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Satellite Geodesy
Sputnik (1957) -> first artificial earth satellite
· Johannes Kepler -> his student Newton C

Keplerian Laws

Satellite
① Law of Orbits ⑳

->Earth
orbit of a satellite is ellipse with Cellipse
earth at one of its foci.

Keplerian orbit

& Law of Areas
radius vector (2) sweeps area at a constant rate.

⑳

At perigee , satellite moves faster conservation of angular momentum
At oppogee , satellite moves slower

3 I= x = ExmT = cost
24 V4

H = arial velocity
= area swept in unit time

A = + b
GM => constant I sweeps const area in unit time)
A

P = Tab P = 2A 93 Imp .As
-* -arial vel. GM
Standard reln

P2= 442 93 P2 < a3 (3rd Law of Kepler/
GM

Mean motion n = 2π
= GM

P 93

⑤ Law of Periods

The square of period of satellite is proportional to cube of semi-major
axis of its orbit

.

Kepler's three laws
1 . Orbital ellipse 2 . Law of equal areas 3. obits with equal periods

aY farther -> slow movement
b

* · nearer-fast movement T = K93
-

->>-> . > X

apogee
C
E al perigee

A
b

⑳ ⑳
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Orbits in space A
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Perturbations -> 1 . Satellite coordinates directly perturbed. Difference
computed using numerical devices

2 .Satellite moving in elliptical orbit whose element
change at each instant.

variations due to perturbations :

-

1 . regression of node abt polar axis
2 . constantly changing inclinations
3. Rotation of Line of absides

4· Variation in shake and size of ellipse

5. Change in time of perigee passage

Lagrange's Perturbation Equations 3
Not able to understand them!

Gaussian form of Perturbation Equation

Mostly Lagrangian' equ is followed
,
not 'Gaussian' equ
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GNSS
· Earlier GNSs only meant aPs.

Now
,
it has so many systems.

COUNTRY

USA GPS WGS - 84

USSRIRUSSIA GLONASS P2-G0

EUROPEAN UNION GALILEO GTRE

CHINA BeiDoU CGRE
↳ /Big Dipper in China)

USSR- had excellent launching -> satellite at a time ⑳
· Later they broke into peices so couldn't grow .

wherewent

After 2000
,
GLONASS started relaunching 6 don't know

·

China wanted to threaten Taiwan-launched Omissiles"I went into
2017-18 -> 17 satellites China launched -> now completed in 202 Pacific

ofBei7
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Diff. blu ref. system andtrame.
H

↳ Reference system : Theoretically defined system consisting origin

E and axes (X, 4,2).
Reference Frame : Realized or implemented version of reference

system. It consists of a set of identifiable fiducial points.

Master Control StationHdata from CSs is transmitted to a master as3
control stations and from there after corrections it is uploaded

directly to the satellite and used by all others.

· Master Centrol Station Fit the orbit data, do orbital adjustments and then

upload directly to the satellite from 4A (around Antennas).

· USA Earlier wanted to setub master control station in India , Dehradun .

But condition was they wanted only their men to operate it.

Indian Govt . hadn't agreed for it so that's why not made here.
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4 space segment

Every satellite has got :-
L -

1 . Space segment
④ · * · $ M

⑳
# ⑭ ⑳

--

2 . control segment 3 · ·MCS · ·

--°

② ·
-

3. user segment control segment User segment
two way communication blu space & control.

user just receive GPS signals, can't communicate to space/control.

CDMA FDMA

· Code Division Multiple Access. · Frequency Division Multiple Access.
·use code to identify satellites . · usefrequency to identify satellites.
·

Higher capacity, more flexible
· limited capacity , less Hexible .

· used in 4PS, Galileo & new Glonass. · Used in early GLONASS only

Note : All satellites are transmit in same frequency. Receiver don't know

from where the signals are coming from . We use into in form of codes

in satellites like Dcode , (code to identify the satellite. ↑

ICD Interface control Document

SAR Search And Rescue transmit advanced signals
CAFS Cassium Atomic Frequency Standards



GLONASS (Russian Federation -64 .00

started at same time as4Ps was leading but they broke into peices.
· For a lot of time no other system except GPS was there to talk about

Russian army controls everything
· 3 orbits with O satellites each and I extra in each ·

· 9sat . x Jorbits = 27 satellites in total , 24 sat. in Orbit.
·

MEO Satellite & 19 , 130 km
· Orbital Period = 11 hours 15minutes

I4lonass is closer to earth so it takes less time)
· inclination = 64 . 00

luse of Glonass is preferred in Arctic due to its inclination.)
FDMA in 2 bands. (In newer satellites Glonass also shitting to (DMA)

ra
It was most expensive program of RFSA consuming 13 of its budget.

