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PREFACE TO THE FOURTH EDITION

The third edition of the book brought out in 1995 included two
new chapters covering at length different areas in which satellites
find application and detailed technical information on satellites and
satellite Iaunch vehicles. It is indeed a matter of great satisfaction to
note that the third edition was very well received by the students of
various levels, We have been regularly receiving letters containing
suggestions, We are glad that the author has put in a great effort to
impl t the suggestions within the scope of the text. The fourth
edition, again an enlarged one, is before you within an year of the
release of the third edition,

The present edition contains two new chapters. The first contains
alarge number of solved numerical problemsrelated to different
aspects of satellite communication engineering and the second basically
anillustrated glossary of satellite relevant terms, definitions and
concepts. To make the book more meaningful from examination
viewpoint, a separate section titled Self Assessment Questions
containing Myltichoice Questions, Fill in the blanks and True/False
sta.tements, all with answers, has been included towards the end.
This new material has also been written by Mr. A K. Maini

We would continue to look forward tq any critical comments, ete.
form our valued readers.

KHANNA PUBLISHERS

A WORD

This Editjon is result of valuable suggestions, criticism,
from Teachers and Students.

The Publishers and the Author welcome your valued comments
and suggesiions on any facet of this book and the related topics. These
will be acknowledged gratefully. Please write at the following address:

The Technical Editor
KHANNA PUBLISHERS
2-B, Nath Market, NAI SARAK
Delhi-110006
INDIA
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ONE

Principles Of Satellite Communication

1.1, Evolution and Growth of Communication Satellites

The idea of communication through a satellite, in particular with a
synchronous satellite was conceived by Arthur C Clarke, 2 famous British

ninman astan etons i AAAGID P T ~lonrides it et s & ana
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2 SATELLITE COMMUNICATION

sanging from instruments with a small capacity (240 voice circuits or one
ielevision channcl) to those with a huge capacity (12500 voice circuits and
two television channcls) and covering three regions-the Atlantic, Pacific and
Indian Occans. Thus a new era of Communication via satellite (satellite
Communication) had begun and now over hundreds of geostati y satell

of different countrics of the world arc in the service, This is expected to grow
ina very large number in near futare *,

1.2, Synchronous Satellites
As already mentioned the_ schljlm.nogs‘ satellites also called the

Py T PR i
afford to its own inal, and the rf sp quired for the system can be
readily shared with other services. There are a few problems with these
synchronous communication satellites, namely the time delay, in connection
with telephony and the establish of the synchronous orbit.

The synchronous satellites used for communication are widely called the

communication satellites. These satellites are classilﬁed in terms of their
o et e - ~-interms

. . ttical, etc
srimental

e la,
4

Cuba. There are over 2 dozen countnes 1nctuding U WIIL TG i
domestic satellite systems either operational or in plar stages.
These ‘satellites have special shaped antenna beams to provide domestic
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Military satellites are principally those of super powers. -A
example is that of US's Defence Satellite Communications systert (D. CS)
which constitues a series of satellites o provide worldwide military
communications. The cmcuxt capacmes of mllnary satelhtes are modcst

ara

* data relay satellite
- ' ~  of special purpose
' technology satellite

+ incoln Laboratories
(LES) the European Space Agency Orbital test satellite (OTS) and the

Japanese (ECS) ete. Avanety of exper g with jon
and spa ic ication at various frequency bands
have been mmed out by these experimental satellites.
13. Internanonal Regulation and Frequency Coordination
. .
nal Fi R oard (IFRB), International Radio

Consullauve Commxltac (CCI‘R) and the International Telegraph and
e Co (CCITT). The General Secretariat ls

localed mGeneva 1t ible forthe ive and

cooperation. The IFRB is mpons:ble for recordmg frequencxcs and orbital

positions and for advising of the

pmcucal number ofmdm channels in pomons of the spectrum whcre hannfu)

totelegraphy and telephony and for adopting reports and recommendations.

Tha intamartianal madia maafamm asa bald oo

" nETTIY fomrn

broadeasting, earth exploration, space research, meteorological, space

—aila
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SATELUTE COMMUNICATION

1.4, Satellite Frequency Allocations and Band Spectrum

“There are six frequency bands that have been ailocated for the use with

satcllite communications. Table 1.1 f;ives these bands. §t may be nbted that in

addition to these bands given in Tab!

RO PP Y N

e 1.1, millimetre waves in the frequency

ranges 40~ 30? GHz are also allocated for satellite communication purposes.
A A D feg aieeem . PP e

[

MHz, 7450 ~ 7550 MHz,

Pt

W
L] '

Table 1.1 Frequency Bands for Satellite Communication

Band Downward Bands MHz Uplink Bands MHz
Uht ~ Mititary 256 ~270 (Approx) 292 - 312 (Appros)
€ Band ~ Comumercial 3700~ 4200 5925 ~ 6425
X Band ~ Military 725G~ 7750 7900 - 8400
K Band ~ Commercial 11700~ 12200 14000 - 14500
Ka Band ~ Cormercial 17,700 ~ 21200 27500~ 30,000
KaBand ~ Military 20200 ~ 21200 43500 - 45500

Tabie 1.2, Frequency Altocations for Fixed Satellite Service
and Broadcasting Satellites

Frequency Fixed Satellite Service Broadeasting Satellites
25002535 MHz | Down Region [{and IR Down
2535 - 2655 Down Region Il Down
2655 ~ 2690 Up Reglon X and I Down
3400 ~ 3700 Down
3700 - 4200 Down
4500 - 4300 Down
5725 - 5850 Up Regionl
58505925 Up
5925~ 7075 Up
7250 — 7450 Down
74507550 Down
7900 - 8025 Up
8025 — 8400 Up .
10.7~11.7 GHz Down UpRegionl
11.7-121 Down Regionll Down RegionT and It
121,122 Down Region I Down
Table Cont’d
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Fuxed Satellite Service

Frequency Broadcasting Sotellites
122123 Down Region I DownRegron 1 & II
123~325 Down Region1 & 11
1251275, UP/Down Down Region II
12.75~13.28 Up
140—145 Up
145148 Up
. o
177—181 Up.
181—186 Down
186—188 Down
188—202 Down
202212 Down
225230 Down Region IT & I
27.0—-275 Up Region T & I
27.5—29.5
29 5—310 Up
37.5—39S Down
39 5—405 Down
405425 ' Down
42.5—43.5 Up Down
472492 Up
49.2~502 ! “up
504514 Up
710755 Up
8184 Down
8486 Down
92--95 Up
102105 Down
149—164 Down
202—217 Up
231241 Down
265—275 T Up




6 SATELLITE COMMUNICATION
Table 1.3. Frequency Allocations for Mobile Satellite Service
Frequency I Acrongutical Mobile | Marutime Mobile { General Mobile
806-850 Mhz Region 1 & IIT
1530-1535 Down, Shared (lnsted use)
1535-1544 Down, Exclusive
1544-1545 Down
1545-1559 Down, Exclusive Down
1626.5-1645,5 Up, Exclusive
1645.5-1646.5 Up
1446.5-1660 5 Up, Exclusive
1660-1660 5 Up, Shared
19.7.21 2GHz ) Dovm
- 295310 Up
395-405 Down
43547 Up
6671 Up/Down
7174 Up/Down
81-84 Up/Down
95-100 Up/Down
134142 Up/own
150200 Up/Down
252265 Up/Down
1.5. General and Technical Characteristics Of A Satellite
Communication System

"
L B | T ID VI

fréquency Spectrum 1n Order 10 avOd LIE MUCHLICHC. 1L Stk atuw
recciving carth station is processed to get back the bascband signal which is
thensentto theuserthroughaterrestrial network. Had there been nodll: fference

P PO ICTRRTRRT 5

On the guidclines of WARC - 1979 ercial ¢ satellites
use a frequency band of 500 MHz bandwidth near 6 GHz for up-link
transmissions and another 500 MHz bandwidih near 4 GHz for downlink
transmission. Infact an uplink of 5.725 to 7.075 GHz and 2 downlm!: of34
104.8 GHz is used. It may be noted that this 6/4 GHz band is also uscd in many
o ies for ialco ications (microwave links) and sothe problem
ST e e e et en b Intad intn The $00 Mz allocation

0 - e - "

. - - " ‘ i
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about 1500 analogFMvoice circuits. If digital modulation isused, transponder
= A% Fomem €R 4 IO, £ einola of

Ll Witk fha qa A hond

y " ow b

. BT P P R TR
frequency reuse to increase the number of transponders in the 500 MHz
allocated 1o them.

It should be of importance to note that 6/4 GHz bands have been the most
popular because they offer the fewest propagation problems and historically
RF components for these bands have been readily avilable. Rain attenuation
isalso not much serious at these bands. Sky noisc is also low at 4 GHz and so

anirmm mafan bnmeamataman b A

ERRE R e, e TR B
advanced technology of satellite jon has been ft d on these
bands. Equipments on these frequency bands dre in progress and experimental
stage.

TERRESTRIAL
INTERFACE

..... USER INTERFACE '

Fig. 1.1.General § of A Satellite C

Systerm

The basic block dingram of an carth station that transmits to and receives
information from a satellite is shown in Fig 1.2. The base band signal from
the terrestrinl network enters the earth station at the transmitter after having
T (bullerced, ltiplexed, f d etc) by a band equipment,
Alter the encoder and modulatoe have acted upon the bascband sigral, it is
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converted to the uplink frequency, Then it is amplified and directed

appropriate polarization port of the antenna feed. 'ngc signal received rm';?: uu:
sateltite is amplified in an LNA first and is then downconverted from tho
downlink fr;qucn_cy. 1tis then demodulated and decoded and then the original
baseband signal is obtained. Critical conip will often be installed
redundantly 'wuh automatic switch over in the event of failure so that

metea e,

w s oo,
s
L]
. . ’ ~ v
intermodulation prod, d in the d carth inal, It
R e e el 1 Farn 1097 tha cmnAine hatmaan

satellitesin space is2°along the equatorial arc.insuad ¢')l 4°.'The closerspacing
has allowed twice as many satellites to occupy the same orbital arc and

therefore now all the carth station are designed to date this
spacing of 2°.
1.6.Ad of Satellite C ication

Communication through satellite has several advantages and

- L] "
. N
only for specialized applications and the ded radio relays were umttea
pulby Py Lo P o Leca Gnld e tha ganga that

B

point 10 an arbitrary number of other points within Its coverage ared.

