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What 1s Satellite Communication...

« A communication satellite is basically an
electronic communication package placed in orbit
whose prime objective is to initiate or assist
another through space.

o Satellite communication is one of the most
Impressive spin-offs from the space programs and
has made a major contribution to the pattern of
International communication.

e The information transferred most often
correspondence to voice (telephone), video
(Television) and digital data.
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Propagation Delay

Single Hop 270 ms Double Hop 540 ms
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Satellite Services

The ITU has grouped the satellite services in to three main
groups

Fixed Satellite Services (FSS)
Broadcast Satellite Services (BSS)
Mobile Satellite services (MSS)



Space Segment

o Space segment consist of a satellite in suitable
orbit.

o Space segment classified on the basis of orbit;
- LEO
- MEO
—~ HEO
— GEO & GSO



YyYoueTpo tT@v 00pu@opmy

I'emotatikng Tpoydg — Geosta-
tionary orbit (GEO) @ 11000 km/h
Meoaiag Tpoyas - Medium earth
orbit (MEO) @ 19000 km/h
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I'smotatikol Aopv@opor

* H peydin amodctoon tev 35786 km gubivetal yio peydieg kaBuotepnGelg
LeTdooonc, e tacemc tmv 250 ms yio povoopoun exkovovia, 500 ms yuo
appiopoun.

e ADGKOAN 1M ¥PNCOT GTPATNYIKDOV aviyvevong Aabav/enavapueTdooong.

e AdOvauo onua otav tasodyet 35,000 km.

IHAeovektnata: H aviyvevon g B€ong tov dopupopov ivar amin
oladwacio. Meydin meproyn kdAvyng. O1 aArayég otabuov Bdong Kot
™ odpkeln pog kKAnong/emkowvmviac (handoff) etvar e€apetikd ondvies.



GEOs

Circular orbits above the equator

Angular separation about 2 degrees - allows 180
satellites

Orbital height above the earth about 23000
miles/35786.16km

Round trip time to satellite about 0.24 seconds



GEOs (2)

GEO satellites require more power for
communications

The signal to noise ratio for GEOs is worse
because of the distances involved

A few GEQOs can cover most of the surface of the
earth

Note that polar regions cannot be “seen” by GEOs



The Future

given current-generation LEO’s and MEQ’s are
predominately used for mobile voice and low-
speed data services (MPSS)

— good voice coverage for remote regions

— adjunct to GSM mobile networks ~ Globalstar



the future

 continual development in VSAT (GEO) technology
— bandwidth gains
— multiple services = choice

e Broadband LEOs @) ‘ /
} i\:{
\

— Teledesic -
 fixed and transportable terminals * (s
e 64k — 2M - and above (Gb)
o 288 satellites p
2005 launch?? 4

— SkyBridge
o 80 satellites
« 2004



what 1s SkyBridge?

SkyBridge is an Alcatel controlled company planning to
establish a constellation of 80 satellites to provide
broadband data communications direct to business &
residential premises.

Satellites are Low Earth Orbit (LEO) at an altitude of
1500 km

offers “last mile” broadband access from 2004

— no long-haul trunking capability - connects users to
terrestrial gateway

System cost is approx US$4.8bn




XapoKTNPLOTIKE 00pV@OpoV youning tpoyras (LEO)

Kvkhcn/ehappac eAhentikn tpoytd kdto and 2000 km. IlTepiodoc tpoyrag 1.5 - 2
wpes. Adpetpog kdAvyng mepimov 8000 km. Kabvotépnomn diddoong apeidopounc
emkowvoviag < 20 ms. Méy1otog ypovog opatotntag dopveopovg uéxpt 20 Aentd. H
ATULOCQALPTKT TPPN £YEL OC ATOTEAEG L AAAOYT) GTNV TPOYLA

Miwkpot LEO dopv@opor
Xvyvotntec katm oo 1 Ghz, ebpog cuyvortwv SMHz. PvOuoi oedopévmv
ueyxpt 10 kbps. Xpnon oe aviyvevon (tracking), ewdomoinon (paging) kot
unvopaTo younAov pvouov.

