
The Satellite Age

Introduction

The  advent  of  satellite  communications  has 

revolutionized the way we communicate, navigate, and 

access  information  across  vast  distances.  From 

enabling  global  connectivity  to  providing  critical 

services  in  remote  and  underserved  areas,  satellites 

play a vital role in modern society.

This  comprehensive  book  delves  into  the  diverse 

applications  of  satellite  communications,  covering  a 

wide range of topics from satellite broadband services 

and satellite  navigation to  remote sensing and Earth 

observation.  It  explores  the  underlying  technologies, 

protocols,  and  applications  that  drive  these  services, 

providing  a  thorough  understanding  of  the  satellite 

communications ecosystem.
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The book is designed to be accessible to both technical 

and  non-technical  readers,  with  a  focus  on  practical 

applications  and  real-world  examples.  It  provides 

insights  into  the  latest  advancements  in  satellite 

communications,  including  the  integration  with 

terrestrial  networks,  the  emergence  of  new  space 

technologies,  and the growing importance of  satellite 

communications for the Internet of Things (IoT).

Whether  you  are  a  student,  researcher,  engineer,  or 

simply  curious  about  satellite  communications,  this 

book offers a comprehensive resource to enhance your 

knowledge and understanding of this rapidly evolving 

field. It  serves as an essential guide for professionals 

seeking  to  harness  the  power  of  satellite 

communications to address global challenges and drive 

innovation.

Throughout the book, we will  explore the fascinating 

world of  satellite  communications,  from its  historical 

roots to its cutting-edge applications. We will demystify 
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the  complex  technologies  and  unravel  the  intricate 

networks  that  enable  satellite  communications  to 

connect the world, empower industries, and shape the 

future of our planet.

Get  ready to  embark on a journey into the realm of 

satellite  communications,  where the sky is  no longer 

the limit, and the possibilities are endless.
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Book Description

The Satellite Age is the definitive guide to the diverse 

applications  of  satellite  communications,  covering  a 

wide range of topics from satellite broadband services 

and satellite  navigation to  remote sensing and Earth 

observation.  It  explores  the  underlying  technologies, 

protocols,  and  applications  that  drive  these  services, 

providing  a  thorough  understanding  of  the  satellite 

communications ecosystem.

Whether  you  are  a  student,  researcher,  engineer,  or 

simply  curious  about  satellite  communications,  this 

book offers a comprehensive resource to enhance your 

knowledge and understanding of this rapidly evolving 

field. It  serves as an essential guide for professionals 

seeking  to  harness  the  power  of  satellite 

communications to address global challenges and drive 

innovation.

Inside this book, you will discover:

4



 The  principles  of  satellite  communications, 

including  electromagnetic  spectrum,  satellite 

orbits, and communication technologies

 The different types of satellite earth stations and 

networks, including their design, protocols, and 

management techniques

 The latest advancements in satellite broadband 

services, including technologies, access methods, 

and applications

 The  various  satellite  broadcasting  technologies 

and  services,  including  TV,  radio,  and  data 

broadcasting

 The  principles  and  applications  of  satellite 

navigation and positioning systems, such as GPS 

and GNSS

 The  use  of  satellite  remote  sensing  and  Earth 

observation  for  land  cover  mapping, 

environmental  monitoring,  and  disaster 

management
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 The role  of  satellite  communications  in  mobile 

and  maritime  applications,  including 

technologies,  standards,  and  future 

developments

 The  emerging  applications  of  satellite 

communications for the Internet of Things (IoT), 

including  technologies,  protocols,  and  network 

management

 The  use  of  satellite  communications  for 

aerospace  and  defense  applications,  including 

military communications, space exploration, and 

disaster response

 The importance of satellite communications for 

rural  and  underserved  areas,  including 

broadband access, telemedicine, and education

With its  comprehensive coverage,  clear explanations, 

and  real-world  examples,  The  Satellite  Age is  the 

ultimate  resource  for  anyone  seeking  to  understand 

and harness the power of satellite communications. 
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Chapter  1:  Satellite  Communications: 

Principles

Electromagnetic Spectrum and Propagation

The  electromagnetic  spectrum  is  the  range  of  all 

possible frequencies of electromagnetic radiation. It is 

a continuous spectrum, meaning that there is no gap 

between  any  two  frequencies.  The  electromagnetic 

spectrum is divided into several bands, each of which 

has its own unique characteristics and applications.