Some of the typical advantages of satellite communication are
automatically derived when compared it with other kind of signal relay
systems. Firstly the satellite relays are inherently wide-area broadeast, i.e. the
point- to-multipoint whereas all the terrestrial relays are point-to-point.
Secondly the satellite circuits can be installed rapidly. Once the satellite is in

position, the earth stations can be installed and communication may be
- — Ll ramnved relajively

%

e

is that the mobile communication can be €asily dLNEVLL Uy suwas

communications as it has a unique degree of flexibility in interconnecting

mobile vehicles. Thus the satellite has become an aliemative to short wave

. in this specialised area and has significant reliability advantages
- * Tnetworks may inferconnect mobule vehicles by cellular radios).
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deployed in satellite ications, one may still feel the echo. The above
time delay of 1/2 scconds also reduces the efficiency of satellite in data
transmission and fong file transfers when carried out over the satellites.

‘Satc]lilc. con_)m'unicazion, however, has the cconomical advantages. The

s

FONIESURPUR 1 SURPISUIURUR Jr S

the ocean. For thin route remote area

Tmn 1o T dln g N T ennian

wide<bar‘!dw§dth signals across

L b

Similarly for search, rescue and navigation efforts satellitesoffer the advantages ‘
which no ather systems can offer.
~ 1.7, Active and Passive Satellites
The difference between 2 passive and an acti:/e

walaw

communication satellite
hara ital i fvag

2

The most important comparison of the communication capability of active
sive satellites is the amount of power radiated toward the receiving
Actually the communication capability of

and pas
pidly becomes much greater than

ground stations by the satellite.
artive cveteme with durectional antennas 12,
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modem communication satellites are active satellite systems, Now a days
space qualiificd reliable, long life electronic equipment are available and these
have enhanced the capability of active satellite systcin.

1.8. Advent of Digital Satellite Communication

With the fast development in digital electronics technology, access
techniques and possibility of expanded communication network, digil i
signalling techniques have been introduced in communication by satellites.
Tha - R TILLERIE (S TR [ FORE v

(LSI}. hus the digital transmission techniques have gained increased usage
for saxpl]glc communication, microwave relay, and cable or waveguide

Inlaser satellite on too digital techniques have been
successfully utilised.
Though the various digital modulati hni will be di din

l_aterchaplcr. itmay be mentioned here thatin analogjcommunication systems,
. LA 1entonzd here 0g comm

slations, with a small loss 1n transponder capacity. Further the system can
quickly respond to traffic variations. A further increase in efficiency can be
2 - H nent and
. onboard

use the

Lt LuiullLAuOl IeLigues and such digutal systems are capable of
serving a mixwre of large, medium and small earth stations with high
i{ﬁcnency. The recent technique of code division multiple access has allowed
4 A - P ", SEe .. " o 4

5

LI
HE S L L
19. Modem and Codec
The equipment that carries ot medulation (MOD) and demodulation
(DEMOD) is catled modem. Similarty the equipment responsible for carrying
out coding and decoding is termed codec. These two devices ane widely used
B dllialiseeaties eom =Tt M0 is used as an interface between
an imporwant role in computer
:ms. Codecs are used in digital
LLIEVISIVIL SYSIEINS Al normasiy consists of a pair of A/D e e
converter. Itis a kind of black box digital device as shown in Fig * .3
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ANALOG SIGNAL
INPUT ANALOG
SIGNAL QUTPUT

Afo DIGITAL
CONVERTER PROCESSOR
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I
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t CODER DECODER
L

/A
CONVERTER

- m ey

Coder + Decoder = Codec

Fig. 1.3 Basic Block Diagram of Codec

1.10. Review Questions

1. What is 2 satellite and how does a communication satellite differ from a
communication relay 7

2. Explain the basic differences between an active and passive satellite systems.
Discuss their merits and demerits,

3. Prove that for covering the globe three communication satellites would be
sufficient.

4. What is the difference between a geostationary satellite and a low altide
satellite ? Can a low altitude satellite be also used for communication purposes
71If not why 7

8. Listvarious frequency bands being used in satellite communication. Compare
the advantages and disadvantages of different bands censidering the effects
of propagation media.

6. Give the reasons as to why the uplink frequency is different than the down
link frequency. Also mention the reasons for keeping uplink frequency higher
than the downlink frequency,

7. Whataretheel of satelli system 7 Explain each with
a suitable block diagram.

8 List various ad ges and di: ges of satellite i Give
thereasons thatoptical fibres inspite of being high bandwidth channe), !azelb'lg

communication has an edge over it.
9, What are the advantages of a communication system that uses digital signal
transmission ? Explain as to how the digital satellitc communication has
reduced the size of earth station 7
‘What are Modem and Codec ? Both are A/D and D/A converters but what
makes the difference between the two ? Mention the areas of their applications.
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“ommunication Satellite Link Design

1. Inteoduction

. vemiag ; S0
eable toreccive fromthe lunnunmix;g_canh salellite and the power rectived
qm‘s:x_lcllitg repeater by the receiving carth station. This linkL budget

PPTPPIEY SO AN PRI R SUPL SRy A
. v )

SITTITTIY S
The frequency atlocations ar:d‘band spectum 'l: be used in
. i gt Mvaii vl

randy o Casinn Tha ptimum
sy Theey

The cost of launching a sawllite is ty high and is now over §
)0,000 perkg per Jaunch with final posit’mning:’mfs {imitsthe sizeand weight
" the satellite. This causes deployment of Timited number of solar cells, and

L]
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limited sizc of satellite antennas. These size limitations combinc to p{oducc a
TR evers e e s

now ]arger sau:lmcs can be launchcd by SpaCc shuule whxch in fact camcs the
satellite first into Jow carth orbit and then injects it into geostationary orbit.
Spaceshullle1scapablccflnfungnearly30 ,000kgintolow earhtorbit, Payloads
as large as 2,000 kg in geostationary orbit are readily achievable and it is
projected that payloads as Izu'gcas 6,000 kg will be available when high energy
upper stages are develof port satellites from low earth orbit to geo-
stationary orbit. This mceascd size 1n satellite will allow the use of larger
diameter aniennas with their narrow antenna beams which will careate the
potential for gencmting several independent beams on board the satellite. When
aparticular region or acountry 15 to be served, the antenna beam may be shaped
to follow the contour of the region requiring coverage. This technique was
firstly used in INTELSAT 1l and is now quite popular in domestc satellite
systems.

2.2. General Link Design Equations

In satellite communications Links design the important calculation is the
powerreceived by the receiving station (satellite receiver and the earth station),

~—  (A)TRANSMITTER
P,

RECEIVER
Fig 2.1. Geometry of a Simple Radio Link
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Thin matavtasing du plutlon tn dhoos o it ghomcte u 100

is characteriz ' . y
temperature N . -
temperature T . .
illuminates an . ' . .
receiveris d,” - . . . . .
transmitted pc

givenby 3 ‘ ‘
[Fe= Prislhy) 2

The directivity of antenina is described by its gain as
and?
Gpmr— (2.2
L (22)

which is actually the ratio of the area illuminated by an isotropic antenna to
that illuminsted by the antenna in question. From Eqgs (2.2 and (2.1), one gets

Py=PGyAy 1Y s
- B - .:r"\.'l I-.f

414,
Gy= x" (24)
Substituting Eq, (2.4) into Eq. (2.3) one gets
Y 12
Pr=P1G;Gy (‘4,—“') (2.5)
‘The power i p d indecibels is

Pr
tyy =10Log 5 - Ths

" =22+20Lng,°[%)—6,—6, - A26)
: ‘ TR A ok ARLEY
' 27

L, =22+20Log, (d/A) dB
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v
‘This free space 10ss Lys is expressed in dB and actually expresses the
signal power huationb twoi it nnnfreespacz:Eq.(2.7)
indicates that this free space loss varies with frequency, the higher the
frequency, the higher the free logs. However, thisincreased lossiscompensated
by the increase in the antenna gain with increased frequency, for a given
antenna aperture area. Thus the path Loss between 4 satellite in geostationary
orbit and the earth station (sub satellite point) is 195.6 dB and 199.1 dB at 4

GHz and 6 GHz respectively.
e S R e e e
_ . ) . .
- S , .
Mgy ~+Lr GG \ -+
- e B (P L N
L= A e o Lpg dB)z 2007
Here the additional losses L{ bé writfen as ~f =
Ly=Lepy * Aye * Ana* Lpor * Lo, ® Lirnx -(29)
where o
Ly represents losses between the itter output and the
antenna (wiring, duplexers, filters etc), i
Aygrep ion by the here and h

Ag,, TCpresents attenuation due to precipitations and c[(;uds.
Lo, tepresents losses caused by polarization mismatch between the
transmitting and receiving antenna
Lo represents losses caused by a antenna depointing, .
Ligx represents losses between the receiving antenna and the receiver
input (wiring, duplexer etc).
Thus Eq.(2.8) can be written as

Pr#=EIRP + Gy =Lys—Lery~Ay o= Ara~Loor ~Loin—Lpax +++(210)

1t may be noted that the gain of an antenna {8 EXpre: it terms of the
actual surface area A by the equation

(211)

2.3. System Noise Temperature, CIN and CIT Ratio

The noise temperature is an important parameter that govems the
performance of recciver and therefore the design of satellite links. Infact the
most important source of noise in the receiver is the thermal noise in its
preamplifier. The noisc power Py in the receiver is given by

Py=KTB (212)
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where T is the receiver noise temperature, B is the bandwidth and X is the
Boltzman constant. Actually Py is the available noise power and is delivered
only to a device that is impedance matched to the source. The system noise
temperature Ty is also called the effective input noise temperature of the
receiver and is defined as the noise temperature of a noise source located at
the input of a noiseless receiver which would produce the same contribution
to the receive output noise as the intemal noise of the actual system itself, The
equivalent noise source 7, is usually located at the input to the receiver
replacing the antenna. The receiver has a rf amplifier and IF amplifier prior
A T T e Ry

. . Trﬁ%nofmcmcivuingGis
A . Yo .+ "7 is B, the nais¢ power at_the
) (P,=KT,BG | (213)

I F, is the signal power at the input to the RF section of the receiver, the
signal power at the demodulator input would be P,G. Hence the carrier to noise
ratio (C/N) at the demodulator input is given by

c__prG P,
L mem ez (214
NTRT,BG KT,B @14

a5 1,5, T, and T, Similarly let their respective gains be G,, G, and G, If T, is’
inputnoise temperature at the RF section then the total noise power at the output
of she IF amplifier would e givenby -
Py=G KT B+U U KI5 +U) G, Gpp KB Ugp+1,,) w(2.15)
T,i 1ly the noise temp fthe antennameasuredat the receiver
inpul..Rewridng Eq.(2.15) in the following form as

