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“Sputnik (1257) — fivst gyiiticiad, earth satellite
- Johannes Keplewy — his student Newton
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Anamolies (Angles) htee anomalies : -

satedite continuously moves—> o find. exact position nwd true anamoly (£) True anamoly — adong dliptizad, oroit £ 7 ALl sATELLITS TEANSMIT
beoz for ollipticad orbit satelhte downt more at a constawt yare. Mean anamoly — along sbhertcal orot M EPVEMERIDES (N MEAV
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= 0! lequntor), 90° [ polar), 180 (normad)
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— Earth, wnterid mertial [ECI, 1TE)

= lyifocal (adgo inertial)

— Ear#. conterdd Eavth. Eixed (ECEE)

= Sideveal (vevsus solar) time —plant angle of #e  veynsd cpunox
= Right ascensipn of the ascending node (RAAN)
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e Ry  differinee bleo EC) andt ECEF [p orishialion OF the X-axs.
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D moving b positioned v this sycter . ECEF (21y,Z)
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“Most GNSS Orbit calculation are +ranwlvrrnation- froom one (rame ECEF Z1EC]
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Excupt glonass , alh GNSS covwtehations wre Keplerian Elements.

Same  point lan have difterent ECEF Loprdlinates ao per tine dus
20 Lar#s rotakion  FCEF coordinates yary based gn time- of observanm;.

CEvery satelhite b launched for o specific purfose or myssion.

15K0 lawnching 12 satcdliteo just for monitorin

beoz bndia's positiono
1éar ky

Ao entiph and anyone an Valia any time.

India~ 2% toamtry b Gow wp Dtllite — ASAT ( Anti - satelhs te) misgiie
(4fter Vs, Bussia, china) 27 WA, 2019

475 A4000tm
Mruspieric drag
Mtitnde (assification altitude. L3000 75 4000
LEO (Low Bark orbit) 106 4o 1200 miles e
0 satdbitto are LEO satellites
" MEO (Mediwm_ Eari. ovbit)
36/ sattlite
" GEOD ( Geosynchporows Eark Orbit;)
" HEO (Hygs, gartte orbit)

(200 4o 22,236 milew

22,236 miles avpund,
at apogee  higher thaee GEO

wrturhaliono — 1. satellite rootdi nates directly perttrbed . pitteyence
Combpubed nsing nmumerical devices

R. sattlhtt movVing ts elbptical orbit whpse elernest
change i .eack (mptant .

Variationo dus 1o perturbations : —

L Tegrenion of nodt avt polar axis

2. comtaniy changing Welinations

3. foztion of Line of abside

4. Variatio th shape and  si of ellipse
5. thange . time of perigee passage

- Portavbation npt explic

Pertuybation,

ty present o Raplerior elimepts. (ideal motion)

“ Deviabon from e  (daalized patho L, pexier bations.
: pdhfu?bi??g forees -—

|- acc’ due to ron- sphericat amde i7homegenows 72455
distribution yithso the EArib. (central body)

2. gech ane p Sthev coktstial bodits [Sun,Mooh, plarets mainly)
3. aun duw o cart and ociavjc tidey
4 gech At o atmoashens AJ

5. dech due 1o dirlel and, earth reflected, solar rrdiation prevnursd

h2,%2 — gravitational piritr vapms
45 —  ner-gravitational pertuviaations

" Uassification i

long peryads
I seenlay —vanio linearly with tine seular
2. Lg perisel short pevisd,
3. short period

[~
deynent ai's pertiy batisn

Lagmnje’s Perturbation. Equatione Net able o undersizmd them )

qalssiah. forme Of Perturbation GGuation
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Disturbed Motion. due to anamalons earth’s gravity field . Sohd Eartbe Tides ana. Octan Tides

(graviteativnal, plridrbation) Edvihs Oblatensss © SUA Earth 4 Ollan tidesS (hange earhé Giavitaton potetial.

" TS, dakse add tional AC* Ackng on satellits

' lonsideved.  As am indirect gravitational effeck of sunme and. woon.
TAlh of sarllite caused by sid earit Hde is

" Dominant perturbing foret gn 0rbitS of near carke artifrdal satelliteo
is due 1o oblareness of sarth. g

* Earth's slight widening at equatoy Creates a A{ovee. -k, Gma' . . o = [)

' A gl Trgue B 1o tUm satellits towards equatorial plane. F,=——==-(3-15 cos /);f +6 cos9-~

' On eclentric orbits, oblatentss rotatls Hw bUnt of apsides (%z )

2 ©r' 1 r

(1) my is the mass of the disturbing bo

0%@7’ Pgrﬂ[}*bd{/—fons : (1) § geocentric

(11) # angle between geocentric position vec

© Non- Conbal braviintional Eied of €ars —Mat Perturbing Foree on low ) .o o doog e o o ot o
artificiod satillites.

* Far high dcauracy ww OOt compuiations — stimats ace’ causead by other Atmospheric Dra.
pertnybing frees — gravigationad, , inflenct of Sun ana, Maoon

* Imp. Non- gravitational perturbatior- for jow arb;‘ﬂz‘nﬂ satelhites.
 For low arbmﬁ‘rg satdllites — aimosphenic dﬂzg 15 siguificant.

