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Dea r Member s , 

Under theme subject of 'Remote Sens in g in 1990s ' every effort has been made to build up a sk~etal yet 
up-to-date scenar io, but the extens iv e nat ure of the subj ec t prevents us from cl a imin g it e i ther to be 
ex hau~tiv e or thorough. You may kin~y Jend your input s or cor r ect ion s/addition s to t hi s theme. 

Survey on remote ' sensing· and space has been comp il ed from many sources. Thi s in cludes a number of 
Newsletters (CS! RO, EOSAT, !SRO Newsletter li ke I SRE L, Space Spectr um) regularly provided by Dr . George 
Joseph (Chairman ! SRA- AC and Asso c iate Dir ecto r SAC) and publications lik e Space News, American 
Aerospace, Remote Sensing Society Newsl ett er, ITC Journ al, Remote Sens ing in Canada, ESA Journal etc. 
Certain sources wer.e pointed out by Dr. V K Sri'vastava, Shri J S Parihar and- Shri K M Mat hur. 

Your input s will be awaited also rega rd ing role of remote sensi ng in Agriculture which will be theme 
i ubject for the next i ss ue of Newsletter. 
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TECHNOLOGY TRENDS SURVEY OF REMOTE SENSING IN 1990S 

GENERAL OUTLOOK COMMERCIAL OUTLOOK 

For remote sens ing , if 1970s were t he era .of 
prob in g and awakenin g, 1980s an era . 6f 

·experimentation and consol idati on, then 19gos will 
be one of rap id technologica l adva ncement , 
operat ion al i sat i on and unpr ecedent ed 
commercial i sat ion. From a margin al ex i stence of a 
fledgeling bra nch of technology, RS in 1990s wi ll 
move to a stature of in di spensib il ity. Going 
purel y by numbers, th ere wer e only about hal f-a ­
dozen RS satellites a t the end of 80s . · Th e figure 
will j ump two-fold or more by the end of 1990s. If 
one adds the l evel of sop hi s ti cation likel y to be 
in corporated in the RS satellites of 1990s, the net 
capab ility would ha ve en hanced many more t imes. 
The pi ctu re i s si mpl y rosy . 

Many of the satellites· in this decade will continu e 
to be design ed to serve the cause of nat i ona l 
devel opment . But market -mechanism will star t 
riding thi s bas i c cons id eration, even for 
uniniti a t ed , develop in g co untri es. Of course, on 
the other end of sca l e , will li e the nations . or 
pr i vate firms whose sol e purpo se . will be 
commer c ial. Mos t of thes·e satellites will be tuned 
to serv e · the ca use of local, regional or national 
l evel ap pl i cat i o·ns . ' On gl oba l front, an exc i t in g 
new devel opment of 1990s (end even beyond) will be 
spearheaded by Un it ed States of Amer i Ga un der · its 
Gl oba l Change Research Programme . It in cludes 
Earth Observati·on System (EQS) cons i st in g of a 
ser i es of pl atforms and probes to be l a un ched in 
1990s . Th e ·us progra~ ·under the aeg i s of 
·inter.nationa l e ffort ca ll ed 'Mi ssion to Planet 
Ea rth ' will truly measur e the pulse of . earth by 
monito rin g the th in veneer of life supp ort in g 
shell cal l ed bi osphe·re. 

The World View 

Remote Sen·sing of era th resources is--.1 f kely to turn 
out a whopping $ 10 bn world business by the end of 
decade. Current world-wid e sa l es of RS data hav e 
already touched$ 800 m and it isl ik ely to reach 
an est imated hi gh of $ 2.4 bn by 1994. · Expected 
annual growth rat e of RS bu s in ess i s forecast to be 
anywh ere between 20-30 per cent. Conservative 
est ima t es in pa s t pegged the potentia l RS market a t 
$ 2 bn . · · 

An important pointer to future of RS busin ess , 
particu l ar l·y 1n develop ed countries i s the grow in g'. 
tendency towards in creasing priva that ion; ·so one 
di scerns a rang e of prioriti es in ·prugrams of 
~ifferent coun tries - ranging lrom · a Au~tral ian 
mod el of pragmat i c mi x . of role s for ~rivate sector, 
government or·ganis~tions and •aca·demi c· institutions 
to an Un cl e Sam s tyle la ssaiz-faire of free 
ent erpri se in not on l y various sec tor s of RS 
en dea vour s but in space r elated act iviti es in 
genera l with NASA and Government act ing as 
ca ta l yt i c agents . · 

Seco torwi se trend s s how a steady growth for 
compani es engage d in enhancemen t and ana l ys i s of 
satellite data . St eep growth is predicted for G!S 
sec to r and valu e-added produ ct s and equipment s 
thanks l argel y to declinin g comput er prices . 
Pr i vate firm s in wes tern co untri es a r e curr entl y 
enga ged in both supply of equipmen t as well as 
serv i ces . Sa l e of RS data to pr i vate firms and 
lo ca l agencies i s in creas in g. EOSAT and SPOT i mage 
for ecasts for 1990s show that whil e sa l cs to 
f ederal government s acc ount ed for mor e than 80 
percent of tota l data sa l es during late e ighties, 
it will come to down to barel y 35 per cent by mid 
1990s. 
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National Scenario 

The country has a comprehens i ve a ppli cat ion -d~iven 
remote sens in g program encompass in g development of 
sensor payloads, satellites , laun ch vehicles, 
data reception and dissemination fa ciliti es. 
De partm ent of Space , the focal point of thes~ · 
<level opments , is al so ·engaged in devel opment of 
support technologies l I ke eq uipm ent for gro und 
invest i gat iori, visual interp r etati on and digital 
ima ge processing and softwar es for imag e pr ocess in g 
and GIS . A fl edgl Ing remote sensing indu stry in 
the country has emerged due t o efficient tiansf~r 
of these technologies and their mass production to 
cater to both -the in-house as w~ l as t he user 
needs . Apart from stea dy growth of the indu st ri es 
bas'ed on support technologies, 1990s i s also likel y 
to· iee the emergence of applica tion s -based 
enterpr i ses - l a r gel y due to vig oro us promotion 
drive from DOS. Regard in g RS satellites, the 
co untry will soon laun ch IR S-18 whi ch will be 
s imil ar to it s predecessor IRS- l A. A quantum j ump 
in operat i ona l capabi liti es will be ac hi eved with 
the laun c h of IRS-lC which will f ea ture a package 
of t hree sensors and vast l y impr oved r esoluti ons -
bringing the co untry at par with th e advanced 
nations of th e world. A s imil a r follow-on IRS-l D 
and satellite with micro~ave sensors MRS-1 and next 
generation satellite IRS-I I are sl ated for l ate 
1990s . 