Meyaior LEO 6opo@opor
Xvyvottec mavm and 1 GHz. Yrootpilovv puBuoic dedouévov uéypt
uepikd Mbps. IIposeépovv Tig 1d01ec vanpeoiec pe ta ukpd LEOs ko,
EMMAEOV, LINPECIEC TNAEPMVINC Ko aviyvevong Béong.

MELOVEKTNNOTA O0PVPOPOV YOUNANS TPOYLAS
* H opatodtnta puikpng obpkelog amottel ToAvdptduovs oynuaticong

* H d1bpketa Cong Tmv 00pu@opmV HEIOVETAL OpAcTIKA OTaV BpioKovial 6e younin
TPOY1d.

* Avtd To 000 YOPAKTNPIOTIKA ETNPPEAOVY o€ peydro Pabud ta okovoulkd dedoueva,
TOV 00PLPOPIKMOV GLOTNUATOV YOUUNANG TPOYLEC.



XopoKTNPIoTIKA 00pLPOpmV necaiog tpoytdc (MEO)

o  KvkAikn tpoyld o€ vyouetpo mwov kopoiveror ard 5000 péypt 12,000 km
e Ilepioooc tpoyrdc: 6 wpeg
e Awduerpog kédivyng: 10,000 wg 15,000 km

* H xabvotépnon dddoonc onuotoc oe aupiopoun entkovovia (round trip)
etvar pikpotepn and S0 ms

e  Méyiotog pOVOC 0paTOTNTAC OOPLPOPOV EIVOIL LEPIKES DPEG



Hellas sat footprint (F1-beam)




Hellas sat footprint (F2-beam)

Figure A2-1: F2 Transmit coverage, 11GHz, EIRP contours
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& Astrium

30 x 36 MHz transponders, onboard plus 8 x 36 MHz
redundant,12 on fixed beam F1, 6 on fixed beam F2, up to 12 on

beam S1 and 6

on beam S2.

Each channel can carry data at 45Mbps information bit rate. Raw
bit rate at 60 Mbps. Uses FEC (turbo codes), FDMA/TDMA.
Fixed over Europe, Steerable over Southern Africa, Middle East,

Indian subcont.

- Southeast Asia



Global Positioning System (GPS)

O mpocdiopiopodg Xwpov ko Xpovov pesm GPS yiveran pe ) Aym
oNUATOV 0o 4 O1POPETIKOVE 00PLYPOPOVC KO “TPry®VomToinon”

Peter H. Da
T

bl
ol

i
Y
i

/ AU_'\V /\%
X s

L Tk L [ T [ |

5 Global Positioning System Satellites and Orbits
. . 'or 27 Operational Satellites on September 29, 199§
GPS Nominal Constellation for I f
24 Satellit l 6 Orbital Pll Satellite Positions at 00:00:00 9/29/98 with 24 hours (2 orbits) of Ground Tracks to 00:00:00 9/30/98
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2.€ 00O O0IGTAGELC:

\ /" Tify 100 svpd
O1 dopvEopo1t Eyovv atomic clocks (50-100K). Ot 6ékteg amAd
quartz poAoyla ta 0moio 01opHOVOLY GLVEYMC.

Ta ypovikd AaOn etval g tacng peyEbovg nNS! TToAAEC mOaveg
EQAPLOYEC TNG OLVATOTNTAC AVTHG GLYYPOVIGULOD GE OTKTLA.



[Inyéc AaBwv

A4 Aoy® BopvPov oty cuokevn Tov dEkTn (1M).

A&On ov opeilovton oTov avOpwmivo Tapdyovo AOY®
okomuottev (100m).

AGON otV axpifelo TV pOLOYIOV TV 00PLPOPMV.

AdOn Tov opeilovton GTNV TPOTOGPALPA, LOVOGPOPU. TNG YNC
(1m).

A4 otig TpoyiEc Tmv dopveopwv (Im. H DARPA ctélvel
TEPLOOIKA GTOVG OEKTEG TIC VEEC CUVTETAYUEVEC).

A 4O mov opeilovton oto poavouevo multipath.

