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e Allocation of frequencies to satellite services s a complicated
process which requires international coordination and planning.
This is done as per the International Telecommunication Union
[TTL
e To implement this frequency planning, the world is divided into
three regions:
Regionl: Europe, Africa and Mongolia
Region 2: North and South America and Greenland
TRegion 3: Asia (excluding region 1 areas), Australia and south-west
Pacific.
« Within these regions, he frequency bands are allocated to various
satellite services. Some of them are listed below.
Fixed satellite service: Provides Links for existing Telephone Networks
Used for transmitting television signals to cable companies

Broadcasting satellite service: Provides Direct Broadcast to homes.
E.g. Live Cricket matches etc

Mobile satellite services: This includes services for:

Land Mobile Maritime Mobile Aeronautical mobile

Navigational satellite services : Include Global Positioning systems
Meteorological satellite services: They are often used to perform
Search and Rescue service
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Fig:,\PrincipIe of FDMA

FDMA is the process of dividing one channel or bandwidth into multiple individual bands, each
for use by a single user . Each individual band or channel is wide enough to accommodate the
signal spectra of the transmissions to be propagated. The data to be transmitted is modulated on
to each subcarrier, and all of them are linearly mixed together.

Principles of FDMA are explained with the help of a communications route between two earth
stations A and B.




AN

Fig: T Communications route between two earth stations A and B
Using FDMA

A communication route between two earth stations (A and B) in the
network is shown in the following figure.

A

1 / B
" Baseband ,|Modulator, g—b
,| multiplexer transmitter \ N o
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Guard bands
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Types of FDMA:
FDMA may be divided into two main categories based on the traffic demands of
earth station

1. Multiple channel per carrier (MCPC)
2. Single channel per carrier (SCPC)

1. MULTIPLE CHANNEL PER CARRIER (MCPC)

e When several voice band channels are frequency division
multiplexed together to form a composite base band signal.This
is reffered asMULTIPLE CHANNEL PER CARRIER (MCPC)

e Analog signals, such as those used by satellite TV and terrestrial
microwave-relay communications, depend on subcarriers.
MCPC technology modulates analog signals as signals with
higher frequencies and bandwidth. Subcarriers are transmitted
with video carrier signals on a satellite transponder at
frequencies of 5.8 MHz, 6.2 MHz or 6.8 MHz with extra audio
at 7 MHz or 8 MHz, as needed. These are the MCPC
transmissions, and the satellites involved are known as MCPC
satellites.



e By 2011, MCPC technology was largely replaced by digital TV,
which multiplexes audio and video data as a single Moving
Picture Experts Group (MPEG) transport stream. This process
involves streaming multiple video signals from film, sports and
news broadcasts, as well as multiplexing data as a single
transport stream, which is directed to a large antenna. This
antenna broadcasts the stream to a TV with an Advanced
Television Systems Committee (ATSC) tuner that receives and
decodes signals for screen display.

e Baseband filter in earth station receiver corresponds to a
specific transmitting station. Any change in traffic requires the
retuning of this filter.

[0 Change in ftraffic are difficult to implement. MCPC is further
categorized according to the type of baseband.

e.g FDM /FM / FDMA

or TDM / PSK / FDMA.

2. Single Channel per Carrier (SCPC)

e When the earth station sends one signal on a carrier, then the
FDMA access technique is called Single Channel per Carrier (SCPC)
e When traffic is low, e.g. service to remote areas, MCPC becomes
wasteful of bandwidth because most of the channels remain unutilized
for a significant part of the time. SCPC is used in this case.
e In SCPC, each carrier transmits a single channel. SCPC may be
preassignedor demand-assigned.
Pre-assigned : e.g. 5 — 10 channels are permanently assigned to
an earth station.
Demand-assigned : a pool of frequencies is shared by earth stations.
The earth station requests a channel from a pool
manager.

Advantages:
—

1. Using well established technology.



2. No need for network timing.

3. No restriction regarding the type of baseband or the type of Modulation
_Disadvantages:

1. Inter-modulation noise in the transponder leads to interference

with other links — satellite capacity reduction.

