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2001 Odissea nello spazio al Museo Nazionale Scienza e Tecnologia di Milano thumbnail

Figures and vv Material/2001 A Space Odyssey (1968) - 'The Blue Danube' (waltz) scene [1080p].mp4
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A dream (1945) ? 
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The reality today (Sept. 2024)

Starlink constellation, 
phase 1, first orbital shell: 
72 orbits with 22 satellites 

each, total of 1584 
satellites at 550 km 

altitude

As of today, more that 7000 satellites on  different LEO orbits !
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Contents of the Course

• 1. What is Satellite Communications for ?

• 2. Spacecraft and Earth Station/Terminal Architecture

• 3. Basic Technologies, Design Objectives, and Performance Metrics of 

Satellite Links and Networks

• 4. Examples of Current GSO and NGSO SatCom Constellations and Related 

Services/Standards

– by Riccardo De Gaudenzi, Head of Electrical Systems Division, European 

Space Agency

• 5. Fundamentals of Satellite Positioning and Navigation

• 6. GNSS Receiver Design and Performance Evauation
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Why do we need satellites?

• Communications (TV, Mobile, Trunk, Emergency) 67%

– satellites are used for television, radio, and internet broadcasting. This sector 
increased lately with more and more companies launching satellites to provide 
internet everywhere on the globe

• Localization (GNSS, Global Navigation Satellites Systems) 3%

– via satellite navigation systems is widely used in almost all industries: 
transportation, emergency response, farming, banking, military, science. 
These satellites determine the location, velocity, and current time of small 
electronic devices (like the ones in our smart phones)

• Earth Observation (METEOSAT, LandSat) 20%

– satellites provide information about earth resources, weather, climate, and 
environmental monitoring. Imaging satellites produce high-resolution data of 
almost the entire landmass on earth

• Space Exploration (APOLLO…) 2 %

– satellite telescopes have been critical to understanding phenomena like 
pulsars and black holes as well as measuring the age of the universe
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Communications Satellites: A bit of History

• First experiment of uplink/downlink transmission:

– SCORE (1958, pre-recorded message in FM bands, 22 days of life)

• First passive reflector:

– ECHO 1 (1960, 30-m metallized sphere bounching radio waves back, years of 
life)

• First Wideband Active Satellite:

– TELSTAR 1 (1962, 50-MHz bandwdith at C-band, 6.4/4.2 GHz)  

• First GEOsynchronous satellite:

– SYNCOM (1963, range/range-rate tracking)

• First commercial satellite:

– EARLY BIRD/INTELSAT I (1965, the actual date of birth of commercial satellite 
communications, , C-band 6.3/4.1 GHz, TWT amplifier, two 25-MHz 
transponders)

• Direct TV Brodcasting:

– OTS (1982, by ESA with programs by SkyOne, UK)
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Early Samples…

Telstar     INTELSAT I
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INTELSAT 20

• Example of modern High-
Throughput Satellite

– Launched 2012

– 6000 kg

– 24 C-band transponders, 
54 Ku-band 
transponders, 1 Ka-band 
transponder

– 18 years expected
lifetime

https://www.satbeams.com/satellites

https://www.satbeams.com/satellites
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Why a dedicated course on SatCom ?

• Satellite Communications traditionally require dedicated, expensive terminals 
and networks

• It is considered as a completely different technology than, say, cellular 
communications altogether

• Even service providers are not the same…
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Satellite Handheld User Terminals

• Different from Cellular Networks’
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Satellite Bands
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How does it work ?



Sa
te

lli
te

 C
o

m
m

u
n

ic
at

io
n

s 
   

   
   

   
   

   
   

   
   

  I
n

ge
gn

er
ia

 d
el

le
 T

el
ec

o
m

u
n

ic
az

io
n

i

Marco Luise
1. Introduction to Satellite Communications

14

Dip. Ingegneria dell’Informazione
University of Pisa, Italy

	

GEO,LEO, MEO HEO Satellites
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How do they launch it?

Soyuz IOV-1 launch, 2011



Sentinel 1-B satellite inside Soyuz 
fairing
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Satellite Anatomy
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Satellite Anatomy

ESA’s AlphSat
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Satellite Footprint

https://www.eutelsat.com/files/PDF/brochures/EUTELSAT_SATELLITE_E9B.pdf
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SatCom Services 1/2

• Broadcasting

– By far, the most money-making. Being supplanted by streaming.

• Backbone (Trunk)

– Was, togethere with broadcasting, the killer application until the ’90s. Being
supplantyed by fiber cables.

• Internet Connection to fixed points

– Intended to break the Digital Divide into remote areas. Revived by StarLink.

• Mass-Market Mobile Communications/IoT

– Was the future of SatCom in the 90’s (IRIDIUM, GLOBALSTAR), before the 
advent of digital cellular. Now relegated to governmental usage. 
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SatCom Services 2/2

• Remote-Areas Mobile Communications

– At sea, in the desert, a niche but safe market (INMARSAT, THURAYA).

• Emergency

– When the terrestrial network is disrupted (flooding, earthquake, terrorism) 
satellite is the only means

• Military

– A resilient (see above), private and secure network under the control of 
Defense Departments

• Interplanetary

– Imagine Man really goes to Mars…
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To sum-up…
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Space Agencies/Entities

• NASA National Aeronautics and Space Administration (USA)

• ESA European Space Agency

• EUSPA European Union Agency for the Space Program

• ASI Agenzia Spaziale Italiana

• CNES Centre National d’Etudes Spatiales (FR)

• DLR Deutsches Zentrum für Luft- und Raumfahrt (D)

• CNSA China National Space Administration

• ROSCOSMOS федеральное космическое агентство (Russia)

• JAXA Japan Aerospace Exploration Agency

• SPACEX Space Exploration Technologies Corporation, Elon Musk, 2002 
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SatCom Companies

Company
Revenue (USD 
millions)

Country

Singtel Satellite 12,041 Singapore

SES 2,328 Luxembourg

Intelsat 2,061 Luxembourg

Eutelsat 1,499 France

Arqiva 1,290 UK

Telesat 684 Canada

Hispasat 239 Spain

Globecast 188 France

Thaicom 150 Thailand

EchoStar Satellite Services 1.886 USA
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Internet Resources

• Map of Satellites

– https://in-the-sky.org/satmap_worldmap.php

• List of Satellites

– https://www.satbeams.com/satellites

• Statistics

– https://geoxc-apps.bd.esri.com/space/satellite-explorer/

• Naïve Orbit Calculator

– https://www.omnicalculator.com/physics/earth-orbit

https://in-the-sky.org/satmap_worldmap.php
https://www.satbeams.com/satellites
https://geoxc-apps.bd.esri.com/space/satellite-explorer/
https://www.omnicalculator.com/physics/earth-orbit
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