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Lecture — 01
Introduction to Global Navigation Satellite System (GNSS)

Hello everyone and welcome to introduction to Global Navigation Satellite Systems. In
this course, we are going to discuss about different navigation systems, which are there
in operation in space. We all are familiar with the initial systems like global positioning
system GPS of US, NAVSTAR and later on many new systems have been developed,
still few countries are developing their systems and a lot of you know, augmented

systems are also coming.

So, during this course we will be discussing all those in details. Basically, as you know
that it is for positioning and this has been important since ages that one need to know
where I am standing on the globe? And you know, the thinking of that I am may be lost
because of lack of position, was always a problem and then in past like Christopher

Columbus.
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Getting lost soon may be a problem of the past!

+ They all laughed at Christopher Columbus, when he
said the world was round. Dead _Reckoning _(OR):
The  process  of
+ Columbus navigated to the New World using dead |determining a vessel’s
reckoning (The technique of estimating one’s current | approximate position by
position based on a previously determined one). applying DR from its last

known position a vector
or a series of
consecutive vectors
representing the run

+ |f | head west from a known location at 10km/hr then,
in two hours, | will be 20 km west of my starting point.

+ The challenge in dead reckoning was the accurate and

regular estimation of speed and heading. ’h"; has since  been
madae.
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When as per his understanding, he said that the earth is round, people laughed on him

because this is what the initial assessment was there, but before that some people used to



think that earth is like a plate or something, but after his, you know several adventures

investigations, he found that earth is round.

Now, he also because when he was doing all this navigations and other things, they used
to use the navigation system not like today which we are having very sophisticated one,
the one technique which is called the dead reckoning. Under dead reckoning, basically is
to estimate once current position based on a previously determined one and this is how
they used to, you know navigate in the sea and explore the world. The process basically,
in this dead reckoning, the process of determining a vessels approximate position by
applying DR, that is dead reckoning from its last known position. A vector or a series of

consecutive vectors representing the run has since been made.

And this is how the navigation in the sea started and later on some equipment also started

coming and then finally, we are having now these satellite based navigation systems.

So, this is how that dead reckoning use to be used that if I had west from a known
location at 10 kilometer per hour, then in 2 hours I should be at, in the west for covering
20 kilometer starting from my point. So, one need to note down the speed and time and
by which then vector used to be drawn and this is how the position used to be estimated.
Now, thus word which is being used here over the term is estimation because even the
navigation systems which are satellite based navigation system, there also we say that the
position estimation. This is how the positions are estimated whether with the old system

of dead reckoning or new systems like this.

And as I have mentioned that this is a important question where am [? Many times it is
required and this question which is very simple sometimes can be a matter of life and

death as well.
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Where on Eartham I?

* The answer to this seemingly simple question can sometimes be a
matter of life and death.

* Consider an aviator trying to find a safe destination to land, or the crew
of a ship in distress seeking assistance, or a hiker in the mountains
disoriented by poor weather conditions,

* Your position on Earth is of vital importance and can have an immense
variety of implications and applications.

So, if somebody is flying then it is very important, a quick assessment of this location
estimation is very much required, somebody is distress or lost somewhere maybe on
glaciers or some other dense forest, then they also require the position. So, the position
has always be important to know where am I on the earth. this question was expected

every time.
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Where on Eartham I?

* Among the most stunning technological developments in recent years
have been the immense advances in the realm of satellite navigation or
Global Navigation Satellite Systems (GNSS) technologies.

* Ina matter of a few years, satellite navigation has evolved from the level
of science fiction to science fact with a dynamic and rapidly growing
industry providing customers around the world with technology
devoted to the rapid, reliable and readily available determination of
their position.




Now, we go in this that there are various technologies are coming for a navigation and
which are all space based technology which I am talking except with some ground based

augmentation systems are also there, which we will be also discussing.

You are familiar with the very common word which we use the GPS that is Global
Positioning System which is basically US develop first this technology as in name of
NAVSTAR or before that SDI, Strategic Defense Initiative which was a part of a star
war between USA and former Soviet Union, but GPS is one of the systems of GNSS. So,
a new term which we should be using rather than solely GPS, is the GNSS because
GNSS includes GPS and other systems like BEIDOU of China, GALILEO of Europe or
GLONASS of Russia, an Indian systems has also come. So, if a same device, if it is
capable of receiving signals in multiple channels, then the same receiver can receive

signals from various such navigation systems.