2. Lack of flexibility in channel allocation

3. Requires up-link power control to maintain quality.

4. Weak carrier tend to be suppressed.

TIME DIVISION MULTIPLE ACCESS (TDMA)

According to this multiple earth stations transmits at the same
frequency but in different time slots, that is entire frequency band is
divided on the basis of time that is, one user will use the complete
frequency band for a given time slot and another user will use the
same frequency band for some other time slot hence like this TDMA
is done.
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Fig: |O Principle of TDMA
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Fig: \\ TDMA Burst synchronization

Hence there are several earth stations as shown in the above diagram, these
transmit traffic bursts in a period time frame well known as TDMA frame, hence
the earth stations can access the entire bandwidth of the transponder but during
their time slot. There is a time termed as guard time between transmitting times of
individual bursts such that bursts may not overlap.

TDMA can be of two ways :

1) Fixed Assignment TDMA: In Fixed Assignment TDMA frame is divided into time slots of
fixed duration.



2) Demand Assignment TDMA: In Demand Assignment TDMA, the transmission time are
demand based.

Number of voice channels n in a TDMA system is given by the expression:
n= (1/r) (R-NP/T)

r: Voice channel bit rate

T: Frame period

P: Number of digits in the preamble

R: Satellite channel bit rate (power or band limited)
N: Number of bursts in a frame.

TDMA frame structure:

fr:lm s ~ from
S aral o e e sitalo

180mS 80mS 180mS 260 mS 180 mS 180mS BOmS 180mS 280 mS 180 mS
One TDMA frame = one seccnd =1000 mS :]\ One TDMA frame = one second =1000 mS

TDMA burst structure:

TDMA, burst
header User data message Checksum

D\a‘. 12 P 3¥‘N§1LLLODHR)

TDMA frame efficiency:

TDMA frame efficiency is defined as the ratio of time devoted foe usefull transmission to
the total frame length

N-1-2uT

Where t=sum of all guard times and preamble

T = Total frame time



TDMA Frame Acquisition and Synchronisation:

It is very essential that the traffic stations while transmitting must
transmit in the given time slot and similar goes with receiving, the
aim is that the burst should not overlap with each other , this
accuracy is achieved by using Fame acquisition and Frame
Synchronisation.

Various tuimings in TDMA are Transmit Frame timing, Transmit
burst timing, Receive frame timing and Receiving burst timing,
and the processes of acquisition and synchronisation are receive
frame acquisition, transmit frame acquisition, transmit frame
synchroniosation and receive frame synchronisation.

Doppler shift is used in various timings , this shift is used in
various timings, on the basis of techniques for determining Dn ,
there are two kinds of synchronisation processes:

1) Open Loop control Method : Dn is determined by earth station
directly from monitoring its own transmission.

2) Closed Loop control Method: In this bursts aren’t received directly
by transmitting stations but some other methods are used.

Advantages of TDMA

BN~

Uplink power control is required

Transmission plans are easier to construct and modify

Capacity management is simply and flexible

Maximum use can be made of the available satellite power since
intermodulation noise is minimal

Dis-Advantages of TDMA

1
v
< 3

Analog system must be converted to digital form

Interference with analog terrestrial plant is expensive

It requires network wide timing synchronization hence it is relatively
complex



CODE DIVISION MULTIPLE ACCESS(CDMA)

e Code division multiple Access is a scheme in which a number of users can
use entire transponder bandwidth at all of the time.

» CDMA uses digital format, in this several transmissions takes place
simultaneously on the same frequency bandwidth.

--------------------

‘ Data Signal
A A A A = R
1 | _L J Pseudorandom Code
] l I T 3 . 1 i (& [— 1 FT iIF] Transmitted signal:
Data Signal XOR with
— —[ S L R I N — - U e the Pseudorandom

T

\>
Fig:/\principle of CDMA

e The user data at the transmitter side is combined with a code and is then
transmitted and everything gets mixed in air and at the receiver’s side the
same code is used.




