India’s Satellite Programme

Communication | Earth Observation | Navigation

Artificial Satellites




Artificial Satellite

« A man-made object * Uk HI-a A U
- Intentionally placed into orbit around o FISHT o dgd Gl AT fohdl 3= GHleii fUg <l
Earth or another celestial body hefl H wTiUd fohar T &t
« Used for various purposes but the 4 major o Ao 388 o Ty IUINT fohaT ST @ ik 4
purposes are: T 388 ¢
1. Communication s TR
Weather monitoring and Earth o HIGH o RT3 gt o sfaieh
observation . TEfest

Navigation . AT FTHEE

Scientific research

Key points

Orbit; Artificial satellites orbit around * T FHH IUUE U FH o ATIR W A9~ TR
the Earth in various types of orbits such T T3l S8 YEIfdeh, gard 3R gd-Jedhlicieh
as geostationary, polar, and sun- HETT3AT H oAl o IRI 3R URGHT Hd &
synchronous orbits, depending on their o Al 3% Aohe T IUTNT ek el well | df= fmar
function. SIcIE

Launch: They are launched into the . U Ueh e 3uue & e i gl &

correct orbit using rockets. 1. oS (S o e 3 R At g ST
Components: A typical satellite consists UTEfiTehl o ST 8)
of: 2. 99 (frg# fasrelt amafd, IR de, Tur 3k yoiet
1. Payload (which carries the instruments JUTTeA! ST FgTeh FoTferdi 8)

or technology to fulfill its mission)

Bus (which has the support systems like
power supply, solar panels,
communication, and propulsion
systems)




Antennas

Main types-1

« Communication TR

« Facilitate global wireless communication o ik IAY TR ol GITH a1
- Transmit signals between ground stations o Y33 WA & I et TaTid oed ¢
+ Mostly in GEO o YRR GEO |

+ India's Example: INSAT series, GSAT series : : 3 5
o MR T 3aTE0T: INSAT &, GSAT Y& (S
(like GSAT-31) GSAT-31) ) (




Main types-2

+ Weather and Earth Observation
+ Monitor weather patterns and climate changes

Assist in forecasting and disaster management

Provide detailed Earth imagery for mapping and urban planning

Mostly in SSPO but also in GSO

India's Example: INSAT-3D (for weather forecasting), Cartosat series (for Earth observation)
o T iR gedt s

HIEH 3R STeraryg yiedd-T el UeqoT

MU YA Td SATUeT Geer & HErdT bl

AT 3R e s o [Ty faeqgd gedt fosrm

Hf¥HAT SSPO #H wfchd GSO H o

HIRA T IGTGIT: Te-38T (HIEH YaiaH & forg), REdde, wicide yadm (geat saaien o fog)

Main types-3

+ Navigation
+ Provide accurate positioning and timing information globally

Assist in navigation and location-based services

In geostationary orbit (GEO) / in geosynchronous orbits (GSO)

Global systems in MEO

India's Example: IRNSS and NVS-01 (first of the second-generation satellites in India)
o dlaad

T TR W Tle TR 3R T bl SAehrdl

AT SR TE-STTRA Farsll § Gerd

e et (GEO) # / deddhrail sefl (GSO) H

dfsye youTTell MEO

{1 3316207 IRNSS 3R NVS-01 (WRd | g&dl Uiél & 3uursi § § Ugeln)




Main types-4

» Scientific Research o AT FFHYH
« Conduct astronomical observations o W VeJUT b7 ST

+ Orbit varies with the purpose of the o BT FTHYH o g T YR
research

R T ITE0T; TEIAT (T T Taaiehd & fev),
+ India's Example: Astrosat (for A R HTAg (SR sag™ & fely), i
astronomical observations), Chandrayaan Tl (JF HAaedie o ferq)
and Mangalyaan (for space research),
Aditya L1 (for Sun observation)

Communication Satellites




What are communication satellites?