XT,B X7.8
P, =G,/G_G,,[a6;+ Car +kB (T, +T,,}

‘T ,
= e (216
=G,G, Gy KB [T"+T"+G,,+G, G,,] (2.16)
Intermsof T, the same noise power P, at the outputof| IF amplifier would
be given by -
¥ P,=G GGy KT, 21T}

From Eqs.(2.16) and (2.17) one gets r r
- i

KT,B =KB T,,+T,‘+G—’;+G_G"]

Ty

T,
- T, T (218)
or 7, —[T‘/+T“+G"+G_G,,] (
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It would be of importance to note that beyond IF stages, the noise
contributed by other units are negligible. From Eqs.(2.5) and (2.8), Eq. (2.14)

can be rewritten as —
2 L 7o
P, = 7
c_r/C0: (] e

N~ KT,BL,
If No=N/B which is also called the noise power spectral density (WIHz)
the carrier power to noise power spectral density ratio is given by

c J And
= =10Log P,G, - 20Log ——
(Nﬂ aBHz T A

EIRP{dBW)  frce Space Loss(dB)

G
+10Log—= —10Log L, — 10LogK

T,
Additional Loss
.. (2.20)

PR ~—

L. s w1 LIS Jigre of menit. For standard A earth station (e.g. used in
Intelsat network) G/T ratio is 40.7 db K™ at 4.0 GHZ and 5° elevation angle.
It should be noted that while describing the G/T ratio especially at 4 GHz, it
is to specily the frequency and elevation angle because G, varies as
£ across the frequency band and T, depends on sky noisc temperature, which
Increases as the elevarian pnnlaizraa o re o Tt e e

. v ‘ .
. : ' . KL HEPETEE Y B N
- ws vasue 1t 4, 18 sSmaller than the numerical value of 7,

It would be of imnara=

or satellite power .
R RRT e # |

st Do e

ot - Py ...pylux‘uuulcxy 1o b cuen.
2.4. Atmospheric and T heric Effects on Link Design

The frec space tncs and .
jonospheric) enc i
medium are ex-' :oq ¥
explained in Sevuoi L1 wlue
lower links. In this section the

.o . . ot
decndnpg the frequencics for upper link and
c 1c

ic and will
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be dlscusged in some details. It is widely known that the atmospheric an
fonospheric propagation are subject to absorption, diffusion (or diffraction
refraction, rotation of the polanzation piane of the ¢lectromagneuc wave,
These effects are dependent on the path length and so are more ‘Pronounced
at small elevation angles. The lower layers of atmosphere cause absorption
and diffusion, These cause some kind of emission and so an increase in the
noise power at the receiving antenna 15 created. The upper layer of the
atmosphere (the troposphere) causes refraction and the depolarization is
produced when the radio waves traverse the ionosphere.

=
=
=z
=3
& 10
-3
2
L)
<
2
& o041
e
o

FREQUENCY GHr

Fig.2.2. Tota) Atmospheric Attenuation as a Function of Frequcnc‘y for Dl l'crt:;;
and

i 118 Lines (-~—=) R posph
Flevation Anglsi‘i;,u:; (—-—e) i{eprext)nl lc;nosphcric Attenuation,

Atmospheric attenuation isofnoimportance at frequencies belaw 10GHz
bulmmcms:%ncd in Section 2.1 there arc a few molecular resonance n’bsomuon
fines ;. which the signal attenuation is extreme. Qrygen and watse vapour
have such absomtion bands but these are of no significance at 6/ GHz. Fig.
an Aesrnl ) S9N ~

f , ainfall rate, dumeter and

The rain at ion depends on freq;
tribution of raindrops. It is esumated by the formula,
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A .42.21)

where ¥, is the specific rain attenuation in db/km and LM@@;@
]c#gLﬁ. Various reports of~ CCIR"mc‘availablE"rc‘gafdrmg tainfall rate anti
TR poabe T R S e

Jonusphéric scintillation etc are quite small for frequencies below 30 GHz,
2.5. Uplink Design
The design of uplink is easicr a5 in this case firgtly the noise at the satellite.
(:s ot rﬁc_on‘célr}ﬁn“a_gx—g'n power ransmitier can beré 1gned al carlh siaton so
as to put accurately specified carrier power density at the satellite transponder

mnput. Calcutations for uphink design may ve easty
En N - hn

carried out by using
A i ks

eqrkine qreattic

< '
£) . =10L0gPG,-01og ™ + 10L0g S
. Pt i T
‘oplink tnd b,
~10LogZ, ~ 10LogK ~BO, .~ . (2.22)
; . s TR
where BO is the input hack_aff 1n.db™. This backoff is of the order of 3 to 7
dB. - ' —
X6. Complete Link Design

_ Asingle complete link consists of two earth stations and a satellite, Here
radjorelay is done by the satellite. Thus the complete link is made up of uphnk
and downlink. Thqrefore the ultimate information quality received on
gepends on the uplink, the satellite transponder and the downlink. The uplink
is characterized by the carrier power (signal power) to noisc power spectral
fif'fffl_)f_r?“.‘i ‘(Cl{ya)u a !h,g: ransponder input. The downlink is similarly

the receaving carth stalion receiver inpul is gi?/exl. as

. {2.23)
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where C, is the signal power at the satellite transponder input (uplink power),
Gs, Gr and G, are the satellite transponder ga?:_ the p. e tra powe 1

et et T e,

No=Nop+N, (GGG} L «.(2.24)
where N, is the noise power density at the transponder input and N,y is the
noise power density at the input to receiving earth station receiver, Thus

€Y _Cc__ CGGGIL
(ﬁo)r —’T’; " Nop+Ny, (G,GrGp)/ L

C.
— . (2.25)

= Fon L
Noutzeen
Now, if the transponder has bandwidth B and radiates a constant power
Py, its gan G, would be expressed by
Py
G, -m - ...(2.26)

For downlink only the signal power Cp is

P.G;G
C =J—L’—’ 227
c C,
Thos Mo Nep.L(CutNo,*B)
Mot 5 GG,
[ C,
or Ny o G, )
Cp
1N, ACIN,
LGOI S
(CIN,+(C Ny +B

In most of the cases B is much smaller than (C / N}, and (C /Ny),. So
neglecting B, Eq. (2.28) gives
(CINY =(CIN, +H(CINY, . (2.29)
Notmally (C /N, is much greater than (C/No),,- Though.Nm, is much
higher (around 10 times) than N, but C, is around 100 times higher than Cp
and therefore (C / Ny, is 10 times (C / N, In such a case
(CIND, =(CIND, 1(230)
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Thus the overall (complete) link design depends on the quality of
downlink and especially on {C / Np),. Since with a geostationary satellite the
value of (C / Ny),, depends only on EIRP of the satellite plus the figure of merit
of the earth station, Eq. (2.30) indicates that in the complete design link the
gapabiliu'es of satellite transmitter and earth station receiver are dominant
actors.

T A

-

Y Avsau3ad sa Jantedn tha affacte af intapfarino cionals

(€1 N)guu=LC IV H(C 11N (231

where (C/N), is the carrier to noise ratio for uplink in the absence of
interference signals and (C /1), is the carrier to noise ratio of the interference

signals for uplink. A similar expression for downlink net carsier {0 noise ratio
is given by

(€ 1N iy toias = (C NN 1€ 11T (2.32)
Thus from Eq.(2.29) the net carrier to noise ratio is given by
(€W =UC TNttt (€ TN R e

=[CINZ+CID+(CING +C 1T

=KCINY H(C YT .{233)
where €yt =(cin+cin; (234

Here C/N represents the carrier to noise ratio of overall link and C//, the
carrier to interference ratio of the overall Iink, In case C// > C/N for such 2
/e I fer, . EAny 1 )

it Tamne

va s enonifiad

demodulator the output SIV afler'the':ic.mbdulalo} is given by
s (SIN), =(CIN), +FM improvement,

T TR 4 e T A o

e T OLLE

. - - . 1 . ", i e P L .
particularly with the analog signals. In terms of power ratios rather thaa db,
Eq.(2.35) can be wrilten as »
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§ _C*FM improvement
N—,,:_ . ...{2.36)
27, lnterference Eﬂ‘ects On Complete Lmk Des:gn
. w . . '

memmned prekusly the 6/4 GHz frequency bands allocated to u:e satelhre
also d 1o the terrestrial microwave links. Thus the

are
recelvmg eanh station working at 4 GHz band is susceptible to interference
2 Zanl. ne A LT Cimmilarls tha Teel,

a thnt mmmnng jusn affans j qaealiis

cnrcularpolanzauons ucu-hdnu ana tigiusluaby Cilutias p\Jhnl.Luuun, @R
used for uansmlssmn pu.rposes In such cases mcm (may exist a
N o Taead wtmant £

amcnnas that delermmcs the cmss polanzauon mlencrcncc
[ SR A Y,

. .
pohnznuon dlscnmmauon of’ eanh Staton and SALCLIL SIS 1o ey
the minimum net link cross polarization discrimination is given by
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X =t eexh ..4237)

X..., is actually the worst case carrier (o Cross polarization interference
ratio (Cil), and can be used in Eqs. (2.33) and (2.34) as an additional
mu_:rferencesourcezoobminthemmlcan'iem:rnoiscmﬁop]uslheinlerference
ratio.

ER ta fink 5o

ar near saturation point the TWTA may also create inter Ssymooi interjerence
yvhft_:‘l_{ also degrades the link performance. In linear channels the intersymbol

....... ~ tha Nuaniet nulca chanine eriterion
'

2.8. Earth Station Parameters
From Eq. (2.19), thp CIN ratio is given by

C PiGGf A Y1
==L — ...(2.38
N, N, \dnd) L, @38
ant Here d is the range between transmitting and receiving antennas. Th
o enna such as its di D and antenna beam width 6,,, affec
%ﬁs these are linked to the gain by the expressions given by
—nf%22Y LY 239

J\/} g G-n( k J Ay 4239
k_ ’\'\/C.«rﬂvfylw n4n70% re m

2 Wt ga 4 ..(240)

U > Vf‘/ [ \

where 71 is the antenna efficiency. The satellite antenria beamwidth (85s),. i
determined by the required earth coverage. For a given earth station antenna
diameter Dy, Eq.(2.38) gives C/Ny as ¢ g
y
c_rr w0t Di
, T fodlA-al L) {241
N LN e e

where '{], and 11,, arc' the efficiencies of transmitting and receiving antennas
respectively. It is e\_ndcnt from Eq.(2.41) that frequency does not come into
the CINg, However, if the earth station antcnna beamwidth (8545) is fixed, then
\CIN, is given by .