- 0 X O -

IRS-lC/10 SATELLITE SPECIFICATIONS 

Weig ht 1350 Kgs 

Power 872 \I 

Data X-bands 

TTC S-Band 

3-Ax i z Stab ili sed 

Orbit : 817 Kms 

Sun Sync hron ou s 

IRS-lC/10 PAYLOADS - SPECIFICATIONS 

Spectral 
Ba nds 

Spat i al 
Resolu t i on 

Swath 

Radiometr i c 
Resolution 

Rev i s i t 
Capab ility 

LI SS-III 
Multi -
spectra l 
Sensor (um) 

0. 52-0 . 59 . 
0.62-0.68 · 
o. 77-0.86 
1. 55-1. 75 

23 . 6 m 

141 Km 

128 grey 
1 evel s 

24 days 

Wide Fi el d 
Sensor 
(WIFS} 
(um) 

0.62-0.68 
0.77-0.86 

188 m 

770 Km 

128 grey 
l evel s 

5 days 

(Source IRS Newsletter) 

Panchro­
mat l e 
Senso r 
(PAN}(um) 

0.50-
0.75 

< 10 m 

70 . 50 Km 

64 grey 
l evel s 

5 days 

ASIA 

RS SATELLITES IN 1990 

WORLD SCENARIO 

ASIAN PERSPECTIVE OF SPACE 

Amo ngst Asian co untri es , 1990s are li kel y to see a 
s urge ·in s pa ce act i vi ti es, l argel y related to 
immedi a t e benefits,· with th e exce pti on of Japan 
whi c h-, with USA, Europe and USSR , will engage in 
sop hi st i cated space activ iti es . Whil e China i s 
go in g -t o con·centrate on boos'ter bu siness and 
<level opm01tt · on · the l In es of' l ong March rocket, 
Republic o(· Korea wi.11 ent er · the business of 
satellite con_s truction. Tha il and, and "indone sia 
will focus on remote sens in g and communi cation 
r el ated appl !cations. 

JAPAN 

Advanced Eart h Observation Satellite schedu l ed for 
1995 laun ch i s a major sa t ellite proj ect of Japan. 
It i s l ikely to rid e t he H-II Mini Shuttl e (HOPE), 

-the prest i gious veh i cl e und er development at the 
National Space Devel opment Agency of Japan (NASOA}. 
A track in g and data relay satellite i s another 
related development likely to materialise by end of 
decade. (A erospace America). 

SOVIET UN ION 

Soviet Wisdom 

Sov i et s tipul a t e to augment their MI R- 1 s pac e 
sta tion by two modul es ca ll ed s pecktor and Prirode . 
These modul es scheduled for 1994 laun ch by Soviety 
Shuttl e Buran will ca rry microwave and i nfrar ed 
senso r s to meas ur e the ozone l ayer and atmospheri c 
pollutants. 

RS Oa ta from USSR 

Sov i et imager y are acquir ed from 5 m re soluti on 
KFA-1000 ca mera onboard MI R space station and 
Res ur s satellite through film recovery capsules . 

Current prac ti ce of sellin g these photograph ic 
products will c hange . Once EOSAT tak es over as 
marketing dealer for these imag es and stands 
sellin g them after digiti sit i on and enhancements. 
With r esolution s reaching as sharp as 2 m, these 
images , th e best in c i vil Ian area , will give a run 
to main market contend er the SPOT. (Space 
Spectr um _) . 

SOUTH KOREA 

First RS sa t ellite i s likel y to be l a un ched by 1993 
for survey and monitoring of fishing and farming 
reso ur ces . 
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INDONESIA 

Indones i a and the Netherlands are jointly 
develop in g Tropical Earth Resources Satellite 
(TERS) to be laun c hed in 1990s. It will acquire 
data four times a day in the equatoria l belt of + 
10° l atitude using a pointabl e sensor, in order to 
obta in cloud free imag es . 

AUSTRALIA 

This continental co untry fore sees RS a prime tool 
for gathering information about its natural 
resources, particularly the minera l resources . It 
has plans afoot to us e the space-based sensor data 
in a big way from Eart h Observat i on System (EDS) 
pl anned by US and its partners in space station 
mission. The co untry does not envisage to laun ch 
its own RS satellites in immediate future but it 
has armed its elf with an impres s i ve array of 
ex perti se through the sustained effort of Central 
Sc i entific and Industr ia l Research Or~anisation 
(CSIRO) off i ce of space sc i ence and appl i cat i ons 
which work s closel y with other departments and 
pr i vate firms . Th e country has earth stat ion s for 
data reception , ha s devel oped aerial CO2 l aser 
sensor for mineral expl orat i on, i s market in g 
powerful sof twar es for image process in g (PC-
compa ti bl e, mi cro BR IAN, DISIMP) and ha s pl ans to 
s tart it s satell ite launch vehicl e devel opment , 
apart from th e famous Cape York space project. 

EUROPE 

EUROPEAN SPACE AGENCY 

ESA has an ongo ing eart h observat i on program for 
land and ocean applications , apart from 
meteo1:ol ogica l satel l 1tes. Apart from ERS- 1 and 2 , 
ESA has pl an ned to contribut e to manned space 
sta tion program through Columbus pol ar orbiter 
which wou l d carry microwave and spat i al sensors . 

FRANCE 

After launch of SPOT-1 and SPOT- 2 in 1985 and 1990 , 
the French pl an to l aunch SPOT-3 which has been 
already completed and await in g t he launch date 
which i s most li kely to be April 1993 . SPOT-4 i s 
presently under constru ct i on with the prime 
contractor of SPOT ser i es , Matra Mar coni Space of 
Par i s . Next generat i on of SPOT satelli te i s li ke l y 
to reach the Space by 1998 . Al thou gh final 
dec isi ons have not been taken , the nex t generation 
SPOT will have 5 m resolution and capabil i ty for 
hi~h data rate for transm i ss i on of high resolution 
pictures. In c i dentally SPOT · i mage ex pects to 
attd in self- suff i c i ency by 1998 and thus fund th.e 
fifth satellite or 1st next - gener a tion satell it e 
from i ts ov1n revenue (SPACE NEHS) . 
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NORTH AMERICA 

UNITED STATES OF AMERICA 

Under it s Globa l Change Research Program, US 
to mohitor t he global env ironment, usi ng 

pl ans 
Ear th 

Observat i on System which will comprise of numerous 
remote sensing satellites to be launched during 
next 15 years at a total cost of $ 30 bn. It will 
compri se two ser i es of polar-orbitin g platforms 
packed with different types of senso r s . EDS will 
al so includes Space Probes - t he satellites which 
will be pl aced in different orbits either due to 
inherent sensor requirement or for prototypes 
testing. As many as 14 satellites are 1 ikel y to be 
l aunched durin g 1990-96 period, as per current plan 
of NASA. Some of the EDS sat~ l ites are 
charac teri sed bel ow . 