Man-made objects in orbit facilitating global
communication

Transmit and receive signals between
ground stations

Enable wireless communication networks
including:
 Public services like TV, radio, internet, long-
distance telephony etc.

« Dedicated services like — communication
networks for armed forces, seafaring, air-
traffic, banking, stock exchanges etc.

Also integral in

+ connecting remote areas to communication
networks for e-Governance, Tele-medicine,
Remote education etc.

« support emergency communication during
disasters

Examples: INSAT series, GSAT series (of
India)

frad e 5 wra [ Sure ST dfes Ter bt gfaer
e &l

T3 WA & ar RBre ganiia 3 ured &ed §
AT AR edd geTq hid ¢ o8 o &:

SATBIHT AT

o AT Y910 S - G Tl o [oQ HAR Aedeh, GHg!
AT, BATS-ATATATd, STehil, Tieh Uaradol TS|
kel
g s
« 3TUETS & SR SMUTAhTe I HaR &l gaefT
ITEI0T: T JET, SIS YT (R h)

How communication satellites work

The satellite amplifies
. the incoming signal and
changes the frequency

@ N

¢
The ground equipment ’

transmits signal to A 4
the satellite P

L 2
Signal is transmitted

back to Earth

The ground equipment
receives the signal




Types of satellite communication spectrum-1

The electromagnetic spectrum

Microwave Infrared Ultraviolet X-ray  Gamma ray

i

FE T

Visible

&~ >
‘
Shorter wavelength

Longer wavelength
Higher frequency

Lower frequency

Applications along the EM spectrum

Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,
navigation aids maritime radio, FM Radio, cellphones, microwave radar landing
signals (e.g loran-C) radio radiotelephony navigation GPS telecommunications  systems
aids
—>
() % N =
[ ) [ ] K\\
# 0O # O = =

Wavelength 100 km 10 km 1km 100 m 10m 1m 10 lcm imm

é————————— Decreasing frequency Decreasing wavelength — >

3 kHz 30 kHz 300 kHz 3 MHz 30 MHz 300 MHz 3GHz 30 GHz 300 GHz

‘ 1-40 GHz

Commonly used bands for satellite

18 26 GHz | 40

Bands above Ka
Q: 36-46 GHz

Ku K Ka V: 46-56 GHz
W: 56-100 GHz




C, Extended C, and Ku-bands-1

« C-Band (3 to 4 GHz) * g (3 F 4 TMees)

« Used for traditional satellite o URURE IUUg Catifdeid /edT TER0T & o 3uamT
television/radio broadcasting [ERIRSIGIE

+ Less susceptible to rain fade compared to o I HGRT &5 DT i1 H STRET o Hlchl TS ahl
higher frequency bands Y11 A &

- Utilized for long-distance o el QU ol GTETR & [eTq ST feham STTaT &
telecommunication . feaia di-¥s (4 T 8 e

« Extended C-Band (4 to 8 GHz) . T T-Fe B gerT e RedRa gy I e
Offers slightly extended frequency range FATE

compared to standard C-band . TCTEI-UERUT IUE AaTaT o forT IuiT fRaT STrar 2
Used for direct-broadcast satellite services . TaTEd TOR 3R TR W%WW

Suitable for mobile communication and
radar applications

C, Extended C, and Ku-bands-2

« Ku-Band (12-18 GHz) + Ku-dg (12-18 7iimgda)

« Used for satellite TV broadcasting, especially « Gearee Sdl ARl o foru IuzhT fohat Sirar &, fagy s
for DTH (Direct to Home) services T I (1A ¢ ) Jarstl & fog

« Utilized in radar and satellite communication o TSR 37T IUUE TR YUTTer | ST T ST &
systems o T BT G & AR & Hieh1 U i arferes T