A&On ov opeilovton oty yempeTpla Kol 611 BEom TV
O0PLPOPWV GTO YDPO




Major problems for satellite

Positioning in orbit in-term of Frequency & Orbit
Selection

Stability

Power
Communications
Harsh environment
Interference Problem



Limitation of Satellites

High initial investment

New investment require in Ground Segment
Short life time

Spectrum crowding

Regulatory aspects (landing rights etc.)
Launch vehicle reliability



Advantages of Satellite

Wide band capability

Wide area coverage readily possible
Distance-insensitive costs

Counter inflationary cost history

All user have same access possibilities

Point to point, point to multipoint (broadcast)
and multipoint to point (data collection) are all
possible

Inherently suited for mobile application.
Compatible with all new technologies
Service directly to the users premises



Applications

Communication
(truncking call)

Teleconference
Telemedicine

TV Broadcasting
Data communication

Telemetry(TEC,
remote sensing etc)

Weather telecast
Navigation

GPS

Security/Calamity
monitoring

Standard Time
Military
Remote Sensing



Eion moAlamig tpocsPacnc

e [loAlomAn mpocPaon ue dwaipeon cvyvotntoag (FDMA)
e [loAlomAn mpocPaon ue dwaipeon ypdvov (TDMA)
e IToAhamin mpocPaocn pe dwaipeon kmotko (CDMA)

XapoatnyikeS Avaleonc XopnTikOTNTog

e Iloihami mpocPaon pne otadepn avadeon (FAMA)

H SwaBéoiun yopntikotnta avatifetor 6toug otabuovg kot n avabeon tapapevel
otadepn).

H {\mon umopel va Topovustdcel S10KVUAVOELS, TOV £XEL WG OTTOTEAEG LA, YAUNAO
TOGOGTO YPNONG TNG GLUVOAIKNG YOPNTIKOTNTOG,.

e IloAhamin mpocPaon pne avadeon pe Paon ™ Opnon (DAMA)

— H avdBeon ¢ yopntikdtnrog aAlalel avaioya yio vo, avTILeTOTicel BEATIOTA
TIC aAAayEC ot Tnon.



Aetrtovpyio FAMA-TDMA

Metdooon ue ™ popen akorovdiog mAoucimv
— Kdébe mrlaiclo otoupeitar oe ypovikéc oylo e
— Kdébe oyioun ypnowwonoteitor and Evov GLYKEKPIUEVO GTOOUO

Ot ynuvot otafuol ypNGILOTOI0VY UE TN GEPA TOV OIOVAO
EMKOVOVIAC TPOS TOV 00pVPOPO (uplink)
— ATOGTOAN 0EOOUEV®V GTNV YPOVIKT) GYLCUT TOL EXEL ovaTeDel
O 00pVEOPOC AVOALETAOTOEL TIG EIGEPYOUEVEC UETOOOGELG
— Exmoumn npog 6Aovc toug otafuong
Ot otaBpol mTpémel va EEPOLV O, YPOVIKT] GYIGUT TPETEL
VO, YPNGLULOTOGOVV Y10 EKTOUTT| KOl TO1A Y100 Ay
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IRIDIUM

® Motorola

» ®ovn, Asdouéva, Fax, Yanpeoiec 0éong

* 66 dopvEOPOoL e 6 ToMKES TPOoYLES (780 km)
* 48 onuelaKES 0ECUES VA dOPLEOPO, TOL
oynuatiCoov “koyérec”

* 2OVOEGLOL O0PLPOPOVL LLE OOPLPOPO, KAODG
KOl LE TO €00(POG

« FDMA/TDM

* Yrootpilel aAlayn dopu@Opov KaTd
OLdpKeLo KANONG




GLOBALSTAR

® |oral, Qualcomm

» dovn, Aedouéva (9.6 kbps), Fax, Yanpeoieg O¢ong
* 48 dopuPOpoL, KeEKMUEVES TpOYLES, 1400 km

* CDMA teyvikéc mpocfaomng

» Aev vootnpilel allayn 60pvEOPOL KATA TN
OLApKELN KANONG, AOY® TOV UEYAA®V YPOVDV
oOpATOTNTOG OTTO TO €000 TOL e€acParilovTon o
7O TIG EMEMTIKEC OEGLES TV S0PLPOPDV




Channel
Characterization



The Sequence of Signal Processing and Transmission

Transmission

a pY
Frequency Conversion Frequency Conversion
] 1
Demodulation
T I
Interleaver De-Interleaving
1 !
Channel Coding Channel Decoding
1 4
Multiplexing Demultiplexing
] !
Encryption Decryption
1 !
Source Coding Source Decoding
1 I
Digitization Display




Signal processing and transmission

Digitisation higher reliability, low cost, less susceptible to noise,
Source Coding to reduce bit rate for transmission

Encryption for communications privacy

Multiplexing for efficient transmission of multiple channels
ChannelCoding for error free transmission

Interleaving for robust error correction

Modulation Imparting baseband information to a carrier

Frequency Conversion to operate at radio frequencies



Multiplexing and Multiple Access

For the majority of data communications that take place,
there is a requirement for several users to share a
common channel resource at the same time.