P, ©CHot

C T
LR S 1 2 (O 242
Mo LN AT @)ty (Oyeri, S @42
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CapsLosedn Lot Culvg aduunds i

B 80,0, : 2

N7 e (Tdc—“ s 243
In such cases C/N, increases with frequency. It may be recalled that it i

the G/T ratio that ¢ aracwrizesmtlhe earth stations, This ¥s due to the fact Lh::i

crnnc T . A

. . ¥

N N ) .

g U | LI T . e
is achieved, Thus an optimum, valuc of G/T ratio is to be achieved by having
. Tt T, AL R CenaT T

it has been found that i ing the antenna
effective than to lower the system noise temperature.

2.9. Review Questions
1. What are the factors that affect the uphnk design and the downlink design in
ionary satellite jon 7 Discuss in detail.
o (A 22t (T ming,

arca is more cost

2. "‘ .

LA .
ratios ?
P - - ceanann g fm e ol s meete L
db, find the received power.
[Ans. Flux density = 4.97 x 10"*W . m?,
Power recerved = - 133 dbW for both the cases].
5 " s moorb cemeten cmafe o wugrking on 4 GHz, the typical various
. ) :50)£T,,=50K,T_=500K.T,=
. . . =30 dB, Calculate the system noise
temperature.
{Ans. T,=107.5K}
6. Foranecarthstation having an antcnina of diameter 30m and overall efliciency

of 685, the working signal frequency is4150MHz. At this frequency the
system noise temperature is 79 K when the antenna points at thg satellite at
an elevation angle of 28° K. Calculate G/T ratia of the earth station. In case
N the sky noise temperature rises to 88 K, what would be the new GIT ratio ;l

[Ans. 41 64B K, 41.2dB K]
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7.

8.
9.

10.

L T R I | F T Lo T
. K .

earth stations havc2m and the receiver

is 125 K. The same antenna is used for both transmussion and reception.

Calculatethe wcrn-msmmcdbymesaxellucmddmwﬂ:smucm.kmwmg

that the uplmEou a1 6 GHz and the down link at 4.6 G|

How is the uplink design different than the downlmk design ? In what

conditions a complete satellite link become down link limited ?

What are the various interferences that may affect the satellite link

performance ? Explain as to how these mlc:ferenoc effects are taken into

eccount in the satellite link design ?

Explain the ,y_anmclers that control the design of earth station, What is the

optimum G/ ratio for 3 standard A earth station 7

2.10. References

1.

Y

Rechtm. E., Basic Canslmms of Space Communications, in Space
1963 A.V))pp 4-30, McGraw Hill Book Co.,

- Back, RE., Wilkinson, D. and Withers, D.J,, Commercial Satellite

Communication, Proc IEE, IEE Review, Vol 119, No 8 R, Aug., 1972, pp
929-955.

. Pran, T. and Bostian, C,W., Satellite Communication, John Wiley & Sons,

NY, p. 1986.

- Maral, G and Bousquet, M., Satellite C ications Systems, John Waley

& Sons 1986.

- Reudmk, D., Advanced Concep!s and Tec)mclogles for Communications

Satelites, in Ad
Inc, 1987, p. 573.

d Digital C (Ed K. Feher), Prentice-Hall

- Bhargava, VK., Haccoun, D., Matyas, R.. and Naspal p.p. Digital

Communication t by satellite, John Wiley & Sons, NY, 1981

. Ha,T.T,, Digital Satellye Communications, MacMillan Co NY, 1986.



THREE

Satellite Analog Communication

3.1 Intreduction

During 1960°s analog munication was p domi in terrestrial
and fi such analog voice and video

transmission systéms were also_adopted in commercial communication

mentioned in Scction 1.8. It may be noted that m several satcliue
i inusystemslikemoscoleTELSAThugcinvestmenlhasalrcady
been made for fdm/fin systems and arc stifi widely used. And

therefore in this chapter the satellite analog communication techniques are

discussed.
3.2 Baseband Analog (Voice) Signal

The baseband signal may be analog o digital. The analog bascband signal
is the voice signal (in the form of voltage) gencrated by a telcphone set. The
digital bascband signatisthe outputfrom acomputcr terminal or so. The digital
baseband signzl would be discussed in next chapeer. Normally the
characteristics of a baseband voice signal would depend on the speaker but
the Bel} system treats it as having a flat spectrum extending from 300 to 3100

28
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GHz, CCITT has recommended 3000 to 3400 Hz for it and this is being
followed pow internationally, e.g, Intclsat system Afgllows the same, The

B Tk L

b [ P ot

B

As usual the amplitude of bascband voice signal of telcphone output is
expressed in terms of signal powers ie. in terms of transmission level with
respect toareference point. The signal powceratthe reference point is indicated
by the unit dbmo where o represents zero transmission Ievel point or the test
point, Thus a - 2 dbmo signal means a signal producing an average power of
-2 dbm at the reference point, The CCIR assumes that the long term average
power carried by a single voice channcl in a telephone system is taken to be
-15 dbmo. However, in most of the cascs, it is taken as -18 dbmo. The peak
instantancous power in the channel is about 18 db higher or o dbmo. Thus
B LT A CREREL [ESHTE T R

" N

Letsesuial FUMEM ks and -22 domo tor some saeine links,

AMPLITUDE
AMPLITUDE

FREQUENCY
FREQUENCY
{a} ®)
Fig 3.1 Spectrum of Baseband Voice Signa! from a Telephone Set (a) Normal
Spectrum, (b) Inverted Spectrum
3.3. Frequency Division Multiplexing Techniques
As previously ioned in satellite ication (along) frequency
modulationisbeing used. From cconomic point of view several users can share
a sarellite and so the s satellite link will normally relay many signals from a

PERY

communications 1t 1S &tme division multiplexing (tdmj). Hes istuss
onlv fdm. In a simolified anoroach. the fgm allgvgs u;{nsmirscsi“olrex 3?2‘:;::;?53
hiferent frequencies whereas in the 1dm the signals enter the transponder at
different times, The fdm scheme for the satellite communications is shown 1
Fig, 3.2. Actually each satellite has a certain number of transponders which
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work asreceiver-transmitter pair. The sateflite receiver isa wide-band receiver
and it covers the entire range of t;gink frequencies. Though the uplink
frequency is said to be around 6 GHz, it has a bandwidth of 500 MHz to
accommodate various chanpels, In Fig 3.2 (a) this uplink frequency range is
from 5,925 to 6425 GHz (a bandwidih of 500 MHz) that incorporates 12
channels. The wideband recciver of the satellite will receive these all 12
different channels. In order that these 12 different channels may not interfere
with each other, each channcl is assigned a bandwidth of 36 MHz with a 4
MHz spacing between channcls. Above 12th channel there is a 20 M2
command and control of telemetry channel. After having these different
frequencics received by the satellite wide band receiver, the transponder
convers the uplink frequency ranges inthe farm as shown in Fig 3.2 (). This
range of downlink frequencies varies between 3.72 to 4.20 GHz.

“Jk'l‘; 38
Fu MHZ
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pug ; i
200
Swe | €h1 chz  ch3  ehe Ch1)  Cchi2
CIa0 0 e T
P st sses sms soes €385 6438

EREQUENCY {GHE) e

(a). SATELLITE RECEIVER CHANNELS

ubl
16
S'Eg MHZ
Sk
gag) 1
VES! cnt chz  ch3 Tm ot k2
" e 2w
. N . Ldd
397 398 3% 38 Nt

FREQUENCY (GHZ)——w
{b). SATELLITE TRANSMITTER CHANNELS

ing ina C ication Satelljte

Fig 3.2. Freqn Dhyision MulGpl Corn
3.4. Signal to Noise (S/N) Ratjo and (C/N) Ratio in Frequency
‘Modulation in Satefiite Link . y
D, Q‘F‘ﬁ quency modulation has Pg:r f‘,’fcm-l efficiency but it oﬂ‘e_;s;n 1wx::x-

Y a4
TR .

-
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A frequency modulated signal is exp d by
E (£) = Acos (0,1 +msin 00,7) (3

where 0, is the carrier frequency, ©,, is the modulating signal andmis the FM
modulation index given by

A
=— (3.2
m=- (3.2
where Awisthe frequency deviation, Itisrelated tothe plitud
of the modulating signal (4, by the expression
Af=KA, ..(3.3)

where X is constant.

Thus frequency modulation results when the deviation Af of the
instantaneous frequency f from the carrier £, is dircctly proportional to the
i plitude of the modulating voltage. The frequency sp
of the fm modulated signal consists of an infinite scries of discrete components
and may be expressed as

E (1) =A {J,(m)cos o+ Zl J, (m) cos {0, +ney )1

+(=1)" cos (2, —ne,) 1} -(34)
where the Jy, J,, ... J, are Bessel functions of the first kind and order 0, 1,2,
- 1. From Eq (3.4) it is evident that the fm signal has infinite num 1
MM;LH@%%M andwidth, However Tor most of the
transmission purposes a finfie width is nectted and so some of the side
frequencies need to be filtered out by means ot a band Iimiting filter. This
finite bandwidth of fm signat is represented by Carson’s rule

B =2f (m+1)

=2(8f+,) (3.5
Here Af is the peak frequency deviation of the system, and f,, is the
modulanng frequency, Xg may be noted that the spectrum of an fm waveform
modulated by a real signal is much more complicated than that for a
smg‘le-frpquency sinusoid. In such a case £, is replaced by £,... , the maximum

modulating frequency and then
B=2(Af+/,.) ...{3.6)

The energy associated with the sidebands outside the b
small and so when the tm
T H -

dwidth B is very
, signal s passed through a filter ot bandwidth B, very

compression has been az.:hu':;'ed 'by the fm delecﬂ.)r. 'K.'helrc is.an impmvcmeni
in the signal-to-noise ratio (S/N), iated with this bandwidth i
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Actually the perf ofa jonal FM receiver in the presed f
random fluctuation noise is commonly judged on the basis of the gaxia{i,gg gf
Ry T e gre f

N ery

(SIN), =(CIN), "%m’ 3

$1Mhy =€ 1N+ 10083m* .08

The factor 10)og (3/2)m* exp indecibels precisely the imp,
afforded by the fg\ system En re‘lum for a sacnifice for bandwi
PSS AP XL I e ehn e da T 210 T

Tege o 22
B

A e " D s A e
discussed in the next section, With a phase detector, Eq (3.7) of signal - to -
noise improvement ratio is given by

(S 1N){ (C 1), =(89)! 39

where Ad = peak phase deviation, The above discussion about the (SIN),

improvement was limited to the case of a single frequency sinusoidally
e o £ et Ton stn marm nf e cinvieridal madalating <ional » ¢