+ More susceptible to rain fade compared to C- %, &iAY[d o [eTT 92 USHT el ATaLFehdl Bld! &
band, requiring larger antennas for . m

compensation »
+ Applications and Use Cases dide: W;%i ;ﬁéjfﬂ?a?saﬁw ITeoT &7 hr

« C-Band: Ideal for rural area connectivity due . R dt-Fe: e agf 39 AT Hared 3R ER
to lower frequency and better penetration ST & forg T

» Extended C-Band: Preferred for mobile and . Ku =e 3= m 3R 2T STETYT @ & HRO
radar applications with a wider frequency TR U2 TR & aFeraet o arE-2Reiem
el edrse Sral UERUT & ol I fohaT ST 21

+ Ku-Band: Commonly used for urban area
connectivity and high-definition satellite TV
broadcasting due to higher frequency and
data transmission rate




India’s communication satellites programme

Largest domestic communication satellite o UYL H G 91 5] HoR SUUE YUTTelt
system in Asia-Pacific + 1983 H INSAT-1B o T 3R fopaT 1
Initiated in 1983 with INSAT-1B . R 3 TR & 9

Revolutionized India's communication . gIOE R ﬁ@ﬁ% eI B 9 URETe ITIE & (T:
sector 12 fadsr 2023)

Currently has 9 operational satellites in o 3t yegdes I sk 348 & 200 37 gramiex
geostationary orbit (ISRO: 12 September A9

2023)

Equipped with over 200 transponders in
C, Extended C, and Ku-bands

Most recent 5 launches

PSLV- Communication
C50/CMS-01

3357 kg  Ariane-5 Communication
VA-251

GSAT-31 2536 kg  Ariane-5 Communication
VA-247

GSAT-7A GSLV-F11/ Communication
GSAT-7A
Mission

GSAT-11 Mission Ariane-5 Communication
VA-246




Major applications

« 7 major application areas in India:

1.

Facilitates telecommunication

TV broadcasting

Enables satellite news gathering
Assists in socletal applications
Aids in weather forecasting
Provides disaster warning services

Supports Search and Rescue operations

o R H 7 Y ST &
1. RIIR T fadT Ve FAT 8
RGNS IR |

. JUUE YRR Ui e | e §=1dT &
. IS AU H HeErdl Hidl &

. HIgH St vfasamoft # Fegrmar

. 3TTYeT IdTa-T JaTd YS hedl &

. W@IST 3R §19 BT bl GHYA HdTl 6

Earth Observation Satellites




What are earth observation satellites

Man-made satellites orbiting Earth for » AT TR o fory AHa M 3ue gedl i ufishar
remote sensing EXEGE

Mostly placed in SSPO » HAlghd SSPO H W S1d &

Some may be placed in LEO / GEO / GSO * ® &l (AT T J HiGH I FRAT 3R gaiaH
especially for weather monitoring and 35l & fely LEO / GEO / GSO H @1 ST Jehdl &
forecast purposes o fafer= faeciuuri o ferq gedl i Idg ! faggd s
Capture detailed images of Earth's surface HER A ¢

for various analysis o fafgg &= o Wﬁw '(‘\4\*1(1 gl HEUG]
Have a wide range of applications in 188)

diverse areas (Next slide)

Major use cases for remote earth observation

Monitor weather patterns and climate HITH 3R Searg gidd- R ek

changes e TS 3R AR H FErRidT e

Assist in urban planning and mapping 3ATUeT e U GaigHT & e

Help in disaster management and qfaRoT FRTRT 3AR TTeT e B SURNT T ST &

forecastin o N NN .
5 Gedl &l Hifdeh, TGRS 3R Stides qunferi o
Utilized in environmental monitoring and AT ST § dar

resource management . ﬁﬁaﬁ%mm@@w\?ﬁ?ﬁﬁ it

Contribute to scientific research on Earth's T

physical, chemical, and biological systems . R 3R s7fiy ST R ST e e SR @i
Support military and security applications & T &l auTse S

through surveillance and reconnaissance C S et e £1 Bl 3 v 2 i
Facilitate infrastructure development by aﬁﬁﬁm

providing data on topography and land
use

Enhance agricultural planning through
soil, crop, and water resource monitoring




How remote sensing satellites work-1

Aecrial remote sensing:
Height: < 30 km
Coverage: 10~100 km”