Fig: \l Block Diagram of CDMA System
g

e CDMA combines modulation and multiple accesses to achieve a
certain degree of information efficiency and protection through the
technique of spread spectrum communications.

e The message signal is spread over a wide band by multiplying it
with a noise like or pseudo random spreading signal.so CDMA is
also known as spread spectrum (SS).

e To apply an SS technique, simply inject the corresponding SS code
somewhere in the transmitting chain before the antenna. (That
injection is called the spreading operation.) The effect is to diffuse
the information in a larger bandwidth. The SS code (despreading
operation) at a point in the receive chain before data retrieval. The
effect of a despreading operation is to reconstitute the information
in its original bandwidth. Obviously, the same code must be known
in advance at both end of the transmission channel.



e

Fig: \5 A Basic spread spectrum System
e CDMA system is divided into two ways:
1. Direct Sequence Spread Spectrum(DSSS)
2. Frequency Hopped Spread Spectrum(FHSS)

Direct Sequence Spread Spectrum(DSSS):

Fig: b DSSS Block Diagram
In Direct Sequence-Spread Spectrum the baseband waveform is XOR by
the PN sequence in order to spread the signal. After spreading, the signal




is modulated and transmitted. The most widely modulation scheme is
BPSK (Binary Phase Shift Keying).

Advantages of CDMA:

1. Small antennas can be employed without any problem of
interference from adjacent satellite

2. Spread spectrum systems are resistant to multipath noise which is
commonly experiences by mobile terminals

3. CDMA is highly resistant to interference and therefore satellite
spacing can be reduced considerable without causing unacceptable
degradation in received signal quality.
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R SATELLITE APERTURE ACTUATORS

Actuators in space are broadly used to operate satellites’ platform and
payload devices.

Actuators still represent critical subsystems as their failure might often lead to
severe, when not catastrophic, effects on the spacecraft operations.
Environmental conditions to which actuators are exposed in space are
generally not favourable: operating temperature ranges and deep vacuum are
certainly the most critical ones

Very Small Aperture Terminal(VSAT):

VSAT (Very Small Aperture Terminal) is a satellite communications system
that serves home and business users. A VSAT end user needs a box that
interfaces between the user's computer and an outside antenna with a
transceiver.

The tranceiver receives or sends a signal to a satellite transponder in the sky.
The satellite sends and receives signals from an earth station computer that
acts as a hub for the system. Each end user is interconnected with the hub
station via the satellite in a star topology.

For one end user to communicate with another, each transmission has to first
go to the hub station which retransmits it via the satellite to the other end
user's VSAT. VSAT handles data, voice, and video signals.

A very small aperture terminal (VSAT) is a two-way satelliteground station
with a dish antenna that is smaller than 3 meters. The majority of VSAT
antennas range from 75 cm to 1.2 m. Data rates range from 4 kbit/s up to 16
Mbit/s. VSATs access satellites in geosynchronous orbit to relay data from
small remote Earth stations (terminals) to other terminals (in meshtopology) or
master Earth station "hubs" (in star topology)

VSATSs are used to transmit narrowband data (e.g., point-of-sale transactions
using credit cards, polling or RFID data, or SCADA), or broadband data (for
the provision of satellite Internet access to remote locations, VolIP or video).
VSATSs are also used for transportable, on-the-move (utilisingphased array
antennas) or mobile maritime communications.
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INDIAN NATIONAL SATELLITE SYSYTEM (INSAT):

INSAT is one of the largest domestic satellite system in the world

INSAT is a series of multipurpose geo-stationary satellites launched by
ISRO to satisfy the telecommunications, broadcasting, meteorology, and
search and rescue operations.

Commissioned in 1983, INSAT is the largest domestic communication
system in the Asia Pacific Region. It is a joint venture of the Department of
Space, Department of Telecommunications, India MeteorologicalDepartment,
All India Radio and Doordarshan.

The overall coordination and management of INSAT system rests with the
Secretary-level INSAT Coordination Committee.

INSAT satellites provide transponders in various bands (C, S, Extended C
and Ku) to serve the television and communication needs of India. Some of
the satellites also have the Very High Resolution Radiometer (VHRR), CCD
cameras for metrological imaging. The satellites also incorporate
transponder(s) for receiving distress alert signals for search and rescue
missions in the South Asian and Indian Ocean Region, as ISRO is a member
of the Cospas-Sarsatprogramme.
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