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Course Outcomes:

At the end of the Course, Student will be able to:

« CO 1: Explain the basic concepts, applications and Future Trends in satellite communications.
« CO 2 : Demonstrate the concepts on Orbital Mechanics and Launcher systems.

« CO 3: Solve the expression for G/T ratio and some analytical problems on satellite link design.
« CO 4 : Explain satellite Transmitters, Receivers, Antennas, LEO and NGSO Systems.

« CO 5 : Identify the concepts of GPS and its architecture.

Satellite communications MSR Sekhar, Associate professor, ECE 15-05-2023
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UNIT I: Introduction: Origin and History of Satellite Communications, Basic Concepts of Satellite
Communications, Frequency allocations for Satellite Services, Applications, Future Trends of Satellite
Communications.

UNIT II: Orbital Mechanics and Launchers: Orbital Mechanics, Look Angle determination, Orbital perturbations,
Orbit determination, launches and launch vehicles, Orbital effects in communication systems performance.

UNIT I11: Satellite Subsystems: Attitude and orbit control system, telemetry, tracking, Command and monitoring,
power systems, communication subsystems, Satellite antenna Equipment reliability and Space qualification.

Satellite Link Design:

Basic transmission theory, system noise temperature and G/T ratio, Design of down links and up links, Design of
satellite links for specified C/N, System design example.

UNIT IV: Multiple Access Techniques: FDMA, TDMA, CDMA and DAMA Intermodulation, Calculation of C/N,
Spread spectrum transmission and reception.

Low Earth Orbit and Geo-Stationary Satellite systems: Orbit consideration, coverage and frequency
considerations, Delay& Throughput considerations, System considerations, Operational NGSO constellation Designs.

UNIT V: Satellite Navigation & the Global Positioning system: Radio and Satellite Navigation, GPS Position
Location principles, GPS Receivers and codes, Satellite signal acquisition, GPS Navigation Message, GPS signal
levels, GPS receiver operation, GPS C/A code accuracy, Differential GPS.
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Text Books:

1. Satellite Communications, Timothy Pratt, Charles Bostian, Jeremy Allnutt, WSE, Wiley Publications, 2nd
Edition, 2003.

2. Satellite Communications Engineering, Wilbur L. Pritchard, Robert A Nelson, Henri G.Suyderhoud, 2nd
Edition, Pearson Publications, 2003.

3. Digital Satellite Communications, TRI.T.HA, McGraw Hill, 2nd Edition 2000.

Reference Books:

1. Satellite Communications, Dennis Roddy, McGraw Hill, 2nd Edition, 1996.
2. Satellite Communications: Design Principles, M. Richharia, BSPublications, 2nd Edition, 2003.
3. Satellite Communication, D.C Agarwal, Khanna Publications, 5th Edition.

4. Fundamentals of Satellite Communications, K.N. Raja Rao, PHI, 2004
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At the end of the unit, Student will be able to:

 CO 1: Explain the basic concepts, applications and Future Trends in satellite communications

Satellite communications MSR Sekhar, Associate professor, ECE 15-05-2023



contents

e Introduction

e Origin of Satellite Communications

e Historical Background

* Basic concepts of Satellite Communications
* Frequency allocations for Satellite services

e Applications

e Future trends of Satellite Communications

Satellite communications MSR Sekhar, Associate professor, ECE
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What is a Satellite?

e Satellite: A satellite is simply any body that moves around another
(usually much larger) one in a mathematically predictable path called

an orbit.

* In astronomical terms, a satellite is a celestial body that orbits around

a planet.
 Example: The moon is a satellite of Earth.

* In aerospace terms, a satellite is a space vehicle launched by humans
and orbits around Earth or another celestial body.
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What is a Satellite? (Contd.)

* Communications Satellite: It is a microwave repeater in the sky that
consists of a diverse combination of one or more components
including transmitter, receiver, amplifier, regenerator, filter onboard
computer, multiplexer, demultiplexer, antenna, waveguide etc.

* A communication satellite is a microwave repeater station in space
that is used for telecommunication, radio and television signals.

* A satellite radio repeater is also called transponder. This is usually a
combination of transmitter and receiver.
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What is a satellite system?

* A satellite system consists of one or more satellites, a ground-based
station to control the operation of the system, and a user network
earth stations that provides the interface facilities for the
transmission and reception of terrestrial communications traffic.
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What is a satellite system?

* The first man made satellite with radio transmitter was in 1957

* There are about 750 satellites in the space, most of them are used for
communication
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origin of satellite communication

e Arthur C.Clark —British Science fiction writer

* published ‘Wireless world’ in British Radio magazine
in 1945

 Became famous as author of ‘A Space Odessey’
wrote in 2001.

* Proposed the idea of “a synchronous satellite
communication”

-3 satellites in an equatorial orbit,
-radius of about 42,242 km
-spaced 120° apart from each other

Could cover the whole world to transmit and receive
signals that relayed between the satellites

Satellite communications MSR Sekhar, Associate professor, ECE 15-05-2023
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Brief history
o7 [seures  Jus
1958 SCORE USA
1965 Early Bird or INTELSAT 1 USA

The first commercial satellite

 Satellite communication system is growing so rapidly.
e Difficult to summarize the list of satellites in space.

e Satellite  positions are assigned by ITU (International
Telecommunication Union) which is part of UN

Satellite communications MSR Sekhar, Associate professor, ECE 15-05-2023



NN

Aditya Engineering College (A)

History of satellite communication

1945 Arthur C.Clarke about “Extra Terrestial Relays”

1957
1960
1963
1965

1976
1982
1988

1993
1998

Satellite communications

First satellite SPUTNIK
First reflecting communication satellite ECHO
First geo-stationary satellite SYNCOM

First commercial geo-stationary satellite “EarlyBird”

-INTELSAT 1:240 duplex telephone channels or 1 TV channel, 1.5
years lifetime

Three MARISAT satellites (maritime communication)
First mobile satellite telephone system INMARSAT-A

First satellite system for mobile phones and data communication
INMARSAT-C

First digital satellite telephone system

Global satellite systems for small mobile phones

MSR Sekhar, Associate professor, ECE 15-05-2023
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BACKGROUND HISTORY

e The concept of using object in space to reflect signals for
communication was proved by Naval Research Lab in Washington
D.C. when it use the Moon to establish a very low data rate link
between Washington and Hawaii in late 1940’s.

e Russian started the Space age by successfully launching SPUTNIK
the first artificial spacecraft to orbit the earth, which transmitted
telemetry information for 21 days in Oct. 1957.

e The American followed by launching an experimental satellite
EXPLORER In 1958.

* In 1960 two satellite were deployed “ECHO” & “COURIER”
* In 1963 first GSO “SYNCOM”

* The first commercial GSO (Intelsat & Molnya) in 1965 these provides
video (Television) and voice (Telephone) for their audience

Satellite communications MSR Sekhar, Associate professor, ECE 15-05-2023
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Early Satellites

* In October 1957, the first artificial satellite Sputnik -1 was launched by
USSR.

* 1963 Clark’s idea became a reality when the first geosynchronous
satellite SYNCOM was successfully launched by NASA.

* India launched its first satellite Aryabhatta on 19th April 1975

Satellite communications MSR Sekhar, Associate professor, ECE 15-05-2023
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OCables capable of carrying voice signals across Atlantic began in 1953

OClarke suggested — radio relay links in the orbit with a period of
24hr,but no powerful rockets to place them.

ORussia launched 1% satellite in 1957-Sputnik
O1st geostationary satellite-Early Bird-1965
> Providing telephone services.
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* 1960’s — launch vehicle developments

* During this period various launch vehicles are developed that could
place 500kg of satellite in Geo stationary earth orbit with a capacity
of 5000 telephone circuits.

Satellite communications MSR Sekhar, Associate professor, ECE 15-05-2023
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* DBS-TV > Direct Broadcast Satellite Television and distribution of
video signals for cable TV networks are the largest single revenue
source for Geo satellites accounting S17 B in revenues in 1998.