\—kl
SN -7

k Satellite remote sensing

Height: > 150 km
UAV-based remote sensing: Coverage: 10~1000 -
Height: <3 km
Coverage: 0.1~100 km*

How remote sensing satellites work-2

Passive Sensors Active Sensors




How remote sensing satellites work-3

Earth observation
satellites

Processing o
// \ station Organization

Providing
Information

% . - ﬁé g —» Bl

Tracking - Con° Receiving Data base
station Station i

Target Area
Data Storage Providing of
Hard disc,etc. User Information

Order

India’s Earth Observation Programme

Initiated with the launch of IRS-1A in 1988 * 1988 H IRS-1A & wi=I o 1l YHIATA g3

ISRO operates one of the largest remote o T 99 TR R g9d 9 ¥ATe I 3usg Tl
sensing satellite constellations globally I Ueh ol YT il &

Equipped with diverse instruments for o a9 T1ieh, quicheit 3R wiifohes U&uT o ey
varied spatial, spectral, and temporal Tafaer IueReuTl & gafosTd

resolutions o YNNI UMY aaﬁgﬁ% 23 q@j}mﬁaﬂm%
India has a total of 23 Earth Observation (PIB, 11 3171&d 2023)

Satellites in space (PIB, 11 August 2023) « ] 3R Afeh Y SueliTTehdfan T arrasaenarai @l
Cater to both domestic and global user A &

requirements




Navigation Satellites

What are Navigation Satellites?

Autonomous geo-positioning provider
satellites

Part of global or regional satellite
navigation systems
Provide 3 services

+ Position

+ Time

+ Navigation
Operate independently of telephonic or
internet reception

Communicate directly with a receiver
device

* TG Y-feAd e 3uwg
« A1 AT &1 IuUE AT Een &1 fgwa
+ 3 JaTV YeH oA &
1. T I
2. WY §AFT
3. e &
o TIPS AT Ze3-e REARM 9 Tds 9 9 S Hd

€
o feefia feared 9 We deR aed €




Global Navigation Satellite Systems (GNSS)

United States: Global Positioning System HGerd Y STHREAT: T lee] TSI f&eeq
(GPS) - 31 satellites (Sfidtug) - 31 3w
Russia: Global Navigation Satellite System &G TAlge AT dearge e (7d-Td)

(GLONASS) 91 BeiDou AfamerT deerge e
China: BeiDou Navigation Satellite System TR T Aeifera

European Union: Galileo SHUTUEUg &t gy faAwdr:
General features of GNSS: « 18-35 HegH Gedl day (THE3N) IWrE
« 18-35 medium Earth orbit (MEO) satellites « Heff g >50°
« Orbital inclinations >50° o Feffg srafa; ~12 €2
« Orbital periods: ~12 hours « T3 ~17,000 20,000 Ttz
« Altitude: ~17,000 20,000 kilometers

Regional Navigation Satellite Systems

- Japan: Quasi-Zenith Satellite System o SUM: FE--SiHe dedrge [F%en (Fgsieuduy)
(QZSS) * SIYITE GélehdT ol 961dT &
« Enhances GPS accuracy * 2023-24 o fory Sdvg I Tads AfaeH o6l AT
» Independent navigation from GPS planned ST
for 2023-24 * YRA: YR &3l Al darze een
- India: Indian Regional Navigation Satellite (3MEIRTATHUH) 7 NavIC (YR IuTg! o 1
System (IRNSS) or NavIC (Navigation with AfereH)
Indian Constellation) o T R Ao Aa wWra &5 3uug AL yoTTed!
« Autonomous regional satellite navigation . T AT G Fard e ar g
system, developed by ISRO . T SR 3R T G E 1500 frdt aw