3B (Bea}
(SIN),=(CIN), ‘5f...(fm ...(3.10)
where B is the bandwidth expressed in terms of Carson’s rule as
B=2f.,(1+m) Gl

Here f,, is the highest modulating frequency and 4f.y is the peak
frequency deviation. Since
m=Af o fous ' -(3.12)
Eq (3.10) gives

(SINY=(CIN),*3(t+m)m* . (3.13)
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For large m, 3 (1+m) P 3m?
Similarly, for m « 1, 3 (1+m) m*= 3m*

Thus Eq.(3.13) shows that better (S/N), can be improved by increasing
the carrier power (or in other words) by increasing the level of modulating
baseband stgnal) to the maximum extent possnble until the dxstomon exceeds
a specified value. The distortion occurs Iy lhe
deviation exceeds the specified IF bandwidth. In an audio baset signal the

nowtrar enpnteal danclty io ealntiarale hinh 2n the Taws Frnnmannn sanea nad falle

FREQUENCY MODULATION
SYSTEM WITH CONVENTIONAL
DEMODULATOR

fm IMPROVEMENT

LINEAR MODULATION

SYSTEM WITH IDEAL

PRODUCT DEMODULATOR
(S/N=C/N)

(s/n),2b

a— THRESHOLD OF FULL IMPROVEMENT
}——NOISE THRESHOLD

0 9¢b 1zgn (C/N)udb Lot

Fig33. Threshold in FM Detector

3.5. S/N Ratio in Frequency M odulation with M 1 1
Signalsin Satelme Link: (No:se Performance in Telephone Channel)

et et s POTR
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2
(SIN),,=(CIN),* @ I5) G@"-‘) (319

where ‘lhc subscript ¢ represents worst channel, b is the voice channel
banflw'ldlh (usuaily 3100 Hz), 8 is the rf bandwidth, Af,., is the rms frequency
deviation and (C/N), i‘_s the ove_ml{ carricr to noise ratio of the link, Since the

A

e T e Ty

of the telephone receiver and of the user’s ear. ‘the Bell System calls this
ighting factor agyC ge weighting, The CCITT calls it psophometric
weighting factor @ whose numerical value is 1.78 (2.5 db). It would be
worthwhile to mention that 'psopyamctricany yeighmd power’ means that
Lot R e REREEE el R nea

;m'px;(;vémcm factor ('; is o be included in SV ratro.'l hus, lak'mg' nto ac'couﬁ;
both the psophometric weighting factor p and pre-emphasis improvement
factor q, the expression (3.14) of (S / N),, becomes

[y
SIM,=CIME@I)F™] pa (3.15)

which may be rewritten in the decibel form as
(SIN),, =(C1N),+10Log, (B /)

+20Log, (%fﬂjw +qdb (326)

oux

where p is 2.5 db and g is 4 db. The above quantities 4f,.,, and B are also used
1o calculate the number of channels N carried by a multiplex telephone signat
and to the availabl ponder bandwidth. For sucha lation the concept
of rms test-tone deviation (also abbreviated at Af,,,) is used. Actually this is
= s mamior Aaviation that 2 single 1 -kHz-O dbm sine wave caled the test

| 2Dlogll) = ~1+4log(N), 125N 240
=-15+1010g,, (), N > 240 BT



SATELLITE ANALOG COMMUNICATION 35

The product  Af, ,, is termed the rms multicarrier deviation, Another
factor g is defined as the ratio of the peak frequency deviation Af, to the rms
multicarrier deviation 1 &f, ... i.e.

A

, =I_AE ..{3.18)

’ “ N ~ * »rresponding to 10 db) and for small
- . ue olpg.s (18.8 db). Now the Carson’s
B=2(4f,+/,,) (3.19)

where Af, is peak frequency deviation and f,., is the maximum frequency
compaonent of the baseband modulating signal. Eq.(3.19) combined with

Eq.(3.18) gives
B=2(10 ot fu) .(3.20)
‘which gives the expression for Af, .y the Tms test deviation as
: Af...,.=(%-fm)/gl (321)

The value of B being fixed for a given transponder design, the number
of voice channels per ponder is computed by an iterative procedure.
Starting with an estimate for N, computed values of fre and &, are

fuced in Eq (3.16) together with the rf channel C/N power ratio. If the
resulting S/N turns out to be greater (or smaller) than the prescribed SAV
(nomally 51.25 db), the estimate for N was too Iow (or too high) and needs
tobe changed until the correct value of SV is found. It would be worthwhile

T e o o e o
Lur tne earth station put-of-band noise, the balance of 7500 is the noise
allowed for the combination of the up and down links. Hencgwp

s
i 107/ (7500 %107 = 1.33 x 10°

— o .
or §iB =5125a8 . “(3.22)

3.6, Single Channel Per Carrier (SCPC) Systems

. The fm-fdm is used with large earh stations which serve large capacity
links. The single channel per carrier system or (SCPC technique) is suitable
for small earth sations with relatively few channels. Here each channel
mdepcndgmly modulates its own carrier and is transmitted to transponder,
Earthstationsusing SCPC sy donotneed the expensi T

4
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and demultiplexing equipment and so the cost of such earth stations is
considerably reduced. Further in such eanth stations the carrier would be
transmiticd only when the Jink is active or needed. In Jarge earth stations the
carrier is always present as there are | ly assigned channels for the
various other smuong, 'I“‘lrm‘is causes a contix‘)_uous coLnsumpﬁon of satelljte
o am - T OOy - crfre et A e -

e

agven ume. 10 2coompiish Lus shanig tequues a CenuaL controt stauon, or

eguivalent means, fo do the assigning on demand using manual,

i ic, or fully i hods. Also, each station must have

equipment 1o permit a Fivelr’xc :/‘:;ice channel 10 be switched to any of the
i

g o and reception. It would be
worthwhile 1o mention here that SCPC requires more bandwidth than
FM/FDM for the same number of channels and 50 it is not an economical way
tomove largeamountsof trafficoverafixed route between h i
The signal to noise (S/N) behaviour of an SCPC link is described by
Eq.(3.13) alongwith the modification for appropriate preemphasis and
weigthing. Using 6.3 db for preemphasis improvement and 2.5 db for
t ic noise weighting, the (S/N), for an analog FMSCPC system is

givenas
) (51 N)y= (CINY,~ 954 +20Log,, (4, )dB .(3.23)
where Ny is the noise power density in Watts per hertz and 4f, is the peak test
tone deviation in hertz, It shouid be noted that (C/Np) is related to (C/V) by
the expression given by
(C I N)=(C { N~ 10Log,, (B) dB

where B is the bandwidth given by Eq (3.19). By using a technique called
wpanding where the, dynamic range of speech is compressed before
ission and is expanded afier detection, an improvement in SIN is

bained. Actually ding distorts a voice waveform in a way that
N et e sCafayal (Faba roflmnstiang afana s

(SIN),=(C{Np,~T84+20Log 10(47) (3.24)
Atypicatimprovementof the order of 16 dB in Si¥ ratio has been obuined

by such companding technigue in SATCOM systems.

3.7. Companded Single Sideband (CSSB) Systems

TA TS -
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low-level spccch signals, During pauses in the speech signal, channel nmsc xs
further reduced byg;xmpander Thus whereas an uncompanded FM/FDM
MHzcouId X date 1100 voicech the
syt BN RS
. '

. In lhe single snde band suppressed carricr system the individual voice
chzumels are ‘stacked’ in frequency and then added to form a multiplexed

for36MHz 9OOC hannels could be xlated butduelolcenmnpracuwl
only 6000 channels are aliowed. Companding to this will
provide improvement in overall S/N ratio.

38. Analog FMIFDM TV Satellite Link

Lt B X R SRR, NP

depend on the bandwidth available Typical values for network
TV are a peak deviation 4f, of 10.75 MHz and a maximum video modulating
frequency f, of 4.2 MHz. The performance of fm-fdm television channel is
expressed in terms of the peak to peak luminance signal-to-noise ratio. For a
sinusoidal wave, the peak-to-peak power is (2V2)* times the rms power, Also,
the peak-to-peak value of the lominance signal is 172 times the peak-to-peak

value of the composite lelcvxsxon channel. Thus, from Eq (3 10) and lakmg
into account the factor and weightng factor as

.(3. l15) mepcak 10-] pcak luminance signal- 10-noise rauo for a fm-fdm TV
signal is

1M, =D ( ‘,_) cmy,.2 2f /MJ va

_6(6‘) (i) (ﬁi.-:)z ra T.029

where pis the preemphasis [actor, ¢ is the weighting factor, £.... isthe maximum
video modu]aung frequency (4.2 MHz by US standards) and the modulation
index m is the ralio 0f &fpuyy ! fo,. EQ.(3.25) can also be wrilten 1n the form
similar to Eq.(3.13)as  *

SIN),=6(CIN*30+mipg - (320
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direct broadeast sateilites (DBS) these parameters are B = 24 MHz, fa=42
MHz,?3f, B2~ f,, =78 MHzand pg =128 db. Then (SIN),, reduces to

(SIN),, =40.24+(C IN); (dB) - (F§S) {327
(SIN),, =3353+(C I N),(dB) - (DBS) ..(3.28)

Thus, for a clear sky C/N ratio of 14 db, the receiver (S/N) ratio fora DBS
TV channel is 47.5 dB.