* Drag is ame w interaction  bjw satelite and atmospheric particlés.
" Abrdynaic fore depend. on
—> catelliles geometry —> satellites grigntation wr-to flow
= capdltes velocity —> s density, temperature £ lomposriion

L - 2olavy  Reriuy bations
- Dprtrbakions  due 12 sun and wiwon on orbiis.
Arttvbation agh inwlves seular changes th W and L

)

X

Direct and  Indivect Solar Badiation Fressure GqNsSS Overview of all GNSS:

" pirect pressure — from solar radiation interackon withs spaccratt Edviier 4NSs only meant Gps.  Oh2 SBAS GLONASS, an-c's BeiDou, Galileo, ’R-NSS
* Indivech pressuve —> Eqrth. veblLctid portion of soldr vadiation. " Now , 4t hds go many systems.
: }’erturbmﬁ awch zq* COUNTBY
= ,C0 =2
v, = vl (AU) ﬁ Usa 4ps Wys-84
m P ==

s

UssRr JRYss 1A GLONASS pz-9g0
Abedo Effeet —Teflectivity of surface (1)
hgh glbedo etfect surfacto reflect wore swibight-
Jow Y 1 1 absorb  more  sunbight . CHINA Bei Dol 4 RE
G(Big bipper in thina)

EUROPEAN UNION GALILED 4TRF

- YssR— had exczdag& launchirig —3 sabtlite at a time
CLaker ey broke D peices o couldnt graw . Wherz Werts
C After 2008, GLONASS startéd yelaunctun bamb brow?
“China — wanted. 1o reaten Taiwan — launched 8 mussiles 42 wept, oato
C 20718 = (7 satebbtes thina (aunchied — now completed wa ,923;.{ U/’“”f"




GPs, GLONASS GALILEC, BeiDolU  — global syster

IBNSS, 9233 —> Begional w, wature

© BBAS — for augmenting te aciuara

C%dia alke got one augrunimtion Syst called GAGAN-

ars  (Global Fositionsng system)
SBAS ( Satollite- Based Augrusntation Sys tes)
GLONASS  ((Global Navigation Satellite Systern)
QZ83 ( Quasi- Zerth Sarelite System) — By Japan
IRNSS [(ndian Fegional Natiopal satclite System)
Sulio calledr NAVIC (Navigation. with Indian Costelation)

“Now, we hawe so mank sattllitto guarlable . Aroaiid 78 zateblites
now to choose from as of Yow,

15-30cm Long range air traffic control and surveillance; L' for 'long'

GNSS Spectrum

Moderate range surveillance, Terminal air traffic control,

[7.5-1!
S G long-range weather, marine radar; 'S' for 'short'

Satellite transponders; a compromise (hence 'C') between

BHETEER X and S bands; weather; long range tracking

Missile guidance, marine radar, weather, medium-

resolution mapping and ground surveillance; in the USA
2.5-3.75cm the narrow range 10.525 GHz 25 MHz is used for airport
radar; short range tracking. Named X band because the
frequency was a secret during WW2.
High-resolution, also used for satellite transponders,
frequency under K band (hence 'u')
From German kurz, meaning 'short'; limited use due to
absorption by water vapour, so K, and K, were used
instead for surveillance. K-band is used for detecting
clouds by meteorologists, and by police for detecting
speeding motorists. K-band radar guns operate at 24.150 +
0.100 GHz.

12-18 GHz 1.67-2.5cm

18-24 GHz 1.11-1.67 cm

Mapping, short range, airport surveillance; frequency just
24-40 GHz 0.75-1.11 cm [above K band (hence 'a') Photo radar, used to trigger
cameras which take pictures of license plates of cars

"L band— AU the positioning sattllires we mape Lot of the LbarA.
Except of e 1RNSS,we go for S-band abso.
CUNSS spatiume £ frequiney tibl Juit ts have o lpok on.

“n order o counttr fov  (0Ngsphere , we miake we of wwltiple frequerny.

" No restrictipnn using Gps.

“Every satdlite has got a puipose. Accordingly ws Replerian elewments,
atitude, perrod., etz L Jittevent

LEO 160 2o 2000 by —————> 85) satelliteo are wv o
fategory. mainly to sty
2y # - WMaibo 2pyoVE AYe.
due o atmospherie d/rcy
A gravity pel
pertuy bations.

MEO 2000 2o 35,786 on
4€eo Beyyond 35,786 knm
HEO A gher thas, GEO

- Elon Musk— qumhmﬂa thousands of- satellites q yean fzr Wmm'wn'n;.
T AS YU (opme down dows. wmear earth , e lfe also g0 dowe
down.  bul the /Wdu‘nj offort b same [dpes nik wiatter) for L£0 £ MEO.
GEO  SUNCHROMOYS GQEO  STATIONARY
(Znctnation 2o (inelination =0)
Net frxed ved- o carih Fixed position relative to eario
" Bothoof tham have orbital perigd ao eqrits rotrtion peried.
CWAVIC  has bo#e types — 4 geosynth.. £ 3 geostl

4re / )

" 24 functional satelhte a6 diftevent orbits 55 cquator
"bX4=24 satlite | some others

ako WAL go spAare it one ALtoriaie.
" Developea by vs petece Departwent.
“Mbtude = 20,200 ke (Abprox. 20,000 Em)
Life is 75 years, now upto [0 and even 15years  [enhanced)

2 3 45 6 3 prellity)

Sardltt clock2 o
" 12 hours periodt and orbit b precisely Nifehne , its Lite improved
prediciable Now -2~AAYS .
C L= 55 degraw [nckinatin) of 4% wnstelatin
CWGS-84 rettrenct frame — defined w475 DY nat otrers.
| 4P sardhte are arangdd mo gitteral groups |gepe ratrono
“Block T * Mission Planning 7ol
“Block IL - sidereal time?
A  (Adwnced) o Peblacement: 4Fs orbitzl,
TR  (Beplenishment) plonto
I R-M ( Beprenishment ~Moder mzed ) imbroved
IF  (Flew on) Figure
Block IE — very improved version isas




DIff- plw ved. sysbtm and frowne.
z

¥ | Betevene system - Teoretically defined system Consisting origws
and axes (X%,%z).

Petereny. trame °  Bealized or implemwentéd version of 1efevere
SYsten. K comuots Of a seb of denitifable frducal pPolrks.

Mapttr (ontrol Stziion A daka, Eromm  CSs Lo transruted to a wmpaotér &S
Control  Statiopns and trom Here after corrétions b o uploaded.
Airectty o the satelhze dnd. used by all s#12vS.