And of course, if your device is capable of receiving signals from various navigation
systems, then this position estimation is going to be very accurate. If we take the data
only from one navigation system say for example GPS that we may not get very good
position estimation. So, now the devices are there even in a standard smart phones, we
are finding that the receiver which is inbuilt in the smart phone are also capable of

receiving signals not only from GPS, but other navigation systems as well.

So, it is a better now a days, for a navigation we should use word GNSS rather than GPS
because now it is no more only GPS. And as we know that these satellites are orbiting
around the earth and they transmit the data and our receivers basically calculate the or
estimate the positions so, that we will be also discussing in a later part of this lecture or

in other lectures also.
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+ Trying to figure out where you are and where you're going is probably one of man's
oldest pastimes.

Over the years all kinds of technologies have tried to simplify the task but every one
has had some disadvantage, e.g..

Landmarks:
Works only in local area. Subject to movement or destruction by environmental factors.
Example: Big Banyan tree on the side of the road.

Dead Reckoning:

Very complicated. Accuracy depends on measurement tools which are usually relatively
crude. Errors accumulate quickly.

Example: A piece of land for fix location, §

As we have been discussing that the question is the where you are and where you are
going to is probably one of the man’s oldest past times. Since ages, we have been always
looking answers to these questions and we want a answer of these questions that where
am [? Where am I going or heading? Very quickly and that is why we would like to have
not only quickly, but also their position estimation has to be very accurate. If there are
areas, where we are having landmarks so, we can locate ourselves rather relatively
easily, but there are areas like if somebody is in a desert area or in some are dense forest

area where we do not see the landmark.

Then the position is very much required and it is hard to, you know estimate without
using satellite based systems. So, that is what it is very important that if land marks are
there, fine otherwise dead reckoning as mentioned dead reckoning was more being used
in the earlier in the sea navigation and then of course, using the modern systems now

things have completely changed.
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Celestial:
Complicated. Only works at night in good weather. Limited precision,
Example: Looking at Syrius (is a star system and the brightest star in the Earth's night sky) at night.

OMEGA:
Based on relatively few radio direction beacons. Accuracy limited and subject to radio interference.
Example: As of September 30, 1997, 0300 UT, the OMEGA Navigation System terminated.

LORAN:

Limited coverage (mostly coastal). Accuracy variable, affected by geographic situation. Easy to jam or
disturb.
Example: LORAN (LOng RAnge Navigation)/ eLoran (Enhanced Loran) &

SatNav:

Based on low-frequency doppler measurements so it's sensitive to small movements at receiver. Few
satellites so updates are infrequent.

Example: Satellite navigation system.

There were some other methods like celestial method which was complicated only works
in the night which was based on the basically stars, but if you are having clouds then one
had a lot of problems with that’s one and then a system came also is the omega which
was a radio direction beacons, but again in an open sea, if you do not have the signals

from these beacons then again position estimation was very difficult.

So, in past you know like earlier, people started developing new and new methods of
estimations, but they were not as accurate and not available all the time. So, people has
always been looking a navigation solution or position estimation solution which is
should be available for all parts of the world, day and night in all weather conditions.
And these modern navigation systems which we are going to discuss in this course, are
capable of providing signals around the clock in all weather conditions. After omega this
loran also which was there, but accuracy was very well and it was affected because of

geographic situation and these we have vulnerable from jam and other disturbances also.

So, this is long range navigation or eLoran, a later on the system came eLoran, but again
the SatNav basically a satellite based navigation and this has completely change the
scenario of a position estimation and which is based on the low frequency Doppler
measurements and it is so sensitive that a small changes in the receivers position can also
be detected and these satellites sent pulse or signals every second. So, your position can

be estimated very quickly and very accurately. So, these satellite based navigation



system is now very popular and this is what the GNSS. They call because many such
systems are available at global level and that is why we use the word global navigation

satellite system.