. . . . Lt
introduced in the TWTA amplifier design so that TWTA may not work near
its satoration region and this will reduce the intermodulation effects. The
multicarrier amplitude transfer characteristies of TWTA is represented by an

“53d poryromial such as @

Vo=a,V,+a, Vi+aVis. .. ...(3.29)
where V,= output voltage of TWTA :
Vi= input voliage

= constants having positive and negative values alternatively,

nl
Then carrier input signal is considered to be of equal,
amplitude and may be expressed as
v, =‘5J‘A cos (01 +8, (1) (3.30)
Therefore the total input power P, is
nd 331,
=3 (331
or A (3.32)
On substituting Eq.(3.30) for ¥, into Eq.(3.29) one gets
«(3.33)

V= £ B, cos[or+6, (N +IM+H
(L3}

where H represents harmonics kw, that can be filtered out. IM represents
inlmnodu]a%on products which fall into the bandwidth of the carriers, These
intermodulation products are located 2t frequencies
200, ~ @, 1, 0, + 6,1~ O, and 50 on. These fall within the transponder
bandwidth and interfere with each other. Westcou™ has calculated the
ampliwde B, of the individual output carrier and the expression is given as
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-
SINGLE CARR

gm . AMPLITUDE TRANSFER

3% | sATURATIONy, /CHARACTER!
wol 7777 w
QFO w
< > <
o T
AT 4 o
oNo
>3e 5
543 T
225 5
56% =
ozwn

INPUT VOLTAGE NORMALIZED
. T0 INPUT SATURATION VOLTAGE

. Fi; 3.4, Operational Charscteristics of TWTA Near At Is Saturation Poins
R = 2P”(l 3“’(’:']( ";)
, ;155:3(2‘-‘) [%+(n—])(n—2)+%(n—l)]
- +105-= (”) [(n=1) (1 —2) (n~3)
+3(u—_11(u 2)+ (n~ 1)+—1+ ...... 1 .339)

Here the term a,‘\/ T’gives the ouqnut amplitude due to the first term of

the amplitude transfer ch istic and the term inside the brackets is the

ton factor due 1o ity. It should be
noted that the lhudordeﬂypc of intermodulation products located at frequency

20, -0, and @, + @, ~ 6, , , are the most dominant. Among others the fifth
order types at frequency 3 @, —2 @, , is less important. Westcott  has also
calculated the amplitudes V,,, Vi, and Vi, of the intermodulation products

20,~0,41 O+, ~0,,; and 30,-20,,, for n carrier input and his
expressions are glvcn as

2P, B
Vo =%a,( ‘] {1‘\"20’[’:()[12.5+]5(n—2)]

+1050’( )[(n-2)(n 3)+—-(n 2“12.] 4

1
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3 (2P, i PeY 3
Vix =ia,(_n—']'(1+102(7‘)[5+ (,.—3)]

Py, 7 Y
+2102(—n—') [1 +; (n—3)+%(n—3) * —4)]+...} -(3.36)
3
P,V [ 49
Via =§,,, (z_n_‘) {1 +E"’ (%) [l+1,l—2(nv2)]+....} 337
c palid ihan r.3ie nocits

" A . Ty et
the intermodulation ipression factor rep the intermodulati
resulting from higher order nonlinearities, It may be seen that the amplitude
of the third order intermodulation product e, + ®, ,, — @, ; is 3 db higher than
that of the type 2 @, - 0, ... Further since | a5 | <1 ay,and also the compression
factor for the fifth order intermodulation product decreases rapidly with

T Dy, (r,n) V21,1+Dx.1.1 (r,n) Vlz,l.l

where D, represents the number of third order intermodulation products that
fall right on the rth carrier and is for the 2, ~,, third order type. It is

expressed as

p
(C) B, ..(3.38)

Dt ,.):%{.‘—2—% 1-E1 (—1)'} (339)

Simitarly Dy, (r,n) is for the @, + 0, ~®,.2 third order type and is

expressed as
- 1
Dy, (rm) =£ (r—r+1) +ZI(" -3)’-5)

_% 1-E0 ...{3.40)
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1t would be worthwhile to mention here that the total n carrier outpu
power nB2/2 is always smaller than the total single carrier output B}/
because power is lost in itermodulation products. This is shown in Fig, 3.5
‘The output backoff BO, of TWTA is the indicator of its power drive level an

is defined as the ratio of the peak single carrier output power (n = 1) to tix
total desired 5 - carrier output power.

g g SINGLE CARTIER
55 SATURATION
EE
gE n CARRIER
=i SATURATION
v

g
o
52
o -
=g~1
2a
°s

e

a

1
INPUT POWER NORMALIZED TO
INPUT SATURATION POWER

Fig 3.5. Power lost due 1o Int&modulatinn Products in i Input Carrier

Thus
' B}, sat
’ Oy=—or (341
. .. " aB? (
Incase the normalized amplitud For ok et " .
B0 = 1 and then P tics (Fig. 3.4) isused
l .
BO=- (342

. The input backolf is defined as the ratio of the single carriér input powe
which yields the saturated output power B, ../ 2 1o the total input power of
the n carrier input at its operating point. Thus,

. - BZ
BO, =10Lop 28/ 2
H
) =10 Log%—-s (343
[is .
Normally, B,?,, /2 is given. For example a 1SW TWTA means B,
2= 15W. Thus BUq may be easily caloutated, \ o

pe



(1 SATELLITT COMMUNICATION

. Wesicott © has also analysed the cffects of intermodulation products
Ed:ms into account the phase Ponli rities of TWTA. He has shown that to a
R R -

. ) e . . <
3, + (0, ~ 63, products, Here Xy is the amplifier amplitude modulation-phase
R TE T -

[ L L L R

] " ‘ td
epresents the carricr toadjacent satethic interference ratio then the total carrier
o noise plus interference mtio of the fdm system is given as (in line with

4.02.33)).
-1 -1 -4 -t
T ELAGET e

Similarly if (CIN), is the carrier 1o noise plus interference ratio in the
plink, (C/N), is the carricr 10 noise plus interference ratio in the down link,
/1) is the carrier 10 intermodulation, ratio, then

FEGEET e

DUTPUT BACK OFF B0, (db)

Fig 3.6. Plot of (C/N) Ratios as a Function of BO,. ~

«
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backoff BO,,, therefore the carrier to noise plus interference ratio in the uplink

is also a function of | B0, Hence the total carrier to noise plus interferece ratio

of the satellite link is a function of the TWTA backoff 80‘, and by Eq.(3.45)
o peaTen

24.4.,.“

ngnppt o mem et

p P "~ (

3.10, Energy Dispersal in FM/FDM Signal
In a fm transmitter when the input modulating signal is absent, the

uansmmer radlates all of ns power at the carrier frequency With the

nmy occurs wuh the maxxmum "modulation
ndmon s called fuII Ioadmg Smcc Icrresmal :mcrowave

[t

minimum specual pow
amplitude, Thi

o

ymmetric tnang to the lating waveform before

modulation, This additional syn ic voltage waveform is_called the
¥ o,

signal hasaconstantamplitude and f que cyof 30Hz. lngeneraltheamplxmde

of the di signal for multichannel ission is determined

by finding the frequency shift (peak deviation) Af that dispersal waveform

must cance

am&dﬂlms "' : :"' alculati "Afforadlspersalslgnal Consndgr

w (f) = (#) exp [- (AF)?/ (24%) -++(346)
where AF s the difference be

tween the un 1.
1. At full Joading the donsity § modulated carir frequeacy f, and

S W (/) and is given by

W 1) =[ ‘f—] expl- (OFY 1 2] < (347)

where d, is the fully loaded rms multichanne} deviation. At no loudxng the
density W, is determined by the deviation AF . which the mmumum
dispersal waveform causes. A ing that the lar di

simply spreads the carrier power C umformly over a band lhalcxlcnds

on either side of the carrier frequency, then
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c .
Wou=3 7 - .(3.48)
The usual practice is to choose W,.,, = W, (0), which gives
DF=n S [E) o
0= 2 . (3:49)

The rms multicarrier deviation d,, equals the toading factor of Eq.(3.16)
multiplied by the rms test tone deviation A, of the link. Thus from d,, one
may calculate the maximum deviation ., that the dispersal waveform wonld
be capable of producing. For Jess than full loading (d < d,), AF isobtained

by the following relation o o

1 AF 1 f e
Vo d, Namse
where the integrals may be evaluated from readily available tables.
3.11, Review Questions

. - e

..{3.50)

2. Whatismeantbymultiptexing the signals ? In analog means of satellite communication

which muluplexng technique 1‘§h used and why ? What are the main reasons forusing
elhte

‘What 15 meant by threshold in FM detector 7 Explain fm improvement and denve

1he SIN ravo for SCPC signals

‘What 1s loading factar and how does w affect the fmAdm signal transmussion ?

Compare the performance of fm/fdm SCPC and CSSB systems

. How does the non-linear behaviour of a TWTA affect the operatsonal charactenistics

(CINY of a satellite Link? What are the intermodulation products and how are these

generated with TWTAs 7 Discuss the camer to intermodulauon for amphude

Scua w

notlineanties of TWTA ?

7. Whatis ‘energy tspersal’ ? Discuss sts applications for satell i Also,
explain the dispersal signal

8 b sy PRI Y et ate s e
. . = et [
- . Ve L Y
DL O R

9. For » 60 chanael FDM system with 2 maximum bascband frequency of fm =252 kHz

. nnld & specified m.pdunncll _n.gmimlﬂ;ug mi.o s.l)\‘( '=’512'<'1? f.ir‘lio\;v_l _u}eﬂl.a’a_n_g\:a:!)u::
- . T
e s ‘. X [T

e L . . )
10.  Explain analog televison iransmission through satelite, Write down the expressions
for SIN ratio calenfation for satellite TV lnks.
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Digital Signal Transmission

of Pigital C
of digital
R b

have already been mcnuoned

B e
1

dxgxml (echmques qune successful
The telegraph was the first modem form of digital communication but
because of its much smaller bandw:dlh, voice telephone ccmmumcaucn

of today's data oommumcau(m In order to access the compuiers from 2

d worldwide for transmitting data over
mauon sys(ems But due to betier rehabxhty and
tecom has become widespread over

Auims T ot fP by cotoii g tho @il

the anajog voice commun
h)gher qunh:y, dxgnal vmcc

, rangng oM suw i

cost of pnva!e voice networks by sxgmhcam B
30% for many large organisation,
4.2, Byte

A bit is an abbreviation for bma:y digit. Byte represents the storaug;

sition in the main  mermo 11 one
po ry e Lt ante Thuro huta i¢ 2 <ot of bits

45
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ma; joned into four 8 bit byte or four 8 bit characters. The bytes may
bcyg?gm together to store a la.rge‘_in:cgcr or rca_l'nlxm})cr 931 fPf

communications such as lirie printers, terminals, tape readers must conform
1o the same standard. The software used to interpret data has also to follow
suit. To minimize the transmission errors various codes are used.

43.Baud

A baud is the unit of signalling speed and represents the speed ofa
communication channel, Historically it is a contraction of the surname of the
Frenchman JME Baudot whose five bit code was adopted by the French
telegraph system in 1877 Formally, 2 baud was definedasthe numberof codes

olomnns oyie ananm

4.4. Elements of Digital C icati

fn oamp pmeme o

System
R N IO o Tl
R
o s

Ul ne components as shown i Fig 4.1, As compared 10 its analog counterpart,
it has additional units of encoder and decoder and so here a knowledge of

ission codes, ission rate, issi synchronization, error
detection and correction and transmission efficiency is needed. It would be
worthwhile to note that the communication systems may be simplex or half
duplex or full duplex ones. In the simplex systems communication is one way.
In half duplex system communication is allowed in either direction at a time,

In full duplex case commonications may be dome in both directions
simultaneously.

