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Basics of Satellite Communications

(Duration: 90 Minutes)

Note: Please ask Questions Anytime!

Presenter : E. Kasule Musisi
ITSO Consultant

Email: kasule@datafundi.co.ug
Cell: +256 772 783 784
Skype: ekasule
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Technology Trends

Polarisation
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Birth of satellite communications 4,

Communications satellites may be used for many applications:
A relaying telephone calls

providing communications to remote areas of the Earth,
TV direct-to-user broadcasting

providing communications to ships, aircraft and other mobile vehicles
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Birth of satellite communications
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A communications satellite acts as arepeater
Satellite

Transmitting

| Receiving
Earth station

Earth station
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Frequently Asked Questions (FAQS)

A Who invented satellites?
I Arthur C. Clarke, who went on to be a well-read author of science fiction novels.

A When were satellites invented?

I The first satellites were experimentetdeWwsahos
first satellite, which wasn&Apill1965d 6 Ear |l y Bi r d

A How big is a satellite?

I (Based on the I ntel sat ab8ut4ss5e0rkiograms! WiBehfoourte fluieflt
about 2,000 kilograms! The body is 5.6 meters & a n the solar panels are 31 meters wide
I more than a 10-story building!

A How many years can a satellite last?

I It varies by satellite type. The type of satellites owned by Intelsat can last over 20 years,
but typically their work life is approximately 15 years.
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Frequently Asked Questions :

A How do you fix satellites if they get broken?

I The satellites send bac kgrourdengiheerkall thbtane.kPde- i nf o
developed commands are sent to the satellite to perform certain functions, such as firing a
booster or changing the angle of a solar panel, so that it can repair itself.

A How does a satellite get its power?

I Mostly solar power collected by the solar arrays/panels. There are also batteries on the
satellites for the times when the satellite passes through the earths shadow. This is called

eclipse.

A How much power does it take to transmit a signal?

I The power used to send a communications signal to the Earth from a satellite is about the
same as a typical 60W light bulb, just like you have at home.

A What kinds of people work in the satellite industry?
I Al kinds! Engineers, rocket scientists, sales people, writers, accountants and lawyers.
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In the context of spaceflight, a satellite is an object which has been placed
into orbit by human endeavor.

Such objects are sometimes called artificial satellites to distinguish them
from natural satellites such as the Moon.

RECEIVE
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First satellite was launched in 1957 by Russia. It was named oSputnik 1 0
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INTELSAT I(nicknamed Early Bird for the proverb "The early bird catches
the worm") was the first (commercial) communications satellite to be
placed in geosynchronous orbit, on April 6, 1965.
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Benefits of Satellites

A Adaptable to customer requirements

A Mobility

A Cost advantage

A Not affected by geographical obstructions
A Quick implementation

A Alternate routing or redundancy

A Cost is independent of distance

A Cost effective for short term requirements
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Satellites are complementary to cable for the following reasons:
A Submarine cables (and landline fibre) are subject to cuts
A Interim solutions for cellular backhaul and internet  trunking

A Satellite systems utilizing MEO (medium Earth orbit) have both
high capacity and high quality (low latency) and cost.
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Types of satellites

Communications satellites

Weather satellites: provide meteorologists with scientific data to predict
weather conditions and are equipped with advanced instruments

Earth observation satellites

Navigation satellites: Using GPS technology these satellites are able to provide
a person's exact location on Earth to within a few meters

Broadcast satellites : broadcast television signals from one point to another
(similar to communications satellites).

Scientific satellites : perform a variety of scientific missions e.g. the The
Hubble Space Telescope

Military satellites
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Uplink - The transmission of signals to the satellite
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Downlink - The transmission of information from the satellite.
Many Earth Stations can be covered by one satellite beam
footprint
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ANOTE:
| Satellites receive at a different frequency than
they transmit at

| Different wavelengths give different radiation
patterns on the antennae

| This causes slightly different footprints for uplink
and downlink

| For marketing reasons the patterns may be
different
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Communication Links ,,
A satellite beam ofootprint

C-band East Hemi Beam Peak up to 44.3 dBW
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The Space Segment

A satellite communications ( satcom) system maybe
| ooked at as comprising of t
segment 6, the oground segmert

medium ( the space between the Earth and the
satellite)
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The Space Segment ,