Now, I have used a term Doppler. So, very quickly I will go through these few terms that
the ....
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Doppler: The change in frequency of sound, light or other wave caused by movement of
its source relative to the observer.

Theoretical Doppler: The expected Doppler frequency based on a satellite’s motion
relative to the receiver. It is computed using the satellite’s coordinates and velocity, and

the receiver’s coordinates and velocity.

Apparent Doppler: Some as Theoretical Doppler of satellite above, with clock drift
correction added.

Instantaneous Carrier: The Doppler frequency measured at the receiver, at that epoch.

Epach: Strictly a specific point in time. Typically when an
observation is made.

. a oo

A Doppler is basically change in frequency of sound, light or other wave caused by
movement of its source relative to observer. And we know as in the simple physics as
Doppler effect, that if vehicle is coming towards you then the noise of or sound of the
siren is going to be different. if it is going away, then it is going to be different and it is
due to the Doppler effect. So, you know thus these background about the navigation, the
background is of course the fundamentals of physics and there is another term which is
being which will be used in theoretical Doppler that is the expected Doppler frequency

based on satellites motion relative to receiver.

Why because these satellites are all the time you know, moving in their designed orbits.
So, you yourself or receiver might be moving and the same time satellites are also
moving and therefore, some estimation are done and that is through this theoretical
Doppler. So, this is a computed using satellite coordinates and velocity at what speed the
satellite are moving. Most of the time they are moving at a constant speed, but some time

they might be some variations and receiver coordinates that is what if I am holding



receiver then my position or receivers position and velocity if I am having a receiver and

moving like I have fitted in a car then the velocity will also play a very important role.

And based on this movement, the speed or my velocity can also be estimated very
accurately. There is another term which is also used is apparent Doppler which is same
as theoretical Doppler of satellite above, with clock drift correction added because as we
will discuss in detail as, but initially at this stage I can say that all these satellites are
having synchronize atomic clocks. So, that because basically in these systems as we will
learn in near future that when they sent the signal, this signals are time and dates
stamped and when it reaches, then the delay time is basically these are ranging devices.
So, the time taken to reach to the receiver will give you the distance. So, this is how the
importance of time because you are getting signals from various satellites to estimate the

position.

And therefore, all the satellite should have the same timing and that is why I have use
word synchronize atomic clocks, they are having and their use. Another term which we
will be using is a instantaneous carrier that is Doppler frequency measured at receiver or
at that epoch. And epoch is strictly or a specific point and time typically when on
observation is made. So, because these systems, the GNSS systems are all the time
transmitting the data and whenever receivers are on, they can receive signals and they

estimate the position.
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What is Global Navigation Satellite System?

“A worldwide position and time determination system that includes
one or more satellite constellations, aircraft receivers and system
integrity monitoring, augmented as necessary to support the
required navigation performance for the intended operation”




So, worldwide position and time determination system basically that includes one or
more satellite constellation, aircraft receivers and systems, integrity monitoring,
augmented as necessary to support the required navigation performance of the intended

operation.

This is a current definition, it might change in future because new systems are coming,
new augmentations are coming and new concepts are also coming which we will be
discussing also in this course. So, basically when we use the word global that means,
these positioning system should be available for any part of the globe. But now though
we are using word global, but people have also developed or some countries have also
developed regional navigation systems like a GALILEO of European space agency
which is a regional system. Our this navic or IRNSS which is Indian Navigation System
which is also a regional one, it is not global. Because these system have been designed to
focus only like in Indian system has been designed to focus only in the Indian

subcontinent or in little bit in neighboring countries.

So, though still there are global systems are there like a NAVSTAR which is GPS, a
GLONASS which is Russian and BEIDOU which is Chinese also global so, but in this
we are including regional in our discussion also we will be including regional as well as
global navigation and all these are satellite based and in order to improve further the
accuracy, some ground based augmentation systems are also have been developed, are
being used and some we will be discussing, a space based augmentation are also possible
and ground based. Ground based Indian example is GAGAN is there or a SBAS
technology is also there. So, that is will also fit here. So, if I again go through the
definition of GNSS that is global navigation satellite system, a worldwide position and

time determination system that includes one or more satellite constellation.

