECADE 1980-1990:

A comparison of the decade profile 1970-80
for the space programme with actual achievements
Would indicate that basic goals have remained
the same. A number of details in terms of projects
S ‘have been more than originally spelt out.

Funding for the profile period have been more
than the figures projected earlier and the time-
schedules have been different. The actual reali-
Sation of events have taken place a few years
after the milestones indicated earlier. But
in the overall, targets have all been realised

fully. During 1981, DOS also preésented a profile

for the period 1980-90 wherein the stress has

il




been on transition to the operational and semi-
operational space systems to meet the country's
requirements. The programme was graduating
from the ninor projects Lo major oconess Ghe DEG-
jects are applications driven; and the Ilinkages
between projects became more complex. The inte-
grated  nature oY “the programme bHeeomes @ Monre
Visible: Further detalls can @ be seen an  an
article by Dhawen = g78]} and- the decade proiille
1980-90 given in the DOS document Anon(1981),
and the paper by Dhawan etal(1982).

DISCUSSION ON PROJECT AND PROGRAMME MANAGEMENT
SYSTEMS:

In a recent publication by Dhawan (19855 @ on
"Application of space teehnology in . inaigl

a glimpse of the application of space technology
in kndia @ 05 provided. The publication also
addresses the choice of ftechnology, the risks

involved, and the necessity to sustain an Indian

view point throﬁghout for the larger socioeconomic

BEEDOSES. It pives sSome elluecs to @ Lhe Dolliey
formulation which has been marked by a distinct
continuity in the objectives, goals and diree-

tions.

When Prof Dhawan ftoek echarge ©f: the pro-
gramme about 10 yeaprs after its dpnceptions.
he has amplified on the basic goals and objectives

set up already. He has evolved mechanisms
and structures to implement the decade profile
of 1970-80. Thus® «the organisatcion forms Aot
evolved during the growth of the Indian Space
Programme during his Chairmanship contained
some elements dictated by programatic choices
made earlier as well as the elements which were

needed to handle a growing, dynamic programme.

il




To  a certain extent it would have been influ-
enced by practices of  DAE. To separate out
these elements, if at all possible, would require
considerable research. Research articles on
the working of the detailed management systems
off the 'Indidn S&T organisations . or programmes
are practically non-existent. Reasons are many-
Fodid: the organisations are perhaps busy with
their programmes; there is a fear of disturbance
of the existing living systems; and the complexi-
fies of Indian public life add further inhibitions

for data gathering and analyses. ISR@ has
not been an exception to this phenomenon. There-
fore any attempt at a description and analyses
of the management system of the Indian Space

Programme can contain many elements of subjective

biases of the author(s). This paper may also

contain such biases. It 15 hoped £hat further
studies suggested in this paper can be conducted
in depth. Such studies can be good contribution

to the Indian management literature.

In the early years of seventies, the imple-
mentation of larger projects 1like SITE, SLV-3
etc. have necessitated 1large multidisciplinary
teams. This requirement has been met by integra-
ting a number: of existing smaller units into
major Centres located at Ahmedabad and Trivandrum
and providing a fairly 1large project team.
In ocsse of the Arvabhata ‘project, while Some
experienced personnel from: - the Centres were
drawn, a new geographical location was selected
and an almost fully self contained project team
was formed at Bangalore. The management approach
to these projects formed around the same period
had Siignifd carnt differences, partly because
of the nature of the then existing teams and
their activities. Thus one sees in the manage-

ment approach an ability to adopt new systems

wed 3




without being constrained by standard patterns.
Suech a - trend ~contlnued  even —ait @ later Stages

though the degree of ‘' uniformity in patterns

of project management structures have increased

considerably. With = the approval of a‘' number
projects 1like Bhaskara, Apple ete, the pattern
adopted were in the nature of compact coere feams,
identified 1lead Centres multiCentre activities,
matrix forms within Centres to deliver sub-systems

te sthe ‘Drojeets and: cSolion: The multiplacity
of such 1linkages and controls also tended to
rediice’ the singular authority on the prgjcobs
by the Centre Direectors from, the leyels . that
existed ‘ini early seventies. However the number
of activities in the -Centres increcased, making
intra-centre coordination more complex and diffi-
clults The conversion of ISRO into a government
body . in. 1975 reduced certain flexibilities

in procedures that existed earlier.

While in the sixEies Cill 19¢(2s Chairman:

ISRO was the main authority for decision making,
a number of subsidiary authorities for executing
decision making with fairly well defined hierar-
chial structures emerged from 1972 onwards.
Their number increased considerably thereafter
with final organisational structures - 1n the
Centres and projects. The dynamics of the pro-
grammes as they grew further especially with
multi-Centre projects being executed simultaneous-
ly during the seventies and the eighties exerted
pressure - on . these —aubherity:: strucutres: While
consensus management helped a great deal in
avoiding serious breaches, the need for conflict
resolution in & speedy time: frame required’ Ffor

projects,  tended to raise the problems to the

.14




higher levels of authority, whieh dn the ultimate

rested in Chsairman, 1I5R0/Secretary, DOS. Since
Euch & raising of the levels of decision making,
can have negative effects on the managerial
delegations given to the 1lower levels of the
authority structures, formal and informal review
Systems of the projects and the programme activi-
ties by superior authorities especially by Chair-
man LSBO with the participation of a large number
of ‘teehnical teams drawn from different 1levels
of ISRO systems and sometimes from outside ISRO
provided an  outlet for resolving confliets in
a speedier timeframe without seriously damaging
consensus formation mechanisms and without making
the lower levels of decision making systems
ineffective. The reole wof Chaieman, I1ISRO in
such & process 15 very cpueial and a delieate
one. Characterisation of =sSpeeifie elements
of - Chalrmanls ‘role can be an  interesUing ang
important research topic. The = faet  that Prof
Bhawan has @ very successtully -earried on these
rele= over a leong perioed is borne ‘out by the
achievements of the programme and the momentum

it has gathered during his chairmanship.

The ISRO review systems during the seventies
and eighties resulted in generation of formal
doecumentation of systems engineering, design,
quality Assurance, test procedures etec. FPresenta-
tions through audio visual means were also used
as a means of technical communications. Such
a system of formal technical documentation and
presentations have become a built—iqpart of
the management processes of the 1Indian Space
Programme. It - has many useful  features for

the management of large systems.

Anether impertant stresSs exerted by the

ma jor organised projects of the space programme,

=15




has been on the R&D activities of ISRO and studies

on future systems. Since the projects compete
for 1SRG resources for —meebting their targels,
aetivities which were mot’ "wisiblel  ftended 40
be ignored. To minimise the effects of such
pressures since they ecan affeet the future of

the space programme, some technology development

projects (TDPS) were formulated. Reviews of

some major R&D areas by Chairman, ISRO were
grganised to get clarity and alse to: provide
Yvisibility" to these acrivities: Study groups
for defining future sSystems were formed drawitio
parttime  personncl from. ISRO. Cenbres/projcebs.
The results on many of these efforts are mixed.
A detailed study of these activities and their
results with a view to pet elues on manageriai
strengths and weaknesses off USROG  an @ handlino
these R&D = items. and Ffutture studies, would BeE

very valuable.