* Mdster (mitl statign — Fid e grbit data, do orblial adjustments and. e
Upload directty o the satilite from 4A [Grommd, Atenyas).

C YSA Larlitr Wanted 20 setup master cotvol sizbion g~ /mdia, pehradue..
But condition was they wanted omly tziy mwien o operate (X.
1dian Govs. hadnt agreed, fov 1t so dnat's why not made Lete.

/ 0 space segment
Every satellitz has got : — / ars 20,200 lom z = 55° oM A

I shace segment } VD — Rl GLOMASS  |g,)20 Eme  £=64-8°  Epma

2. contwl segments © cMcse o > GALILEO 23,222 ¥m. 1= 54° comA
3. user segment tontrol segments Ustr segment
- two Way communication bl space 4 (ontrol. L) = 1575-42 My
" user — just vecuve g signals, cant communiate 1o space | control. L2 = 1227-66 MH2
* Bussigne — best clack are mads by #7ev.
LOMA FOMA * NPL (Natonal Physical laboratory) w, Dethd ,25tl- &Yy Tawaharial Nehru ¢, [954.
* (ode Division Multiple Actess. * Frequency Divisiom Multipll Acess. It s involved th e study and use of caesium atomic clocke [ highly precke
*Use (pde to [dentity otelites. © Use trequenty 2o identity satellites. timeReEDINg devices). — 60 Y18 they are trying 1o understand  that only.
°® Highey capacity, more fexible ° Umited capacity, less Hexjvle . ey pavent done any qood yesearch.
* Used vn 4P, Galileo £ yew Glomass. © Used i carly "4LONASS oy, ° Atomic Clocks — very (nberésting researi (ield — fots of s~ vussion Lfellowships.
° S-pard) —ns one has tested excpt {Lov NAVIC [IRNSS.
Note: AU sattldtes are trafsmut in same frequenty. Receiver dont Know mg_ 4P — Keplerign wnits () —> gire Coovdinate b opne meride
Lrom where e signals are wmﬁ? from. We use nfo vv forme of codes ¥ gonass — (%Y, 2,%,Y,2) His form .
th satdlite Lire Pode, £ cade 15 “identity the satelite.

|CD Intertace (ontrol Pocument
SAR SBearth Ano Rescue — transmit advarced signals
CAFs (atsium Atomic Erequency Standards




GLONASE  (Bussian Federation) 4/ 4/ A648°
started at same time 4s 47s— was leading but ey broge ints peiczs

For & 1oL of Hmme no oter system exeept 4¥5 Was thére 12 1zl about.
- Bussiame armly contwls everyitiy

© Borbits with 8 satillités cach and 4 extra w caclo
Asab- X 301bids = 27 sattlite o total |, 24 sat. wn Orbib,
" MEO satelite @ 19,120 Em
C OYbikal #rigd = 1 howrs 15 mwiineteo
(Glonass is closer 1o £arit, so it takes less time)
Cgnllination = 64-8°
(Ust ot alonass is preterred in Arctic due to its inination.)
" FDMA tn 2 bands. — (ln nwwer satdlites Glonass also shifting 2o COMA )

Lt Was most expensive program, of RFSA wnsuming /3" op its budger.
“Qlonass- M ( Moderrized, [ 7i0dified) — longer design- Lice (7ys)due to

“Glonass-M Glonass-k (1t series) & Glomass-k (27 sesies)

similar to 45 Bolk 1171
GLONASS Spectra

P N=-7=6, ... %, .. 46
HANSWUL  sattllite signals
o s prequencis.

14 frequendes [~ 10+ w
FOMA 2 talk about.
Gk sakellite — seperate frey.
Ko CoMA ntroduted now |

&Y‘-)WJ'
Difterence biw PZ-90 and W4s-842 =

propwlsion sis. 4 ok stamlity.

 launtl FPadlities and Venicles — f Bai konuy Plesetsk. } aimp.

( exetient lawnching power — Bsatellitts at a time)

z
- Referance Frame is P2-90 - y ' y
= L e

GALILEO

* By EUropean Union

‘Perigd = 14 hours

* Orbitat Height = 23,222 Km

* 30 satelites (24 active+ 6 sbare)

* Headgquartered at Prague o. Czech Repuslic (Master (ontrol Station)

* 2 gyvound control stabions — Germany £ 1

* indination = 56°

* Pracision: 1 m [best)
JRNES = 5-)0m.
GALILEO— Am.

{ Tty used bl 1G5 Ebims appeady nad, so
they eyow Cosvdinate Ver! well ( bLantifully )
Azatmtg
ossible cirewdar pssition on navigation Withi. e drele.
* OWTRE (haiico Terréstial Fetertne Frame )
¢ leapstconds —> ssgr c(orrected it Hun and tere.
* First ont to stgrt SAR (Sedrch and Resiue) Services.

Lnversting : European Union tonducted drawing compeiition .

Ty wanted to have some tun sp namdbd satellites after Wose kids who won
the dyawing competition.. Where 4 ™ one came — catherine — b wWas 4 tailuve.
Te Wholt Schod) wade that givt cry, gitl didnt come 10 sthool | —bip debression
habbentd and principal complained. Ty réabised. and dant Know s anyms.

Pz-30 detine position ysi g cartesian coordinates (x,y,z) a)ong witto

(X,9,2) induding velodtiey aee”, etz.

“W4sS-84 use geodetic  coordinates (12t long-) htight) and Kepievian dements
< Both WGS-B4 ana P2-90 are glotntric vHferenie frame but difter o Ho

way ey transmit  position.