At least now our receivers, an ordinary receiver inside a smart mobile can receive signals
from 3-4 constellations like if I go outside of this room and switch on my mobile and
some app which can access the data through these satellites constellation, then I will be
getting signals from of course, from GPS that is NAVSTAR. I will be getting signals
from GLONASS Russian and Chinese. And one SBAS signals are also we are getting
which is through the geostationary satellites. So, multiple systems are there, they are

possible; they are being used to estimate the position. Aircraft receivers also, they use all



these navigation system all modern aircrafts now a day are fitted with the GNSS

navigation systems and a very accurate positioning is being done.

System integrity monitoring even in the aircrafts sometimes if you travel you will find
that they display the position of where your aircraft is flying and in the background you
might be having Goggle map or some other satellite image. So, that at the position of
your aircraft which is a live or it is getting updated every second is coming from all these
navigation system. So, it is not necessary that you has to, only you will get position if
you are flying over India, it because these are global. So, any part of the world you go,
you will get the signal and system integrity monitoring because whoever develops these

systems, they have to maintain the integrity of the system.

So, they keep monitoring and if there are, because after all the satellites are orbiting
objects in the space. So, sometimes they drift from their designed orbit. So, they have to
be brought back in on the on the design orbit and this is all done through the monitoring
and other operations which general public or simple users like us, we need not to bother,
but those who are maintaining such systems they have to bother about the integrity and
they monitor and maintain the integrity of such systems. Augmentation as I have already
mention, satellite based augmentation like SBAS and other or ground based
augmentations like GAGAN or some in different countries are having which we will be

also seen.

And basically the intended operation here is position estimation.
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What is Global Navigation Satellite System?

* The most significantly changed navigation techniques is the advent of
GNSS.

* It started with the launch of the U.S. Department of Defence Global
Positioning System (GPS) in the year 1973,

* Early applications of GNSS were developed for the military and later in the
fields of surveying and mapping.

+ Now commercial operators of planes, trains and automobiles can know their
position and heading quickly and accurately.

So, what basically has happen, the most significant changes which has occurred in this
navigation based, as I mentioned that the first time because if we go in the background or
development of such navigation system as like remote sensing is started in the Second
World War and people thought that use this technology to defeat the enemy. So, the GPS
or this GLONASS, they were also basically of cold war between US and former Soviet
Union. Both we are developing simultaneously these navigation systems for to put on the
missile. So, that they can hit, these missiles can hit the target a very accurately for which
they wanted to have some navigation systems and these two countries developed, one US

develop this GPS or NAVSTAR under the program of SDI.

And a parallely Russians also developed. Later on, they too brought to the civilian use as
US did. So, in 1973 this development started in US and then early applications where
basically these initially given like in that Iraq Kuwait war, first time US army people in
the year 1991, they started using these GPS receivers and later these were released or the
permissions were given to the civilians. So, people have started using for surveying and
mapping. Though their size and capabilities and accuracy as compared to today was very
poor, but this is how the technology started and develop. Now many commercial
operators are there. So, they are using these navigation devices even our in cars now also

through mobiles, smart phones or navigation fittest in our car.



So, we can use these of course, aircraft started using first and trains, automobiles and the
background you are having the map so, you know where exactly on you are and if you
are driving you know exactly at what speed you are driving. And then once you are
having this location and updated location which is being updated every second in the
background, you are having a GIS map then lot many things, a lot many information can
come to use so that we will be also discussing later on. People use also or in the field as
geologist or civil engineers, we can use handheld GPS or GNSS devices including now
smart mobiles and can get our position or the answer where am I very quickly in just a

few seconds, and with the accuracy of this handheld receivers maybe in few meters.
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What is Global Navigation Satellite System?

Travellers can use handheld GNSS devices (also smart mobiles) to calculate
and display their position to within few metres.

Farmers can automatically guide their tarm machinery for more efficient
ploughing, seeding, fertilizing and harvesting.

Now, applications are pushing the requirements of GNSS technology further
than ever before.

* In some cases it is necessary to augment GNSS technology with other
systems to meet the performance requirements of a particular application.