A A telecommunications satellite comprises:

I Aplatform (or bus): propulsion system, fuel tanks,
batteries, solar panels, attitude and orbit control
functions, etc. It Is usually standardized by the
manufacturer.

| Apayload: the equipment used to provide the service for

which the satellite has been launched. It Is customized for
a given mission .
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The Transponder:

This is the equipment which provides the connecting

|l 1T nk between the satellitebo
antennas. It forms one of the main sections of the

payload, the other being the antenna subsystems.
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The Space Segment 4

Block Diagram of a Communications Satellite
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The Space Segment .

Satellite Capacity

A Typically satellites have between 24 and 72
transponders.

A A single transponder is capable of handling up to 155
million bits of information per second (155 Mbps)
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The Space Segment

A closer look at the Transponder

Input frequency Qutput frequency

Low noise Power
amplifier amplifier

Frequency coverage
limited to bandwidth
required to be received

anal
oscillator
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Key aspects of Satellite Design:
AElectrical Power
AStation Keeping
AAttitude Control
AOrbital Control

AThermal Control
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Satellite Design 4,

Direction of motion
before correction .~
Engine G
P

ignition
2 -~

% Direction of motion
after correction

Spin stabilizati

Antenna

Orbital Control

A Necessary keep the satellite
stationary with respect to all
the earth station antennas
that are pointed at it.

A Each satellite carries a thrust
subsystem to give it an
occasional nudge to keep it
"On Station."
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Questions so far?
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The Ground Segment ;=

Topic Outline:

A Earth station components

A Factors governing antenna sizes

A The differences between a major earth station and a VSAT

A Permissions required to install and operate a VSAT / Earth
station
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The Ground Segment ,;:

Indoor Qutdoor

Equipment Rack

Feed Horn

Contains:

Modems,

RF Power Amplifiers
Data Communications
Equipment

Data Networking Eqpt
UPS

etc

Reflector

To o Po o Do Do

Rigid Mounting

Earth Station Components dgeneric simplified diagram
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The Ground Segment ;=
Earth Station Components - simplified list

A

o Io Po Do o Do Ix

Reflector dPhysical reflecting piece dfocuses signal into the LNB assembly and / or
focuses the transmission signal towards the satellite

Feed horn d Device to accept the focussed RF signals into the LNB or conversely to
output the RF signal to the satellite

Power amplifier d Device that accepts a signal from the modem and boosts it to a
suitable level for onward transmission to the satellite

LNA,B or CdLow Noise Amplifier d Receives the signal from the satellite,
Modem d Converts a data signal to one suitable for transmission to the satellite
Up Converterd Converts the modulated signals from RF to RF frequency
Down Converterd Converts the modulated signals from RF to RF frequency

Mounting d Some form of mounting to hold the antenna assembly vertical and
pointed correctly under most normal condition
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Uplink Block Diagram

Modem

| FL——» Up- Converter

- IFL >

Simplified Uplink Block Diagram

Transmitter

Ant enna
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Downlink Block Diagram

Modem

—IFL

Down-Converter f¢#———————————IFL

Simplified Downlink Block Diagram

LNA
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The Ground Segment ;=

Picture of a VSAT
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Picture of a VSAT components

Transmit ca
From indoor m
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The Ground Segment g,
Factors governing Reflector sizes

Why install a large antenna when a small one would do the job?

ATransmission:

V Large earth stations have smaller BEAM Width'sherefore point
more accurately

V Less RF signal wastage

V Less cosatellite interference
V Link budget requirement

V Cost factors

I Larger antenna may be less than the cost of a lease with a
smaller antenna
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The Ground Segment g/,

3D Antenna Radiation Pattern
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The Ground Segment 445

AReceiving:
V Antenna Gain dictated by the Link Budget

V Large earth station can receive a weaker signal than
the equivalent small antenna

V Cost implications with the Link Budget
V Planning permission
e.g. Europe 0.9M is the minimum size
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The Ground Segment /4=

The differences between a Major Earth Station and a VSAT

VSATO Very Small Aperture Terminal
A VSAT is typically a small earth station 0.7M to 3.7M
Usually operates a single service or application

Major Earth Station

Typically A Major Earth station is sized from 3.7M to 16M+ weighing 20 T or mo
re costing $1M+

Basically same components in each station
Supports multiple services

All components redundant

Can transmit and receive in multiple polarisations
Usually configured with large RF power amplifiers
Always connected to suitable Power supplies
Usually connected to multiple terrestrial paths

To To Io Io Po Do To  Io Do Do Do P>
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Photos of Large earth station antennas
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Permissions required to install & operate a VSAT /
Earth station

AJust because it can work does not necessarily mean you may go
out install and operate!