T thamapmace do comn 100 0o - . itude
D - et PRI . * .+ cond.
L. ooy . e e e, The
INPUT DIGITAL .- - OUTPUT DIGITAL
SEQUENCE . - EQUENCE
SOURCE DESTINATION
{ o e o s e e oy
SOURCE CHANNEL | __|CHANNEL | __|CHANNEL SOURCE
ENCODER CODER . DECODER DECODER

e e TR AP D SIS p—

Fig. 4.1. Elements of a Digital Communication System
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digital telephone exchange. In United States and most of the European
countries, digital transmission is widely utilised and much of the warld uses
digital tinks op g at 2.048 bits per second.
4.5 Digital Baseband Signals

The gi‘gim_l baseband) signalrnm '_' gically wangmi d (serially

V
N

iy used in . b it is s0 simple to gencrate, detect
and use. Since lhe two levels are fixed by the system that generates them, no
0(1)'r——-——,
i S
0 Tt 0 Tt
ta}
Seltir——
°h : 5(8)
H ] 0 T
[{] Tt ,' t
i !
by et
SO(O:P—-\; St} ;r-———;’
it x 14
o ¢ 7 t 06 o T t
HE o
i ] H ]
[£4]

Fig 4 L Typical Examples of Digual Baseband Stgnals (3) and {8} Rectangular Pulse
® v-}?&rom- e Syt Phase Pulse Wavcfonm () Sine Pulse Wavelorm
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information can be implied by the voltage level. The information has to be
contained or cacoded in the pattern of the levels with time. Typical example
is as that of Morse code.

Figd2 shows some kind of digital baseand signals, Thus if §, (k= 0, 1, ...
P N P A A SEN FEmAS

H L . . L
;Jz':niueu by u ror two sngnais .s; (.l) ana ':, (It).' thelr.x'nner 'product ©n Sy 18
defined as 3

6 5)=[ a 050 D

of a full period of a s_irlxe'wave'. It may be noted that ll'lc're‘ar‘e several hi:;ary
and M ary baseband signal sets which can not be described in terms of a single
waveform of duration T,

.+ Themathemati p ion of digital baseband signal is being done
in the following way, Let m, denote the message produced by the source

during the ath terval [ n 7, (n+1) T], then the sequences of the messages to
be sent to the receiver is

M) =my, m,m,m, ... .(4.2)

. If the source output in the nth interval is k, m, = & and the transmitted
signal is equal 10 5, (t-nT) for nT S ¢ (n + 1) T . ‘The signal s(¢) is actually a
sequence of replica of basic waveform and so one may have

@)= 2-: 5., t—nT) a2

sch\"un lU 1],
5 (O=Ad, v(1) .(4.4)

where A isa and rep the signal amplitude, d setof
data variables, {d, :k=0,1,....M - 1), the subscripfkrepresems thekth signal
inthe setof d,. In order to define the transmitted signal, the message sequence
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(m,) is represented by the corresponding sequence (5,) of data variables and
then U\cml‘:;lmr sequence is defined by b, = ;. if m, = k. Then the transmittcd
signal is defined as

s (l)=_}.3_Ab. v{t~nT) (4.5

In the analysis of various digital modulation techniques, the abave form
of digital baseband transmitted signal is normally used.
4.6. Digital Modulation Techniques

4.6.1. Amplitude Shift Keying (ASK}

circuits, Thus if the carrier is represented by e =E sin(w,¢ +46) then the
modulated signal using on-off keying (ASK) may be expressed as

1 1
0 1 6 ’ % oA
1 BASEBAND

CARRIER
/M’H‘ }U”V\ ASK
CARRIER
T+T.L
Loy T

Fig. 43. Principle of Amplirude Shift Keying
s()=a (). ESn(@.+8) - A46)

where a(f) is the baseband signal represented as @ (t)=_§:;b, v{t-nT).

e e e “

[ ooy

EE R

1.\ n;odiﬁcmion of ASK is the guadrature ‘ASK.(QASK) which is also
known as quadrature AM (QAM). The QASK signal is of the form
s {)=a, (1) E, sin (00, +¢}

+a,(1) E,cos (0,1 +4) PRCN)]
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where  a, (1) E, sin (@, +¢) D p
a,(f) E, cos (0,1 + ) rep quad [+ Each of thege two
componentsof the QASK signalisan ASK signal with pulse duration T, (where
T,=2T il the source produces binary digitsat the rate of one bit every T'seconds.
Thus for binary (m = 2) a, (¢) and @, () signals the in-phase and quadrature
signals are binary ASK signals of (1/7,) bits per second. In that case, the total
data rate for QASK signal would be £ =3 bit per second.

|npha<p and

4.62. Phase Shift Keying

In the phase shift keying, the mark and space signal are represented by
180° phase shift and zero phase shift respectively. ’mgrenalmplitude of the RF
carrier iskept fixed. The most important kind of phase shift keying technique
isbinary phase shift keying (BPSK). Here the transmitted rf signal is a sinusoid
of fixed amplitude but its phase has been shified by +7 radians or -2 radians

. LI

3 .
transmitted at the channel rate of £, =; bits per second (or the bandwidth =
2f,). Thusif the itted sinuscid is of amplitude A, ithas a power P, =1 4%

sothatA =w]2P,. Thus the transmitted signal is either

b(t)=+1

Blt=-1} VT\J VAR VARVANR.

Fig. 4.4, Binary Phase Shift Keying Data Rate 1/T Bits per second

Sipu (t) =25, cos (0,1) . (4.8)

or . Swoa (8} =2, cos (0,0 +7) ) ..(49)
==J2P, cos (1) L .4.0)

=b()cos{w,t) - . (4.11)

Wﬁgre b {f) =+ 1V represents the logical Jevel 1 and b{1) = —1V represents the
logical Jevel O. It may be noted that the binary PSK may be considered as
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amplitude modulation by a seq; of rec! 1 durati i
amplitudes +1 and 1. gularpulses of Tith
4.6.3. Quadrature Phase Shift Keying QPSK and M - ary PSK
Inthe BPSK the channel bandwidth is2f, where £, = (Tisthe bitduration).

; | - S
according to the value of the madulating valtage The .
for the interval [#T, (n + 1) T] can be wnioen as transmitted signal QPSK

N $(t)=A cos {0,046} (412
where k denotes the message to be sent in the nth interval (k = 0, 1, 2 or 3).
The four different values of 6, must be separated by 3 radians. For example
one may have {6, :k=0,1,2,3asthe set{O .’;',1:,-?} or the set{f,%—',?,? .
Itis essential that the phase difference of 7 is maintained. Eq.(4.13) may also
be written as 3
s(t)=A cos [0 +6(1) ...(4.13)
where 8 (£) represents phase modulation and isa sequence of rectangular pulses
of duration T and amplitude G)b_ with b,=0, 1, 2 or 3. Fig. 4.5 indicates the
QPSK signal for the data sequence in b, =0, b,=2 and b, = 3. Here the data
rate is 2/T bits per second.

"N LA N
NAVARVAZAY, vavoss

Fig 4.5. Example of QPSK with Data Rate 2/T Bits per second

The power in QPSK signal is A% /2, just as for BPSK and so the energy
perpulseis E= A T/2. The QPSK gives 2 bits of data per pulse and therefore
the energy per bit for QPSKj§ E, =5;1 which is one half of the energy per bit
for BPSK for the same pulse duration T. Thus when QPSK compared with
BPSK for the same data rates, BPSK requires twice the bandwidth of QPSK.

However, if the two signals have the same data rate and equal power, they also
same energy per data bit. It would be worthwhile to mention here
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that there are also some other modifications of BPSK such as differential
phase-shift keying (DPSK), differentially-encoded PSK (DEPSK), offset
DO AANNCIA R1os e ANEI A8t Lt i AROT Yleens it

modulating voliage that determines the itted phase. A g lization of
BPSK hasalso been carried out that is widely termed as M-Ary PSK and-now-a
days hardware to accomplish such M -ary communication is available, The
principle of M -Ary PSK is explained below:

We have seen above that in BPSK, each bit is transmitted individually.
Depending on whether &(1) is logic O or logic 1, one transmits one or another
of a sinusoid for the bit time T,, the sinusoids differing in phase by %‘ =180°.
In QPSK the two bits arc lumped together and depending upon which of the
four two-bit words develops, one transmits one or another of four sinusoids
of duration 27, the sinusoids differing in phase by amount §= 90°. In M-ary
PSK, the scheme has been ded. On lumping together the N bits so that
inthis N-bit svmbol extending over the time NT. there would be 2 = M possible
symbols, Thus, N = 1 or M = 2 represents binary and N = 2 or M = 4 represcnts
quaternar, Now let these N bit symbols be represented by sinusoids of duration
NT = Ts which differ from one another by the phase 2r/M . Then the M-ary
PSK waveforms could be represented as

S,(1) =\2P, cos (0,0 +4,), m=0,1,—~-M ~1)  ..(4.14)
‘With the symbol phase angle given by

b=(2m+)niM +.(4.15)
The bandwidth is therefore
2 .2 Y
B-T’—Zf,—NT_N (4.15)

" LIn'sj thus c‘iident that as one increases the number of bits
e handwidth har et LU R M|

N per symbol
ST -

Covgrr e -

4.6.4. Binary Frequency Shift Keying (BFSK)
Inthebinary frequency shiftkeying which isalso sometimes called simply

as frequency shiflt keying (FSK) employs two different carrier frequencies
which are switched ON p%-d oplg) ,.h{-rlz.,..):'. ?.d:{f rf?ik e} ...‘..r::l..:,.....l,
X eV ONG e oy

55 0)=\J2P, cos (0, £ ¢ (4.16)
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showing the two angular frequencies of o, +Q and o, =€ with £ a constant
the

SeaTam 7PN
a

otf;isc( from the normal m:w frequency ®,. The guantity Q is called
iace ot LA RO S

P R Lo Lt
(binary digit). The bandwidih of BFSK signat is
bandwidth of BPSK.

A generalization of binary FSK can be carried out to M-
bandwidth in M-ary FSK would be y FSK. The

4)’,,0 I= ;) .a‘nd .is w:ice: lhe

BW =2Mfs (41T
where £, =fi/Nand M =2,Thus
BW =2 N (4.18)
Thus M-ary FSK requires a considerably i bandwidth in
comparison with M-ary PSK. However, it has been established that the
'~ - o e e 14 e TR 2 ~ ~e ME 2 on M Can A ue

[ L T AR W
ite Digital Link Design

477, Satell

usually stated a5 a single number-for example 1 x 10 = or .0001, BER is
analogous 10 SNR of the anafog link.