The  electromagnetic  spectrum  is  divided  into  the 

following bands:

 Radio  waves: Radio  waves  are  the  lowest 

frequency band in the electromagnetic spectrum. 

They  are  used  for  a  variety  of  applications, 

including broadcasting, telecommunications, and 

navigation.

 Microwaves: Microwaves  are  the  next  highest 

frequency band in the electromagnetic spectrum. 
7



They  are  used  for  a  variety  of  applications, 

including  radar,  satellite  communications,  and 

microwave ovens.

 Infrared  radiation: Infrared  radiation  is  the 

next  highest  frequency  band  in  the 

electromagnetic spectrum. It is used for a variety 

of applications, including thermal imaging, night 

vision, and remote sensing.

 Visible  light: Visible  light  is  the  next  highest 

frequency band in the electromagnetic spectrum. 

It is the only band that can be seen by the human 

eye.

 Ultraviolet  radiation: Ultraviolet  radiation  is 

the  next  highest  frequency  band  in  the 

electromagnetic spectrum. It is used for a variety 

of  applications,  including  disinfection,  curing 

plastics, and tanning.

 X-rays: X-rays  are  the  next  highest  frequency 

band in the electromagnetic spectrum. They are 

used  for  a  variety  of  applications,  including 
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medical  imaging,  security  screening,  and 

industrial radiography.

 Gamma  rays: Gamma  rays  are  the  highest 

frequency band in the electromagnetic spectrum. 

They  are  used  for  a  variety  of  applications, 

including  medical  imaging,  cancer  treatment, 

and nuclear power.

The propagation of electromagnetic waves through the 

atmosphere  is  affected  by  a  number  of  factors, 

including the frequency of the wave, the distance over 

which  the  wave  is  traveling,  and  the  presence  of 

obstacles.

At low frequencies,  electromagnetic waves can travel 

through  the  atmosphere  with  relatively  little 

attenuation.  However,  as  the  frequency  of  the  wave 

increases, the attenuation increases. This is because the 

higher frequency waves are more likely to be absorbed 

or scattered by molecules in the atmosphere.
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The distance over which an electromagnetic wave can 

travel is also affected by the frequency of the wave. At 

low frequencies, electromagnetic waves can travel over 

long  distances  with  relatively  little  attenuation. 

However, as the frequency of the wave increases, the 

distance  over  which  the  wave  can  travel  decreases. 

This is because the higher frequency waves are more 

likely to be absorbed or scattered by molecules in the 

atmosphere.

The presence of obstacles,  such as buildings or trees, 

can  also  affect  the  propagation  of  electromagnetic 

waves.  Obstacles can block or reflect electromagnetic 

waves, which can reduce the distance over which the 

waves can travel.
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Chapter  1:  Satellite  Communications: 

Principles

Satellite Orbits and Coverage

Satellites  orbit  Earth  in  various  configurations,  each 

with  its  advantages  and  applications.  Understanding 

these  orbits  and  coverage  patterns  is  essential  for 

designing  and  operating  satellite  communication 

systems.

Types of Satellite Orbits

 Geostationary  Earth  Orbit  (GEO): GEO 

satellites are positioned 35,786 kilometers above 

Earth's  equator,  orbiting  at  the  same  speed  as 

Earth's  rotation.  This  allows  them  to  remain 

stationary  relative  to  a  fixed  point  on  Earth's 

surface.  GEO satellites provide global  coverage, 

with each satellite covering a specific region.

 Medium  Earth  Orbit  (MEO): MEO  satellites 

orbit between 2,000 and 12,000 kilometers above 
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Earth, completing an orbit in several hours. They 

provide regional coverage, with a single satellite 

covering a wider area than GEO satellites.

 Low Earth Orbit (LEO): LEO satellites orbit  at 

altitudes  below  2,000  kilometers,  completing 

multiple orbits  per day.  They provide localized 

coverage, with each satellite covering a relatively 

small  area.  LEO  constellations,  consisting  of 

multiple  satellites,  are  often  used  to  provide 

continuous global coverage.

Coverage Patterns

The coverage pattern of a satellite is determined by its 

orbit, antenna beamwidth, and power.

 Footprint: The footprint of a satellite is the area 

on  Earth's  surface  covered  by  its  signal.  GEO 

satellites  have  a  wide  footprint,  covering  large 

regions.  MEO  and  LEO  satellites  have  smaller 

footprints,  with  their  coverage  varying 

depending on their altitude and beamwidth.
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 Beamwidth: The  beamwidth  of  a  satellite's 

antenna  determines  the  width  of  its  coverage 

pattern. Narrower beams provide more focused 

coverage,  while  wider  beams  provide  broader 

coverage.

 Power: The  power  of  a  satellite's  transmitter 

determines  the  strength  of  its  signal.  Higher 

power transmitters  enable  wider  coverage and 

better signal quality.

Factors Affecting Coverage

 Terrain: Mountains,  hills,  and  other  obstacles 

can block satellite signals, affecting coverage in 

certain areas.

 Vegetation: Dense vegetation can also attenuate 

satellite  signals,  reducing  coverage  in  heavily 

forested areas.

 Atmospheric conditions: Rain, snow, and other 

atmospheric  conditions  can scatter  and absorb 
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satellite  signals,  impacting  coverage  and signal 

quality. 
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 Chapter  1:  Satellite 

Communications: Principles

 Satellite Communication Technologies

Satellite  communication  technologies  encompass  a 

diverse  range  of  systems,  protocols,  and  techniques 

that enable the transmission of data, voice, and video 

signals  over  satellite  links.  These  technologies  have 

evolved significantly over the past few decades, driven 

by advancements in satellite design, signal processing, 

and digital communication techniques.

At the heart of satellite communication systems is the 

satellite itself,  which acts as a relay station in space. 

Satellites  are  typically  placed in  geostationary orbits, 

approximately  36,000  kilometers  above  the  Earth's 

surface. This allows them to remain in a fixed position 

relative to the ground, ensuring continuous coverage 

over a specific geographic area.
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Satellite  communication  systems  utilize  a  range  of 

frequency bands, including C-band, Ku-band, and Ka-

band. The choice of frequency band depends on factors 

such  as  the  required  bandwidth,  signal  attenuation, 

and interference. Higher frequency bands, such as Ka-

band, offer greater bandwidth and reduced latency, but 

they are more susceptible to signal degradation due to 

atmospheric conditions.

Multiple  access  techniques  are  employed  to  allow 

multiple users to share the same satellite transponder. 

These techniques include frequency division multiple 

access (FDMA),  time division multiple access (TDMA), 

and  code  division  multiple  access  (CDMA).  FDMA 

assigns  different  frequency  channels  to  each  user, 

while  TDMA  allocates  time  slots  for  each  user  to 

transmit data. CDMA, on the other hand, uses spread 

spectrum techniques to differentiate between different 

users.
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Satellite  communication  systems  also  incorporate  a 

variety of  modulation and coding schemes to  ensure 

reliable and efficient transmission of data. Modulation 

techniques,  such  as  phase  shift  keying  (PSK)  and 

quadrature  amplitude  modulation  (QAM),  convert 

digital  data  into  analog  signals  suitable  for 

transmission over satellite links. Coding schemes, such 

as convolutional coding and Reed-Solomon coding, add 

redundancy to the data to protect it from errors during 

transmission.

Satellite communication technologies are continuously 

evolving to meet the growing demand for bandwidth, 

reliability,  and  latency.  Advancements  in  satellite 

design,  such  as  the  use  of  high-throughput  satellites 

(HTS) and very small aperture terminals (VSATs), are 

enabling the delivery of broadband services to remote 

and underserved areas. Additionally, the integration of 

satellite  communications  with  terrestrial  networks  is 

creating hybrid networks that leverage the strengths of 

both systems.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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