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~ INTRODUCTION TO SATELLITE TECHNOLOGY

What is a Satellite?

A Satellite is basically any object that revolves around a planet in circular
or elliptical path.

Types of Satellite

1.Natural Satellite For example Moon is earth’s natural satellite
2. Artificial Satellite For example man made satellites.

What is an Orbit?

The imaginary path of a satellite is an orbit. In the orbit, the farthest point
from Earth is the APOGEE and the nearest point is the PERIGEE.

Orbital Velocity: Orbital Velocity is the velocity needed to achieve
balance between gravity’s pull on the satellite and the inertial of the
satellite’s motion. — Keeps the satellite’s tendency to keep going.

Earth Orbital Velocity > 7.8 Km / sec ; Earth escape velocity > 11.2 Km / sec



3. Average distance of a planet from the sun uniquely determines
the length of time required for the planet to complete one orbital
revolution around the sun.



NEWTON’S LAW OF GRAVITATION

The Law states that “ If two particles of masses ‘M ‘and ‘m’
are situated at distance of ‘r’ apart , each particle attracts
the other with a force GMm, where G is an Universal
constant.The forces along the line joining the particles is —

F=mV?/r=G.Mm/r? PRy (mg)
/
/ : _ m (Sotellite
Where V, =GM /1 =Circular Orbit Velocity / E‘.‘F‘; 1
{ v
\\ /
\ va
X 7



Equatorial Orbits : Polar Orbit — Sun Synchronous Orbit fns

Geo — Stationary orbit — 24 hour period

The most commonly used orbits for practical applications are :
1.

- for remote sensing 4
- for communication application

Geo-stationary orbit : at 36000 Km above the equator were the satellite has an orbital
period of 24 hrs coinciding with the earth rotation, ideally suited for communication

operations for wide area on earth, as satellite appears stationary over the geographic
region.

Polar Sun synchronous Orbit with Sun, Earth centre and the Satellite always in a plane
and the satellite goes around the earth over the poles at a distance of 600 to 950 Km
height, will cross the equator always at a fixed time, making it suitable for remote
sensing surveys under same Sun illumination conditions



A

WA > COMPLEXITY IN SPACECRAFT DESIGN

1. Satellites have to work in hostile space environment for
several years

2. All parts/subsystems used in the satellite should have very
high reliability along with space quality standards.

3. Selection of parts/components, Extensive qualification of
process and fabrication, elaborate testing of various
subsystems under different environment conditions are
pre-requisites to ensure long life and reliability

4. Time consuming and expensive : requires special expertise
and facilities. All the facilities have been established

5. Sophisticated design tools have been developed in the
centre for desian , analvsis and testing of satellites
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COMMUNICATION SATELLITE PROGRAMME

-Uniquely tailored to develop innovative grass root level applications

I-IK BUS | I2KBUS | 1.3K BUS
INSAT-3D i Goglgs
Lales f ‘(A 12. Ku, 12 Nor-
C,6 Low-Ext C
HYLAS ,
26.11.11 { &5 CeRE
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/ . 10.04.03 ;,
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f ' \ VHRR, DRT, SAR j 12.03.07
P 12 Ku,12C
*, 7 INSAT-3C 0
Kalpana-1 ‘ 24.01.02
12?09.02 ,: R 12xC, 3Ku, 1 MSS N
VHRR ' INSAT-4A @
INSAT-3B 2212.05
22.03.00 12Ku,12C

Meteorology

12 x C, 3 Ku, 1 MSS

B C-band Fixed Satellite Service ; Ku-band Fixed Satellite Services ; Broadcast Satellite Services ; and Mobile
Satellite Services

®  World’s largest domestic satellite communication system (198 transponders & growing)



INSAT APPLICATIONS

Tele-Medicine

>278 Hospitals

Tele-Education

e Training & Development Communication T A Dist/ Rural
Channel (TDCC - 1995) “Bt. o> 43 Super Specialty
* Jhabua Development Communications S04y +10 Mobile
Project (JDCP - 1996) et “\ > 3 Lakh patients treated

e GRAMSAT Pilot Project (GPP)

30000 EDUSAT
Virtual Class Utilisation &‘

rooms in |
operation ' School Vldeo onferen@ Super Specialty
om ‘ Hospital
VSAT Hub
Card'};wlogy I

sw gu

Pathology

Higher Sec./
University

BROADCAST COMMUNICATION — ‘ OTHERS
sl e Television Speech Circuits \ : eMobile Satellite
H{ Broadcasting on Trunk Routes Service

eSearch and Rescue
eSatellite Navigation

VSAT
Connectivity

1 e Direct To Home (DTH)
2TV & Radio
Networking
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INSAT-3D AN

INSAT-3D Spacecraft is a multipurpose spacecraft with high
resolution imager and sounder systems for storm warning and
improved atmospheric observations and data dissemination
capabilities. It also provides communication services. DRT SAS & R
transponders will be providing continuity to some of the INSAT
services.