Tabular Compavison
ars GLONASS
- orbitdd plane 2] 3
2. groit indknation 550 64-8°
3. qititude 20,200 km 19,100 emt
4. revolution period 12 hours 1 hr 15 miin
5. ground track | sidereal ~8 sidereal
repeal peripd day day
6. Ephemerides data  Keplerian elomentts,  position velouity,
LoYrection Cotfts. dcet yectors
7 Qeodetic Betenne w4s —B4 VE-90 [pZ-90
SYstam ( Worid awd&h'0> (fulvoko 1990)
System 1984
8. Signat sepeistion. EDMA
aq. /rzt—tgrﬁly Hansmission No
10. Lleap stconds No

FDM A
No
s

4ALILED
=

B6
23,222 km
14 hr
~ |0 sidereal

o

i
Keplerian. eloments
LoYreLtion Cotffs.

aTRF
Galileo Tervéstial
Refererice Erame
COMA
\ies
No




> Saptarishi we caltl-

_— Big Dipper (prominent siar cluster th mihern. hemisphere)
BeilDon

- China — country of origin.
* Managed by PLA (military), commercial. a0 of now. . .
* Launiched — BeiDou, | — Bubou 2 —> BeiDou 3
° 17 operational saxellitto launnched,  a yeayr
(ey've got 3 1akn people from, 400 organizations)
* Altitude 21,500 kn
© Time #riod 12 hours 15 nunutes
* 5 GEO+ B [4S0 1 ZTMEO [ al three)
© 3 orvits (21satellites) They are. mort cantions an NABURE.
have ANTISAT ap well .
& Note : 4PS,qalito, Glonass Are ont-way. They dont know Who the yser js
Using it. But BeiDow feow Know who the user is. That is against
we international corvention but they doshs cave. They cars also
Waripnlate e signal it ey want 1o, sinct they o who tie
User s. Chinese. dovt mean things about what B2y say, tuy are
70t Very honavd about Bremsdves. When youn YA chinese vestare.

popers , ke cantilo dlooss Brlo wher. Bty say we've 4ot iat atdray. . .

BeiDou £ret ﬁmmn;)_ Noting cornes o You oY free unlew v1¢4 are
1CD i chinese smbhiﬂg vo from the back.

* India — started every#w’wg from scratche , 7i0body had lutped.

TOKE & — A shop

¥
& / Chinesy. chicke so many photas of au )

Indiare came | asred price of evzrt;f&u'nﬁ , bought r)afhinﬂ £ gore

" Americans carve, bought anly the éssential Wung and gowe .

 Chinese camy clicked 4 clicked pholos o eneryiung —gone £ made |,
copito ot all. Thtycare yaake cobito of Al — clekclick . .. . [E]

7
Imp 7able —

satellite ; orvi't Reriod,
/ (sideral days) [stdereat days)

GLONASS — 19,1pp 8)27
B Do 21,500

—> b7 sabéllits roughty

" They Used Rubicium clocks wpto BaDol , laot 16 sabellt o they have
Hydwgen Maser Ciocko.
Atomic Clock Acciracy
R Ctocks Jo'*
(e clacks (0%
HYDROGEN MASER  Clocks 1o~/

- Cover range b quite good.
- CODMA
“N0m location acavracy ( repeatability )/
© COMPASS~ Earlien yiame BelDown had .
© Ches 2000 ((hingse Géoaetic leorainate Systirm 2000)
S Retennce frame (how they vealised).
“open [ public) and military [ pyivate) —onty to Limiteds people .

bettor call it repeatability.

w4s-84

Vz-90 Al are Gesdetic Coordiriate System . e wist alh are same (01X z)
OTRF but they rtalise ¢hab [s ditécrent far all .
cals 2000

QZ3S (Quasi-zenith Spaellte system)

Japanese Regional satedite system

* Designed, to augment the (P w e Tegion. Whateyer 475 is giving
W has to augment, — wnhance capacity lexpand, | fadli tzzte.

* Tabanest Wanted, coverage over Jaban, salellites always akove yeod.
Ensurt at least she satellitt alwnys positiontd vear zenith .

© 4 glosynchronous satthites i highly ecentric arbits

Orbllzts ey have arve
#u'gh&y LLCIC

-
40000 krw, 2 SZ 32000KCn

pexigee — 32000 Lo
apoges — 40000 the




Y &
}y lomparison Table

Comparison of systems

System

Owner

why so many satellites 2

CGPS an give accurately posizion .

COter corstellabions e T or | accaracy based on the dilution.
Sometimes Hy are intentionally corrubted [dituted.

“ Marginatly i T the dccuracy [repeatasilizy).

“We hiave 70-80 sotellitts awakilable- Ma 4:/7/'/7; is decuracy availability.

BAIM  ( Recdver Autonomous brtegrity Mom'wrirzg)

—Tehnology to dssess e z’ntegw'? of ¢ signals it rewives {romv
Sathteo and Adrmive Whethey e signals awe realible fov Mavigaltion .
>t ensares b rvealibility + accuracy of GPS signals.

Now, Yse awy/fruhﬁ and. 7emove anythisig. , TOPUSENEsS , incorrect prbits.

“India — qtso get @ZSS Signals — Tappe wovking hlire- with /SRO
© lost gf 1 satellite v IRNSS (Indian Rag- Nav. sak. System)
L roughly 15 Crore yupets } 30 Lior&
U3 Lrore rockel +others
‘ndia cank atford 4o take panga. Like others . Money gets wasted.
Economy gots down — people criticise avad, what 2ob.
Rl — part of SULLLsS. Bub b (ndia You cant have future
PLople will criticise You — so muck criticism -
: Dm/'ng Hme of Bayiv qavdhi — a satthhirt wenl into lndian. Ocears
Newspapar headlines were " Indin lauached satdlitt 1o study senw foor ",
" Roughly height of a Remote Sensing satedlite — 00 km
—have to be near ground to capture deddilo [Like cars rubrber plate, ez)

CEarber alh ouy army danks hzd GPS.They Iocked wp 4PS and, domts depend
0N GPS for position and azrmuth 1NAVIgation syster. Whev 1R firal
Wit valy iowr #ey ¥nso who fived. Hargil. Heights

- Earlier |RNSS was costtier , now W is cheaber. é
So is IRNSS + GP5  (ntegratirn was fabulous! /oinJoF aittrculty

PM Bajpai stavied

India — Jghan, France ,Atstratia — lndiae Dave (65 JRNSS ..