With respect te the 1interfaces with the
user agencies relating to communications, televi-
sion, meteorology, natural resources managements
ete.; right from ¢the @ stages of @ formulation o
approach upto the stages of actual joint execu-
fion, the systems evolved by ISRO since mid-seven-
ties have been unique and have many positive
features. These systems and mechanisms evolved
by Prof Dhawan can be considered as one of the
high points of his econtribution &to the national
Science & Technology (S&T) scene. The faet
that these systems of 1linkages, coordination
and implementation, are existing today in opera-
tional forms for INSAT and in a semi-operational
way for resources management, 1is worth noting.

The evolution of these interfaces and their
sustenance in the operational phase has important

lessons applicable to a nunber of other areas
in . the ecountry and perhaps: a sSepiols study can

be useful.

.16




Similarply his efforts to develop partmnership

between the Indian industry and 1Indian Space
Frogramme, are an example of his foresight of
the needs of operational systems in the country
especially wien Lthe programme has to be self-
eliant #pd viable based on indigenous efforts.
While he might have derived his clues from
the developed countries, a number of unique
organisational linkages such as formal memoranda
of underpsiandine with major industries ., forma-
fioh of compact groups in ISRO ' to. -interface
withk industries etc., are ‘his importani contri=
Butians to the Indian scene. Erom the trends
of increasing partnership with indusSLey, It
can be anferred that in the coming years the
benefits to industries themselves will form
one of the important Justificatien of the Indian
Space Programme besides the direct applications.
The managerial complexity resulting from such
a major role by the Indiam industry will have
considerable impact on the organisational forms

of management adopted by ISRO/DOS so far.

As far as the linkages with the educational
system such as academic institutions, University
Crants Commission (UGE) ete are concerned a
number of managerial innovations have been tried
Since 18974 to promote university researech in
space technology and applications. It should
be noted that as an educator himself, Prof Dhawan
was keenly aware of the mutual benefits that
can be derived from the Indian Space Programme
and the educational system. While the participa-
tion of personnel from the academic system 1in

the review of the technieal activities and 1in

all




the study groups of ISRO and for specific extra-
mural research has increased considerably since
1974, the objective of creating major centres
of excellence in research 1in space technology
and applications, in a number of places dn Ghe
country. has pobt ‘been  realised. This® may. be
partly due to the fact that ISRO, as a matter
of policy, refrained from opening new Centres
of ‘institutions and has .tried to draw upon the
systems from the existing 'institutions. 187
is also possible that ISRO R&D managers at the
Centres/Units were too preoccupied with their
immediate tasks to devote attention in nurturing
these links. A few joint space technology cells
have been recently formed with such a framework
in view and they have started functioning.
In the area of linkages with the academic systems,
the Indian Space Programme would need to devote
concerted attention in the coming years in order
to strengthen its R&D base which otherwise has
begun to get eroded by the compulsions of the
execution of multiple major projects and due
to the demands of running operational national

space services:.

Figure 3 shows some of the major features
of the management of space programmes described

above as it evolved from 1960's.

6. DISCUSSION ON PERSONNEL MANAGEMENT AND SCHEDULE
MANAGEMENT :

While in an organisation, one has to deal
with  all persomnel, 1t this article--only :S&1
personnel are addressed. The promotion policy

has been described in an earlier paragraph.

By and large, ISRO has not adopted any formal

18
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training programme of the newly recruited personnel
or its existing personnel. Induction of personnel
to higher levels of managerial hierarchy, from
outside . ISRO, has been extremely 1limited since
t9fe a8 alsc the "loss" of  such personnel from
ISRO to outside organisations. The efforts since
1972 have been the consolidation of the management
systems around the existing personnel with suitable
restructing tailored to the needs. This may be
partly conditioned by the fact that organisation
in 1972 was already about 3,000 strong and nucleii
of managerial positions existed albeit in g rudie
mentary form. The recruitment of scientists and
engineers 1is predominantly at the lowest level;
young persons from colleges and universities are
freshly recruited. ihey prow - tH6 fill the higher
levels of hierarchy. The trend continues. Formally
ISRO procedures allow for lateral entry - at —any
level and also transfer of personnel between any
Centres/Units of ISRO/DOS. In actual practice these
are very limited probably due to ‘the compulsions
of the projects and also due to the growth of ISRO.
Thepre dare some signs of slowing down of growth
rate in manpower since 1980's. Given this slowing
down and the ageing. of the organisation and also
i Vview of ' the flexiblie complementing scheme of
promotions, the hierarchy 1levels built up already
are likely to be stressed further, needing changes

to the existing organisational structures. While

major changes have not taken place during 1972-1984,

some smaller units were formed during the eighties.
Some of these were necessitated partily by ithe
needs - of Etechniecal activities. Another important

feature of personnel management in relation to

i8




the programme management has been the maintenance
of high morale in ISRC despite a number Of Jnitia)
failures or .problems  in +the projecls wWhethier A1
is SLV-3, Aryabhata, Bhaskara, APPLE or INSAT-]A,
A team of dedicated personnel have kept up their
steady march towards the setl pgoals and ' targets.

Tt will be an interesting research ftopie to sStudy
the motivational factors ©behind this faptl. IS
it because of the challenge of space research?
or the charm of Chairman, ISRO and his long tepure;
or due to the better programme management systems?
Or the better promotion avenues of the S&T person-
nel in ISROY? Or due te availability of progressive
and flexible administrative, financial and purchase
rules in 1S5RO7 Or a combination of these? L

so, in which proportion?

An- analysis of the schedule menagement . OF
the Indian Space Programme reveals many interesting
features. While the time-targets projected 1in
the decade profile of 1970-80 cannot be taken as
specific items for comparison with actual events,
by and large achievements of targets for satellites
and launch vehicles have been well within the over-
all profile targets and subsequently stated time-
schedules. It is diffieult te &=ssess specilie
slippages in schedules because the detailed mile-
stones were evolved from 1972 onwards through speci-
fic projcetisation: An impressive feature of the
actual events since 1975 ¢to 1984 will indicate
that each year has at least a major milestone and
no year is without a major event. This could not
have been a mere accident but only an indicator
of a carefully planned and executed programme which

has aimed at optimal utilisation of human, financial
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and other resources. In addition such events helped
in sustaining the overall morale of the organisation
and also in generating a feeling of oneness. A
detalled analysis of utilisation of major roecket
test  faedlaties. propellant produetion  plants ete.
would . further prove  fthe fact of sSuech a ecareful
planning: « long periods:  idling as well as heavy
overcrowding 1in g few months have Dbeen avoided.
This speaks well for the management system which
was able to orchestrate various levels of the system
in planning and execution, in the midst of technical
and other uneertainties including a number of initial

failures.