Glonass-M (Modernized /modified) longer design life (7401)due to

propulsion sus. & Clock stability.
Launch Facilities and Vehicles [Baikonur PleseEsK] AUD .

I excellent launching powerIsatellites at a time)

:Reference Frame is P2-90
:.
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-> Saptarishi wecall -

> Big Dipper (prominent star cluster in northern hemisphere)
BeiDOL

· China country of origin. -> 57 satellites roughly
·

Managed by PLA (military), commercial . as of 700...
· Launched BeiDoU1 -> BeiDon2 > BeiDon 3

· 17 operational satellites launched in a year.

(They've got 3 lakh people from 400 organizations)
· Altitude 21

, 500 km

· Time Period 12 Hours 15 minutes
·

54E0 + 31450 + ITMEO (an three)
· 3 orbits 127satellites) They are more cautious in nature.

have ANTISAT as well.

* Note : 4PS , Galileo , Glonass are one-way. They don't know who the user is

using it. But BeiDon fellow know who the user is. That is against
the international convention but they don't care. They can also

manipulate the signal if they want to , since they know who the

user is. Chinese don't mean things about what they say , they are
not very honest about themselves . When you read Chinese research

papers , be cautious about this when they say we've got that accuracyy ...

BeiDon free training)- Nothing comes to you for free unless they are
ICD in Chinese stabbing you from the back.
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· India also get QISS signals Japan working inline with ISRO
cost of 1 satellite in IRNSS (Indian Reg. Nay. Sat system)

↳> roughly 15 crore rupees 3 30 crores

13 crore rocket +others

India can't afford to take panga like others. Money gets wasted.

Economy goes down people criticise and what not
· Failure part of success. But in India you can't have taimve

people will criticise you so much criticism.

During time of RajivGandhi a satellite went into Indian Ocean

Newspaper headlines were "India launched satellite to study sea floor".

Roughly height ofa Remote sensing satellite 600km

have to be near ground to capture details /like car's number plate,etc)

· Earlier all our army tanks had GPS . They locked up GPS and tanks depend

on GPS for position and azimuth navigation system. When tank fired
within half hour they knew who fired. Kargil eights

· Earlier IRNSS was costlier , now it is cheaper.

So this IRNSS + GPS Integration was fabulous !
lots of difficulty

↓
PM Bajpai started

India Japan, France ,Australia - India have its IRNSS
.

stations here.

Why so many satellites ?
GPS can give accurately position.
other constellations can or I accuracy based on the dilution.

sometimes they are intentionally corrupted/diluted.

Marginally it ↑ the accuracy (repeatability).
We have 70-00 satellites available · Main thing is accuracy availability.

RAIM (Receiver Autonomous Integrity Monitoring
< Technology to assess the integrity of the signals it receives from

satellites and determine whether the signals are realible for navigation.
->It ensures the realibility + accuracy of GPS signals .

Now, use anything and remove anything , robustness , incorrect erbits.

IRNSS (Indian Regional Navigation Satellite System
Or

Navi /Navigation with Indian Constellation)

· In 1999
,
US denied Indian request for GPS data for Kargil region.

Because of that Indian govt in May 2006 approved this project.

· India has started development of its own atomic clocks.
·

Everyone now want to use Nark. (It means sailor or naaric)

· 2013 Mandate

SPS Standard Positioning service
RS RestrictedService

· Regional Navigation Satellite system independent and

maintained by ISRO.
· IRNSS - Kind of Indian GPS
· 5 satellites (enough)
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GPS

TRANSIT

· First US Navy Navigation Satellite System /NAVSAT)
· Based on Doppler Effect as observed during Sputnik in 1957 .

· WhST2 Coordinate system
· limitations : No continuous global real time data, limited coverage , velocity sensitive.