Stations here.

1ANSsS  (Indian Regionat Navigation satellite System
aor

NavlC ( Navigation with Indian Consiellation)

‘ln 1949, US demied Indion request fov 4PS dain for targil mg)‘an.
Becausy, of that Wdian govi cn May 2006 aproved s  project.

* India has started development of its own atomic clocks.
‘Everyone now want o Use Nav/c. ([t wmeans sailor vr PRAVIC)
* 2013 Mandate
SPs  ctomdard Pasiﬁam‘ng sService
Rs  Bestrictad seyvic
* Regional Navigation satellite systenv — jndependent arol
mainituned by |2RO.
* |BNSS — Kind of (ndian GPS
* 5 satellites (enough)




How it (s different {rom other systems ? Why IBNSS Required, ¢

© Regionat w nature * Self relianw for PVT solutions for el +ypes of wtendad services
 Based on GSO/GEO (onstelation * Depenidence on other GNss systems has own Lirdiations
© Bards of operation — L and < band. © lonstellation Are controled by detense wzgencies
No one use S bana (onl 05 just fov {faster wpload) © Denial of servie
© Wide apart dual band Fvequernciéo ° Nom- availability due 2 lack of nwminternaice
" Lmitecd  services [Signals — only to (ndiare £ gurroWL'!zi

Where IRNSS scoveo over [ndia?

Nallc covtyage / Good coverage

" NaVIC sighal m Space IC) wao veleased
* Continugus Visibilty 1O evalliction w. 2014 Sapt .
* Good coverage yith less satellites " ln 2020, Qualconm  launched ¥ snapdragon
* Grid based, 1o correction Madel — can 72selt thito Ciose o ¥ + 1 54 chipset with Navic suppert.
aual freg. Rx pertormance with single {reg. “To 1 e combatibility, 15R0 Wil add L) bad .
¢ Floxibility wv data strdctuve.

"Map my Lodia"App — uses IRNSS Signals, an. aplk Like Gosgle Maps
[ndia thinks [o tr77¢s pefsre /auudu‘»?. onty one failed , 2L for dia.
ottwr satelliter Swceed .

Basics 1A
- 7 sattlute 18
- 4 geosynchronots [(£=29°) Ic
-3 9Zosmﬁmnr/w li=0%) 1D
IE

LLosynchronous IF

14

M

IT

X
S
A3
g
;

Belocks in a satellits
NoW) only ot need
10 be .

(partint failure) (s a0 substitute for IA
(launch pailed )

PR INSNS S

Gesstationary Navie — The frst phone wiHe Navill support is Realme X550 proSq
(i=0") — USt of phonts with Nawle suppor? avallable iz .

ok Fuipre

ﬁ Now ladia, Apwelops cdlocks
NVE-0]  operatisnal —> Ul adddd for the f£irst b
’ NVs -02
Will stwngthe. upto 8 mr 9 o future Nvs -o3 planned, Zr//w satillits lock ot Jood.,
NVE -04 WA cloLks .
Ns —05 8X3=24 ~ g not werking




rownd. segments

[BNSS Navit centre (INC) , Bropal
COMA Bangiry sgatioo  (IRCDR)
IRNSS lper Ranginy service L ]LSR)

CDMA (data) ) Just 2o compute o1vit perfecity.
Laser Roflector  Ldatn)

GINS (Global (ndia Nayigation <System)

"5 years plan 1o baconw global by IsRo.
“Expavid Navll corrage  from local to globad.
- Upto 2025, next 4- years for MEDs.

1 satdlite launth cost = T30 trore + zocrere = 250 croe
por setedite

12X50 = T 600 IV or 12 sateltites

inoTy
corrse  Acouvieition L1 TTL_ #nen

PRECISION

crde Data fale Awcuracy »
A~ ANAAA— .
satdutt first
CIA—=> 023 300m hook. o 1A
O [025 Mbps (million bits per cecond) Hun P

P— 266 bays period 28 SEGMENTS z0mv
Binary codt . 4 | \ wavelengi.

-1 ¢ - .. . 1 1T 1

28 weeks segmenkt ~z tack lasting a. week,
10:23Mbps ~y FProde 15 10 Hmew more pricisc them, <)A cade.

gitaw modwulation — Pand CIA cde lite cos and sin, O andl, st
\— wioaulatiovy o Ll frequency.

VAVAVAVAVAVY

Ll — P and c/A code ( farliey
Larner wewe ¥

L2 = Pcode omly
carried.

apPs
TRANSIT
* First s Navy NaVigation Satellide Systerr ( NAVSAT)
© Baszed on Doppley Effect as observed during Spubmé cn 1957.
* W4372 (Logordinate system
“ Umitations: No (ontinuods global. 1eak +ime daka, imited cowerage .veloc'ty sensitive.

ULOBAL POSITIONING sSUSTEM
© Fut somewhere blw 4EO and LEO atr altitude
* Thvee compovients |- Space wients
2. control Seﬁweut } tor every sotedlite System -
3 User Segmewb
" About 32 satellito
 ClocK — Utetine. of satellite, (lcs+IRb) —>(Now 205 +2Rb)

Ruelpivm ]__? [0-ZZ5MHz  [tandawmeniz|, Crequesncy)
CeAslom
oxcited bY passing etectrici
Y (wis m-a'f:[ﬁm&)? 2
10-23MHz X 154 — 57542 NKz L1 A=19cm
1023 MHz X 120 —> [227-60 NHz L2 A= Zdcme
1023 MHe X 16 —> 17645 NHz L5

BROADCAST MESSALE JZ Larries broadcast pessage as well .
batw Rate - sobps 0 [mpst essentiad  intormation)

Time Dlation.  T= 27, %

* Qenerad Kulatiyidy . Clotles tn Wigher gravitational feld, run sjower:
Clock abtoad, e GPS sartellite 'Hicks” faster taan cloik down o Bk,

" Speciad Rdativity @ Moving dock s slower #iaww strtionary one.
sattllte clotk will be combarel to EAr#.

