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Unit-4 Outcomes

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

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

Systems..

415-05-2023



Contents 

UNIT IV:

Multiple Access Techniques:

FDMA, TDMA, CDMA and DAMA Intermodulation, 

Calculation of C/N, Spread spectrum transmission and 

reception.

Low Earth Orbit and Geo-Stationary Satellite systems:

Orbit consideration, coverage and frequency 

considerations, Delay& Throughput considerations, 

System considerations, Operational NGSO 

constellation Designs.

5Satellite communications                                MSR Sekhar, Associate  Professor, ECE15-05-2023



Learning  Outcomes

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

understand: 

LO 1 :Multiple Access Techniques, FDMA
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Introduction:
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The ability of satellite to carry many signals at the same time is known as 
multiple access
A large geo satellite may have a communication  bandwidth of over 2000 
MHz with an allocated spectrum of 500MHz.
Individual transponders may carry one signal, a single analogue tv 
program for example , or hundreds of signals , as with mobile satellite 
telephone systems.
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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Difference between multiplexing and multiple 
accessing
If the proportion allocated to each earth station is 
fixed in advance, the system is called fixed access 
or pre assigned access.

Demand access

Systems which combine both FDMA and TDMA 
techniques are some times called as hybrid 
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
FDM-FM-FDMA
FDMA
SCPC
TDM-SCPC-FDMA
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CALCULATION OF C/N WITH INTER-MODULATION:
(C/N)0=1/[1/(C/N)up + 1/(C/N)dn +1/(C/N)IM ]
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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 size: 125us-20ms
The time Td ,available in each station burst 
for transmission of data bits is
𝑇𝑑=[𝑇𝑓𝑟𝑎𝑚𝑒−𝑁(𝑡𝑔+𝑡𝑝𝑟𝑒)]/N    s

In 1 s , the total number of bits Cb , 
transmitted by each earth station is
𝐶𝑏=[𝑇𝑓𝑟𝑎𝑚𝑒−𝑁(𝑡𝑔+𝑡𝑝𝑟𝑒)] x Τ𝑅𝑏 𝑇𝑓𝑟𝑎𝑚𝑒

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

n=[𝑇𝑓𝑟𝑎𝑚𝑒−𝑁(𝑡𝑔+𝑡𝑝𝑟𝑒)] x
𝑅𝑏

𝑇𝑓𝑟𝑎𝑚𝑒×𝑟𝑠𝑝
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Reference burst and preamble:
CBTR: carrier and bit timing recovery
Unique word: 
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Guard times:
Collisions
1 to 5 us

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
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Receiver for 
FDMA-SCPC 
hub station
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Random access
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Packet radio systems and protocols:
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CDMA:
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Packet radio systems 
and protocols:
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Packet radio 
systems and 
protocols:
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Low earth orbit and non-
geostationary satellite 
systems:
Orbit considerations:
Applications and orbit selection parameters
Equatorial orbits: 
Prograde and retrograde orbits
Inclined orbits:
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Molniya orbit
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Packet radio systems and protocols:
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Van allen radiation 
belts
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Sun synchronous 
orbit
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Packet radio systems and protocols:
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Coverage and 
frequency 
considerations:
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Elevation angle considerations:
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Packet radio systems and protocols:
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Packet radio systems and protocols:
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Number of beams per coverage:
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Number of beams per coverage:
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Off axis scanning
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Off axis scanning
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Determination of optimum orbital altitude:
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Radiation safety and satellite 
telephones:
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Delay and throughput 
considerations:
System considerations:

Incremental growth

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:


