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Space Centres in India

JODHPUR
* Western RRSC

UDAIPUR
» Solar Observatory

Mt. ABU
* Infrared Observatory

AHMEDABAD

» Space Applications Centre

» Physical Research Laboratory

« Development and Educational
Communication Unit

» [ndian National Space
Promotion and Authorization
Centre

MUMBAI
* ISRO Lliaison Office

BHOPAL
* Master Control Facility - B
BENGALURU
« Space Commission

* Department of Space and
ISRO Headquarters
NNRMS Secretarnat
ADCOS Secretarial
NewSpace India Limited
Antrix Corporation

U R Rao Satellite Centre
Human Space Flight Centre
Laboratory for Electro-Optic Systems  *

NEW DELHI

« DOS Branch Secretariat
* ISRO Branch Office

« Deihi Earth Station

* Northam RRSC

DEHRADUN

ISRO Telemelry, Tracking and SR
Command Network KX
= Southern RRSC
» Liquid Propulsion Systems Centre
HASSAN
» Master Control Facility
BYALALU
* [ndian Deep Space Network
+ Indian Space Science Data Centre

* ISRO Navigation Centre

* Indian Institute of Remote Sensing
» Centra for Space Science and Technology

Education in Asia-Pacific

LUCKNOW
* ISTRAC Ground Station
+ ISRO Navigation Centre

SHILLONG

KOLKATA
+ Eastern RRSC

NAGPUR
+ Central RRSC

HYDERABAD
* National Remote Sensing Centre

SRIHARIKOTA
« Satish Dhawan Space Centre, SHAR

= North Eastern-Space
Applications Centre

TIRUPATI
* National Atlmospheric Research Laboratory
PORT BLAIR

ALUVA . - %own Ranm
« Ammonium Perchorate Experimental Plant = Station
THIRUVANANTHAPURAM % 7
« Vikram Sarabhai Space Centre
+ Liquid Propulsion Systems Centre ‘

* ISRO Inertial Systems Unit
* Indian Institute of Space Science and Technology

MAHENDRAGIRI
* ISRO Propulsion Complex



Space Technology Applications

Communication Navigation

INDIAN COMMUNICATION SATELLITES -

EXCEEDED THE EXPECTATIONS Aviation Railways Roadways

AN EYE IN THE SKY - o)
REMOTE SENSING SATELLITES

Indian Remote Sensing (I8S) satellite systém was commissioned with
the launch of IRS-1A in 1988. RS is the largest cwvilian Remote Sensing
Satellnte Constelfation in the world

© 18 Operational Satellites in Geostationary Orbit at 36,000 km, Support
Telecommunication, Weather Forecasting & Cyclone Warning, DTH & TV
Broadcasting, Banking and ATM, Radlo Broadcasting, Disaster Warning
and Search & Rescue Services

Maritime

Space Science

Multi-wavelength | | Torrestrial upper
studies of stars

and galaxies in atmosphere &
UV and X-rays space weather

Topography, Elemental & surface features,
mineral, abundance, morphology,
waterfice mineralogy and

Atmosphere
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Space Technology Applications

v' Communication Infrastructure
v' Data connectivity
v' Broadcasting, Education

v" Monitor Natural resources
v" Meteorological Observations
v" Discern Environment, Climate

v’ Strategic Services
v Assured Navigation Signals
v Location-based services

v' Geospatial Services
v’ Sustainable Development Plan
v Disaster Management Support




PO Technology Evolution: Launch Vehicle
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Composites  Mission simulation Avionics
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Mechanisms Materials  System reliability ~ Structuralengg.  Payload integration Advanced propulsions




Indian EO Satellites: Evolution \%
TDI Imaging
» S
Cartosat 2 Series (2016)
0.6 m, 11 bits Altimeter
(2013)
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: - (2012)
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IRS 1A/1B (1988/ 91)
36/72 m, 7 bits, 22 days

Spectral Resolution

7 bits 14 bits
' Bhaskara-1/2 (1979/ 81)

%% 1 Km resolution



%H4i3ﬂ~_n Growth path of satellite communication in India

Advanced
Capacity Technologies
Augmentation SEREEC A
INSAT-3, 4, &
Indigenous GSAT Series
Efforts

INSAT-2
Birth of

INSAT
INSAT-1

1975 1992-2000

1982-1992 ‘\ - T -
Transponders > ‘ 202




Evolution of Navigation Satellites

NaviC GAGAN
(Navigation - Indian Constellation) (GPS Aided Geo Augmented Navigation)

IRNSS-1F  IRNSS-1A  IRNSS-1C  IRNSS-1D IRNSS-1G

| 55° | 111.75°E I
32.5°E 83°E | 129.5°E
‘ vl
IRNSS-1B IRNSS-1E

Navigation Program started
in 1996 with GAGAN
program

Vehicle Tracking and Fleet Management
Maritime Services & Port Operations
Railway operations

Civil aviation

Disaster Management Support
Geo-tagging/ Geo-fencing

Location based services

Survey Applications

Infrastructure Planning

Power Grid Synchronization

Forest and Mining

Precise Timing

Mapping and Geodetic data capture
Earth and Atmospheric Studies
Search & Rescue

Aviation Railways Roadways

IRNSS program in 2006

Maritime Navigation
A =~y
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Space Science