TWo effeets —acting eppositc —— unequal magtude
—domt” e, eaths other out.

= 7 s any
To-T = 38 psceldzy




* 50 bps  Navigakion Data
— Difternt subtrammes (5)
— Lotk CorvéctHon +erne "
At (t-19)= Qs+ ) (t—10) + A2 (£ —20)

|
to 604800 setendo
Ephemerls Guameters w GPS DAYigabion message

 position = f-(#me) L any other tungs
Catmospheric effjeets ) requireds for compuking
Yange rroy (oY yectiona

*You NetA to ook On one satelliie fHrst, tun others You'lh undersiawnd.
* come "tk- tmap- k! g other satelliteo
* 125 mumtls for ot (ompite scan.
Navigation Data Friey — transputtdd from the sattlhtts to the veepiver
irongh, e L) and. L2 shat Qi ephemens. -

Types of Recwvers

I Navigation Rectivers
" Absoluit position
" Alturawy w mutre
- APoroX. (oSt Ks 25,000

Gevdelre kecivers
* single Evequency  [cost ks | lakch,)
* Duat Frequency  (cost Bs 6-10 iakng)
Btlative position
Acaraey  few ems
© Cost Rs 20 0 44 lakns

Broadeast Ebhemeris — Predictzd, fov the wxt Aaay wusing. one day old
information. Lt o ce-dry for data to trawel. (23 hotrs Aday)

Clock accuracy : V0

degeneratinu of strength of- frequensy .
cloks kup on fﬂng.
ontik segment
 Mastey ontrol, Station (MCS)
- Mynstor <tations (MS)
S Qrownd. Anrenias [4A)

DMA —>now called NaA
( Nationab Geospatial Ageniy)

Y. ms — Mes - 4A>))) A2 S-band, — fov Faster upload, > satillite.

" ML ndormakion (s travisferrdd to Master (onbwol, Statior
Compute  presisc epphemeris.

( DIt ¢o ng//ﬁﬂh)

Frequencie Patn Rates  Atwwracy

157542 clA P 1:022 Mpbps ~ Z00m

L2 1227-60 P2cla 1023 Mpps B0m

|Ls 117645

* Mazster Covitrol Statior
* Ground Control Station

* Becivers are p  ywomber. But You have 10 wnderstad purpose.

Acmrdx‘ng& chopse based on Accnrasy . Application is unportent.

gggr% Prime Mivister (PM) was supposed 0 corrne e Hyderalad .
Loordiviaty need ® ke given. for hélicopter landiag.
Handhed device used 4o note.

S0ML Quy said, — PM aa rha fai —Bada equibment  legake
Noye chotn ye dedlga . GFE s covrddnates.

N NO Use, MANANeld, GPsS ehough. for helicopter readiyg.
T 20000 — bandrad, Botte howe.

T 20 lakhs — inshunaent samme. lite.
Earths yotation — Zmm

e
1>4




Absolute. Position. prss onte { wdipendents of each otrer
piess twice (samte coordiviates)

Relative Posrtion. You yawve rover. Rovers position to pbiaindds w-r-t
e Yecsivey LES a4 relative pesition.

A GNSS recdver are not the savne . Choose basat on Yoy PUrpose,
aeeuraty Or Cost [ budget.
12
(2
AO
Bo
o

8

Resaction,

A, B, & —sattllites — givtre position of saxellitts ard velouty .
How precsely you tnow the position of poist O 2

PSEVDO RANGE = T

™~

Velouty of lighto “me delpy  bjw
W Vacuwn sagllitt £ Tecivad cods

10NospHERE é\

TR0POS PHEBE some ervoy st ervoy o T

term also due ‘o
clotk errov
(atomiz ) veceivey clock.)

LA Code Tepeats cwery |5seords.
CA veplea message is generatZd, just some e dday is tere bro
Teelived and actual codl.
CAulp-corelator b has got that maps Y signals and caltulate T.
CWe Wantl o maeasure Kange =T,
LIS Lo Natuewn (ol we Nae ditt. atrmosphere layers) ( Somet 2hmoy
T ako has ervdy A 12 chiap atome | v ver clock
Thats why e vange compuitéd (s called Feds — Rarige .
Blaayse you ave nob combuting ot dzurately.

"E,Dﬂc‘/u/, term th L2odtsy — means at e wstant when You press.
Inteypolatt and computt at e instanl wWhon pressed. , »ot
When. e s19nat vecaved.
satelhite

sattite send » signal.

I 2k some time o come +o 2art.

sarellitt codl.

[ 11 Yewl ved cods,

time delay (T) blw e broadcast message
and satthitit code .

Come. from salb- 10 Ved'ver:

ECEF dyprdinates .
Alrmdy convertea, thro'
transtoymation ratrix.

: Position bettrmynation. Wit
avs Reciver Betudo Raviges

spead of gk
_a tine Aelzy)
+

s
fx; = [[zz—z)2+l%‘-‘f)"+ ZZ/-Z)L] c 4

V= peuts-range.
7= —
L=4t = {tkscelvsp = tSATﬁLL/T&) e
Tr No
iy

v OBSERVED = p mope. T NoISE
"> randpm error ar wrmonghs
Use BYlor serito —slineariz it —s Hen wse ib.
Observable — what yeu get oul of i [oserve, — pseddo- vz




Assignment ~~To 4vid. precision freme $12se 2uUAations Sirougiv
a lomputer code.

