Lecture 5
Satellite Systems
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1. Introduction to Satellites

« A Communications Satellite is an artificial object that relays
and amplifies radio telecommunications signals via a
transponder; it creates a communication channel between a
source transmitter and a receiver at different locations on
Earth.

« Communications satellites are used for television, telephone,
radio, Internet, and military applications

* A satellite travels in a special path, called its orbit.
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2. How do Satellites work?

eTwo Stations on Earth want to communicate through radio
broadcast but are too far away to use conventional means.

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

eOne Earth Station transmits the signals to the satellite. Up
link frequency is the frequency at which Ground Station is
communicating with Satellite.

eThe satellite Transponder converts the signal and sends it
down to the second earth station. This frequency is called a
Downlink frequency.

e he area which receives a signal of useful strength from the
satellite is known as the satellite's footprint.



3. Satellite vs. Ground Communication
Advantages

The advantages of satellite communication over Ground
communication are:

e(Greater coverage area

e [ransmission cost of a satellite is independent of the distance

Disadvantages
The disadvantages of satellite communication are:
[ LaunCh|ng COSt |S too h|gh Fast deployment of networks
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« Satellite allows immediate
deployment on critical areas




4. Satellite Footprint

Satellite Footprint: is the ground area that Satellite covers.

In geostationary orbit, communications satellites have direct
line-of sight to almost half the earth - a large "footprint”
which is a major advantage.

Dish sizes: |50 cm |




Heights of Space Objects
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Commercial Communications Satellites
Geosynchronous Orbit
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. Satellites Types by Bands

Band Downlink, GH; Uplink, GHZ Bandwidth, MH;
L .5 .6 15
\ 1.9 22 0
C 40 6.0 500

Ku 1.0 14.0 500

Ka 20.0 30.0 3300




Satellite Frequency Bands

e The three most commonly used satellite frequency
bands are:

1. C-band
2. Ku-band

3. Ka-band

e C-band and Ku-band are the two most common
frequency spectrums used by today's satellites.

e There is an inverse relationship between frequency and
wavelength--when frequency increases, wavelength
decreases and vice versa.

e As wavelength increases (and frequency decreases),
larger antennas (satellite dishes) are necessary to
gather the signal.



C -Band

« C-band satellite transmissions occupy the 4 to 8 GHz
frequency range.

* These relatively low frequencies translate to larger
wavelengths than Ku-band or Ka-band.

* These larger wavelengths of the C-band mean that a
larger satellite antenna is required to gather the minimum
signal strength, and therefore the minimum size of an
average C-band antenna is approximately 2-3 meters in
diameter.




Ku - Band

eKu-band satellite transmissions occupy the 11 to 17 GHz
frequency range.

e These relatively high frequency transmissions correspond to
shorter wavelengths and therefore a smaller antenna can be
used to receive the minimum signal strength.

eKu-band antennas can be as small as 18 inches in diameter.




Ka - Band

eKa-band satellite transmissions occupy the 20 to 30 GHz
frequency range.

e These very high frequency transmissions mean very small
wavelengths and very small diameter receiving antennas.
e The Antenna Diameter can range from 74 cm to 120 cm




6. Satellites Types by Orbits

e |EO (Low Earth Orbit)

e MEO (Medium Earth Orbit)
e GEO (Geostationary Earth Orbit)




Low Earth Orbit (LEO) Satellites

e Alow Earth orbit (LEO) is an orbit with an altitude between
160 to 2,000 Kms.

e At 160 km, one revolution takes approximately 90 minutes.
e The majority of satellites, have been in LEO.

e Earth observation satellites and spy satellites use LEO
Advantages:

e Better signal strength

e Short propagation delays (10 — 15 msec)

e | ow transmission power

e |ow price

Disadvantages:

e A network of LEO satellites is needed, which can be costly
e Small coverage spot

e High system complexity




Medium Earth Orbit (MEQO) Satellites

*MEO is in the region of space around the Earth between
2,000 to 36,000 Kms.

eUsed for GPS, communication, and space environment
science.

eAverage orbital period of 12 hours, as used, for example, by
the (GPS).

Advantages:
e |arger coverage than LEO.

e Fewer are needed than a LEO network.

Disadvantages:
e [ongertime delay and weaker signal than a LEO




Geostationary Earth Orbit (GEO)

eGeostationary Satellite: is orbiting at the same speed as the
Earth rotates, but it orbits around the equator and the earth
station antenna can be pointed permanently at the position in
the sky where it stays.

eFrom the Earth’s surface, an object in a geostationary orbit
looks like it is not moving at all.

*GEO is a circular orbit about 35,786 km above the Earth's
equator.

eCommunications satellites and weather satellites are often
given geostationary orbits, so that the satellite antennas that
communicate with them do not have to move to track them,.




Advantages and Disadvantages
of GEO Satellites
Advantages:

e A large coverage area, almost a fourth of the earth’s
surface.

e A 24 hour view of a particular area.
e Used for TV broadcast and other multipoint applications.
e Only 3 satellites in Geostationary orbit can cnyer

the entire globe. %Q %%
Q

Disadvantages: e
e Weak signal and a time delay in the S|gnal

e Have difficulty in broadcasting signals near polar
regions




7. Satellites Applications

1. Communication satellites

« Communications satellites allow radio, television,
and telephone transmissions to be sent live
anywhere in the world.

1- TV and Radio broadcast
2- Internet VSAT Systems
3- Mobile Satellite Communications
2. Astronomy satellites
e A big telescope in space and used for space observation.
3. Atmospheric studies satellites
« Used to study the Earth’s atmosphere
4. Navigation satellites

e Used to determine location of any object like GPS
5. Weather satellites

e Used to find out the weather anywhere in the world
any time of the day.
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How does GPS work?

The receiver picks up the signals from the satellites
Uses the signal travel time to calculate distances to
the satellites

Triangulates to determine position of the receiver




Typical Satellite Modem Specs

Network Topology | Star

Downstream Upstream
DVB-S2 Adaptive TDMA
Modulation | QPSK, 8PSK, 16 APSK, 32APSK BPSK, QPSK, 8PSK
FEC | LDPC, 1/4-8/9 2D 16-State, 1/2 - 6/7
Max. Symbol Rate | 1-45 Msps 128 ksps - 7.5 Msps
Max. Info Rate | 149.7 Mbps 19.2 Mbps
Max. IP Data Rate | 59.2 Mbps 16 Mbps
Spread Spectrum Up to 7.5 Mcps
(Max Rate Mcps) Spreading Factors: 2,4, 8

Max rates are achieved under optimal conditions.