Sa tell ite/ Sensor 

Upper Atmospheric 
Research Sa tell i te 
(LIARS) 

Ocean Topography 
Ex per i men t 

Mission Objective/ 
Charac t er i st i cs 

Study of ozone layer 
(1991 l a un c h) 

Ocean Circu l ation Pattern 
(1992 l a un c h) 

Imagin g spec trometers to be orb i ted under EDS open 
other exc itin g new poss ibi liti es for detailed 'in 
situ' spectral be haviour analysis (Seel HIRist · 
News l etter, Vol. 4, No. 4) . 

CANADA 

With healthy allocation of more than $ 2 bn, Canada 
maintain s a high profil e in s pace . Its main RS 
1 ead li es in Radarsat, a polar satelli te with 
sophisticated radar sensors. Due for l aunc h ,in 
1994, the spacecraft i s be ing built by a Canadian 
private firm, at t he total all ocated budget of 
nearly $ 400 m und er the program of Canad i an Space 
Agency . 

SOUTH AMERICA 

REMOTE SENSING SATELLITE OF BRAZIL 

Fir st RS satel 1 ite of Braz il wil 1 be l aunched in 
1992. The 115 kg satell ite will be placed in orbit 
by an Ar iane rocket as the Brazilia n programme of 
laun ch vehic l e development envi sages the readiness 
of veh i cle by 1993 or 1994 (COSSA) . · 
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HIGHLIGHTS OF FUTURE RS SATELLITES 

================----=-==========--==------------------------------------------- - - --- ... 
Sr, 
No, Satellite Mis s ion Objective Sensor Character i stics 

------------------------~------------------------------------------------------- ------------------ -
1. IRS-18 (India) 

2. IRS- lC (India) 

3. IRS-10 (India) 

4. ERS- 1 (E SA) 

5. ERS-2 (ESA) 

6. ERS-1 (Japan) 

7. Advanced ERS-1 
(Japan ) 

8. Radarsat (Canada) 

9. SPOT- 3 (France) 

10. SPOT-4 (France) 

11. Landsat-6 (USA) 

12. Landsa t-? (USA) 

Country 199 1 

IRS-18 India 

USA 

National Natural 
Resourc e Mapping 

National Natural 
Resource Ma ppin g 

Mon i tarin g Ice Fi eld s 
and Ocean 

Continuity of ERS-1 
Serv i ce 

Agriculture/Forestry 
Fisheri es/Coasta l Mapping 

Ice fi el d mapp in g 

Nat,ural Reso urce Mappin g 

-do-

-do-

LISS I & II sensor, sa me as IRS- lA 

- 4-band multi spectral sensor (vi s ible-MIR) 
(2 3,5 m r esolution) 

- Panchromat i c (10 m resoluti on) 
- Wid e field sensor (Wifs) (180 m r esolution) 

- C-band Synthet i c Aperture Radar 
(30 m r esolution) 
Radar Al ti met er 

- Sea t terometer 
Sca nnin g Radiomet er ( IR) 

Sa me as ERS-1 

- Optical (visibl e- infrared) 7-band 
CCD based senso r 

- SAR 

- Sensor s from US, Fran ce , Japan 

C-ban d SAR 
- Polar Sun Sync hr onou s orbit 
- Many operating mod es and beam control 

Same as SPOT- 1 & 2" 

-db-

- En han ced Th ema ti c Ma pp er (ETM) . 
( 6 bands in VIS-MIR, 1 in TIR) 

- Pilnchromatic Sensor (15 m re soluti on) 

- Modifi ed ETM (6, spectral bands) 
- Panchromatic ·( 15 m resolution) 
- 4 Thermal bands ( 60 m r.esoluti on ) 

RS SATELLITES IN 1990S 

1992 1993 1994 1995 1996 1997 1998 1999 2000 

I RS- 1 C I RS-10 IRS- II/ 
MRS-1 

LSA T- 7 

France 
LS~~=~-------- ---- -- ------ EOS <-- ------- SPOT- 3 -------------------------------------- --> 

SPO T-4 SPOT 

Japan 

Ca nada 

Europe (ESA) ERS- 1 

Braz il * 

US SR * 

Sou th Korea* 

ERS- 1 

RS Sat 

RS Sat 
(Dig i tal ) 

RS Sa t 

RADARSAT 

ERS-2 

Adva nced· 
ERS 

NEXT GEN 

------- --- ----- -- - -- . -- ------ --------------------------------- -- ------ -------- -=-================== === 
* Fir st RS sateil ite of Braz il, Fir st USSR satellite with digital imag in g ca pability, first satell i te 

fr om S Korea. 
+ EOS Earth Observat i on System wil 1 compr i se a seri es of satellites durin g 15-year per i od , 
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SPACEY I STAS_ GLIMPSES OF 1990s 

SPACE EDUCATION 

Shortage of trained manpower for space endeavo ur s 
in private and public sector is one of the likel y . 
problem areas - for the decade and even beyond. It 
is generally believed that the decade and the 
coming century will see a s hortfall in trained 
manpower (science and engineering) to the tune of 
30% in US.Remedial measures assume multiple 
dimensions, sometimes according to co untry-wi se 
perceptions. For example US finds the divergence 
between engineer ing and pol i cy/management branches 
as headeache and plans to introdu ce multi 
disciplinary courses to get its future graduates 

· trained. European countries seem to have a more 
livelier way of promoting education at broad and 
informal as well as formal l evel. Exa mpl es are: 
German system of apprecticeship. in space industry, 
French way of hands-on ed ucat ion in RS for tenth 
graders, teacher training, public awareness 
programs, and ci ubs with rocketry exper iments. 