Frssceres =Fmove, + Noise = Pixuzo + v

Plrawz o= P oomporep + 0P sz + 3P py +2F sz + 2P ac
Py 2y 0z EY>

Mistlosure Error (vector) = ditterente bjw pbserved avd computed, vector.

AP= Foserier— Pompyren = (aP 2P 2P P sx\ +

Miselosure vettar = L ) A2
vesign Matnx T
—

For'm’ satellites,
ap! aP'  2p" 2F
ADY ay 22 27T
ps : . -
Ao 90" ppM  gpm ppm
I oy 2z 2T

)

Ppo¥ £ >

- Satadlhte Lper Ervor

- Orbitzad Evror
lonosphere Evror

© Tioposprere Ervor

* Recsiver Clack Gyror
- Ml path Grrov

Sight ~bad e pun rrov v position

Aefpelon.

CAU Wese errer are 70T Covelated . Buch o Vo got
s oo way o Tor Lerrpr.

Vysitionaly Accwracy)y = LERE x poP
4 N pitin of peraa.

Wser Equuvalort ,-\
Ange Error hoW gpod you're able %
MRS UYL 1T

ox oy 2= or 2y G vandom error

G4DOP  GEOMETRIL  DILVTION oF FPRELISION { 4DoP K5, heir /Z
PoP wsitioN  DILVTION oF PRECISION { op< s, 7;,,1%}
HDoP  HorlzoNTAL DILUTION oF PRECISION
VDOP  VeRTICAL DILVTION oF FPRECISION

Toumble Use POIPS 3 } 1Sty used )
Luta use GPOPLS

T = sum of airgomal elpments of a matrix

yeometry good = frsitiomal Awwiraey goed.
Qoometry bad = Putimat Aaamay g

Embiricat Formula UERE= A
100
(8 Electricad Enginean)




Wp}//ﬁﬂé Fornwda, fr0m EE

vere ¥
A/ 109 por VERE xpoP

Zm 5 [0 ~15

5 | ~2»m
losition el

{ Gqprs A[mm%]

L4¥s
They uscd sdtctive avalilabile?y.

i 2000, sdectve availability gwps vermprert itk 2>~ #1210
W tar. ke mpde swinforceds arytine.

\

D4PS  [Differeniial  4.PS) ~o» tirewmant | agads come to
ws alcuragye,

Anti - Spao,k’)?,

LY A I I N

£ code —> W code

SoM2 Nirua
l vbroduced—

u:uI/OCad&
l Ut a blook o &l z
caerot™ e P osde.

Weode — a corrupted code —v Anng ant Friendly ooty
(ar Ao bet not— 4L

Intentional Wegradation of GPS Acceerasy
- sdective Availabil

- Mt spoo/{n;—

1921, Operation — /svael and Patslo#rte Savellites,

Blok 1 satdlites corrupted  the satallites .

. — ORRVPTED THE EPHEMERILES

S — DITHERING THE CLOCK }?

ANNA
( Army Mavy Nav.  Air )

A —> Io-15m —> 100]/300m
p — /-2 —> /8 tP )2m

> pntehti 1ol dyr«dw‘a .

A2 of Now, Seletivy Availability — vemroweds

At — spoqﬁ'? — stll prevalen st

You =i once  systepn felll - e veprove 8 lud 1701
Verroved Us Rev elotD.

"Tuse K('dau;y" —~ Not+ ot At - zpos frg Zx
Fanmarks BooK . — Go preh

Mulktpatt. 4 |onos prrere — most dangaow_,.

» Blaz — Gumot be V2moKEd ~> glways there (pPerenyial)
- Bamdorme — ctan pe v2r0vedls 2




R
4

"<

i~

JFE
DIFFERENTIAL 4Ps (P&Fs)

The coordinates of a rveb. Staline is precisely known .

) o =]
Heterence ‘
Station \
% Lover

(X/ Y,z)
Precse looradinateo = £X,Y,Z)
loordinate by miasuring psthdorange = X, ,4,,z,)
[ “Ancluaivg am- errors

Ditttrentiol” lotrecBorn. al certau. gpoch. = [ bx | = [ Xx—x

2] ]3]
Az 2~z
Ditterentized covreetions
are time tzagged.

W00 — %, %, 2 — A% ,AY, 82,
[}.05 — Xz [/2/ 25 - AX:_, A2 , 82,

© RANGE ERRoOR = KOM;ZUTED—MEz‘K{/fED
Actial rarnge PstUdD ravige  ynldsured, bl
(eormputd diss.) v veesiver £ satllite [+ wmputad

bloz 1t may be (orrptd Aue 4o
various <rroys)

 Sometihls rarige errov s computed for A the satelite

L transputted 10 WYer cp WAl vover waAly apply covveiehono
for positions  #at were MEasUY-

" Positional. Corrictiomn anre mpstly Used as range correltions

" Brocdeat flock arnd location

T Troposphere

are mipre chmblrsony .

paps Errors
- Trul Clock and. locaton

} orrors Are complerey rerprad

" lonos prere } Lrwvs A pavrtially vernovel

C Mihtpath —deperuds upor reertince veeeiver positipv

—an be removed by proper reconaisarce avol (hoice of YeiLiver
stabiow, Modthing tant b vulche nelpfud vere.

—lamsed by rylecting surtacw aul 1o whicke MW nﬁﬁw dwﬂl’ Yectiyed
LUV CT -

~ We drsady have (AU ldtA position of basc stalbion .
WL tan.  apply same  cotreitions to any ne> poirl .
Lommon errovt are stpoved — same satlhitts are usd

for both at a lbtte time dibterence (nterpolation. dore (o
Hme Aitterence ).