INTERNATIONAL COOPERATION:

dhe . Indian  Space Programme has drawn upon,
Sirice. 1ts nception, benefits from the cooperative
programmes offered by the developed countries to
butld up Hts ftrained manpower: pool and to cemduet
a number of experiments in space sciences and appli-
cations. In some limited cases, 'licence production’
has been reseorted to. In seme cases technical
know-how have been obtained mostly paid through
the services of expert ISRO manpower and supply
of certain finished products to the giver of know-how.
Since the late seventies, the international coopera-
tion acguired inereasingly the level of "e q u a 1
partnership". This has been mainly due to the
fact that the Indian Space Programme has been steadi-

ly moving towards the goal of self-reliance and

also grew in size. Indian Space Programme has

a4 unigue position @f having aetive and continuing
cooperative 1links with a number of major space
ageneies in USSR, USA, PFurope, France, West Germany

etec.
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On the commereial Ffront, = number of selestcd
sub-systems and equipment required for the Indian
Space Programme have been purchased from abroad.
Attempts, as far as possible, have been to nredice
the import component. Foreign exchange component
of the budget of the space programme has ranged

between 25 to 30%, approximately.

In +the —case of INSAT-1 system procurement
of the space segment has been from abroad. The
launches for +the bigger 1ISRO =satellites have been

from abroad.

The Dpressures from  the nations] operal ionsl
Serviees: the 1increasing commercialising trends
of the space services of many developed countries,
and the competition between them for world markets
can have an impact on the Indian Space Programme
and therefore its management. On the other hand
the growth of the Indian Space Programme in size,
its move towards operational systems, and the
growing role of Indian industry as a mejor partner
in the space programme can lead to India entering
world markets through commercial channels as well
as through cooperation channels especially because
of its ©stated goal of sharing of its experience
with other developing Countries. Some aspects
of Indian views on self-reliance are given in an
article by Rajan (1984,

Impact on the management systems of the Indian

Space Programme from these developments could be

considerable. Presently 'ene  can only sSpeculate

on the possible impacts since actual experience

s limited:




8. A COMPARISON WITH THE MANAGEMENT STRUCTURES
OF OTHER COUNTRIES:

It is not possible to address sueh a comparison

in any depth. The management of the Indian Space

Programme in ‘'an overall structural sense has a
number similarities to the evolution of the struc-
tures in National Aeronautics & Space Administration
(NASA) of USA and the European Space Agency (ESA).
But one should also note that ESA and NASA are
ailiso undergeing major struetural changes. Placing
all activities relating to space programme such
as: poliecy formulatien, R&D, product development,
project execution and the responsibility for opera-
tilonal 'spdce serviees te the users, under one single
organisation led Dby a single person with unitary
authority, is unique to India. While it has helped
in i the @ evolution wef  an dntegrated programme  in
a rapid manner with limited :resources, it  should
be noted the impact of the Indian Space Programme
on various walks of ‘life: in. .the country, . has just
begun to consolidate, thanks to major achievements
of < the programme during 1970's and the eighties.
The space applications and therefore operational
Serpviees ik the wobntry are likely to prow i very
rapidiv i during: late eighties. 'and 1in: the nineties,

L 15 diffieult to foreecast the systems most sulted
tinder  sueh @ cireumstances. With the participation
of ‘major user agencies din the country in the opera-
tional applications of space activities and growing
partnership of the Indian Space Programme with
Industry and other institutions, one can envisage
emergence of some new forms of structures in India,

similar to those which exist in USSR or Japan for




their space aectivities, with speecialised institutes
and industries dealing with specific standardised
subsystems or components and the integration taking
place through project and programme structures;
R&D may be done tob a large extent in the university

system or special laboratories.

CONCLUDING OBSERVATIONS:

SOME QUESTIONS ON THE FUTURE:

Any management system 1is conditioned by its
past, and impacts the future. Some of the possible
dynamics that may be imparted by the management
of the Indian Space ©Programme during 1972-198H
on future syskems, edn be 8 bepie dn dtselt feor

detailed study. Some pointers are presented here

and also some questions posed.

By absorbing the objectives set. Porth in @ -
1970-80 decade profile and by organising well struc-
tured projects and activities to realise the objec-
tives set forth earlier, without being needlessly
rigid about the details, Prof Dhawan demestr=ted
the strength of continuity of policy in the execution

of the Indian Space Programme. By bullding the
management structures mostly around existing person-
nel and units, He apain. stressed the continuity
aspeet. However, during the period of his chairman-
ship, there have been a number of newer units esta-
blished ipn different places in Ipdia. Integration
of existing smeller structures took place during
early seventies building, out of them, major striuc-

tures called Centres/projects, with autherity struc-




tures: being more unitary than that existed before.
Sueh a proeess also led fto the reduetion of direct
executive decision making by Chairman ISRO. Simul-
taneously the newer units/projects which were esta-
blished grew 1in a few years to form new Centres
reducing the dominance of the earlier established
Centres. The preojeets placed under the Centres

also grew in complexity and were of an inter-Centre

nature drawing from all the ISRO Centres as apgainst

the earlier ones which were predominantly executed
in a single geographic location. such inter-Centre
pro jects blurred the unitary authority of the Centres
over their preojects. Industrial contracts added
additional dimension necessitating the involvement
of contract/finance managers such as senior officers
of DOS Secretariat, 1in the programme management
struehures: Though « the delegation of Ffinapeial
and administrative powers to the Centres and pro-
leets were considerabley multiplieity of [SRE/DOS
Centres and Units, and the magnitude of inter-Centre
projects execeubed by ISRO - led te =& complex and
fast changing functional and hierarchial relations,
gausing.  confusien 1n the earlier simpler . forms
of locally placed unitary authorities such as Centre
Birector/Eroject Director ete. This factor contribu-
fed to the iinerease of mediatory role of Chairman,

ISRO and therefore the headquarters.

Whki le many Facebs of sueh proles of Chairman,
ISRO and the subordinate authorities have been
successfully adjusted from 1972 onwards to meet
the requirements of the 1Indian Space Programme
sg far, it should be noted that the 1Indian Space
Programme iS5 pgrowing at a+ rapid pace .especially

with respect to the delivery of operational services.
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Considerable increase in the exercise of decision
making authority at the lower levels of the manage-
ment structures without affecting the overall inte-
grated coordination between various elements of
the programme will therefore become increasingly
necessary to avoid stresses in the higher levels
and to speed up decision making. Challenge to
the sSpaee. procramme in  the coming years will be
in striking a judicious balance. How much useful
clues will be available from the earlier experience
of a flux of Ycohanpe and continuity", is a msattep
for detailed study.