APlanning permission
V  Local Authority building departments
V Zoning issues
ALandl ordds per mi ssi on
Will the landlord permit your activity?
ARegulatory authority
Does the law allow you to build and operate?
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The Ground Segment ;4=
Teleports:

A Multiple large earth stations

A Well specified antennas

A Good power systems

A Ample Rack space for ancillary equipment
A 24X7 staff on-site to maintain systems

A Quality support and technical staff to assist with design, install
and operation

A Good terrestrial connectivity

A Preferably to more than a single fibre supplier
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The Ground Segment ;-
A Typical Teleport
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Questions so far?
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Satellite Orbits
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GEO

;. INTELSAT




&3 2 LT
" 7 MEO
. . LEC,‘- - /
Satellite Orbits ,/; ——m LY ——
GEO
Type LEO MEO GEO
¥ S0 Ee_trth Qg Medium Earth Orbit Geostationary Earth Orbit
Description Equatorial or polar : : . .
orbit Equatorial or Polar orbit Equatorial orbit
Height 100-500 miles 600612000 miles 22,282 miles
Skl V'?'b'“ty 4 15 min 2-4 hrs 24 hrs
orbit
Lower launch costs Covers as much as 42.2% of
Short round trip signal | Moderate launch cost the earth's surface Ease of
Advantages

delay
Small path loss

Small round trip delays

tracking
No problems due todoppler

Disadvantages

Tracking antenna
required

Short life, 5-8 years
Encounters radiation
belts

Tracking antenna required
Larger delays

Greater path loss than
LEO's

Largeround trip delays
Weaker signals on Earth

‘_. INTELSAT.
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Satellite Orbits ;-
Applications

A Low Earth Orbit:

~
~

—_—

Earth Observation
International Space Station
Satellite communications (constellations )

Navigation: GPS, Galileo, GLONASSetc

A Medium Earth Orbit:
I
I

A Ge
I
I

Satellite communications (constellations)

ostationary Earth Orbit:

Satellite communications
Meteorology
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Inclined Orbits: Implications -
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for earth station tracking:

Stations must have tracking
systems so that their pointing
IS adjusted to aim at the
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Satellite Orbits /-

Orbital Slot Registration

The ITU Member States have established a legal regime, which is codified through the
ITU Constitution and Convention, including the Radio Regulations.

In 1988, the ITU acknowledged that all countries, including lesser developed
countries, have an equal right to orbital slots.  However, Article Il of the Outer Space
Treaty forbids any claim of sovereignty by any country in space, which would not
allow countries to establish dominion over the orbital slots above their territory. At
conferences in 1985 and 1988, the ITU did give all countries the rights to an orbital
slot directly over their territory, which would ensure at least some access to these
satellites to all countries.
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Satellite Orbits -,

Commercial Communications Satellites
Geosynchronous Orbit

) Others 146 o
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Building and launching a telecommunications
satellite .

A It takes about 3 years to get a GEO telecom satellite built and
launched.

A Satellite payloads are customized for a given mission.

A Satellites are heavily tested on the ground in facilities that
reproduce the space environment:
I Mechanical, Thermal, Noise and RF tests

A Typical cost of a satellite is $150-$250 million

I  Some satellites can cost as much as $500million.

I Not including launch services ($55-$100 million) and insurance.
ol INTELSAT.
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Building and launching a telecommunications
satellite .

GEOSatellite Launch
Multiple burns to achieve GEO orbit

Operational
phase

Deployments

\

Drift orbit
phase

Transfer
orbit phase

M931029-91

I.AM burns
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Building and launching a telecommunications
satellite 5,

Generic Transfer Orbit Profile