So, two-three meters nowadays with that accuracy it is possible if you are in open area.
People have also started using in farming, in agriculture. How to use these farming
machinery for very efficiently, for plant seeding, fertilizing and harvesting. So, this
entire process, where the one agriculture plot is very large maybe of 100 acre or 200

acre, where it is difficult for farmers to do such work.

So, if they can employee this GPS or positioning system, automatically guided
machinery can be used there and as a new systems by different countries are being
developed, as more accuracy we are getting, accuracy estimations or position estimations
we are getting, more new applications are also coming. So, those will keep coming many

of these we will be discussing in due course of this course. It is necessary to augment



GNSS technology with other systems, maybe ground based, maybe satellite based and
others and of course, people are trying to use to improve, basically position and as

quickly as possible.

So, two things are there because they have a one technology which is also came which is
differential GPS and post processing; that means, you do the field survey, later on you
come in the lab and then do the post processing then only you will know the accurate
position. So, rather than knowing later on, everyone wants that when I am in the field or
outside I know, I would like to know exactly where am I as accurately as possible as

quickly as possible.

So, that is why all these new technologies are getting integrated in this GNSS

technology. As we know that there are constellations; constellation means here
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What is Global Navigation Satellite System?

+ Each GNSS employs a constellation of satellites, which broadcasts
signals that are then processed by GNSS receivers to determine
location, speed, and time for users anywhere within range
of the satellites.

* This is normally on or just above the Earth's surface, but can be in
space as well,

» There have been a significant number of developments in the

availability of new satellite navigation systems (e.g. GPS, Galileo,
GLONASS, Beidou, IRNSS, QZSS, etc.).

the network of basically satellites, all are moving in space and they are basically
enveloping the earth at a very far distance, and as also mentioned that these satellites
broadcast their signals and this signal is basically contains the ID of the satellite and
where am I, the position of the satellite and at what time the signal is being dispatched.

And once it is received by a receiver then the position estimation is done.

But it is not based on just signal from one satellite. The receiver should receive signal at

least minimum for horizontal positioning, at least from three satellites and for if we want



the z position also, then from four satellites at the same time then only these x y and z
positioning can be estimated. So, these receivers, basically they are having a small
computer inside. So, they ,you know process the signals which are coming from satellites
every second getting updated and after processing you get the location estimation, you

get the speed if the receiver is moving and time.

Time is also important and the time which is coming through the satellites as I mentioned
they are having atomic clocks very accurate. So, thus only there are some applications
where people are using only time from these constellations. So, that is another very
interesting thing which we will be also discussing. It is not only that we get the position
only on the surface of the earth, but we can get position in space as well like this aviation
sector, they are using though they are not in space they are quite near to earth, but if you
go in deep in space, probably you can get signals there also and position estimations is

possible.

And a lot of development as I have already mentioned that you are having initially the
GPS came, then GALILEO, then GLONASS and then BEIDOU, IRNSS which is our
Indian system it has been renamed as a navic, QZSS which is a Japanese system. So,
here GPS is truly global system, GALILEO is complete regional system, GLONASS is a
global system, BEIDOU is a global system, IRNSS, QZSS last two are the regional

systems.
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GNSS systems currently

HOW MANY GNSS SATELLITES WORK ON THE include:

satellites)
; * GLONASS (Global
1 | s Navigation Satellite
& N System)(Russia) (24
satellites)

+ Galileo (European Union)
(30 satellites) (regional)

* BeiDou (China) (35
satellites)

* IRNSS (Indian Regional
Navigation Satellite System)
(regional) (7 satellites)

+ Q255 (lapan) (3 satellites)
(regional)

* GAGAN (GPS Aided GEO
Augmented Navigation)
India



So, there are, you know all these navigation systems are there in some parts of the earth
like if I am located in India, I may not be getting signal from GALILEO which we do not
get, | have checked and we get the signals from like of course NAVSTAR GPS, we get
the signal from GLONASS, we get the signal from BEIDOU. IRNSS in future, we will
be getting signals and in addition to this, our receivers which is the single frequency if
we go for dual frequency, we can get more signals from other augmentation systems, but
even a single frequency receiver is capable of receiving signals from like BEIDOU, GPS

GLONASS and SBAS which is coming from a geostationary satellite.