SPACECRAFT SALIENT FEATURES
: 82 Deg East

el Sounder
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Indian Reference Station (INRES)

u,"}

Indian Land Uplink Station (INLUS)

_ %3V, Indian Master Control Centre (INMCC)

Navigation - Air, Sea and Land, Positioning Applications, Survey, Image Correction,

GIS, Timing, Surveillance/fleet monitoring



= A Regional Navigation
System for Indian Region

4 GSO) Constellation
GSO Longitudes: E 55
deg and E111 deg

GSO Inclination: 29 deg
GEO Longitudes: E 34,

E 83 and E 132 deg
7 Independent
Launches of PSLV

1304 Kg Satellite Mass
at Lift-off

Dual Frequency
downlinks for user
Position Accuracy =
18.3 m (1-sigma)

P pP
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T us o
GRS

e | B

y ¢ P

Orbit
Parameters

us
BANGALORE

HDOP, (34 83 132) inc Odeg, (55,111) inc 29deg, User mask 5deg

Latitude (deg)

7 8 P 100 110 120 130 140
Longitude (deg)

PROJECTED ACCURACY — HORIZONTAL <20 m

TIRNSS

INDIAN REGIONAL NAVIGATION
SATELLITE SYSTEM

VDOP, (3483,132) inc Odeg, (55,111) inc 29deg, User mask Sdeg

Latitude (deg)

€0 2 707 80 P 100 110 120 130 140
Longitude (deg)

PROJECTED ACCURACY - VERTICAL <20 m

INDIANOCEAN

IRNSS SPACE SEGMENT

IRNSS
APPLICATIONS

= Space Craft
Aircraft
Ship
Vehicle
Fleet Movement
Routing/Alignment
Timing

SCIENTIFIC

RESEARCH

= Atmospheric Studies

= |onospheric
Scintilations




IRNSS-1A

The objective of the mission is to develop an independent satellite based
navigation system capable of providing uninterrupted navigation services.
IRNSS-TA is the first navigation satellite built by ISRO for providing Standard
positioning service and Restricted Service with encryption. The series of constellation

satellites are similar IRNSS-TA configuration & are being realised in the production
mode.

SPACECRAFT SALIENT FEATURES

Orbital Location : Geosynchronous with 29 Deg

inclination
Bus : |-TK Bus
Payload : Navigation Payload and Ranging

Payload operating in S and L5 bands
Power : 1600 Watts
Spacecraft Mass : 1426.74 Kgs
Mission Life : 10 Years

Application : Regional Navigation application
Launch Date : 015t July 2013



REMOTE SENSING &
SMALL SATELLITE PROGRAMME

= ;L_Jnt.._

520 Sotellite Centre. . e _



- REMOTE SENSING SATELLITE PROGRAMME
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e _ P MADRAS, SAPHIR o
Cartosat-2B s CARAB ROSA  BRES
L 12072010 SN

26.04.2012
SAR ANTENNA

} PAN CAMERA " SARAL
&’2”' Cartosat-2A S s | - 25-02-13

28.04.2008 5N
ALTIKA, ARGOS,
PAN CAMERA Cartosat-2 i

¥ 3 10.01.2007
N PAN CAMERA

IMS-1 SRE-1
28.04.08 10.01.07

Resourcesat-2

20.04.11
L1SS-4, L1SS-3, AWIFS

J.YOUTHSAT

20.04.11

Cartosat-1
05.05.2005

PAN CAMERA
Oceansat-2
23.09.09
OCM, ROSA

Ku Band Scatterometer

! HAMSAT
- 05.05.05
Resourcesat-1

- Technol
17.10.03 Ei(;)e?iomoegr?f[
. L1SS-4, L1SS-3 & itk

AWIES stellel (L

22.10.01
PAN CAMERA
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EARTH OBSERVATION APPLICATIONS Jlg,,, S

» National Wheat forecast - 95.27 Mha (17.45%)
27.25Mha & 75.90 Mt - 2003 estimates

* Kharif Rice forecast - 35.66 e ([j)esergfic_:atlon & land
Mha & 76.82 Mt egradation assessment

Ag'culture o W Assessment of

* Potential Fisheries Zone irrigation
(PFZ) Forecast to > 300 potential created using
Stations high-res data

*+ ~ 30,000 Users

* Enhanced fish catch with
"~ less effort

Monltonng Imgated Commands

* 854 Micro-
watersheds in

* Prospective groundwater
zones

+ 200,000 wells drilled, with
>90% success

"+ Support to Rain-fed
area development

= ',.' * World Bank to
replicate

in Sri Lanka, Africa

Drinking Water * 10 States covered; 17 more
taken up

Disaster Management Support
(DMS) System

Networking, Early Warning NDEM, Hazard Zonatlon. Risk Assessment..




