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At the end of the Course, Student will be able to:

CO 4 : Explain satellite Transmitters, Receivers, Antennas, LEO and N

Systems..
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At the end of this lecture, Student will be able to

understand:
LO 1 :Multiple Access Techniques, FDMA
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lntroductlon' =11 [onz] [ors]/[one] .

Frame period — Time

The ability of satellite to carry many signals at the same time is known as TDM;

multiple access Power T

A large geo satellite may have a communication bandwidth of over 2000 Station N ; il 1‘
MHz with an allocated spectrum of 500MHz. : Stationd ‘
Individual transponders may carry one signal, a single analogue tv S aon.d :
program for example , or hundreds of signals , as with mobile satellite Station ;ransponder T Frequency :
telephone systems. CDMA

Multiplexing and demultiplexing

The multiple access technique will influence the capacity and flexibility
of the satellite communication system, it’s cost, and its ability to earn
revenue.

There are three multiple access techniques: FDMA,TDMA and CDMA

In CDMA, the earth station transmits orthogonally coded spread
spectrum signals that can be separated at the receiving earth station by
correlation with the transmitted code.
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Transponder 1

lefere.nce between multiplexing and multiple - Transponder bandwidth 36 MHz -

accessing — T
i ion i 0 10

If the.proportlon allocated to.each ear_th station is / USA\ /55\

fixed in advance, the system is called fixed access ]

or pre assigned access.
« s 3714 3726 3738
Carrier frequency in MHz
Demand access
Transponder 2
Transponder bandwidth 36 MHz ”

Systems which combine both FDMA and TDMA
techniques are some times called as hybrid %ZSOA\ -CL(i)Ie
multiple access schemes or multi-frequency

TDMA(MF-TDMA)
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FDMA:

When satellite communications began in 1960s, most of the traffic carried by sateliite was
telephony

Basic group- 60-108kHz

Super group- 60-300kHz
Multiplexed telephone channels

Y

e Transponder bandwidth 54 MHz

FDM-FM-FDMA » )(J(
FDMA b
SCPC 11 12] |31 {4] {5] |6] |7| |8] |9
TDM-SCPC-FDMA
| ((
P el Tl
40 kHz digital speech channels 10 kHz guard bands
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CALCULATION OF C/N WITH INTER-MODULATION:
(C/N)o=1/[1/(C/N),p, + 1/(C/N) 4, +1/(C/N)jy ]
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TDMA:

TDMA SYSTEMS, because the
signals are digital and can be
divided by time, or easily
configured for changing traffic
demands, are resistant to noise
and interference, and can readily
handle mixed voice, video and
data traffic.

Time overlap of two rf signals is
called collision

BITS& SYMBOLS

TDMA FRAME STRUCTURE:
Preamble and traffic bits
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Frame period T, us -] s fram:
ISED o
T Guard time .
Traffic: N bits ’
Preamble 1
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Frame size: 125us-20ms
The time T, ,available in each station burst
for transmission of data bits is

= [ - ( + )N s

In 1s, the total number of bits C, ,

transmitted by each earth station is
= - ( + )x T

The number of speech channel that can be
carried by each earth station is given by n
where

n= [ -+ )lx
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Sixteen 8-bit samples form each satellite channel
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Input from Shift register
Reference burst and preamble: receiver
CBTR: carrier and bit timing recovery i g \
Unique word: . ‘
1 R Summer
® Y == = |
A ; Z ‘—)
4 < | Output to
!
Bit clock ®— < g > | threshold
. B

A . circuit
0|10 |11 1\

Modulo 2 multipliers
(exclusive OR gates)

Unique word memory
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Guard times:
Collisions
1to5us

Synchronisation in TDMA networks

Maintaining synchronisation with the TDMA frame is easier than initial synchronisation when
an earth station joins a TDMA network.

Master station

Start of transmit frame

Satellite loopback synchronisation

Transmitter power in TDMAnetworks

Satellite switched TDMA:
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Transmitter power in TDMA networks

Satellite switched TDMA:
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Onboard processing:

The advantage of bent pipe transponder is its flexibility. Disadvantage is that it is not well
suited to uplinks from small earth stations.
FEC

Baseband processing transponders

High C/N ratio: 16-QAM

Satellite switched TDMA with onboard processing:
Packets having header and traffic section
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Satellite switched TDMA with onboard processing:

Baseband processing is essential.
Greatly increase the throughput of the transponder
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Demand access multiple access:

Telephony

Demand access requires two types of channel: common signalling channel and a

communication channel.
Voice and internet

A

Transponder handwidth 54 MHz

Y

64 kbps QPSK channels
I\ |
CSC|| 2 3 5 6 898|899 | |ICSC
5y .
S T ] s g

60 kHz channel spacing
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15 kHz guard bands
betwean channels
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Receiver for
FDMA-SCPC
hub station
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Random access
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Application

Packet radio systems and protocols:

Presentation

Session

Transport

Network

Data link control

K—

————————
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CDMA:
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Satellite communications

Incoming bit stream R, bps

Modulator

=

-1

-1

x5

1

Outgoing spread bit stream NR,

-1

-1]-1

Spreading PN sequence NAR, bps
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Packet radio Systems 5 Cil:Cked Register contents Output 20 Cil,imked Register contents QOutput
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CHAFTER 6 MULTIPLE ACLEDDS

Packet radio
systems and v
protocols: |

| Mc?g{ntor ‘. clilal1l+T
| , l_ l_[l- - I -IA—I -(\‘ > ] 1] 'r1f['[‘, __J.__]*LLJ~[l{

!
'

! 1 t st
Incoming spread bit stream ‘n : Recovered bit stream

———

‘I

f
F ] ] F, R
I -1 --1F —1I _1[_1[ f

Despreading PN sequence
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:overage of LEO satellite

Low earth orbit and non-
geostationary satellite

systems:
Orbit considerations:

Equatorial LEO satellite

N . i S

Applications and orbit selection parameters (2

Equatorial orbits: N
: 1

Prograde and retrograde orbits Ao G

Inclined orbits: LEO satellite (shaded area)

Inclined orbit LEO satellite
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Molniya orbit

GEO orbit
distance
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Van allen radiation
belts

Outer Van Allen belt

Inner Van Allen belt

o -
———— ——

«—— ~15,000 km ————

—’{ le—— ~1,500 km ,
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Sun synchronous
orbit

* Sunlight
=l

Sun —_
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Local horizon at

Coverage and

|
|

| earth station, E, looking

lI toward satellite, S
frequency |
considerations: ‘.
|
‘|
|
!
|
15-05-2023

Satellite communications MSR Sekhar, Associate Professor, ECE

34




() ADITYA
d@%gm\

#ommaea=n: ENGINEERING COLLEGE (A)

Elevation angle considerations:

Paths to satellite V\\
‘.‘.-‘ / M
“. \
- ~
-..--...“-B \\ c
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7 ,
[/ Stratiform rain / /// / K //
775 9%

o 7 7S
Lo 0 7
//

/,

Earth station

15-05-2023 Satellite communications MSR Sekhar, Associate Professor, ECE 35



=T - o T T e T e T e e Tl & &S r-.-—- e

Track of sub
satellite point along
surface of earth

i
Movement of coverage

area under satellite

)

{

§

i
Orbital path \ A
of satellite \

Earth




I e

Spectrum A

Spectrum B

Spectrum C

Instantaneous coverage




15-05-2023

Satellite communications

+20°

£ : HO
imQ‘ini%!z%\ lﬁGlNBm!e-!:lEA(A) ,
”
Number of beams per coverage: N 10°
\ \\ B b 7] —20°

+30° 420° +10° 0°

(a)

90

60

30

Latitude
o

-30

Longitude
(b

38

MSR Sekhar, Associate Professor, ECE




<\ 7,8
A D%Elfk\

TN

Number of beams per coverage:
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Satellite communications

Direction
of beam

Phase front

________ of beam
« Y
A A A A
OO ¢
HPA
T Input signal
(@)
T Direction Phase front
___________ f of beam of beam
Directradiating TS ===—l___ /
eement TTT==Ll_
R AT L T, L
G G, G, G, G, G ||| G
s 0 ¢ ¢ ¢ o . J| ¢
Input signal
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Off axis scanning
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Main lobe of Boresight of

transmit antenna rammll antenna
.Recei
antrt::::: “_,ﬂ,,_. T"ﬂm;mlt
e e e antonng
__.__———___——
(a)
Main lobe of
transmit antonna
Set of receive /
a
niennas ( Required total

scan angle

Transmit
antenna

Boresight of
transmit antenna

(
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Off axis scanning

Total sean angle

CICIIDE Aan ans Ozl ez ue I
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Determination of optimum orbital altitude:

Minimum grazing angle (") ——
Relative loss (dB) — -~

1000 1400

Satellite altitude (km)
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Radiation safety and satellite
telephones:
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Delay and throughput

considerations:
System considerations:
Incremental growth SN
v S }!
Interim operations

Replenishment options

End to end system
implementation
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Operational NGSO constellation designs:
Ellipso
Global star
New ICO
Iridium
Orbcomm
Skybridge
Teledesic
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Number of beams per coverage:

Off axis scanning

Determination of optimum orbital altitude:
Radiation safety and satellite telephones:
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