For multiple users to be able to share a common
resource in a managed and effective way requires some
form of access protocol that defines when or how the
sharing is to take place and the means by which
messages from individual users are to be identified upon
receipt. These sharing process come to be known as
multiplexing and multiple access in digital
communications.



Multiple Access and Multiplexing

Multiple Access:is the ability for several earth
stations to transmit their respective carriers
simultaneously into the same satellite transponder

Multiplexing:is the reversible operation of
combining several information-bearing signals to
form a single, more complex signal.



Multiple Access and Multiplexing

Multiple Access Multiplexing

at radio frequency at baseband
TDMA - TDM
FDMA - FDM

CDMA - CDM



FDMA

 Used extensively in the early
- . User
telephone and wireless multi- Source
- - bandwidth
user communication systems

 |If a channel, such as a cable,
has a transmission bandwidth /§
W Hz, and individual users

require B Hz to achieve their Frequency
required information rate, Frequency division multiple access
then the channel in theory
should be able to support W/B
users

User 3

LG error and
Doppler shift

 Near-Far problem

Frequency
Frequency division multiple access



Freguency Division Multiple Access; FDMA
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TDMA

The basic principle behind time division multiplexing is
that the user has access to a modem operating at a rate
several times that required to support his own data
throughput, such that he can send his information in a
time slot that is shorter than his own message
transaction. Other users can then be assigned similar
time slots on the same channel. Clearly if the data rate
on the channel is w bits/second, and each individual user
requires only b bits/second, then the system can support
w/b simultaneous users.

In TDM systems, users are assigned a time slot for the
duration of their call whether they require it or not.



TDMA

Freguency
Time division multiple access
Near—far

TDMA power

error

Timirg
Brror

Frequency
Time division multiple access
in a wireless environment

Near — Far Effect in TDMA



Example of a TDMA system

 The IS a very good
example of a TDMA

GSM TDMA data and frame structure

Verioge da | Tondngess | Wewege oo

g o] ffe] oo » @ EE DKL [raming s |

L _.i GSM frame -

-—

Guard-Lime


http://www.gsmworld.com/

Time Division Multiple Access; TDMA
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Time Division Multiplexing

burst,
to Joe

/ Z 2’: E::" /

to Bill

i
7

burst,  burst,

to Tim

burst_
to who?

a coherent stream of data



CDMA

In recent years, the interference immunity of CDMA for
multi-user communications, together with its very good
spectral efficiency characteristics, has been seen to offer
distinct advantages for public cellular-type
communications.

There are two very distinct types of CDMA
system,classified as direct sequence CDMA and
frequency hopping CDMA. Both of these systems involve
transmission bandwidths that are many times that
required by an individual user, with the energy of each
user's signal spread with time throughout this wide
channel. Consequently these techniques are often
referred to as spread spectrum systems.



Code Division Multiple Access; CDMA

Upli Downlink
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Sprectrum Spreading with PN Sequence

narrrowband wideband narrrowband
signal signal signal
/\ f ~ SN f /\ f>
PN-Sequenge PN-Sequengs

PN-Syn-
chronization




FDMA, TDMA, CDMA in bandwidth, power and time

time
time
't
power time
bandwidth ]
power
FDMA | R
bandwidth
power
TDMA
bandwidth

CDMA



Througput in TDMA, FDMA and CDMA

100

Througput
in %

50

10
Number of users

100



Channel Reservation

Access Contro

bre-Assignme DAMA*

No Reservation Some Reserve’s

——————

Polling Request

Co-Channel | Request Channel | Spread Spectrum

N oL

Slotted ALOHA §Pure ALOHA

Rigorous Polling | Selective Polling

<

No Reservations@ Some Reserve’s
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