* By 2001, 200 Geo satellites in the orbit.
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 Largest satellites — Lacrosse Surveillance satellites by US — 13,600 Kg

* By 2000, Commercial Telecommunication satellites — 6000 kg
» Lifetime — 15 yrs
» S125 M

» So, $ 20 M/yr revenue is profitable.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Competing with OFC

* Single OFC — 4.5 Gbps — equals to single satellite data transmission
* Satellite comm — Remote area broadcasting.

* LEO and MEO Satellites — special applications

* By 2000, 138 LEOs — Earth Imaging and
Surveillance

e 24 MEQOs — GPS for Navigation.
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History of Satellite Comm.

15t satellite successfully launched — Explorer-I by US.
* 1st voice heard is president Eisenhower —Jan 31,1958.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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* 1t True Communication satellites
* >Telstar—1and Il
* > by Bell systems labs
e > used solar cells
> MEO sat with a period of 158 and 225 mins.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023



\ Aditya Engineering College (A)

* 1961 — John F kennedy — defined guidelines to form ITU —
International Telecommunication Union.- examine the aspects of
space communications for which International cooperation would be
necessary.

* 1962 — US congress passed Communications satellite Act — it set the
stage for commercial investment in an international satellite
organization.
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e July 19,1964 — 12 countries invested signing initial agreement and it
became INTELSAT — International Telecommunications satellite
organization.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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° In 1963’s — 99% of all satellites are LEO and MEOs — because of easier
launch than GEOs

* So, first 6 years is called space age — period of payload and launcher
development.

* Only one in 4 satellites are successful.
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e 15t Intelsat satellite — INTELSAT — | (Early Bird) launched in 1965 used
6/4 G Hz uplink/downlink frequencies.

e Canada was the first country to build a National Telecommunication
system using GEOs using — Anik 1A - 1974
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* Countries like USSR- 11 time zones and Indonesia-having 3000 small
islands — used GEOs for communication due to irregularity in

geography.
* Due to rapid development in 1970s and 80s — C band was quickly
occupied and Ku band was used.
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* New Skies from Netherlands — privatized Intelsat satellites — used for
DTH ,TV services

* By 2000, GEO satellite -10000 kg — 12 KW power — 60 Transponders
are used.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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OA satellite stays in orbit because the gravitational pull of the earth is
balanced by the centrifugal force of the revolving satellite.

* If two Stations on Earth want to communicate through radio
broadcast but are too far away to use conventional repeater,

then...The two stations can use a satellite as a relay station for their
communication.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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How a satellite works?

* One Earth station transmits the signals to the satellite at Up link frequency.
Up link frequency is the frequency at which Earth station is communicating with a

satellite.

* The satellite transponder process or converts the signal and sends it to the
second Earth station at another frequency. This frequency is called a
Downlink frequency.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Uplink 7 N Downlink

Satellite communications MSR Sekhar, Associate professor,
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Inter Satellite Link

SL
Mobile User (5L)

Link (MUL) Gateway Link
(GWL)

PSTN: Public Switched User data
Telephone Network
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Usual satellite services

, . . . Aditya En
28 Satellite communication frequency band

Colloquial Approximate
designation | frequency range
(GHz)
VHF 30-300 MHz
UHF 300-1000 MHz
L 1-2 GHz
S 2-4 GHz
C 4-8 GHz
X 8-12 GHz
Ku 12-18 GHz
K 18-27 GHz
Ka 27-40 GHz

Satellite communicatm!mwaves MSR Sekhar?,égcglj%rofessor,
ECE

Messaging

Military, navigation mobile

Mobile & Navigational Satellite services,

audio broadcast radiolocation,

Mobile, navigation
Fixed Satellite Service
Military
Fixed, video broadcast
Fixed

Fixed, video broadcast, intersatellite

Intersatellite
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FREQUENCY ALLOCATION FOR SATELLITE

* Allocation of frequencies to satellite services is a complicated process
which requires international coordination and planning.

 This is done as per the International Telecommunication Union (ITU).

* To implement this frequency planning, the world is divided into three
regions:

* Regionl: Europe, Africa and Mongolia
* Region2: North and South America & Greenland

* Region3: Asia (excluding region 1 areas), Australia and south-west
Pacific.
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FREQUENCY ALLOCATION FOR SATELLITE

* Within these regions, the frequency bands are allocated to various satellite services. Some of
them are listed below.