» Provides accurate position information ey TR AR e e 3
services ’

» Coverage: India and up to 1500 km from
its boundary

« Offers reliable position, navigation, and
timing services




India’s SatNav System-1

- Indian Regional Navigation Satellite System o RART A AfGIRE dcdTse [Een
(IRNSS) or NavIC (Navigation with Indian (3MERTATETY) a1 NavIC (YR 3uUsl & Irer
Constellation) Named "NavIC" (Navigation AfaTIe) oot wern= w3t off g Hid gR1 "NavIC" Am

with Indian Constellation) by Prime Minister fear mar gl
Mr. Narendra Modi « RN Siafer g Te (3T) RI A
» Developed by the Indian Space Research . 3R ard

Organization (ISRO) -+ ATt FH Tl ok e FaTy wer #d @
+ Coverage and Services -~ AT HIRA R AU T &7 (1500 et k)
« Provides real-time positioning and timing o TS & FI 3R 3 faEqid A bl AT

services
Coverage: India and surrounding region (u © AMEF IR

e 5168 P 1. A [T Fefor Jar (ArTfe ITaiT & forw
to 1500 km) i

« Plans for further extension of coverage area .
. & . i G (T A s TR ¥
« Two levels of service: forT uRrRe)
1. Standard Positioning Service (open
for civilian use)

2. Restricted Service (encrypted, for
authorized users including military)

India’s SatNav System-2

Technical Details o doplhl feea

« Constellation of 8 satellites in orbit * HEMH 8 IUTET T
+ 3 satellites in geostationary orbit (GEO) » y&fae werm (GEO) # 3 3uwie
« 5satellites in geosynchronous orbits (GSO) o YALRENY dcl W 29° gehld o HY Y-GHbIcTh
with a 29° inclination to the equatorial hegett (sfrugat) # 5 3urg
plane SHA TR 2 AfdRerd Te-a1a IWE
2 additional stand-by satellites on ground IR géterdT: 20 Hiex & ea (Shdre: 7.0-1fex
Position accuracy: better than 20 meters TelhdT, 95% THY, aAfeh TR )
(GPS: 7.0-meter accuracy, 95% of the time, Toff T IR & A B T 2

globally) g AGRT FTer: L5 3R S §g
Operates during all weather conditions

Dual frequency operation: L5 and S band




India’s SatNav System-3

« Launch Timeline of IRNSS Satellites
IRNSS-1A: July 2, 2013
IRNSS-1B: April 4, 2014
IRNSS-1C: October 16, 2014
IRNSS-1D: March 28, 2015
IRNSS-1E: January 20, 2016
IRNSS-1F: March 10, 2016
. IRNSS-1G: April 28, 2016
8. IRNSS-1I: April 12, 2018
« Note: The PSLV-39 / IRNSS-1H launch was

unsuccessful, and the satellite could not
reach orbit

2

* JMEIARVATITY IURI hl @i CTZHATSH

1. HAEIRCATHUH-1T: 2 Ja1g 2013

2. AEARTACIUI-14t: 4 30 2014

3. AEARTATIUY-13T: 16 AR 2014
4, AEARTATICY-18L: 28 A1 2015
5
6
7
8

. ATSIARTATIUH-1%: 20 a3l 2016
. ATSARTATHTI-1TU%: 10 71 2016
. AEARTATHUI-1SMT: 28 310, 2016
. AEARTATIUH-13E: 12 310, 2018
« ie; dieadt-39 / STEARUATITH- 174 FayoT
I TgT, AR IUUE dHefl Ieb ol Ugd Hebl