The user coordination systems built up since

mid-seventies are remarkable, as described earlier
and perhaps could continue for some years s with
necessary changes required by new operational servi-
ces. A constant review would be required especially
bepause of <the rapid growth b6f the applications
and possibilities of introduction of newer services.
Another challenge in the furture would be to maintain
an "openness" with regard to the introduction of
newer patterns and newer systems. The successful
marriage of R&D eculture of ISRG: with the rigours
of operational services could come into strain
unless watched carefully during the rapidly growing

phase of the operational sector.

It would be an understatement to conclude
that the management of the Indian Space Programme
during the 1972-1984 by Prof Dhawan has been an
unique and successful one with very few parallell
records in the world and has a number of 1lessons
to teach for the future of the Indian Space Programme
as well as many other sectors of Indian science
and technology. It 1is, therefore, an excellent

"field" for management researchers.




Regarding what can be in store for the future,
an extract from an article by Dhawan (1985b) will
be in order:

"One has however to contend with change. Over
the 25 years a new generation has grown up in India,
Those who made the selection of space technology
and provided the inspiration, initial momentum
and enlightened political support have pacsed. 1nto
histeory. How will the new generation of Scientists,
political leadership and the people at large see
the social goals and the role that should be as

signed to space tgbhnology?"

"As the experimental phase transitions idinto
space operations and the lives of millions of Indians
can be influenced and affected, people are bound
to dsk, 'is5 this for our good!'? The tools have
been built. - how will they be used? willi- 7 Vo
now that it can reach the mitlions, ‘help them?
Centrally beamed programmes reach every nook and
corner but E£hey dre one way -~ what is the feed
back? Don't the teachers want to 1listen to the
students? Can we not devise a two-way system?
Don't the teachers want to listen to the students?
Can we not devise a two-way system? Will the resource
mahapgers . decisions, armed with good and timely
information help the farmer, the urban elite on

the stock exchanges? A million questions! These

cannot be answered by space technology. Only people

who care, can. "

Some of the answers to the guestions will
have tremendous impact on the future management

of the programme.
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Management of the Indian space programme

Y S RAJAN

Indian Space Research Organization, ISRO Headquarters, F Block,
Cauvery Bhavan, Kempegowda Road, Bangalore 560 009, India

Abstract. A brief survey of some salient aspects of the management of
the Indian Space Programme is made, with special stress on the period
1972-1984. In view of the complexity of the subject matter, some major
elements are addressed without necessarily offering conclusions on all
the issues or the questions posed. Some major policy initiatives during
the period 19721984 are also described.

Keywords. Indian space programme; national space programme man-
agement; space policy.

1. Introduction

The benefits from space activities have now become widely known in the country.
In fact there is worldwide recognition of the importance of space activities not only
for the developed nations but in particular for the developing countries. Such a
recognition, even at well-informed levels, did not exist in the country when India
formally organized its modest space effort through the establishment of the Indian
National Committee for Space Research (INCOSPAR) in 1962. In November 1963
the first sounding rocket was launched from the Thumba Rocket Launching Station
(TERLS) near Trivandrum. The founders of the Indian space programme
recognized the potential for the immense benefits from space technology even in
the early 1960s, when humanity was just ushering in the space era. Early ideas
about possible space applications of relevance to India can be found in a number of
writings and speeches by Dr Sarabhai, a selection of which have been brought out
in a publication by the Indian Space Research Organization (ISRO) (ISRO 1979).
The early ideas were mainly centred around the utilization of satellites for
television and developmental education, meteorology, and remote sensing for
natural resources management. The programme also included development and
launch of sounding rockets for space science research. Though international
cooperation dominated in the early years, careful stress was placed on self-reliance.
Nucleii of trained manpower were formed at laboratories that were then part of
INCOSPAR but were constituted into ISRO in 1969. It is not the purpose of this article

This paper has been published in the author’s personal capacity and the views cxpressed here are not
necessarily those of the Organisation. 189
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to dwell on these details. The beginnings, however, need to be noted to understand
the management of the programme during the seventies and the early eighties.

Organisationally, the activities of ISRO were under the overall direction of the
Physical Research Laboratory (PRL), Ahmedabad, till the sudden demise of Dr
Sarabhai who was both Director, PRL and Chairman, ISRO. PRL was under the
Department of Atomic Energy (DAE) which had considerable freedom from the
“needlessly inelastic rules” of other Government Departments through the Atomic
Energy Commission (AEC) structure. The elements of a profile for the decade
1970-1980 for the Indian space programme are elaborated in a document of the
DAE (DAE 1970). The objectives and targets fixed in this profile had considerable
impact on the activities of ISRO during the 1970s and 1980s.

The annual budget of ISRO grew to about Rs. 10 crores in 1972 and its manpower
reached about 3000. Soon after Dr Sarabhai’s demise, after a brief period of
interim arrangements, the Space Commission (SC) and the Department of Space
(D0S) were formed in May 1972 essentially on the same lines as AEC and DAE. SC
and DOS are responsible for all space activities in India. PRL was placed under DOS
but with a separate director. Prof. S Dhawan became Chairman of the Space
Commission, Secretary of DOS, and Chairman of ISRO, and remained so till the end
of September 1984. The rapid growth of space activities and the implementation of
major projects occurred around the mid-seventies. The trend continued subse-
quently. This article deals with some elements of the management of the Indian
space programme during 1972-84.

2. Some major eyents

For a reasonable understanding of the activities and achievements of the
programme during 1972 to 1984, the annual reports of DOS, placed in Parliament at
the end of every financial year, can be consulted. Some major events are listed
here.

1972: The Department of Space and the Space Commission set up by the
Government of India to promote the development and application of space science
and technology for identified national socioeconomic tasks. Prof. Dhawan takes
charge.

1972—-76: A number of airborne remote sensing experiments conducted for
surveying earth resources.

Several indigenous sounding rockets were tested and flown for scientific
experiments. A number of elements of solid propulsion, propellant and avionics
systems developed on laboratory scale. Development of a launch range at
Sriharikota begun. Tracking station experiments with liquid propulsion including a
major technical know how arrangement with a French Company made.

1975: The first Indian satellite, Aryabhata, launched on 19 April 1975 from the
Soviet Union.

1975-76: The first major space application programme, the Satellite Instructional
Television Experiment (SITE), conducted during August 1975—July 1976 using the
US Satellite, ATS-6.
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1977: The satellite telecommunication experiments project (STEP) carried out from
the middle of 1977 to 1979 using the Franco-German satellite, Symphonie.

1979: The second Indian satellite, a satellite for earth observations, Bhaskara-1,
launched on 7 June 1979, from the Soviet Union.

1980: SLV-3, India’s first satellite launch vehicle, puts the Rohini satellite into a
near-earth elliptical orbit from Sriharikota on 18 July 1980.