SPACE MATERIALS 

Alum inium and its al l oys are the work hor se 
materials for today's payloads and spacecraft 
structures. Searc h for better material s accruing 
such advantages as reduced cost, high 
structure-to-payload rates and reduced launch cost, 
and almost equ ival ent strength continues . One of 
the promising materials is beryllium, which offers 
1.4 times more strength and 40% reduction in 
density as compared to aluminium. Stil l mor e -
promising category of materials are advanced 
compos i tes . The most ubiquious composite may be 
RCC (Reinforced Cement Concrete) but the modern 
compos i te s be in g developed under hi ghl y guarded 
secrecy in terms of their structure, material 
combination and processes; promise to be the wonder 
materials of tomorrow. These will excel any of the 
known properties of meta lli c/non-meta llic materials 
and offer unsurparssed advantages in aerospace 
industry. (ISREL + other sources). 

SPACE STATIONS 

A dream-1 ike home in the vicinity of stars i s 
indeed a tempting id~a. But no one will do that 
just for the sake of sheei:- romance. Not even for 
national pride - al tho ugh - such high technology ­
ventures do invariably turn up as show case for 
nation's econom i c and technological prowess. 
High-cost and high-risk ,1ature of manned as well as 
unmanned space stat i ons is· . pushing ·the na~ons 
towards more and more interfi ati'ona l alliances. 
They plan to do it s impl y because benefits are 
immense - in terms of earth· · observations, 
mi crogra vit-y manufacturing and vacuum advantages of 
deep space. 

Major player in the game of space stations is USSR 
with it s MIR-1 space stations al;eady orbiting 
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happily since 1986. US with its partners will 
steal that l ead with it s proposed Freedom space 
station. European community wants to join with 
their mini-add-on space stat ion ca lled Columbus. 
All these projects are plagued by recurring 
financial allocat ion problems and occasional howl 
of protest from those marginalised group of 
sc i ent i st who feel the pinch of funds- swallowing 
natur e of space stations. But these are 
the indicator s to the shape of things in 1990s and 
beyond. 

AEROSPACE PLANES 

Biggest problem with rockets i s that they carry and 
use oxygen - enormo us loads of it, while still 
passing through the lower l ayers of atmosphere 
where oxygen is a~enty. It is like someone 
travelling through India with his own cow . 
Aerospace planes proposed and being built by 
different countr ies overcome that problem by 
travelling through air like a jet pl ane with 
superior fuel eff ici ency and changing to rocket 
mode only in thinner l ayers of atmosphere or in 
space. Of course such a pl ane is multi-bill i on 
dollar proposition as it in corporates various 
adva nced R&D elements . Once built these planes 
will cut down the laun ch cost by ten times from the 
present rate of$ 3000 per pound. Some of the 
proposed aerospace plan es and their l ead countr i es 
are X-30 National Aerospace Mane (NASP) - USA, 
HOTOL (Horizontal Take Off and Landing ) - Br itain 
and Saenger (Germany). 

The passenger versions of these pl anes (US ca ll s it 
Orient Express) will cut down the travel time 
drastically (Tokyo to New York in 2 hours). 

FUELLESS MANOEUVRES 

Soviets, at Institute for Space Research are 
developing one of the most economical spacecrafts 
'Regatta' which could serve as genera l pl at form for 
eart h resource satellites in post-1995 phase. 
'Regatta', named so because it will use sma ll sol ar 
sa il s for attitude control and stab il isation,could 
be rolled for genera l sa l es for a pal try$ 15 m, 
launch and payload in cluded. 

PLANETARY PROBES 

Mag ell an 

NASA probe launched in 1989 to map the Venus 
surface using syntheti c aperture radar, 70-250 m 
resolution image received s ince September 1990 
revealed a lot about Venus. · 

Galileo 

NASA probe launched in 1989. It will examine 
earth ' s magnetic field, map the moon's toside in 
near-infrared region and reach Jupiter in 1995. 
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NEWSPIX 

ISY PLAN 

Following are the ten projects to be undertaken 
during International Space Year (1992) in order to 
eva l uate the heal th of earth using satel 1 ite remote 
sensing. 

1. Enhanced greenhouse effect detection 

2. Ocean var iability and cl irnate 

3. Polar strateospheric ozone 

4. Land cover changi 

5. Product i vity of t he gl obal ocean 

6. Gl oba l tropical forest mon i taring 

7. Sea surface temperature 

8. Pol ar ice extent 

9. Gl oba l change encyclopae_gia 

10. Global change atlas 

C-BAND 
ACTIVE 

ERS-1 PAYLOAD 

+ MICROWAVE 

SYNTHETIC APERT URE RADAR (SAR) 
with two operating modes : 

rull imaging mode : S AR mode 

INSTR UMENTATI ON 
(A.Ml) 

• Sampled imaging mode : Wave 
mode 

- WIND SCATTEROM[TER : Wind mode 

Ku-BAND RADAR AL TIMETER 

+ ATSR / M • Infra-red Along Track 6cenning Ra d ioaeter 
(ATS R) t 

• 

• 'Two-frequency Hi crowave Sou nder (M ) 

S/X BAND PRECISE RANG[ AND RANG[ RATE EQUIPMENT 
(PHARE) 

PASSIVE LASER CORNER RETRO-REfL[CTORS 

ERS-1 

First European Remote Sensing Satellite (ERS-1) of 
European Space Agency was l aunched o~ 
by ARIANE launcher from Kourou, French Gu1ana -;-- 1he 
2384 kg satellite has been placed in p~ar sun ­
s·ynchronous orbit with inc l inatior of 98.5 ° and· 
perigee ~f 767 km and apogee of 787 km with mean _ 
loca l time at descending node (equatoria l crossing) 
of 10.30 with a 3-day repeat c.ycl e. Built · by 
Dornier Germany around a 'mul timiss i on pl atform' 
similar to that of SPOT programme, the satelli te 
carr i es a set of active microwave sensors and 
complementary sensors for remote sensing and 
env .ironmental mon i toring of oceans, ice and land. 
The rea l t i me SAR data availab l e for 10 minutes per 
orbit will be relayed to ground sations (La.R-Osat­
·type receiving stations, incl ud i ng India) in X­
band. Apart from SAR regiona l serv i ce, there is a 
provis i on for low bit rate global service which can 
be availed through onboard storage. Some selected 
products called fast-del ivery products wil 1 be 
generated and d~ i vered with in 3 hours from 
observation. ESA plans to eva l uate engineering and 
geophysical performance of the satell i te during 
comm i ssion ing phase of 3 months. O~board sensors 
like laser corner reflector, PRARE package, 
alt imeter and microwave sounder can be used to 
compute the orbit down to decimeter l ev~ . 