SPACE & DISASTER MANAGEMENT

OBSERVATION FOR
' INFORMATION

Mitigation N ."m Disaster Event
G
% ?’
/ \

LIRSS

% <4 . INFORMATION FOR DECISIO

¥
""'*’"L"‘ h‘,

. DECISION FOR ACTION

Reconstruction



' SMALL SATELLITES

HAMSAT IMS-1 ANUSAT STUDSAT
2005 2008 2009 2010

YOUTHSAT SRMSAT
2011 2011
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" ¢ X-RAY ASTRONOMY
* GAMMA RAY BURSTS

¢ IONOSPHERIC PLASMA

¢ MIDDLE ATMOSPHERIC
DYNAMICS

* EQUATORIAL ELECTROJET
¢ SOLAR FLARES AND STORMS
¢ IONOSPHERIC TOPOGRAPHY
¢ PLANETARY EXPLORATION

ASTRONOMYAND ASTROPHYSICS ‘
AERONOMY AND PLANETARYATM&PHERES
EARTH SCIENCES AND SOLAR SYSTEM STUDIES
THEORETICAL PHYSICS



SPACE SCIENCE & DEANETALY EXPLORATOLRY MISSIENS
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wf' # Study of Martian surface,
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o 2 WATER : g
|==5 - ASTROSAT

Multi-wavelength Astronomy
Satellite for observation of
galactic objects

Tg'Ncﬁgg:R ; CRATERS [N
ON MOON

FACILITIES ESTABLISHED
Indian Deep Space 'Net:worls

.CHANDRAYAAN-2

Landing in a high latitude region
First Rover-based in-situ studies .
of lunar chemistry & volatiles

o o ;

ADITYA-1 .

- A Space based"Advanced Solar .
Coronagral?h to study solar

= e Corona
«32m Terminal .

18/10/2006

18|.11 ’Terminal .
-operational

. o s

ISRO SATELLITE CENTRE | BENGALURU
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MARS ORBITER MISSION -

ek

ISRQO’s first interplanetary mission to Mars planet with an orbiter craft designed to orbit Mars in
an elliptical orbit. The scientific payload instruments are intended to study surface features
morphology, topology and mineralogy of Mars, Constituents of Martian atmosphere. The Earth-
Mars trajectory comprises of three phases namely, Earth-centered phase, Heliocentric phase and
Martian phase.

SALIENT FEATURES n,‘,‘“;m s \

Orbital Location : 370 X 80,000 Kms elliptical orbit /'

Voyage from : 300 Days

Earth’s orbit X;%L,
Mass : 1350 Kg

Power . /50W

Mission Life .~ 6 Months N Mo
Launcher . PSLV-XL
Payload . Lyman Alpha Photometer, Methane Sensor for MARS, Martian

Exospheric Composition Explorer, MARS Color Camera and
TIR Imaging Spectrometer
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By \
L™ MAKING OF A SATELLITE

THERMAL
IMPLEMENTATION

SPACECRAFT STRUCTURE
IN CLEANROOM




NORTH PANEL READY FOR
ASSEMBLY

SOUTH PANEL READY
FOR ASSEMBLY




CLOSED
MODE IST

PANEL ASSEMBLY IN
PROGRESS




PANEL
DEPLOYMENT TEST

S/C ENTERING TVAC
CHAMBER

REFLECTOR
DEPLOYMENT TEST




8% MAKING OF A SATELLITE

FIT CHECK MI MEASUREMENTS
MEASUREMENTS



LAM RF INTERFERENCE
WELDING CHECK

DYNAMIC BALANCING



A% MAKING OF A SATELLITE

VIBRATION TEST ACOUSTIC TEST CATF TESTS
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LAUNCH FACILITY & LAUNCHERS

New Generation

PSLV GSLV  GSLV MK IlI Two Launch Pads
294 tonnes 414 tonnes B79 tannes wd. SDSC, Sriharikota
13inSS0/105  2inGTD  4inBTO/MDin =i [imws
in GTO LED

ISRO SATELLITE CENTRE | BENGALURU
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