1981: India’s first experimental geo-stationary communication satellite, APPLE,
successfully launched by the European Space Agency’s (ESA) Ariane launch vehicle
from Kourou, French Guyana, on 19 June 1981. India’s second satellite for earth
observation, Bhaskara-I1, launched from the Soviet Union on 20 November 1981.

1983: The second developmental flight of SLV-3 successfully conducted from
Sriharikota on 17 April 1983 and RS-D-2 satellite orbited. INSAT-1B, India’s
multipurpose domestic satellite, launched on board USA’s space shuttle, Challen-
ger, on 30 August 1983. A major national seminar to define National Natural
Resources Management System conducted, arriving at a national consensus
preparing ground for the Government decision on NNRMS made in early 1985.

1984: The first joint Indo-Soviet manned space mission launched on 3 April 1984.
Prof. Dhawan retires in end-September 1984 and Prof. U R Rao who was Director,
ISRO Satellite Centre, takes over the same unitary structure from 1 October 1984.

3. Description of some important managerial aspects

The annual budget of DOS which was around Rs. 10 crores during 1972 increased to
about Rs. 100 crores during 1984. Manpower grew from about 3000 in 1972 to
about 13,000 in 1982. A number of small units situated in and around Trivandrum
were organised into a large Centre and called the Vikram Sarabhai Space Centre
(vssC) in 1972 and placed under a director. Similarly a number of smaller units
located at Ahmedabad. were brought under the Space Applications Centre (SAC).
An 1SRO Council consisting of centre directors, Director PRL and senior officers of
the DOs secretariat was formed. This has provided a symbolic link as well as a
forum for participative management between the Department which has the
Government’s powers and the centres which execute the jobs. It should be noted
that in the normal parlance of traditional government departments, ISRO’s centres
and units would be ‘subordinate’ or ‘attached offices’, words which are not,
however, prevalent in ISRO and DOS. Such participative management, jointly
evolved between those who wield administrative powers and the executing
agencies, is an important feature of the management of the Indian space
programme.

A project for India’s first launch vehicle SLV-3 was organized under VSSC during
1973, with a unified project team while retaining the elements of a matrix structure
in the specialized divisions of VSSC. Some projects relating to launch vehicles were
also organized at Sriharikota which later led to the formation of the SHAR Centre.
Similarly a project for India’s first satellite, which was subsequently named
Aryabhata after launch, was formed at Bangalore under the overall direction of
VvSSC; the infrastructure built for the satellite projects led to the formation of the
ISRO Satellite Centre (ISAC). The National Remote Sensing Agency (NRSA), an
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autonomous society set up under the Department of Science & Technology (DST)
in 1975, was transferred to DOS in December 1980, placing major remote sensing
efforts under the single umbrella of DOs. In the eightics some smaller units were
“spun off” from the major centres of ISRO.

Having core teams responsible for the major, well-identified projects, with tasks
being executed by different centres/units of ISRO became an important factor in
ISRO management from the late seventies. Partly for reasons of participative
management and partly for reasons of technical complexities requiring a
multi-disciplinary approach, various inter-centre management boards/councils
were formed; some of these have executive functions, some have advisory roles.
All the projects have a lead centre named for their execution. For example, VSSC is
the lead centre for launch vehicle projects, ISAC for satellite projects. In addition,
Indian industries execute major work packages as a matter of ISRO policy. This
factor adds further complexities of contract management in addition to the internal
technical and managerial coordination needed within the ISRO centres. The SLV-3
project had about 40 such industrial “work centres” and for the Polar Satellite
Launch Vehicles (PSLV) the number has increased five- or six-fold.

In addition, the units of the space programme which started functioning in
Ahmedabad and near Trivandrum in the early sixties, have now spread to a number
of places in the country (see figure 1).

Yet another important feature in the management system, which emerged
during the later half of the seventies and intensified in the early eighties, is the growth
and coordination of joint programmes with the users of space applications. One
important example is the operational multipurpose Indian National Satellite
Project, INSAT-1. Such user interfaces add a newer dimension to the already
complex management structures of the projects. Apex level user coordination
bodies such as the INsAT Coordination Committee (ICC) and the Planning
Committee for the National Natural Resources Management System (NNRMS) were
also formed.

Coordination of efforts in space sciences took a newer shape through the
Advisory Committee on Space Sciences (ADCOS) a brief report on which is given by
ISRO (1987a).

The responsibility for the overail programme which is executed through a
complex network of centres, projects, industries etc. still vested with a single
person who held the positions of Chairman Space Commission/Secretary DOS and
Chairman of ISRO. This is considered to be effective in combining various
decision-making levels—technical, managerial, administrative and policy-making —
thus cutting down delays. To assist the top decision maker, besides the usual
secretariat of DOS, an ISRO Headquarters consisting of scientists and engineers was
formed; these units also played a role in the overall programme management and in
ensuring effective internal and external linkages. There are also a number of
standing and transient Committees which assist in coordination. While it is difficult
to describe these functional or hierarchical linkages even for one year or for one
project because of the evolutionary and dynamic nature of these linkages, an
extremely simplified organisational chart is shown in figure 2 (reproduced from one
of the recent annual reports of DOS). Since the interrelationships and linkages are
complex and time-varying, consensus management has been mostly resorted to in
decision-making through Committees, Boards, Councils etc.
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Figure 1. Establishments of the Department of Space.

The budget formulation within ISRO has since 1977 absorbed many features of
zero-based budgeting. This approach has also been used as a tool for programme
management. DOS has considerable freedom in financial management and has
delegated substantial powers to the centres and projects.

Regarding the promotional avenues of scientific and technical personnel, which
include technicians, ISRO/DOS has a merit promotion scheme broadly derived from
DAE. Under this scheme a person after a prescribed number of years can be
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reviewed for promotion and promoted irrespective of availability of vacancy. This
system is nowadays called “flexible complementing”. The majority of ISRO
scientists and engineers are still young and may average around 35 to 40 years. The
age distribution however may have a sharp “bunching effect” because a large
number of personnel were recruited during the 60s and early 70s after which the
rate of induction has gone down.

The Indian space programme’s partnership with the Indian industrial sector is
organized under four closely limked fronts, viz., technology transfer from the space
programme to industry; consultancy by ISRO to industry; utilization of the
industries’ own technology potential and expertise by ISRO; procurement of goods
and services from industry for the space programme. From the mid-seventies the
partnership with the industry on the above lines was stressed as a matter of policy
and activities and projects of the space programme were accordingly oriented.
While 3 technologies were licenced in 1977 by ISRO the cumulative total in 1984 was
88, with the figure in 1986 being 129. The annual flow of funds from the space
programme to Indian industry was about Rs. 13 crores during 1977-78 and has




Management of the Indian space programme 295

reached a level of about Rs. 119 crores in 86—87. Further details may be seen in the
special publications by ISRO (1987b) and Sudarsan & Sridhara Murthy (1987).

Since 1974, ISRO has instituted a formal system for supporting extramural
research funding in the academic system of the country under a programme called
RESPOND. Some details can be found in an ISRO publication by Ananth (1985). The
technical review systems in ISRO’s projects also utilized the expertise of personnel
from academic institutions.

4. Profile for the decade 1980-1990

A comparison of the 1970—80 decade profile for the space programme with actual
achievements would indicate that the basic goals have remained the same.
However, the details about the proposed projects were sparse in the original pro-
file; it would appear that a few additional projects, not anticipated earlier, have
been added during the execution of the profile. Funding for the profile period has
been more than the figures projected earlier and the time-schedules have been
different. The actual realization of events has taken place a few years after the
milestones indicated earlier. But on the whole, targets have all been realized fully.
During 1981, DOS also presented a profile for the period 1980—90 wherein the
stress has been on transition to operational and semi-operational space systems
to meet the country’s requirements. The programme was graduating from minor
projects to major ones; the projects are applications-driven; and the linkages
between projects have become more complex. The integrated nature of the pro-
gramme becomes more apparent. Further details can be seen in the article by
Dhawan (1978), the decade profile 1980—-90 given in the DOS (1981) document and
the paper by Dhawan & Rao (1982).

5. Discussion on project and programme management systems

In a recent publication by Dhawan (1985) on “Application of space technology in
India” a glimpse of the application of space technology in India is provided. The
publication also addresses the choice of technology, the risks involved, and the
necessity to sustain an Indian viewpoint throughout for larger socioeconomic
purposes. It gives some clues to the policy formulation which has been marked by a
distinct continuity in the objectives, goals and directions.

When Prof. Dhawan took charge of the programme about 10 years after its
inception, he amplified on the basic goals and objectives set up already. He has
evolved mechanisms and structures to implement the decade profile of 1970—80.
Thus the organisational forms that evolved during the growth of the Indian space
programme during his chairmanship contained some elements dictated by
programmatic choices made earlier as well as elements which were needed to
handle a growing, dynamic programme. To a certain extent it was influenced by the
practices of DAE. To separate out these elements, if it were at all possible, would
require considerable research. Research articles on the working of the detailed
management systems of the Indian science and technology organisations or
programmes are practically non-existent. The reasons are manifold: the organisa-
tions are perhaps busy with their programmes; there is a fear of disturbance of the
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existing living systems; and the complexities of Indian public life add further
inhibitions to data gathering and analyses. ISRO has not been an exception to this
phenomenon. Therefore any attempt at description and analyses of the manage-
ment system of the Indian space programme can contain many elements of the
subjective biases of the author(s). This paper may also contain such biases. It is
hoped that further studies suggested in this paper can be conducted in depth. Such
studies could be good contributions to the Indian management literature.

In the early seventies, the implementation of larger projects like SITE, SLV-3 etc.
have necessitated large multidisciplinary teams. This requirement has been met by
integrating a number of existing smaller units into major centres located at
Ahmedabad and Trivandrum and providing a fairly large project team. In case of
the Aryabhata project, while some experienced personnel were drawn from the
centres, a new geographical location was selected and an almost fully self-contained
project team was formed at Bangalore. The management approach to these
projects formed around the same period had significant differences, partly because
of the nature of the then existing teams and their activities. Thus one sees in the
management approach an ability to adopt new systems without being constrained
by standard patterns. Such a trend continued even at later stages though the degree
of uniformity in patterns of project management structures has increased
considerably. With the approval of a number of projects like Bhaskara, APPLE, etc,
the patterns adopted were in the nature of compact core teams, identified lead
centres, multi-centre activities, matrix forms within centres to deliver sub-systems
to the projects and so on. The multiplicity of such linkages and controls also tended
to reduce the singular authority on the projects by the centre directors from the
levels that existed in the early seventies. However the number of activities in the
centres increased, making intra-centre coordination more complex and difficult.
The conversion of ISRO into a government body in 1975 reduced certain flexibilities
in procedures that existed earlier.

While from the sixties till 1972 the Chairman of ISRO was the main authority for
decision-making, a number of subsidiary authorities for executing decision-making
with fairly well-defined hierarchical structures emerged from 1972 onwards. Their
number increased considerably thereafter with final organisational structures in the
centres and projects. The dynamics of the programmes as they grew further
especially with multi-centre projects being executed simultaneously during the
seventies and the eighties exerted pressure on these authority structures. While
consensus management helped a great deal in avoiding serious breaches, the need
for conflict resolution in the speedy time-frame required for projects tended to
raise the problems to the higher levels of authority, which in the ultimate rested
with the Chairman, ISRO/Secretary, DOS. Since such a raising of the levels of
decision-making can have negative effects on the managerial delegations given to
the lower levels of the duthority structures, formal and informal review systems of
the projects and the programme activities by superior authorities especially by
Chairman, ISRO, with the participation of a large number of technical teams drawn
from different levels of ISRO systems and sometimes from outside ISRO provided an
outlet for resolving conflicts in a speedier time-frame without seriously damaging
consensus formation mechanisms and without making the lower levels of
decision-making systems ineffective. The role of the Chairman, ISRO, in such a
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process is both crucial and delicate. Characterization of specific elements of the
chairman’s role can be an interesting and important research topic. The fact that
Prof. Dhawan has very successfully carried on these roles over a long period is
borne out by the achievements of the programme and the momentum it gathered
during his chairmanship.

The ISRO review systems during the seventies and eighties resulted in generation
of formal documentation of systems engineering. design, quality assurance, test
procedures etc. Presentations through audio-visual means were also,used as a
means of technical communications. Such a system of formal technical documenta-
tion and presentations has become a built-in part of the management processes of
the Indian space programme. It has many usetul features for the management of
large systems.

Another important stress exerted by the major organized projects of the space
programme has been on the R& D activities of ISRO and studies on future systems.
Since the projects compete for ISRO resources for meeting their targets, activities
which were not “visible” tended to be ignored. To minimize the effects of such
pressures which affect the future of the space programme, some technology
development projects (TDPS) were formulated. Reviews of some major R & D areas
by Chairman, ISRO, were organized to get clarity and also to provide “visibility™ to
these activities. Study groups for defining future systems were formed drawing
part-time personnel from ISRO centres/projects. The results of many of these
efforts are mixed. A detailed study of these activities and their results with a view to
get clues on the managerial strengths and weaknesses of ISRO in handling these
R&D items and future studies, would be very valuable.