Bu il t with a tota l cost of 730 MAU ( 1 Accounting 
Unit a+ ·1.2 US$), ERS-1 programme will l ead to a 
number - of commercia l /operational appl icat i ons. 
Weather and sea-state forecasts through · the 
measurements of wind speed, direct i on, SST and 
water vapour, monitoring of ice in dark foggy pol ar 
regions for study of glaciers and s hip route 
planning, oil spil l detection, fisher i es, forestry 
and agricu l ture and oil ~xpl oration are some of the 
1 ikely appl ication areas.~~-

phyalcal Muauremont• and E'RS-1 Perlo rmanee P1ramettr1 

Main Geophysical I Range I Accuracy 
Paramelar 

WindF1eld 
- Ve10C1ty 4-24mis :t 2m/sor10% 

whichever is greater 

- D1rect1on 0-360deg ± 20deg 

Wave Field 
- S1gmlican1 Wave Height 1-20 m :t O,Smor 10 r. 

whichever Is greater 

- Wave 01recuon Q.J6Qeleg ± 15deg 

- wavelenQth 50·1000m 20% 

Earth Surface Imaging 
- Oceans 80km GeomelridAadiometric 
- Coastal Zones (minimum Aesotulions: 
- St.la-Ice swalhwidth) a) 30m.'2,5 dB 
- Land bJ 1oonv1 dB 

Al11Iude 

C1J e,oc&an 745-825 km 2mablolute 

Polar lce·Sheets :r 10cmrelal ive 

--, ,1h)11i te Range .t 10cm 

S!!d ::iurface Tempera.lure 500km swa lh "! 0.5 ' K 

waie, Vapour 1r.25 kmspot 10 % 

Radar Allimeter 

SAA Wave Mode 
SAA Wavo MOOe 

SAR imaging Mode 

Rad ar Alhmeter 

PRARE 

ATSA (IA) 

µ.W Sounder 



IRS-lB Launched 

IRS- 18 the 'follow on satellite' of the IRS series 
was launched by Vostok Rocket from the Soviet 
Cos modrome at Baikonur on 29th August, 1991 .at 
12: 18: 44 hours. In sharp contrast to the severe 
cold weather during the launch of its predecessor 
I RS lA the weather during 18 launch was in its 
pleasant twenties. 

Like its predecessor the journey of the satellite 
t o its abode in space went off with clock-work 
precision. The following table sho ws the details 
of the critical events. 

IRS-1B LAUNCH HIGHLIGHTS 

Crit ical Events Date 

Vostok Life -off Aug 29,91 

First stage separation Aug 29,91 

IInd stage separation Aug 29,91 

Nose cone jettisoning Aug 29,91 

IRS-18 in jection and Aug 29,91 
separat ion 

Dep loyment of sol ar Aug 29,91 
panel 

Sun acquisition Aug 29,91 

Earth acqu isition Aug 29,91 

3-Axis stabilisation Aug 29,91 

S-band data link test Aug 29,91 

LISS-1 operated in Aug 30,91 
normal mode 

X-ba nd data link test Sep 6, 91 

LISS-II A&B operated Sep 6, 91 
in normal mode 

LISS-1 & II A&B Sep 7, 91 
s imul taneousl y ope-
r a ted in normal mode 

Compl et ion of orbit Sep 27,91 
manoeuvres for attain-
ing IRS referencing scheme 

Orbit Time (IST) 
No. HR-MIN-SEC 

12-18-44 

12-20-44 

12-25-5 4 

12-28-49 

12- 30- 15 

1 12-32-15 

1 

4 

4 

6 22-01-30 

14 1D-43-55 

112 10-40-35 

113 12-15-14 

126 10-35-45 

-- - - - - ------------------ - -----------T:::::::::::::: 

After the soviet launcher completed its designated 
ta ks of putting the satellite into a near circular 
orb it (see table · 2), the functions of IRS-18 
sa tel lite started. With the smooth deployment of 
s olar panels the energy source for all the 
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~ ===========================================--------
' ~ - At Injection After Orbit 

Manoeuvres 
I ---------------------------------------. -----------

Ill 

Iii Semi-Major Axis 7263 Kms 7282. 38 Kms .... 
Qj 

~ Perigee .. 851 Kms 891.50 Kms 

"' .._ Apogee 
.... 918.27 Kms 916.90 Kms 

f Inclination 99.24° 99.14° 
0 

"Time Period 
N 

6167 Sec 6191.69 Sec 

/!!. Eccentricity 0.0046 0.00175 
.Cl 

"' I-==-=========================-==--================== 
satellite function was guaranteed. Satisfactory 
fun ct ioning of all the major systems of the 
satellite, ens ur ed sun - acquisition, earth 
acquisition and 3-axis stab ili sat ion of the 
satellite. In the night the S-band link tests, a 
pre-requisite for LI SS-1 operations, were 

-successfully carried out. On 30th August th e first 
image from the IRS-18 satellite was received at 
about 10-44-30 hours. Same day the data received 
wa s converted into photographs. 

The LIS- I I ca mer as were sw itched on for the first 
time on 6th September and on 7th September both 
LI SS-I and LISS-II cameras were simultaneously 
operated. With this all the sub systems of the 
satellite had been successfully checked out. The 

- '· 

) 

fine tuning of the orbit to achieve the designated -.,. 
path row referencing scheme was then initiated. 

Th e orbit manouvers were completed by 27th 
September. The lRS 1.8 sa tellite is now performing 
its picture taking tasks regularly such that it is 
11 days· behind the IRS-lA satellite with respect to 
path calender. Thus the repetitivity has now come 
down from 22 days to· 11 days. The initial phase' 
performance evaluation exercises are 'in progress 
and the data from both IRS lA and 18 is now 
available for users. 

·(Con tributed by Shrj" A S Kiran Kumar, Head, Sensor 
Systems Division, EOSDG/RSA, Spac e Applications 

·· Centre, Ahmedabad) · 

Launch Day Forecast for IRS-IC and 10 

IRS series of satellites· seem to be tuned to the 
family of Dr. R· R Naval gund (Head, Land Resource.s 
Division, RSAG-SAC). How else can one explain the 
sheer incidence of launch dates of IRS-1A (March 
17) and IRS-18 (August 29, 1991) coinciding with 
birth days of Dr. RR. Navalgund and Dr: (Mrs.) 
Veena Navalgund respectively. And if past is any 
indicator to the future, IRS-lC and llJ" should 
maintain the launch dates of .April 2 and March 3, 
the birth dates for Navalgund's daughter and son 
respectively. You might aptly guess that bac k 
home, instead of us ual 'Happy Birthday to You ' 
Navalgunds might be celebrating th\)·se · dates wtth 
blasting chorus of 10-9-8-7 ••••• 

i-
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REMOTE SENSING IN MILITARY SURVEILLANCE 