GLOBAL POSITIONING SYSTEM

Put somewhere blu 9E0 and LEO at altitude

·

Three components 1. Space segment 32 . Control segment for every satellite system.
3. User segment

· About 32 satellites

Clock lifeline of satellite (ICS + IRb)-> /NOW 20s +2Rb)

RUBIDIUM 3-> 10 . 23MHz /fundamental frequency)
CEASIUM

excited by passing electricity
V (this no of times)

10 . 23MHz X 154 > 1575 .42 NHZ LI a = 19cm

10 .23 MHz X 120 > 1227 . 60 NHZ L2 a = z4c

10 .23 MH2 X 115 > 1176 · 45 NHz L5
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Frequencies d Data Rates Accuracy

L1 1575 . 42 19un CIA & P 1 . 023 Mbps 300m

L2 1227 . 60 2 4C P & CIA 10 . 23Mbbs 30m

L5 1176 : 45

· Master Control Station
·

Ground control Station
*

Receivers are plenty in number. But you have to understand purpose.

Accordingly choose based on accuracy. Application is important.

Story : Prime Minister (PM) was supposed to come in Hyderabad.
m -

Coordinate need to be given for helicopter landing.
Handheld device used to note.

some guy said PM na rha hai Bada equipment lagare
·&

ye chota ye dedega . UPS se coordinates. y
.

I

~ No use
,
handheld UPS enough for helicopter reading.

E 201000 handheld 3 Both have
E 20 lakhs instrument same life.

Earth's rotation 3mm
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"Epoch" term in Geodesy means at the instant when you press.

Interpolate and compute at the instant when pressed ,
not

When the signal received.
satellite
1. satellite send a signal.

> It take some time to come to earth·

⑳ Earth

-satellite code

-received code

< 7

tan(c) I time delay (t) blu the broadcast message
some time diff. ↳ and satellite code.

for signat to
come from sat. to receiver.
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4DOP < 5

PDOP <3

· Satellite Clock Error

· Orbital Error

Monosphere Error

Troposphere Error
·

Receiver Clock Error

MultipathError

sight-back one then error in position.

Reflection.

· All these error are not correlated. Each one has got
its own way to 40 ↓error.

Positional Accuracy = VEREX DOP
↓ ↳ Direction of Precision

User Equivalent -
Range Error how good you're able to

measure it.

A

HERE BP : 13 .2CM DOP 28] Good
- n

how good
You P CO1

compute

range
Positisual Accuracy

B C Good .

[O] [O]

heometry good -> Positional Accuracy good.g
Geometry bad -> Positional Accuracy gone. Bad X

Geometry

Empirical Formula HERE = a

100

1By Electrical Engineers)
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DGPS

They used selective availability.
In 2000 , selective availability was removed withludh that

it can be made reinforced anytime. ↑

DGPS /Differential EPS) - circumant/ again come to

its
accuracy.

Anti-spooting

-thih

Pcode-> Woode

some virus

1T introduced
inWerde

Put a block so that you
cannot use P code.

Wcode - a corrupted code-s ANNA and friendly countries
can do but notall

As of Now, Selective Availability - removed

Anti-spoofing
- still prevalent

You said once system full . We remove it but not

removed us Navy fellow.
"Just Kidding" - Not removedAnti-spoofing yet

.

Rahmani's Book - Go through it .

Multipatha lonosphere - most dangerous.

· Bias - cannot be removed -> always there (perennial)
·Random-can be removed of
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· RANGE ERROR = COMPUTED-MEASURED

D ↳
Actual range Pseudo range measured blu
(computed dist .) ref . receivera satellite It computed

bloz it may be corrupted due to

various errors)
sometimes range error is computed for all the satellite

& transmitted torover so that roller may apply corrections

for positions that were measured-
Positional Corrections are mostly used as range corrections

are more cumbersome.

DUPS Errors
· True clock and location & errors are completely removed
· Broadcast Clock and location
·

lonosphere I errors are partially removed
·

Troposphere
· Multipath-depends upon reference receiver position
-can be removed by proper reconnaisance and choice of receiver
Station , Modelling can't be much helpful here.
- caused by reflecting surfaces due to which EMIO reflects and received

by receiver-
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Basic Observables with GPS

Pseudo Ranges

Carrier Phase Differences

Range is calculated by sum

of total no - of full carrier

Range (R) G -
4

cycles +fractional cycles at

receiver and satellite by

na carrier wavelength.
K

UPS Iin
Antenna GPS Receiver

· unknown - no - of full wavelengths
· carrier- 11 andL2 frequencies

Frequency is transmitted from satellite (consisting of full>+ some part of3)

the generated phase is from receiver. The difference blo two is

carrier phase difference.