With respect to the interfaces with the user agencies relating to communications.
television, meteorology, natural resources managements etc., right from the stages
of formulation of approach up to the stages of actual joint execution, the systems
evolved by ISRO since the mid-seventies have been unique and have many positive
features. These systems and mechanisms evolved by Prof. Dhawan can be
considered as one of the high points of his contribution to the national science and
technology (ST) scene. The fact that these systems of linkages, coordination and
implementation exist today, in operational forms for INSAT and in a semi-
operational way for resources management, is worth noting. The evolution of these
interfaces and their sustenance in the operational phase has important lessons
applicable to a number of other areas in the country and perhaps a serious study
would be useful.

Similarly Prof. Dhawan’s efforts to develop a partnership between Indian
industry and the Indian space programme are an example of his foresight regarding
the needs of operational systems in the country, especially when the programme
has to be self-reliant and viable based on indigenous efforts. While he might
have derived his clues from the developed countries, a number of unique
organisational linkages such as formal memoranda of understanding with major
industries, formation of compact groups in ISRO to interface with industries etc.,
are his important contributions to the Indian scene. From the trend of increasing
partnership with industry, it can be inferred that in the years to come the benefits to
industries themselves will form one of the important justifications for the Indian
space programme besides its direct applications. The managerial complexity
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resulting from such a major role by the Indian industry will have considerable
impact on the organisational forms of management adopted by ISRO/DOS so far.

As far as linkages with the educational system such as academic institutions,
University Grants Commission (UGC) etc. are concerned, a number of managerial
innovations have been tried since 1974 to promote university research in space
technology and applications. It should be noted that as an educator himself, Prof.
Dhawan has been keenly aware of the mutual benefits that can be derived from the
Indian space programme and the educational system. While the participation of
personnel from the academic system in the reviews of the technical activities and in
the study groups of ISRO and for specific extramural research has increased
considerably since 1974, the objective of creating major centres of excellence in
research in space technology and applications in a number of places in the country
has not been realized. This may be partly due to the fact that ISRO, as a matter of
policy, refrained from opening new centres of education and has tried to draw upon
systems from the existing institutions. It is also possible that ISRO R & D managers
at the centres/units were too preoccupied with their immediate tasks to devote
attention to nurturing these links. A few joint space technology cells formed
recently with such a framework in view have started functioning. In the area of
linkages with the academic systems, the Indian space programme would need to
devote concerted attention in future to strengthening its R&D base which
otherwise has begun to get eroded by the compulsions of the execution of multiple
major projects and also due to the demands of running operational national space
services.

Figure 3 shows some of the major features of and events in the management of
space programmes described above as it evolved since the 1960s.

6. Discussion on personnel management and schedule management

While in an organisation, one has to deal with all personnel, in this article only ST
personnel are addressed. The promotional policy has been described in an earlier
section. By and large, ISRO has not adopted any formal training programme of the
newly recruited or existing personnel. Induction of personnel to higher levels of
managerial hierarchy, from outside ISRO, has been extremely limited since 1972 as
also the “loss” of such personnel from ISRO to outside organisations. The efforts
since 1972 have been the consolidation of the management systems around the
existing personnel with suitable restructuring tailored to its needs. This may be
partly conditioned by the fact that the organisation in 1972 was already about 3,000
strong and nuclei of managerial positions existed albeit in a rudimentary form. The
recruitment of scientists and engineers is predominantly at the lowest level; young
persons fresh from colleges and universities are recruited. They grow to fill the
higher levels of hierarchy. The trend continues. Formally ISRO procedures allow for
lateral entry at any level and also transfer of personnel between any centres/units of
ISRO/DOS. In actual practice these are very limited probably due to the compulsions
of the projects and also due to the growth of ISRO. There are some signs of slowing
down of the growth rate in manpower since the 1980s. Given this slowing down and
the ageing of the organisation, and also in view of the flexible complementing
scheme of promotions, the hierarchical levels built up already are likely to be
stressed further, calling for changes in the existing organisational structures. While
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major changes have not taken place during 1972-1984, some smaller units were
formed during the eighties. Some of these were necessitated partly by the needs of
technical activities. Another important feature of personnel management in
relation to programme management has been the maintenance of high morale in
ISRO despite a number of initial failures or problems in the projects whether it is
SLV-3, Aryabhata, Bhaskara, APPLE or INSAT-1A. A team of dedicated personnel
have kept up their steady march towards the set goals and targets. It would be
interesting to study the motivational factors behind this fact. Is it because of the
challenge of space research, or the charm of the Chairman of ISRO and his long
tenure, or due to the better programme management systems? Or the better
promotion avenues for ST personnel in ISRO? Or due to availability of progressive
and flexible administrative, financial and purchase rules in ISRO? Or, if a
combination of these, in what proportion?

An analysis of the schedule management of the Indian space programme reveals
many interesting features. While the time-targets projected in the decade profile of
1970—80 cannot be taken as specific items for comparison with actual events, by
and large achievements of targets for satellites and launch vehicles have been well
within the overall profile targets and subsequently stated time-schedules. It is
difficult to assess specific slippages in project-schedules because the detailed mile-
stones were evolved from 1972 onwards through specific projectisation. An
impressive feature of the actual events from 1975 to 1984 will indicate that each
year has at least a major milestone and no year is without a major event. This could
not have been a mere accident but only an indicator of a carefully planned and
executed programme which has aimed at optimal utilization of human, financial
and other resources. In addition such events helped in sustaining the overall
morale of the organisation and also in generating a feeling of oneness. A detailed
analysis of utilisation of major rocket test facilities, propellant production plants
etc, would further prove the fact of such careful planning; long periods of idling
as well as heavy overcrowding in a few months have been avoided. This speaks well
for the management system which was able to orchestrate various levels of the
system in planning and execution, in the midst of technical and other uncertainties
including a number of initial failures.

7. International cooperation

The Indian space programme has drawn upon, since its inception, benefits from the
cooperative programmes offered by the developed countries to build up its trained
manpower pool and to conduct a number of experiments in space sciences and
applications. In some limited cases, ‘licenced production’ has been resorted to. In
some cases technical know-how has been obtained, mostly paid for through the
services of expert ISRO manpower and the supply of certain finished products to the
supplier of the know-how. Since the late seventies, the international cooperation
has increasingly acquired the level of “equal partnership”. This has been mainly
due to the fact that the Indian space programme has been steadily moving towards
the goal of self-reliance and has also grown in size. The Indian space programme is
in the unique position of having active and continuing cooperative links with a
number of major space agencies in USSR, USA, Europe, France, West Germany etc.
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On the commercial front, a number of selected subsystems and equipment
required for the Indian space programme have been purchased from abroad.
Efforts have been made to reduce, as far as possible, the import component. The
foreign exchange component of the budget of the space programme has ranged
between 25 and 30%, approximately.

In the case of the INSAT-1 system, procurement of the space segment has been
from abroad. The launches of the bigger ISRO satellites have been made with the
help of foreign launch vehicles from spaceports abroad.

The pressures from the national operational services, the increasing commercial
trends of the space services of many developed countries, and the competition
between them for world markets can have an impact on the Indian space
programme and therefore its management. On the other hand, the growth of the
Indian space programme in size, its move towards operational systems, and the
growing role of Indian industry as a major partner in the space programme can lead
to India entering world markets through commercial channels as well as through
cooperation channels especially because of its stated goal of sharing its experience
with other developing countries. Some aspects of Indian views on self-reliance are
given in an article by Rajan (1984).

The impact of these developments on the management systems of the Indian
space programme could be considerable. Presently one can only speculate on
possible impacts since the actual experience is limited.

8. A comparison with the management structures of other countries

It is not possible to address such a comparison in any depth. The management of
the Indian space programme in an overall structural sense has a number of
similarities to the evolution of the structure in the National Aeronautics and Space
Administration (NASA) of USA and in the European Space Agency (ESA). But one
should also note that ESA and NASA are also undergoing major structural changes.
Placing all activities relating to the space programme, such as policy formulation,
R&D, product development, project execution and the responsibility for
operational space services to the users, under one single organisation led by a single
person with unitary authority, is unique to India. While it has helped in the
evolution of an integrated programme in a rapid manner with limited resources, it
should be noted that the impact of the Indian space programme on various walks of
life in the country, has just begun to consolidate, thanks to the major achievements
of the programme during the seventies and the eighties. The space applications
and therefore operational services in the country are likely to grow very rapidly
during the late eighties and in the nineties. It is difficult to forecast the type of
systems most suited under such circumstances. With the participation of major user
agencies in the country in the operational applications of space activities and the
growing partnership of the Indian space programme with industry and other
institutions, one can envisage the emergence of some new forms of structures in
India, similar to those which exist in the USSR or Japan for their space activities,
with specialized institutes and industries dealing with specific standardized
subsystems or components and the integration taking place through project and
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programme structures; R & D may be carried out to a large extent in the umiversity
system or in special laboratories.

9. Concluding observations
Some questions on the future

Any management system is conditioned by its past, and has its impact on the
future. Some of the possible dynamics that may be imparted by the management of
the Indian space programme during 1972-1984 on future systems, can be a topic
for detailed study in itself. Some pointers and also some questions posed are
presented here.

By absorbing the objectives set forth in the 1970-80 decade profile and by
organizing well-structured projects and activities to realize the objectives set forth
earlier without being needlessly rigid about the details, Prof. Dhawan demons-
trated the strength of continuity of policy in the execution of the Indian space
programme. By building the management structures mostly around existing
personnel and units, he again stressed the continuity aspect. However, during the
period of his chairmanship, there were a number of newer units established in
different places in India. Integration of existing smaller structures took place during
the early seventies, building out of them major structures called centres/projects,
with authority structures being more unitary than those that existed before. Such a
process also led to the reduction of direct executive decision-making by the
Chairman, ISRO. Simultaneously the newer units/projects which were established
grew in a few years to form new centres, reducing the dominance of the centres
established earlier. The projects placed under the centres also grew in complexity
and were of an inter-centre nature drawing from all the ISRO centres as against the
earlier ones which were predominantly executed in a single geographic location.
Such inter-centre projects blurred the unitary authority of the centres over their
projects. Industrial contracts added additional dimensions necessitating the
involvement of contract/finance managers, such as senior officers of the DOS
Secretariat, in the programme management structures. Though the delegation of
financial and administrative powers to the centres and projects was considerable,
the multiplicity of ISRO/DOS centres and units, and the magnitude of inter-centre
projects executed by ISRO, led to complex and fast-changing functional and
hierarchical relations, causing confusion in the earlier simpler forms of locally
placed unitary authorities such as Centre Director/Project Director etc. This factor
contributed to the increase of the mediatory role of Chairman, ISRO and therefore
the headquarters.

While many facets of such roles of Chairman, ISRO and the subordinate
authorities have been successfully adjusted from 1972 onwards to meet the
requirements of the Indian space programme so far, it should be noted that the
programme is growing at a rapid pace especially with respect to the delivery of
operational services. Considerable increase in the decision-making authority at the
lower levels of the management structures without affecting the overall integrated
coordination between various elements of the programme will therefore become
increasingly necessary to avoid stresses in the higher levels and to speed up
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decision-making. The challenge to the space programme in the coming years will be
to strike a judicious balance. How many useful clues will be available from the
earlier experience of the flux of “change and continuity” is a matter for detailed
study.

The user coordination systems built up since the mid-seventies as described
earlier are remarkable, and could perhaps continue for some years with necessary
changes required by new operational services. A constant review would be required
especially because of the rapid growth of the applications, and the possibilities of
introduction of newer services. Another challenge in the future would be to
maintain an “openness” with regard to the introduction of newer patterns and
newer systems. The successful ‘marriage’ of the R&D culture of ISRO with the
rigours of operational services could come under strain unless watched carefully
during the rapidly growing phase of the operational sector.

It would be an understatement to conclude that the management of the Indian
space programme during the period 19721984 by Prof. Dhawan has been a unique
and successful one, with very few parallel records in the world, and has a number of
lessons in it for the future of the Indian space programme as well as many other
sectors of Indian science and technology. It is, therefore, an excellent “field” for
management researchers.

Regarding what can be in store for the future, an extract from an article by
Dhawan (1985) will be in order:

“One has however to contend with change. Over the 25 years a new generation
has grown up in India. Those who made the selection of space technology and
provided the inspiration, initial momentum and enlightened political support have
passed into history. How will the new generation of scientists, political leadership
and the people at large see the social goals and the role that should be assigned to
space technology?

As the experimental phase transitions into space operations and the lives of
millions of Indians can be influenced and affected, people are bound to ask, ‘Is this
for our good?’ The tools have been built, how will they be used? Will Tv, now that
it can reach the millions, help them? Centrally beamed programmes reach every
nook and corner but they are one way—what is the feed back? Don’t the teachers
want to listen to the students? Can we not devise a two-way system? Will the
resource managers’ decisions, armed with good and timely information, help the
farmer, the urban elite or the stock exchanges? A million questions! These cannot
be answered by space technology. Only people who care, can.”

Some of the answers to these questions will have tremendous impact on the
future management of the programme.

The author is grateful to Prof. R Narasimha and Dr A P J Abdul Kalam for
providing him with the opportunity of writing this article and to Dr K
Kasturirangan for a number of useful discussions on the subject. The author has
benefited considerably from the constructive criticism of A Chandran. The author,
in his association with Prof. Dhawan, has been particularly fortunate in having the
unique opportunity provided by Prof. Dhawan for sharing some of the excitement
as well as the rigours of experience in the management of the Indian space
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programme. This article would not be complete without mentioning the great
contributions of the numerous ISRO personnel-scientific, technical, and adminis-
trative—to the Indian space programme, without whose dedicated efforts it would
not be what it is today.
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