Aeria l pho tography has been used for surv eill ance 
and mapping purposes s ince the earl y part of the 
century. Remote sen.si ng techniques hav e main'ly been 
used for non - mili ta r y applications such as geology, 
agric ultu re, forestry, hydrol ogy, etc. ,s in ce wdrld , 
war II , which are of importance to -' mankind. 
Nevertheless, their use in mil i t_a-r) surveil la nee · 
continu es un abated and i s being exploited to the 
f ull :\ Today, wh en superpowers are strength ening 
t heir ·military resour1srs and planning defense 
strategies i t i s anybody ' s guess as to how they ar.e 
gett in g the stock of t he military resources of the 
other country. In the recent gulf war, the -Unit ed 
States made an extens iv e .'use 'of reconnaisance 
satelli te imagery over Iraq and- Kuwait to p1an 
attack missions and assess bomb damage. Track ing 
of mobile scud laun chers at ni ght .was done us ing 
infrared and radar data. This brings to light th e 
vu ln erab ility of today's arm i es to the remote 
sens in g technology. Today, . ·s pace-ba9ed military 
assets prove a decisive fact<Jf in any war. 

The Sov i et ·U~ion has till date laun ched 2000 Cos mo s 
satellites major it•y of t hem for military purposes 
and approx imately half of these have been 
surve ill ance satellites. Soviet imag ing 
reconn aisance sat~ l ites employ cap~ul es which are 
recover.ed in ta ct with fi.l m at the end of th e 
1n i ssion·s which are of s hort durat ion s. The' United 
States devel oped pho.tographic · reconnaisance 
sa te,ll i tes within. t he 'Di scoverer ' program. Close­
l o6k and area surve ill 9nce satellites al so appeared 
in early sevent i es. Big Bird satell ites provided 
cl oie-l ook imagery with a resolution of atl east 300 
mm from heights aro un d 160 km. KH- 11 satellites 
ha ve 150 mm resolu tion from a height of 250 km. 

ContTiercial Satellites 

Commer c ial imaging satellites have only limi te d 
usefulne~s. i n news Ol' tactica l intelligence 
gather in g beca use of two limitations- timeliness 
and r€ sol ution. The most critica l factor for 
succe.ssful military operations i s rapid data 
r eturn. Data del ayed by days or even hours can be 
usel e~s for tact i ca l operations. However, 
commer c ial satel l ites with modest resolution 
sensors have been used for,. severa l spec ifi e 

·appli cat i ons li ke mon itori ng nu cl ear proliferat ion, · 
assess in g nuclear missile s i tes and monitoring 
underground nuci ear tests. They have al so been 
used for cr 1s1s decision-making, multilateral 
pea ce-keeping and treat~ ver ifi cat i on, and cross ­
border confl i cts. Data from t hese satelli tes i s 
useful in strategic stud i es of neighbouring 

,countr i es by countr i es whi ch -cannot afford to 
l aunch the i r own surveil l ance satellites. Even with 
its .own powerfu l array of spy satellites, t he U.S . 
government has found commerc i al imaging sat~ l ites 
~seful. The DOD used co mmerc ial satellite 
photog raphs from the French SPOT satelli te to 
il l ustrate Soviet military developments in 1988 , 
However, data from these satelli tes are 
insufficient for determin in g the functional or 
structural deta il s of a target cr i t i ca l to 

9 

effect ive military analysis. Most impor tant, this 
} evel of detail is insufficient for interpr eti ng 

• the operational status of the obj ect and henc e its 
impa ct on military operations . · 

Reconnaisance Satellites 

- There are t ec hnological differences in altitude, 
orbit, inclination, resolving power etc. between 
reconnaisance and non -military satellite. The most 
important difference is in the resolving power 
whi ch ,in observation satellites is only 1/200 to 
1/1000 of that of military monitoring satellites. 
Th e perig ee of military satellite is said to be 
about 150 km and resolving power upto a few ems. On 
the other hand non - military satellites orbit at 
an altitude of about 250- 900 km and have resolvin g• ' 
power ranging from 10 m to a few kms. It . is 
suggested that a minimum ground resolution of 
twenty feet is required for arms control 
inspection . A ground resolution of two fe et i s 
generally needed for studying man -made features of 
milita ry interest. There are four ma in types 
of reconnaissance satellites, photo-reconnais sance, 
el ectroni c r econnais sa nce, ocean r econnais sa nce and 
ea rl y- warning satellite. The fir s t type earry 
photographic ind televi s ion camera s , multi -s pectral 
sca nner s, infra-red sensor s and microwav e radars . 
These prov-ide information about hardware . 
El ec tronic reconnai ssa nc e satellites a r e al so 
ca ll ed el ec tronic intelligen ce (ELINT) satelli tes 
or ferret satellites. Th ey carry equipment designed 
to monitor and det ec t radio signals by the 
op ponent s ' military ac tivities. Ocea n surv ei ll ance 
satellites are used not only to track naval · shi ps 
but also to determin e sea condition s. A better 
understanding of the characteristics of ocean s 
enabl es th e design of better sensors for submarin e 
detect i on . Spa ce-based senso r s include radar tha t 
ca n see through cl oud s and infra-red detectors. 
Earl y warning satellites giv e warnin g of a surpri se 
attack by balli st i c mi ss il es . Th e warn a in g time i s 
aro und 30 minute s . Such satellites us in g IR sensor s 
ca n observe the laun ches of intercont in ental 
ballistic missiles ( ICBM) and transmit th e 
information to ground stat ion. 

Visible and Infrared Sensors 

Photo -recon nai ssa nce sensor s ca n perform well onl y 
during daylight andclear weather. 'Close-look' 
photography can make possible the det ection and 
identifi cat ion of mo s t military targets on the 
gro und. 'Area surveillance ' cameras are empl oyed 
under c ircumstance s in which relatively low . 
resolution when accompanied by a broad vi ew gives 
more interpretable image than a high resolution 
photo of a limited area. 

The resolution required for det ect ion, recognition 
identification and des cription of various targets 
var i es . Area-iurveillance imagery in re solu t i on 
range between 1-3 metr es may be infrared as capable 
of providing precise or near -precis e identificat i on 
of mo st military targets, whil e cl ose-1 ook image in 
resolution range between 0.1- 0.5 metres would 



enab l e one to get target description and anal ys i s. 
Digital data from multispectral sensors allow for 
production of false col our compos ites whi ch ma ke 
t he camo ufi aged objects more readily detectable. 
For . exa mpl e th e human eye ca nn ot r ead il y perci eve 
by l ook in g at conv ent ion al col our photo s t he 
di ffe r ence between ord inary green paint and a 
backgro und form ed by dec idu ous l eaves, whereas 
fa l se col or infrar ed film renders the foliage 
br i ght r ed and t he pa in t blu e. It i s al so po ss ibl e 
to different iate the dead grass from green grass 
us in g th eir spectra l s ignatur es and thus detect th e 
ca moufiaged objects ·from the surroundings. 

Unlik e vi s i bl e sensors, thermal infra r ed sensors 
prov i de roun d-the- cl ock coverage . Infrared systems 
can view thermal s ign a tur es of t a rgets . Because 
veh i cl e eng in es heat up t argets, they s how up in 
br i ght contrast to the background which i s normally 
cool er. They detect the thermal emi ss i ons from the 
rocke t plu mes dur in g the boost phase and provide an 
~ement of ea rly warning to co mmand centres. 
Infrared sensin g tec hniqu es have the ab ility to 
sense movement of even r el at i vel y sma ll heat 
so ur ces , such as small gro up s of movin g men. 

ELINT 

Not all surve ill ance i s at vi s i bl e or near-infrared 
wavel ength s . Ac ti ve prob in g of tugets by radars 
ca rri ed onboard satellites in th e s id e-look in g or ; 
synthet i c aperture mod es can yi~ d ima gery of 
su ffi c ient resol ut i on for military purpose·s. 
Pass i ve monitor in g of el ec tro-ma gnetic ema nadons 
fr om earth -based r ada r s ca n prov id e informat i on 
invaluab l e for .the design of co unter meas ur es of 
el ec tr oni c warfar e . Th e in tercept i on of radio 
s i gna l s of coded messages and data i s a standard 
el ect ronic intelligenc e (ELINT) gat her in g 
techn i que . El int satellit es al so known as ferr ets 
ac t as ' ears ' in space. They have many appli cations 
such as l ocating radio transmitt er s , eavesdropp in g 
on communi ca tion s and mon itorin g the,:tel eme try from 
mi ssi l e t ests . Th ese sa t ellites gather data on 
mi ss il e testing, new rada r s and many other types of 
communi ca tion traffic. Not onl y ca n they lo ca te 
systems prod ucin g el ec troni c s i gnals but al so 
measure the charac t er i s ti cs .of th e ·s i gna l s so as to 
be ab l e to pl an penetrat i on of defences. 

-Arms Control Verification 

Ther e ar e many who cons ider that t he 'open sk i es ' 
pol i cy ini t i ated over ten yea r s ag o which ensur es 
that agreements ca n be eas il y mon itored by th e use 
of space ~ys tems i s a major contributo r to 
cont inu in g world peace on ·a gl oba l sca l e • . Today 
r emote sensin g' technique has been ident ifi ed as a 
tuol which allows i dent ifi cat i on and monitoring of 
military ac tiviti es and devel opment s in great 

·detJ il s . It i s beca us e of space-borne sur ve ill ance · 
that tr eat i es like SALT ha~e been mad e possi bl e . 

~ ' ' 

Radars , I R sensors'a nd pho t ogra phi c sensors . a r e 
used fo r ,the arms control ver ifi ca tion ,process·. 
These ver i f i cat i on methods are eff i c i ent because 
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the introd uction of new mis s il e systems has to go 
through research, development, te s tin g , production 
and deployment phases. It i s very improbable that 
the system could go through severa l or all of these 
phases without detection. Ver ifi ca tion of chemical 
weapons ca n be done by monitoring from satellites 
the actual s ituation and s tat e of objects (e.g 
lo ca tion an d territorial structur e of facilitie s 
s tockpile area~ etc. and the operatjon al status of 
production units ) and rel eva nt chemical sub s tan ces 
in th e atmosphere. Stockpil e in s tallations ca n in 
pripcipl e be id entifi ed by improv ed photographi c 
techniqu es and hi gh gro und resolution. 

Future Scenario 
. • , 

Despite the impr ess ive reco rd of performances of 
satellites in surveillan ce, there hav e been _cer tain 
technical limitation s. In the foreseeable future, 
non- sca nning or staring sensor s will iemove many 
of the technical constr a ints that limit performance 
and reli ab ility. The next genera tion of satellites 
will probably in corpora t e several new technologi es­
notab ly, mo sa ic sensors and advanced cryogenic 
coolers besides char ge coupl e dev ices- which 
together promise an improvement of severa l orders 
of magnitude in resolution and s ignal-to noise 
ratio. CCD t ec hnolog y will enab le the signal 
processing to be performed onboard .- the sateli'ite 
and hence sca l e down the gro und -based operation. 
The staring mosaic senso r s will provide continuou s 
coverage of potenti al laun ch points, providing 
add itional warnin g time. · To achieve ma ximum 
sensitivity of star in g mosaic sensors · th e sensing 
el ement will r eq uir e a ,.powered cryogenic. cooling 
sys tem. To ac hi eve- the higlr resolution needed to,· 
det ec t and trace 'dim' objec t s from geosynchronous 
orb i ts , deployment of very .l arge opt i ca l structures 
that in corporate adap tive opti cs and other 
t ec hn ol ogies· is ,..envi.saged . . 

' , ,.-:. . 
Though it has be~n cl a imed that space reconnaisanc~ 
has promo,ted disarmament/arms control , the military 
use of photo - reconnaisance has an intent which i s 
rat her agg r es iv e . Whether th e s up er powers and 
in creas ing] y the developin g co untries will use 
theste· t ec hniqu es for war,tim e activities or for ­
f:\romoting int erna tional peace r emains to be seen. 

(Contr i buted by Mr s. Tara ·S harma, LRD/RSAG/SAC , 
Ahmedabad). ·· · 

!Jo you agree with Some New Definitions , 
' / 

If i t mov es ·, it i s' Biology 

If _ it reacts, i t i s Chemistry 

If it doesn't move, does't r eac t and 
st ill works , it i s Geology 

I , C~ij 
··If it doe_sn ·'t work , ,;U;--1'! Physics 

(Fu·n time def inition s from anti-physics lobby 
of LRD/MWRD, Correction by pro-physics Editor) 
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INDIAN SOCIETY OF REMOTE SENSING - AHMEDABAD CHAPTER 

Annual Report (April 1, 1990 to March 31,· 1991) 
' 

As on Marc h 31, 1991, th e c hapter has 1 honorary 
me mb er, 100 1 i fe members, 40 orginary members , 7 
susta i_n in g members, 3 patron members and 35 members 
from outside chapter. 