Now, these satellites or these constellations are at different distance in the space; their
constellation, their design orbits are completely different, but still our receiver can
receive signals only thing now we require more smart programs within our receivers. So,
that they can process the data and estimate the position as accurately as possible. So, like
GPS, our NAVSTAR which is of US having a standard constellation is 31 satellites,
GLONASS which is Russian is having constellation of 24 satellites, GALILEO

European which is having 30 satellites.

But this is, remember it is a regional system. BEIDOU which is a Chinese, the standard
constellation will have 35 satellites, IRNSS again regional system, will have the 7
satellite because most of these satellites are going to be geostationary or geosynchronous.
So, because this is not a global one if you want to cover or provide the signals for the

entire global community then you have to have more number of satellites.

So, India has decided to focus only for the regional system. QZSS which is Japan one,
only three satellites because Japan being a small country and they thought that for them it
is more than sufficient. Of course, the signals from other navigation systems like GPS or
GLONASS or BEIDOU are also available. So, position estimation using these three
global systems plus one regional systems plus SBAS, one can get a very good
positioning. GAGAN as I mentioned which is Indian system, it was developed when we

did not have this IRNSS or BEIDOU signals and other things.
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So, GAGAN was basically to augment the GPS signals and which was based on the
ground for improving navigations all along the coastal lines. So, that was also there. Now
all these satellite system consists basically three components, one is of course space
component and then another one is this your control component or control segment and
then user segment. So, these like GPS is having 31 satellites and all these are in different

orbits at a very 20200 kilometer deep in space.

So, these entire network or constellation of the satellites, we put them as a space segment
because they are in space. Now as also mentioned that in order to maintain the integrity
of these satellites, the monitoring has to be done regularly and if there are some
problems, then either a satellite has to be replaced or if repair required or correction in
the orbits are required that can be done through the ground. As you can see here that you
know there all the systems if we take the example here say for GPS, then there is a
master control station which controls everything, then there are base stations and there
are many monitoring stations all spread all over the world being a global positioning

system.

And then last segment where we fall basically, which is user segment. So, we might be
using a handheld device, handheld receiver or may be using nowadays a smart phone or
maybe it is fitted in our vehicle car or maybe in aircrafts. All these who are using, they

do not have to do or they do not have to transmit anything. They do not have to control,



manage these systems, they are just using it then that is the user segment. So, a space
segment, control segment and user segment; three components or three segments of a

GNSS system.
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Each GNSS system will have in the similar way. Now as I said that the space segment
which is purely satellites orbiting in different this is the example from a GPS then ground
stations are there. Some are monitoring station, some are controlling stations, master

station and then of course, finally you are having users.
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Space segment

+ The space segment consists of
GNSS satellites, orbiting about
20,200 km above the Earth,

* Each GNSS has its own
constellation of the satellites,
arranged in orbits to provide the
desired coverage.




A space segment basically like we take the example of GPS 20200 kilometer all these
satellites are orbiting in different orbits and each these navigation systems have its own
constellation because the purpose are different. Some are regional, some are global. So,
that is why each is having their unique constellation, arranged in orbits to provide desired

coverage whether global or that one.
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Control segment

* The control segment comprises a ground-based network of master control
stations, data uploading stations and monitor stations

* In each GNSS system, the master control station adjusts the satellites’ orbit
parameters and on-board high-precision clocks when necessary to maintain
accuracy.

* Monitor stations, usually installed over a broad geographic area, monitor the
satellites’ signals and status, and relay this information to the master control
station,

* The master control station analyses the signals then transmits orbit and time
corrections to the satellites through data uploading stations.

Now, control segment which comprises a ground based network of master control

station, data uploading stations and monitoring station.

Data uploading because our receivers are just receivers, they cannot upload and why
uploading because if corrections are required in the satellite orbits or other things or
maybe corrections in the clock or some other then there has to be one master control
station, from where they can upload the data to the satellites. And monitoring stations are
spread all over the world for global systems. In each GNSS system, you will have a
master control and then which adjust the satellite parameters, basically the orbit drifting
and onboard high precision clocks, necessary to maintain the accuracy and monitor
stations usually installed over a broad geographic area, may be in different parts of the

world.