Multi-wavelength

studies of stars
and galaxies in
UV and X-rays a4

Experiments 05
Terrestrial —
upper ot
atmosphere
& space
X-ray Astronomy GRB & RPA X-ray p
Aeronomy & _ : t
Solar Physics experiments Spectrometer
Publ: 24 Publ:10 -
' Mars Orbiter
2011 Mission
Youthsat - _
-, 2003 q V
1992 & 199 SOXSon GSAT-2 2008 |
SROSS seri Chandrayaan-1 Martian surface
—— 1996 features, morphology,
IXAE on IRS-P3

1985
Spacelab/ Anuradha

o

Cosmic Ray
Experiment

Bright X-ray
binaries
Publ:31,
Ph.D:4

. mineralogy and
Martian atmosphere

Topography, Elemental & ~ Chandrayaan-2 & 3

mineral, abundance,
water/ice

Publ: 150+ XpoSat
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Aditya-L1



A fidian Space Programme - at a Glance

..

4 94 125

Launches Spacecraft

: " 4 :

¥ : & -
.\1;._11 " -
W 431 Satellites of 34 countries

1 5 Student satellite missions

Technology
Demonstrations

$1.6B Budget; HR: 17,000;
40 entities in 22 locations
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Indian Space Ecosystem & ISRO’s Verticals

INDUSTRY Hman
spaceflight
450+ 50+
MSME Large companies
START-UPS

A GNII\ UL
100+ "';s.nm e

L
Start-ups DHRLN & SPaZCeE
Space

infrastructure 2 o Transportation

ACADEMIA
5 6 9 300

RAC-S STIC STC  Sponsored

Research
. -
PARTNERS
IN'S;AC}E Building
N~ Govt. State

Ministries Government Departments
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Recent Missions
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Commercial Scientific User funded Development Flight Test Vehicle for

_ SSLV-D2/ EOS-07,
0S-067/0ceanSat - ;.11 & AzaadiSAT-2 |
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ISRO’s International cooperation

. sARMT
conl85

@& EUMETSAT
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European Commission

<SS ECMWF
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Countries: Afghanistan, Algeria,
Argentina, Armenia, Australia, Bahrain,
Bangladesh, Bhutan, Bolivia, Brazil, Brunei,
Bulgaria, Canada, Chile, China, Colombia,
Egypt, Finland, France, Germany, Hungary,
Indonesia, Israel, Italy, Japan, Kazakhstan,
Kuwait, Luxembourg, Maldives, Mauritius,
Mexico, Mongolia, Morocco, Myanmar,
Nepal, Nigeria, Norway, Oman, Peru,
Portugal, Russia, Sao Tome & Principe,
Saudi Arabia, Singapore, South Africa,
South Korea, Spain, Sri Lanka, Sweden,
Syria, Tajikistan, Thailand, The
Netherlands, Tunisia, UAE, Ukraine, UK,
USA, Uzbekistan, Venezuela & Viet Nam.
Multi-national  bodies: EC, ESA
ECMWEF, SAARC & EUMETSAT

ITLY, Paris

ITLU, Washington

ITLU, Moscow
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Downstream Appl

International Capacity Building

UNNATI (UNispace Nanosatellite Assembly
&Tralnln

Indian Institute of Remote Sensing
(ITIRS) at Dehradun

* Offers 8-weeks course on RS & GIS
under Indian Technical Economic

Cooperation (ITEC) sponsored by

MEA

29 Participant from 1Countries

Indonesia, Kazakhstan, Malaysia, Mexico, Mongolia,
Morocco, Myanmar Oman, Panama&PortugaI

@‘s

CSS EARP

UN affiliated Centre for Space Science
and Technology Education in Asia and
the Pacific (CSSTEAP), Dehra Dun

(Nov 1, 1995)

30 Participants from 16 Countries
Bahrain, Bangladesh, Belarus, Bolivia, Brunei, Colombia,
Kenya, Mauritius, Nepal, Nigeria, Peru, South Korea, Sri
* Offers short-term training courses Lanka, Thailand, Tunisia & Vietnam
and 9-months PG Diploma for
officials from this region on space

technology applications

* 5 Themes: RS & GIS; SATCOM,
SATMET, Space Science & GNSS

W

2
“LIrl'l\ \Y\B

* Uses facility & expertise of IIRS,
SAC, PRL

30 Participants from 21 Countries
Argentina, Armenia, Bhutan, Chile, Dominican Republic,

1 . . .. Ecuador, El Salvador, Ethiopia, Fiji, Mexico, Namibia,
More than 3900 officials from 109 Countries are offered training by IIRS & Nicaragua, Panama, Papua New Guinea, Philippines, Sao
CSSTEAP On-line training on DMS 6870 participants from 102 countries Tome and Principe, Sizgipifei Slovalda, Sudan, UAE &
Zpekistan

Algeria, Argentina, Azerbaijan, Bhutan, Brazil, Chile, Egypt,

Upstream [echnology

18
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m igr’—n' Additionally, 32 space industries from abroad and 53 Indian space industries actively participated.