T h e c o u n c i 1 met t hr e e t i me s t o tr a n s a c t t h e' 
bus in ess of the chapter. 

Lectures, Exhibition etc. 

0 The Chapter has been organisiny an annua l "Shri 
Laxm in arayan Ca ll a Me mor i al Lectur e" . Th e -fourth 
i n t h e s e r i e s 11 a s d e l i v er e d b y Pro f • C L 
Deeks hatulu, Director, l·lat i ona l Remote Sens ing 
Ayency , Hyderabad on "Remo t e Sens in y for Nat i onal 
Devel opment " on January 11, 199-1. 

Indi an Remot e Sens in ~ Sa tdiite (IRS-lA) 
comp l eted thr ee yt!ars of successful opera't iO¥ in 
.th e orb i t 011 tlHch 17, 199 1. To mark the 
occas i on th e c hapt e r oryan i sed fo ll ov1in g 
function s . 

Intervi ew on Ooordarshan 

Shr i Pr~mod Ka l e , Di rector, Spac e App li cations 
Centr e and Dr.· Geo r 0e Josep h , c·ha i rman 1.SRS · 
Ahmedabad Chapter 11ere int ervi e\'l ed . Th e programme 
v1as te l ecas_t ·on Mar ch 14, 1991. 

Exhibition 

A tv10 doy exhibition v,as or~an i sed at t he Bhaikaka 
Bhavan, Ahmedabad dur in'.J l-larcl1 17 - 18, 199 1. Ttl e 
ex hi bit i on was illuuyurated b_y Shri OP II Ca ll a, 
President, JETE. /\ so uven i r was re l ea sed on this 
occasion. Tiu, t>xh iti i b r1err, op en t o publi c on lJoth 
days fro1a 10 00 hou r s to 19 30 hour s . The r e vi e r e 
exh ibit s 011 sc h ,nu , o f r 1.:1not ,, s ensin y , sat ell ite 
i111ag,ss of d i ff en,rit 1,arts o f th e country and it s 
app li cat i ons in v,ir i ous d i sc ip-1 ines . Va ri ous 
mod e l s o f s at e lli te a 11d ldun cli vellic l e 1Hi r e 
di sp l ayed . Vhl"o ri l,11s ,,ere a l so sc r eened . Lar ge 
number or peop l e , part icu l ar l y s t udents vis it ed 
the exl·,i iJ i t ion . An ima 'Je o f Ahmedaba d ta ken by 
I RS , a sou ven i r drtci a i,ape r mode l o f I RS 1·1 e re 
di sL ri bu L~d t c vi s i to r s . 

Popular Lecture 

0 A popu l ar l ec tur e on th e ''lio l r• o f !!emote Sens ing 
in Mationa l Devril opmcnl. 1ias or ·:i dnised at the 
Bha i l:akJ Dhavan on 1: ,1rci1 17 , 199 1. Prof.P R 
Pisliaroty , Professo r [1w, ritu , , PRL, de li ver ed th e 
lectur e . Sllr i Pra mod Ka 1 ~ pre s i ded ove r the 
function. 

0 
/\ 1 ecture on "Remot e Sens in ~ in Geomorphol ogy " 
v1as de l i vere~ Dy Dr. S R ila ya k, _Scienti ?t , S~C in 
th e Department of Gtoyraphy , GuJarat Un1v ers 1ty . 

11 . 

R&D Activity 

As per dec i s ion t aken in th e l ast AGM,· an R&D 
activity has been taken up with a -11on-government 
organisation to demon~trate the ro l e of remote 
sens in g in wastel and devel opment s . Thi s activity 
i s in progress in the Dhol ka Tal uka of Ahmedabad 
d_i s tri ct. 

Publications 

Thr ee i ss ues of the newsl etter ha s been brought out 
this year and the fourth one i s ready for pr~nting. 
A souvenir conta inin g art i cl e in Gujarat i, Hindi 
and Engl i s h was bro ught out on the occasion of IRS­
IA cel ebra tion. A colou r image of Ahmedabad c i t y 
alony wit h map . wa s publi s hed . 

ISRli "Award 

Th e .Indian Soc i e ty of Remnte Se ns in g. ( I SRS) has 
in s tituted 'Th e ·,·ln d i an National Re01ote Se n sing 
Aviard ' to . tie g iv e n to the i JJd ivi d ua l s for 
outstanding contr ibuJion in t h'e1 ffe l d of remot e 
sen s in y . Th e a war-d'\:o ns is.ting -cif ·· Rs . 5,000/-

. (rupe es, five thous1nd onl y) in cas h, c itati on and a 
meda l i s p~oposed to be . g iv en ever y year dur ing th e 
annua l con venl i on of the Soc i et} . 

The areas consid~fed for .a-war·d are RS Pl atforms and 
Pay l oads , RS Dat ·a Rec

0

ept i on, Proces? i n g, 
Di ssern in a ti on and Interpretat i on , RS Application ~ 
including software,- and hardl'lare devel opment and 
system eng in ee ring and ,management in the fi el d of 
RS. 

Any. c i tizen of In dia bel ov1 45 years of age as on 
December 31 of the year o f award i s el iyibl e . The 
av,ard i s norma ll y yi ven for work pr imar il y done in 
In dia and hav in y relevance to India in ·particul ar 
and de vel op in y nat i ons in genera l. 

tlo mination for the a1·1ard can be forwarded by 
Pr es i d e nt s of scie ntific societ i es, Vi ce 
Cha ncell or s/Dean of Universities in cludin g !!Ts, 
Directors of R&D oryanisat i on s , State/Central 
Aye n c i es , Cooperative and Pr iv ate R&D 
oryan i sa t ions , Cila irman of Space Comm i ssion, UG C, 
0 ll G C , me m b er s o f P 1 a n n i n g Comm i s s i on an d 
Secretar i es of sc i ence/tec hn ol ogy and rel ated 
departments of state/centre . 

Nom in at i on s in prescr ib ed format s houl d be sent 
before October 31 of the year to Th e Pr es i dent, 

ISRS , ·11RS Campus, 4 Ka l i das Road, Dehra Dun 248 
00 1. Th e avia rd ees will be se l ected by ISRS 
Executive Co un c il and the av1ard will be presented 
during an nual conventi on of the Soc i e t y. • 

llominations hav e been invit ed for 199 1. Detail s 
may be obtai ned from Soc i ety/Chapter , Headquarters. 
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Space Applications Ce ntr e 
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