* Fixed satellite service: Provides Links for existing Telephone Networks Used for transmitting
television signals to cable companies

* Broadcasting satellite service: Provides Direct Broadcast to homes. E.g. Live Cricket matches etc

* Mobile satellite services: This includes services for Land Mobile Maritime Mobile Aeronautical
mobile

* Navigational satellite services : Include Global Positioning systems

* Meteorological satellite services: They are often used to perform Search and Rescue service

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Applications

e Communication Applications
* CATV
 Satellite telephone
* Data communication applications

* Remote sensing and earth observation
* Cartography-science or practice of drawing maps

* Oceanography-branch or science that deals with the physical and biological
properties and phenomena of the sea.

* Oil & mineral exploration
* Ice reconnaissance

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Applications....

* Scientific & technological applications
* Navigation
 Position of planets
* Meteriological applications
e Study of weather forecasting
* Military applications
* Security
e Search & rescue

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023



f" g’ Aditya Engineering College (A)
FADITYAl

Weather Forecasting

* Certain satellites are specifically designed to monitor the climatic conditions of earth.

* They continuously monitor the assigned areas of earth and predict the weather conditions of that
region.

* This is done by taking images of earth from the satellite.

* These images are transferred using assigned radio frequency to the earth station. (Earth Station:
it is a radio station located on the earth and used for relaying signals from satellites.)

* These satellites are exceptionally useful in predicting disasters like hurricanes, and monitor the
changes in the Earth's vegetation, sea state, ocean colour and ice fields.

Satellite communications MSR Sekhar, Associate professor,

ECE 15-05-2023
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Radio and TV Broadcast

* These dedicated satellites are responsible for making 100s of
channels across the globe available for everyone.

* They are also responsible for broadcasting live matches, news, world-
wide radio services.

* These satellites require a 30-40 cm sized dish to make these channels
available globally.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Military Satellites

* These satellites are often used for gathering intelligence, as a
communications satellite used for military purposes, or as a military
weapon.

* A satellite by itself is neither military nor civil.

* It is the kind of payload it carries that enables one to arrive at a
decision regarding its military or civilian character.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Navigation Satellites

* The system allows for precise localization worldwide, and with some
additional techniques, the precision is in the range of some meters.

* Ships and aircraft rely on GPS as an addition to traditional navigation
systems.

* Many vehicles come with installed GPS receivers.

* This system is also used, e.g., for fleet management of trucks or for
vehicle localization in case of theft.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Global Telephone

* One of the first applications of satellites for communication was the
establishment of international telephone backbones.

* Instead of using cables it was sometimes faster to launch a new satellite.

* But, fiber optic cables are still replacing satellite communication across long
distance as in fiber optic cable, light is used instead of radio frequency, hence
making the communication much faster (and of course, reducing the delay
caused due to the amount of distance a signal needs to travel before
reaching the destination.).

e Using satellites, to typically reach a distance approximately 10,000 kms away,
the signal needs to travel almost 72,000 kms, that is, sending data from
ground to satellite and (mostly) from satellite to another location on earth.

* This causes substantial amount of delay and this delay becomes more
prominent for users during voice calls

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Connecting Remote Areas

* Due to their geographical location many places all over the world do
not have direct wired connection to the telephone network or the
internet (e.g., researchers on Antarctica) or because of the current
state of the infrastructure of a country.

* Here the satellite provides a complete coverage and (generally) there
is one satellite always present across a horizon.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Global Mobile Communication

* The basic purpose of satellites for mobile
communication is to extend the area of
coverage.

e Cellular phone systems, such as AMPS and GSM
(and their successors) do not cover all parts of a
country.

* Areas that are not covered usually have low
population where it is too expensive to install a
base station.

* With the integration of satellite communication,
however, the mobile phone can switch to
satellites offering world-wide connectivity to a
customer.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Global Mobile Communication

e Satellites cover a certain area on the earth.
* This area is termed as a footprint of that satellite.

* Within the footprint, communication with that
satellite is possible for mobile users.

* These users communicate using a Mobile-User-Link
(MUL).

* The base-stations communicate with satellites using
a Gateway-Link (GWL).

 Sometimes it becomes necessary for satellite to
create a communication link between users
belonging to two different footprints.

* Here the satellites send signals to each other and
this is done using Inter-Satellite-Link (ISL).

Satellite communications MSR Sekhar, Associate professor,

ECE 15-05-2023
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Advantages of Satellite Communications over Terrestrial
Communications

* The coverage area greatly exceeds.

* Transmission cost of a satellite is independent of the distance from
the center of the coverage area.

 Satellite-to-satellite communication is very precise.
* Higher bandwidths are available for use.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Disadvantages of Satellite Communications

* Launching satellites into orbits is costly.
 Satellite bandwidth is gradually becoming used up.
* The propagation delay is larger.

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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Regions of Space

Space is defined as a place free from obstacles
It can be divided into three regions:

 Air Space -> region below 100 km from earth’s surface

e Quter Space -> also called cosmic space and ranges from 100 km up till 42, 000 km. It is mostly
used by communication satellites.

* Deep Space -> Regions beyond 42,000 km fall in this category

Satellite communications MSR Sekhar, Associate professor,

ECE 15-05-2023
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Active and Passive Satellites

— Active satellites are used for linking and also for processing the signals.

Active satellites employ ‘Regenerative Technology’ which consists of demodulation, processing,
frequency translation, switching and power amplification are carried out. Block used for this

purpose is called transponder.

- Passive satellites do-not have on-board processing and are just used to link two
stations through space.

Low cost - Loss of power — not useful for communication applications.
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Types of Orbits

e Geosynchronous
* Same rotational velocity as earth
* Maintains position relative to earth
 Altitude - 35 786 km
* Velocity - 11 300 km/hr

* Asynchronous
* Much lower altitude = much higher velocity
* Position over earth constantly changing

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023



* GEO: ~ 36000 km from the earth

* MEO: 6000 - 20000 km

* LEO: 500 - 1500 km

 HEO: Highly Elliptical Orbit, elliptical orbits
 Difficulties from radiation belts.

Satellite communications

GEO (Inmarsat)
HEO MEO (ICO)
LEO inner and outer Van
(Globalstar, 7 Allen belts
Irdium)

35768 Km

MSR Sekhar, Associate prot®
ECE
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Geostationary Earth Orbit (GEO)

OObjects in Geostationary orbit revolve around the earth at the same speed
as the earth rotates.

OThis means GEO satellites remain in the same position relative to the
surface of earth.

OBecause of the long distance from earth it gives a large coverage area,
almost a fourth of the earth’s surface.

OBut, this distance also cause it to have both a comparatively weak signal
and a time delay in the signal, which is bad for point to point
communication.

OHigh transmit power needed and launching of satellites to orbit are
complex and expensive.

ONot useful for global coverage for small mobile phones and data
transmission, typically used for radio and TV transmission.
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Medium Earth Orbit (MEO)

* MEO satellites have a larger coverage area than LEO satellites.

* A MEO satellite’s longer duration of visibility and wider footprint
means fewer satellites are needed in a MEO network than a LEO
network.

* A MEO satellite’s distance gives it a longer time delay and weaker
signhal than a LEO satellite, though not as bad as a GEO satellite.
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Low Earth Orbit (LEO)

o LEC% satellites are much closer to the earth than GEO satellites, ranging from 500 to 1,500 km above the
surface

o LEOhsateIIites don’t stay in fixed position relative to the surface, and are only visible for 15 to 20 minutes
each pass

O A network of LEO satellites is necessary for LEO satellites to be useful
O Handover necessary from one satellite to another

O Need for routing

O Altitude (375-1000 miles)

O Revolution time: 90 min - 3 hours.

O Advantages:

® Reduces transmission delay
® Eliminates need for bulky receiving equipment.

O Disadvantages:
® Smaller coverage area.
® Shorter life span (5-8 yrs.) than GEOs (10 yrs).

Satellite communications MSR Sekhar, Associate professor,
ECE 15-05-2023
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