Some applications of IRNSS

Terrestrial, Aerial and Marine Navigation
Disaster Management

Vehicle tracking and fleet management
Integration with mobile phones

Precise Timing

Mapping and Geodetic data capture

Terrestrial navigation aid for hikers and
travellers

Visual and voice navigation for drivers

TN, gaTS 3R Al Afaiiem
S IARSCEE]
qTE <l 3T 9 Usieg
* HISTSc i o T ThIchoT
« I Ty
« AU 3R fSsfes St
o Tea T 3k Tt & o T AfaneE
Jerar
o ZEA o (elU 387 SR eaf Afeaig




NVS-01

NVS-01: First second-generation satellite NVS-01: NavIC darefi # UgeTr g&el Ulel a1 Iue

in NavIC services SIUAUAd]-Uh12 /THdTeg-01 fisH gagur: 29 g,
GSLV-F12/NVS-01 mission launch: May 2023

29,2023 FeTT YR fSafeng

Orbit type: Geosynchronous wifiyenT: YR Gfaensit % e NavIC &l 19 R

Role: To sustain and enhance NavIC with 3R T T

improved features T Site; faeaTia arstt & fow L1 o e aifie
New Addition: Incorporates L1 band FAT &

signals for expanded services I Tge Tl qRATy ey

Noteworthy: Carries the first indigenous Hecd: MR o JdRel SrishA o felT srarfrefear 3
atomic clock Jehrichl It | Ueh HieT bl UceR &

Significance: Marks a milestone in self-
reliance and technological advancement
for India's space program

How Sat-Nav works: Example of GPS

-

¥, HOW GPS WORKS

OP5S

IS A CONSTELLATION
OF 24 OR MORE
. SATELLITES FLYING
@R GPS sateflites broadcast radio signals providing . 5 20,350 KM ABOVE THE
thelr locatlons, status, and precise time {t.} . SURFACE OF THE EARTH.
from on-board atomic clocks. H ONE
NET T

The GPS radlo signals travel through space at the
speed of light {c}, more than 288,792 km/second.

Yo calculate its distance from a satellite, 3 6PS
device s signal;

A GPS device recelves the radlo signals,
noting their exact time of arrival {t,}, and
uses these to calculate its distance from
each satellite In view.

a— (= = n T
The GPS Master Cantrol Station tracks the g é‘i"'ﬁ‘!ﬁ ' ?‘ﬂ!‘ftww A g e
satellites via a global monitoring network ” R,
and manages their health on a daily basis. -
Ground antennas around the warld %
end data updates and operational - n Once a GPS device knows Its distance from at least
commands to the satellites. = four it can use g yto

Its location on Earth In three dimensions.




How Sat-Nav works: Example of GPS

Utilizes 31 satellites emitting signals for o T R gHY GRUT & ferq et & aret 31 3uwral

location and time determination &1 3TN AT &

Receivers require signals from at least four « I A & forg iR bt 6w & 6w 9 Swret &
satellites for accurate positioning R bl AR Bldl &

GPS satellites equipped with highly accurate o HAGH Gl U] "iedl F Fyfoard

atomic clocks. Time information embedded o TH JHA FYRUT & Ty IWTE hie H THY &l TSN
in satellite codes for precise time aiRa s

dete?mlnatlon . _ o foeliar 3ume ST &l UM #d € AR adles TRl &
Receivers compute satellite locations and o7 SMasgs gARISH Hid &

make necessary adjustments for accurate : ) :

positioning * Waq: ﬁ’. gg._?gz'{q@’ HE Tl TR faam ohed gy famere
Signal propagation delays accounted for, . . . o
considering ionosphere and troposphere (aq&ﬂ.gfgﬂ%q”i. j?gﬂ jm'a'%dﬁjﬁg?g'ﬁﬁ‘ 5
effects Wﬁw@a@aﬁm&wwﬁaﬁ%

Receivers calculate three-dimensional
position (latitude, longitude, altitude) and
time using data from four satellites,
eliminating the need for an atomic clock in
the receiver