Monitoring satellite signals, status, strength, quality and then transmitting that
information to the master control station for any correction if it is required. So, this is

how this control segment works and user segments where we are, which basically



consists of receiver, which receives the signals, process the data and estimate the

position.
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User segment

The user segment consists of

equipment that processes the received User Segment
sigmls from the GNSS satellites 3 GPBreceiver [parallel multlchanatl) ﬂ

and uses them to derive and apply D i
location and time information. B,
J Rowten

The equipment ranges from g

smartphones and handheld
receivers used by hikers, to
sophisticated, specialized receivers

So, this is there and user segment basically will have a receiver, receiving system and
these are being used now by various people for various purposes and for leisure, for
travelling, for navigation and for disasters and in case of disasters and other things, all

these devices are being used.

Ok. So, now, very briefly I will go through the history of satellite navigation. As some
part we have already talk, but that was like dead reckoning and others, but basically this

current satellite navigation history which we look then basically...
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I 0000000 0
Brief history of satellite navigation
* Original concept developed around 1960
- In the wake of Sputnik & Explorer
* Preliminary system, Transit, operational in 1964

~ Developed for nuke submarines
- 5 polar orbiting satellites, Doppler measurements only
* TIMATION satellites, 1967-69, used the first onboard precise clock for
passive ranging
* Fullscale GPS development begun in 1973
- Renamed Navstar, but name never caught on
* First 4 5V's launched in 1978

* GPSInitial Operational Capability in December 1993 (Full Operational
Capability in April 1995)

..Started somewhere in 1960 and when these satellites started being launched sputnik and
explorer where launched and Preliminary systems, Transit the name of that system was,
it will became operational in 1964. Basically develop for nuclear submarines and then
polar orbiting satellites, which exploit this basically measuring Doppler and they were all

focusing initially for in war or those army military related things.

But later on they became available to normal users or in civilian domain. TIMATION
satellites 1967-69 used first onboard precise clock for passing ranging. So, this is not in
one day this satellite navigation technology has developed. As you can see that since
1960 things started developing and even 67-69, these atomic clocks were started going
on the satellites and people developed experience and now current navigation systems

arc.

Full scale GPS development begun basically in 1973 with this NAVSTAR and then it
continues and not only in US but many other countries as we have mentioned are there.
Initially first satellite vehicles SV is stands for. So, first four vehicles were launched in
1978 and then the full operational capability were developed in April 1995 when the

constellation had complete, constellation had 31 satellites in case of GPS.
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Brief history of satellite navigation

On March 23¢, 1983, STRATEGIC DEFENSE INITIATIVE PHASE 1 CONCEPTS
President Ronald

Reagan announced the
Strategic Defense Initiative
(SDI), signaling a massive
paradigm shiftin U.S. policy
on nuclear policy.

GPS is a product of SDI
(also known as “Star  Wars”
of Ronald Regan)

Now as mentioned that GPS was a part of a strategic defense initiative or people also
called as a star war which was between these two, then enemy countries US and Soviet
former Soviet Union and basically they wanted to hit each other targets with high
precision and for that all this started developing. Now when initially the GPS came in the
civilian domain, there use to be a problem about the selective availability; that means,
that the signals we are encrypted. So, that civilians do not get a higher accuracy whereas,

US army people with their receiver used to get accuracy.
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But later on that has also changed. So, as mentioned that the current GPS is a product of
SDI or a star wars which was a dream project of then president of US, Ronald Regan.
Now if you are having background of civil engineering or earth sciences or geology, you
would know that how position is determined by these navigation systems. Basically this
concept comes from this back bearing concept of fore or back bearing concept where we
use to have a compass and objects which we are seeing on the ground and same time, we

used to identify these objects on our toposheets as well.

So, when you take a bearing from compass of object which you are seeing on the ground,
then you draw this bearing line and then take the bearing from another object and draw
again bearing or this line. And with these two lines, where they will cut the back bearing.
Basically why back looking because we are looking towards the object and writing down

the other direction that is the direction towards us that is why it is called back bearing.

So, if two back bearings at or two objects back bearings are plotted on a map, then where
they will cut probably that is the position where I am standing. Now how to make sure
that I am more accurate in my position estimation, then take the back bearing from third
object. And if the line again cuts on the same first crossing of these two back bearings,
the third one also cuts at that place then I am sure that I am having more confidence

about my position estimation.

So, almost this concept, but instead of in 2D, it has been implemented in the 3D with
these navigation systems. So, what the satellites are doing basically, that they are
transmitting their position as well as the other data like timing and other things and when
it is received on the earth by receiver, then the time taken is calculated and multiply by
the speed of light and this is how you get the distance of the satellite. And if you get like
in back bearing concept, if you get a bearing from two far apart objects, then you can get

the first position estimation.

Similarly, in case of these Satellite Based Navigation Systems, because you say we are
talking not in 2D, but in 3D. So, instead of bearing from two or range from two, here you
require at least ranges from three satellites and then in order to get the z position also,
you require range from the fourth satellites. So, they will be basically cutting or each

range will basically constructed imaginary sphere, you can think if you wish and when



these four spheres will cut, then you are sure that this is my position on the surface of the

earth.

So, this concept basically was there and in the form of back bearing concept that was in

2D, in case of satellite based navigation system this as now in 3D.
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» * The basic concepts of satellite
positioning are very easy to
understand,

b . * Itcan be demonstrated by
tacking cardboard figures of three
satellites to the walls and ceiling
of the classroom (as shown in left
figure)

* Each “satellite” is having a length
of string stapled toit.

* Then mark a location on the floor
with a movable dot, then drew
the strings down and marked
where they all reached the dot.

As in this figure, it is shown here that a signals from three different satellites are coming
and since their ranges are cutting at one location so, I as far as my horizontal position is
concerned, I am sure that I am standing here. Then there might be some accuracy issues
are there, which depends on the signal quality and other things, but if I am getting signals
from 20 or 12 satellites simultaneously of different navigation systems or even one

navigation system, then my position estimations is going to be very accurate.

Because all these ranges which we are seeing here is a schematic, if they are cutting at
one location then of course my position estimation is going to be much better. So, the
basic concepts of satellite positioning are very easy to understand as I have just
explained, it can be demonstrated by taking, you know cardboard figures of three
satellites to the walls and ceiling of the any room and there, when you draw or pull a

thread from there, then you can have this kind of scenario.
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- + The strings now represent the
distances from the dot to the
individual satellites.

Now record the location of the dot and
L % remove it from the floor.

Now use only strings to determine the
location.

To do this, draw the strings down
until the ends of the strings come
together at one point on the floor.

Mark this point with a movable dot
and compared it with the previously
marked position. They were very close.
This simple demonstration showed
sy that, if you know the location of three
satellites and your distance from them,
you can determine your position
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Same way, the satellites also do instead of some strings, you are having signals and
ranges are there. So, this is how the position estimations are done by the satellite. We
will be also going through in much more detail about these how the positions are

estimated.
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One would find these two
markings very close,

+

This simple demonstration shows
that, if we know the location of
) - three  satellites  and  our
| distance from them, one can
determine our position

However, the determination of
position is bit more complicated by
several factors

satellites are moving, the signals
from the satellites are very weak
by the time they reach the earth,

+ the atmosphere interferes with the
transmission of radio signals and,
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And that thing, but basically, more the satellites signals are available to the receiver

better the position is going to be. And that is why it is mentioned that if you are looking



for good accurate position, it is always suggested that one should go in open area if it is

possible to get better position.

And there are of course, some factors will play if you are in a valley, in a mountainous
area, then your open sky is very limited. You may have a poor signals therefore, poor
position estimation. Or sometimes a little bit, though it is a all whether condition
systems, but still if there are very harsh weather is there, sometimes atmospheres can
also bring some distortions in position and because after all data is coming through radio

signals that may get disturb. So, the position may also get changes.
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“The more you explain it, the more |
don't unaerstand it."

So, the more basically in this navigation system as you have seen the brief history and
whatever is happening today or currently or in future that it can be said that more you
explain it, the more I do not understand because things are really getting more
sophisticated or sometimes you can call as more complicated, but on the other side they
are getting more accurate, more quicker and wide applications; lot of applications of

these in navigation systems are coming. So, at this point I stop here.

Thank you very much.