* 1-2m  positonal accuracy Witk £l ynirwtits as Yol LACK-

“BoYer gebs coordiyvptes froomn GFE Oly but the didtfere ntial
lorvections ave obtanred from THforane iever

L LorYeLtions are bapsputtad from veference o rover dn
NMEA (National Maring Electronics Associakion ) f4riats

tHLaDNS Applitd, online ~ v2dh time corrélitons tranrsfer
(transmilting faLkty should be there) .
Lotrections abbled ol e ~Use rover yecelyov for surkey ing.
N—At the EOD ., corréctiono are applied iaking care of
CpIth At which, eAsUrE bt are yriade .
 softwart to compule corvecHond at- albh e 2imne.
lome batk — ke data — abbly crvreekions.
oS tional ervov s tiahsvuitrd  there:

qround  Based Augmeniation systep (BAS)

CAwgmentation of NS —method +o umprove Pavigation

systun Pllormante suth as \nttgrity, acunracy oravm‘mbaxu%
" UBAS -~ UiviL AViabom cajery crviticih  systepn thab sapports
Lol aug rentabion. ab airport (el

“fu armrayy withse positional errrers bdoeo .
T qBAS hdps  airuaft o il properly

Sattlhite Based Augreniation system ($BAS)

C BUOSES Alracy and, gdupsdability of GNSS data.
- Qeostativnary  sardite

CUsd mnainly th — Aviakiow  (ndusby
T dlospakiac (ndustry (Surveying + mappiag)




Primeple of 4BAS SBAS sat.

(besstabiprary)
g =01 4NsS sat /W/\// L\ﬁ

Mpter or $BAS MM'PP&L
? Uptink. stztion aANSs Receiver

¢g. Aircrajt.
Reforenae

Amblilance ,etc.
Statior-

"R Stationo are geograbmtally distributed hroughout the servic
AroA. Reetive GNss signals £ travstor Bum 10 master station.
- Gt lplakione of mantor station js prédsely knower, b maoter
station v deedTarely caltdlare widl area Qorrection.
(Brecon. — yplinkd to —> Broadiasted 2o
SBAS zat. anss acuraty

" ANSS Atawracy — S=10 n
Using SBAS —> 1-2m

Arclteetire of- GAGAN
15 INKES
<3 INLUS
“ 2 [NMCC incuding Qperapim and  Maint
"B QL0 SAablltyT — (SAT 8 ‘25 PUM, £rey. GNSS Receiven.
— gsATIO }
— 4sATIS

‘I edia, GAGAN ( GPs Alded GEO Augmented Navigitisn System)
s present.  —~ GSATB ande 4SAT L0 by 1SKO-

" SBAS doosnt give position to User, By only compldle e Grvéctions
and. serd o User.

WAAS (wide Avea Augmentation sSystem) —2 USA
" INMARSAT-3 USed 1o broaosdiat Comtction.
LAAS [ Lotak Aréa As) — intthdid to sperate whurn WAAS cank.
EQNOS (Eiropear~  Geostatitniary Navigation OWrlay sexvice) — 8npe
M3AS (MU functional SA) — Tapan.
GAGAN ([ 4Ps Add  Geo A N 5)

¥ phenever Bwre is SBAS, thire must be a veherenie stmtion,

i portans o that 4 thats ww (ndie usts LAGAN L caok
Ust any otter SBAs

SNAS hina
CWAAS  canada

GAGAN — india }

Basic 0bseyabley wibe G55

Feudo Kanges

larriyr Phase pitferencs

Aange is calwatzd by sur
of total 7o. of W carriey-
cyelto + fractional cycleo b
TUUVOy and satllite by
Larrier wovthengih.

hange (R)y, .7

ars
Anrthia [ 4P ketwiver

- Unthown = ho- of full wavetlngths
LAYy~ Ll and L2 friquencies
FIEGULNCY IS transmiled from satUbctl ((onsisting of fulk A+ some Pt ofd)
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¢ Pseudo ranges are measurements obtained from a GPS receiver that represent the estimated distance between the receiver . .
and each satellite in view. Satthlite and  reever:

e These ranges are called "pseudo” because they are not exact distances but rather approximations based on the time it

takes for the GPS signal to travel from the satellite to the receiver. — 2
»  Pseudo ranges are calculated by multiplying the time it takes for the signal to travel from the satellite to the receiver by .7[7’ = 7(§ ( /= I)
the speed of light. However, due to various errors such as atmospheric delays and receiver clock errors, these ranges may not &
be perfectly accurate. S e L \ o 5 . _ 5 .
. : Pscud(% ranges are essential for determining the position of the receiver through methods like trilateration, where the T = time Aerivakive of S'Mda te  Yiimey ’?‘QH?C/ = relabive Vdou?"
receiver's position is calculated by intersecting the ranges from multiple satellites. OCS = catthh'te tanspult 5’)'9 Yol ak consit. ffequy
@ Carrier Phase Differences: . 5
»  Carrier phase differences refer to the difference in phase between the transmitted and received carrier signals from GPS 7[’/: 5’7”’”' dekected b'i weeeiver & W’rd‘ fr ’FY%‘
satellites. fo= vpesiver {—rzqum% [ eonstt) gererated by meni QU -
e Unlike pseudo ranges, carrier phase measurements provide much higher accuracy in determining the distance between
the receiver and the satellite.
e This method involves measuring the difference in the number of carrier wave cycles between the satellite and the Dﬂpp}&}’ count /N)
receiver. Since the carrier wave has a much shorter wavelength than the pseudo range signal, it allows for more precise
measurements. tL
arrier phase measurements are susceptible to a phenomenon known as "integer ambiguity," where the exact N= f (;)[d 'ﬁr)d/ﬁ
number of carrier wave cycles between the satellite and the receiver is uncertain. Resolving this ambiguity is crucial for 2
achieving centimeter-level accuracy in GPS positioning.
e Carrier phase differences are often used in advanced GPS applications such as real-time kinematic (RTK) positioning, (U[’J —fy) = bok jL/MMM%

precise surveying, and geodesy, where high accuracy is required.
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