Pseudo Ranges:

• Pseudo ranges are measurements obtained from a GPS receiver that represent the estimated distance between the receiver 

and each satellite in view.

• 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.

• Pseudo ranges are calculated by multiplying the time it takes for the signal to travel from the satellite to the receiver by 

the speed of light. However, due to various errors such as atmospheric delays and receiver clock errors, these ranges may not 

be perfectly accurate.

• Pseudo ranges are essential for determining the position of the receiver through methods like trilateration, where the 

receiver's position is calculated by intersecting the ranges from multiple satellites.

Carrier Phase Differences:

• Carrier phase differences refer to the difference in phase between the transmitted and received carrier signals from GPS 

satellites.

• Unlike pseudo ranges, carrier phase measurements provide much higher accuracy in determining the distance between 

the receiver and the satellite.

• This method involves measuring the difference in the number of carrier wave cycles between the satellite and the 

receiver. Since the carrier wave has a much shorter wavelength than the pseudo range signal, it allows for more precise 

measurements.

• However, carrier phase measurements are susceptible to a phenomenon known as "integer ambiguity," where the exact 

number of carrier wave cycles between the satellite and the receiver is uncertain. Resolving this ambiguity is crucial for 

achieving centimeter-level accuracy in GPS positioning.

• Carrier phase differences are often used in advanced GPS applications such as real-time kinematic (RTK) positioning, 

precise surveying, and geodesy, where high accuracy is required.
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Double Difference Equation

Error go doesn't mean better accuracy.
I . Clock error in satellite) getting rid of them.2 . Clock error in receiver

· TBC use double diff. equ (commercial softwares)
lesser unknowns then solution is highly correlated

Single Diff. equ Double Diff- equ

· more unknowns · Lesser unknowns
· solution not correlated

·

solution highly correlated
· Lesser accuracy in

· Better sol (accuracy) bloz
soln error is now distributed

·

Quick time of observation · High time of observation

Clesser eqhs involved) I reg . add sat pairs)
s Faster to compute · Slower to compute

· commercial softwares like

TBL use double diff. equ

Aman Kumar Singh \ IITK

single E n-unknowns , normally we baseline
Diff. Bover computed wrt reference

one known , others are computedwrt that

Double · Fix one satellite and wrt that we do double diff.
1

Diff. · i' satellite -> 2-1 Linearly independent double diff- Observables

g 63at -> 6- = 5 lin-indep. double diff . Observables

(S-1) x (2-1) - ambiguity parameters

Si
-->

Si Sz
-> S2

Cos Lot Cos

ob Blue double diff. equ
/

Red dolble diff - equ

E Epoch / 3 separate double
Epoch 2 diff. for them

T ↑
R2

RI
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->Main problem - Determination of Ambiguity term

-> Relative 4Ps/DUDS
↑

↑ ...
↑

X ,Vi ,2, Cos 201
&

Xs , 45,Zs
&
oco I

Se 13 S4

Si

=Y= AX +eT *I
,40120(42) L

parameters to estimate

~ unknowns .

Blewitt Paper -> the unknowns are given there
Wir Resource section)

justbe L
info

A O
-unithowh

A t0--o precise -baseline

knowh I**Y,13
-three unknowns.



How many observations do I need ? Constraint·
->

① Observables 7, No· of parameters. (d > P)

0 =94
C

no of epoch linearly independent deable diff - Observables.
of observation

↓= no - of observable

& p= 3 + (2-1) (s+) I p = parameters .

(a-1) (2 -1)(s-1)>, 3

Lepoon interval = 9) - you fix it - 30 seefor scone observation
mostly .

Lyour Choice)
Initial position (s-0m) - using triple diff.

start from known point- you start from this.

Projects are related in nature. National point they
pick..
=
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Lecture(-
missed
e

&

RAPID STATIC
O

①

PSEUDO KINEMATIC/sometimes called Pseudo Static)
Imp .

SEMI KINEMATIC 6sat .--

PURE KINEMATIC Refo
O

↳ O

Semi Kinematic Receiver Rover

1 . ambiguity terms known. (Gosed ↓
2 . Look on to same satellites. ↓ ambiguity term

Icontinuous lock) Observation ↓
UKHOWE

preferable in coastal sites)airports already know
where you don't have much

interuptions. only care- hooked on to
Observation time = 60sec/bcoz same satellites.

ambiguity term is already known)
↑ suitability of area

matters.

Reinitialise if lock breaks. ↓
Good method for forestry semi Kinematic not so good

Ican't maintain lock due to trees)
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Quick Mapping -> RTK
Disaster Management -> RTK

comparison blu DUPS and RTK

· Both require initial coordinate

NO initialisation time fer DUPS

RTK require a bit of initialisation time.
·

DGPS Single /Dual Freq. Receiver

RTK- Need a Dual Freq . Receiver only
· DGDS not prominant

BTK Multipath is there Caccuracy in metres
· Cycle slib lloss of lock doesn't matter in DUPS - resection

.

RTK it happens

Requirement of satellites (5-6) for both
· Rate of Data transfer DUPS-sat. takes 6 hour- every 10

L mins
RTK - every few seconds L

· Kay

RTK require hight speed connectivity.
calculate it at the instant (epoch .

fel secreds matter .



Lecture
15

-
missedX
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GPS
-

· loss ofLock in -RTK

DPS- NO husry , 10 mins only things change
E PTK

- evern 1 to C second
, the transmission nabbers

·

Gross Error
->

PSEUDO BANGE

CARRIER PHASE * Diff. Blu DGPS and RTK - Important
RTK

Real Time Network (RTN)

CORS-continuouslyOperating Ref. Station
↳Don't transmit anything

~ coordinates are known

RTCM
↑

Virtual ReferenceStation

-
NMEA

=> I 167 Stations in UP)↓·M&



[
of T

150 Km

E L

a

SolIONOSPHERE

-

T TRODOSPHERE
L

>conization (not cust, vary everywhere

Aman Kumar Singh \ IITK

Ionosphere is cynical /2 can lead to 150 2m error

Modelling these ionization (TEC) is important·

group delay-range measurement

advance & please measurement
carrier phase

· Electromagnetic

conosphere Delay & TEC (Total Electron Content)

* Mask Angle : /150)
E 2satellite below 150 have denser environment

that's why we avoid satellites below Is :
this way errors are reduced·

llTkm AAt-how good the model is there -work project
-

SolarCycle TEC

there is a las station that has meters error due to isnosphere
↑

Implications of dispersive nature of ionosphere
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Multipath Error

· station dependent error dos· 15cm error for I carrier
·

I5-20m error for pseudo-range ·
· vem no reflecting
substance near station. # **

M

(LOCPN) -
-

UPS Fundamentals
UNSS

Functioning
UPS observables ~ Pseudoranges

~ SBAs accurac
~ Carrier Dhan~Ropio Static

NHV/C RTK, - 1
-

Broadcast ephemerides &

~
Triangulation

Applications part-bPS Travene
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APPLICATIONS

· Dr. Ropesh Goyal~ Geoid Models working on it.
· EGM O -model-imetres accuracy
· Geoid Model for IITK- all points surveyed in IITK .

B To develop the geoid model of IITK campus.

Survey of India-hevelling Benchmark surveyed.

N= h - H

- a 30 points inIITK

eclipscidal lit. Orthometric height E · 22 points- Archls training
(GNSS) Levelling) points remaining Feeting

compared toget - !Got i from model 3accuracy= 1 Chr Got H from levelling

Arjuna- GPS-DEM model made along hanga.

·Good GPS E Riverane modeling 3 Pune E
· River plane modelling. AhmedabadI
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Mobile Mapping in Antarctica using GPS

Indians- overly enthusiastic

4PS Ye need to
Total statish 3
levelling

Apoorva shakk-PWS superident Engineer.

L
solid WasteManagement /Dustin centroids in
/ Kanpur)
~tookjob in Bangalore-

* Dustin collecting tanks/vehicles fittedwith GPS.

small lanes~Dept. ~ nothing fitted.
spy-buaga diawonkar Dikshit wieht to

talk about that
-
-