Y Main SELM: July 6-7, Bengaluru
Space Agency Heads and senior representatives from space agencies of 18 G20 countries, 8 invited countries, and 1 international
organization (ITU)
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Recent Programs
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U i|izra . MISSION CHANDRAYAAN-3

LVM-3 M4

Elliptical Parking Orbit
(170 x 36501 km,
21.29°)

Series Of EBNs

Total Planned Maneuvers : 6
(4 Perigee, 1 Apogee and TLI)

Lunar Bound

Series Of LBNs

Landlng Total Maneuvers: 5 (Including LOI)
followed by 2 De-boost maneuvers

Rover Movement
Power Descent
1 Lunar day



=y

RAMBHA-LP

Langmuir Probe

To measure the near
surface plasma (lons and
electrons) density and its
changes with time,

| var Davina \
Rover raylioaus

APXS
Alpha Particle X-Ray
Spectrometer

erive the chemical
composition and infer
mineralog
1o further
understanding of lunar
surface.

Chandra’s Surface Thermo-
physical Experiment

o Garry out the measurements
of thetmal properties of lunar
surface near polar region

LIBS
Laser Induced
Breakdown
Spectroscope
mine the elemental
on (Ma, ALSIL K,
of lunar soil and
ind the lunar
landing site

ILSA

Instrument for Lunar Selsmic
Activity

fon ute selsmicty around the
landing site and ¢
structure of the lunar an

SHAPE

Spectro-polarimetry of
HAbitable Planet Earth

table planet Earth in
the near-infrared (NIR) wavelength
range {1-1.7 pm).










- - CHANDRAYAAN 3 PARAMETERS DISPLAY
COUNTDOWN FROM DESCENT START : 4+ 00:32:17

HORZ. VELOCITY VERT. VELOCITY ALTITUDE

LANDED SAFELY
LOCAL NAV  LCL NAV OVER

ALL ENGINE OFF TOUCH DOWN
SEQUENCER STATE SEQUENCER SUB STATE

ERVER. 2
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Aditya-L1

[ ]

Visible Emission Line Coronagraph
the primary one for the study of Solar Corona

Solar Ultraviolet Imaging Telescope
for the study of lower and middle Solar atmosphere

Aditya Solar wind Particle Experiment
for the study of Solar Energetic Particles

Plasma Analyzer Package For Aditya
for the study of composition of solar wind and its energy distribution

Solar Low Energy X-ray Spectrometer
to study the X-ray flares

High Energy L1 Orbiting X-ray Spectrometer
X-ray spectrometer to study the dynamic events in the solar corona

Magnetometer
on a deployable boom to study the nature of Interplanetary Magnetic Field (IMF)

v
Vv
V
:
-~




Aditya-L1

Aditya-L1
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Way Forward



Way Forward

Indian Space Sector is open for end-to-end Private

Sector Activities [ﬁ

Focus on developing key technologies, Outer Space
Exploration

~camid

Air Breathing

A

o Reusable/ Re-entry vehicles | Low cost constellation |
On-orbit servicing | Flexible payloads | Electric propulsion
| Quantum Communication | Al & ML | etc.

Develop critical; long-lead; time-& capital-intensive
infrastructure

Promote & Practice Long Term Sustainability of Outer
Space

Play proactive role in Regional & International
cooperation in Space Sector

All Electric
propulsion

Joint Missions, Global Collaborative Constellations,
Virtual RS Constellations for Data sharing,,....



Space Situational Awareness (SSA)

ISRO System for Safe and Sustainable
4. Space Operations Management (IS‘OM)

Near Earth Objects and Planetary Defence

ISRO System for Safe and Sustainable
4. Space Operations Management (IS‘OM)
Space Situational Awareness Near Earth Asteseld (NEA)

Outer Space Environment

Beiow Glokd Crantropie Thrnokd
Fousble Gotsl Catastrupte
Abowe (Gotal Catastroghe Theedold
Mau £x0acton

Potentially Hazardous Asteroid (PHA) Notable impacts
~Biggen ks e > 14 with oty within 1.5 exfion i of £ty ot Date  impactingObject Placeofimpact  Consequence

Wion Norwot

T,
%y
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Ped pored by e NG ot L e S mehod ol wed & ovae
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India
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First Human Spaceflight

Oatai Modabe
Mo otiestston

Ortanral Modete
(rgucted lres
Low Earvh Oriet

\I‘M A Ovcuna )

Crew Escape Lystwm
Trpeistoe

16 mins to reach
Low Earth Orbit

:
Bl s,

Human Rated
GSLV MkIN

Pocactune

[

16 mine frum
Dasocat 1o
Lardtng

ﬁ Orbital Module -

Crow Module &
Service Module

Crew
Estape
System

B eouss
&

Crew Modulg

Space

"‘? Suit

Pad Abur

.
:

m

Space Food
and Medicine

Ground
Control
System

st Successiully Completed
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Bharatiya Anthariksha Station




Next Generation Launch Vehicle
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