The bit crrorarises due to symbol errors which arise mainly due to thermal
noise, 1 i ¢ and intersymbol interference. In case if only
\hermal noise is considered then the symbol error rate (SER) or symbol crror
probabifity may be calculated unambiguously from (EJN,), the encegy per
symbol in joules divided by the noise density in W/Hz measured in the [F
bandwidth at the demodutator input. The higher the value of the the (E/N,),
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. tae a4 v omoars . « e

c
E,=CT,=-R—' ..(4.19)
where R, is the symbo] rate in symbols/second. The noise-density (noise power
per hertz) N, is the received noise power N divided by the IF bandwidth at the
demodulator input
N
N°=E ... {4.20)

From these two equations

¢ _{E\(R,
== [ﬁ) (E) (4.21)

Similarly if E, represents the bit energy and R, represents the bit rate then
C .
F=EIN By 1B) {42

In satellite communications the quantity (CIN) is directly ‘evaluate'd
(Chapter 2). Once the C/N is known and the bandwidth of the receiver is
selected, £, o E/N, can be calculated. From Eqs,(4.21) and (4.22) tis

rate &, reached its maximum value, the curve saturates. The left region is

teferred to as the power limited region ; the saturated region at the night is
called the bandwidh-liniited region. Tt may be nated that in order to recover

60 70 80 90 100 120
Cing (ab/s)

Fig4 6. Variation of Rate R as a Function of C/N;
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L (Al e LT SRR PR SO DS

\

LR TR PR S S it L PP SUVRY YRE FIPR PRSP SRpr S
- IR NS

aplot of these expressions. P
07

BIT ERROR RATE

EbfNg, 9B
Fig 4.7. Tdeal bit exvor rate performance of various digital modulation schemes
Table 4.1, Ideal Error Rate Performance of Various Digital Modulation

Schemes
Modulation Technique [Ideal birerror rate performance
MSK, BPSKAQPSK P =ferfe EN,
Orthoganal FSK with coherent detection P =L erfe NEJN,
Orthogona! FSK with noncoherent Padexp (=B, S 20}
detection
D-PSK Pofexpl-E /)

For M-ary modulation schemes the eror rate performance is specified in
~Esymbol ervor tate P, but far BPSK bit and symbol errors are the same
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thing. For the symbol error pmbabxlnty (p) less than 1, the error rate
performance is given as

P= P
“logM

For QPS¥, M = 4 and then P, = 2P. Thus the bit error rate for QPSK is
smaller than the symbol error rate, It may be seen from Fig. 4.7 that QPSK
has higher BER lhan BPSK but since QPSK carries twice as much data as
BPSK for the same RF bandwidth and using QPSK can double the
communication capacity (and renew earning power) of a transponder. It would
be worthwhile to mention here that CCIR recommendations also exist
regarding telephony services, Thus accordmg to CCIR recommendations
522-1,1982 1hc BER should not exceed 10 for more | lhan 20percentof any

P L
a w0,
e

. .(4.23)

INFORMATION INFORMATIO!
Synchromzation

SOURCE
1 1

INFORMATION INFOSQEARTIOI‘

2

Baseband
Signat *
INFORMATION INFORMATION
SOURCE USER
N N

Fig 4.8, Principle of TDM

T

8
[ 1=
P
a
m

438, Time Division Muluplexmg

Acmantinmadioae o . ¥
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of duration T = T /A where 7, is 1ff, (bascband signal freq
transmission). Actually this time slot T f”? individual chaﬁncl consil;isngu‘:
cl I. H '.'.'""'.. .

" e w [ KR €
channels are sampled at rate f.

Ch iChiepra Ch ch
FRTEITS St AN U T Y-
kl?s Vol 27 (k475

J=_1 .
l 2Mfm .
T,e bl b
L T !

Fig 4.9. Interleaving of A Channels Pulses on one Sampling Time Frame (Ts)

Lopeet
Thus T’Sﬁ- -'2~M——:-'A! «(4.24)

The TDM wave after interleaving of the M PAM waves is therefore
expressed by

(0= ‘é 7,(6) \..(4.25)

It may be noied that s shown in Fig. 4.8 the baseband TDM signal also
includes the synchronization signal

C, () =cosw,t ...(4.26)

‘Thus the baseband signal v(1) is
2() =5, ()+C, (D (4,27
The sync signal isused to synchron e "1"..,“. " _‘-‘.:.....n_'."_:r,fffﬁe

' .

bits that repeat a known patterm.

49,US T, 24-Channel System _ L
The T, channel system was developed by Bell System USA for TDM
tion in terrestrial microwave links, Thisis the bestexample tounderstand



DIGITAL SIGNAL TRANSMISSION 59

Mamt v 8 m——ag

. .
[ PINL [}

T4 g ewsonanwiu 1 WE 123 Jis trame snterval, Thus, the bit rate in T; 24
channel system is 193 bits divided by 125 ps or 1.5440 megabits.

sworsfol 1 T2 [ 32 [s] Ei:l TME

et e e i o
1BIT BBITSOPITS B BITS BDITS BBITS 2 BITS

le w008 ]

~-i

Fig 4.10. Slots in bell 7 Frame

. As mentioned the slot O is the responsible for synchronisation
information. This is done hv s fmewm W emsiem to 0 02 2200 !
constitutes .
100011011 =

The « .
the trstfr

reantalan .

4.1v, keview Questons

L Howis the digital satellite communication different from analog satellite
curr&:-gzucauqn ? Explain the relative merits and demerits of these two
met 3 -

- What are the various methods of digital modulation techniques and which
oneismostly used in digital satellite communicanions ? Explain with reasans.

. Whatis meant by bit error rate ? Tell jts optimum acceptable value for digital
satellite 7 What is jts in an analog )

. Detive an expression for a digital satellite link and explain as to how is it
dependent on the system bandwidth 7

- What s symbol error rate 7 How is it different from bit error rate ? For which
a1y modulation symbol error 15 similar to bit eror rate and why ? What
happens to the case of M-ary modulation 7

6. Whatis meant by error rate performance of a system 7 How do you calculate

the eror rate performance for M , orthogonal FSK and
PSR sy B ance for MSK, BPSK, QPSK, 20]

7. Whatis time divicion metect = 2= 1e o o L -
M o .

w s W N

b3 .
PN . -
HES
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(9). WhatisT, 24 channel frame 7 Explaini ionwithref i
microwave links and dlg\la( satelfite links, What is its
equivalent CCITT standard
10. Explumhedxgnalbasebandngmhuﬂ ite d h icalexp

for a digital waveform before modulation.
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Multiple Access Techniques

5.1. Introduction

Multiple Access Techniques allow ion among large number
of earth station terminals snmuhaneously via satellite. Alternately, with
muluple access techmqucs any one earth stauon can communicate wuh all

earth station and therefore to have the best use of t.rdnsponder s capacity, it
must be allocated to other earth stations. This alloczuon must be w1sely done

inam prrdarfo fachiom gmstos fLans

In:he ltiple access technique, the of iplexing
used i in vanous ‘communication ‘systems are used. The frequency lelSlOﬂ

mulipte access (tdma) 1echmques There has also been a rﬂﬂdﬂm access
multiple scheme which was used in AL HA sy . With the
nf m,w.q wr)nlm saphnin s PPN

lecnmqucs. the access of earth stations to Lhe satellite may be based on ihe
fixed or demand basis. In the fixed dease, the each earth
srauon |c l‘xp;] m Arlvanea and shaearoly 20

. e g, O™ St
access wchmques are quite efficient techniques and these will be explained in
the next chapter.

61
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§.2. Time Division Multiple Access (TDMA)

Sy

dusing theis tr_afhc transmission have access to

Fig, 5.1. Principle of Time Division Multiple Access

The number of voice chiannels in 2 TDMA system is given by
n=Q{r)(R~NPIT) )

where
r = Voice channel bit rate
R = satellite channct bit rate (power or band timited)
N = number of bursts in 2 frame
P = pumber of digits in the preamble
T = frame period.
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Some of the tarme i T 78 1

TDMA frame st - o

FDMA. The requ .

FDMA systems a b v
isused, since only . v s UURIL LS uansponder at any one time,
the output wf tube may be op dat n with a ¢

in satellite eirp and no dulation will be produced Also, for highly

busy/density maffic TDMA is most efficient. Some of the other advamages of
TDMA over FDMA are further discussed in Section 5.8.

3. TDMA Frame Structure

Fig. 52 mdxcatcs a typnca] frame structure. As already mansine-d i -
TDMA netwarl ap~t -

+ w15 WUNCS primary reference station (P’RS)
bxmll:uly the another reference burst srves as .recandary reference burst
(SRB) and the comresponding earth ctarinn o~

Ma: L LT T
of PRB, ;.. foa e . )
TDMA™.

GUARD TIME

IRB l | “TRAFFIC TRAFFIC]
1 Rz BURST {* * * ¥ * ) BURST RBy
1 N -
L—“-TDMA FRAME————-—!

Fig 5.2 The TDMA Feamen oo
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. Inorder to ensure tha‘(‘ there may never be any overlapping between

. e

993 ns oraround 1y, .

1t shonld be noted tha the minimum frame time in TDMA is 125 p,
fequited by a voice channet sampled at the standard 8 KHz rate. The maximum
frame time is arbitrary, provided that each frame contains one sample from
each voice channel for each 125 g, of frame duration. Thus the frame time

SBS 1Sms
Intelsat ¥V 2ms
Advanced West Star 125750,
Telecom 1 20 ms
Intefsat VI 2ms

5.4. TDMA Burst Structure

ey P

{o"lhe olh.er. ‘
The carrier and clack recovery sequence are the bits or symbols with

which each burstbegins. These enable the carth station demoduk: fecove

the carrier phase and regenerate the ‘b_it or syn‘\bo ing clock for data

ba Ancnadulninn
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The umque word (UW) wh|ch is also called lhe bum coa'e word (BCW) serves
tomark SatCCR

%4 guew€ wi il sl LA DECN SeCn that the larger unique words reduce the
pmbabﬂmes of such errors though there already exist various techniques 10
reduce the probabilities of such errors.

Preamble (or header) —_—]
l———-Stgnullmg chgnnel —
s

or control b

anrréer Unique | Order [Management | Transient
clock word | wire channel timing
recovery | (UW) | channel channel

{a) REFERENCE BURST STRUCTURE

l"*ﬁ Preamble
te Signalling Trattic data
! channel,or control ( Data message) 1

c%r,:?r Unique { Order

clock | word | wire
recovery channel

Service}nform-  inform- |, Inform -
channel | 3110P | ation Vv ees] atlon
sub Iburst sub burst sub burst
2

(b) TRAFFIC BURST

. Fig 5.3. TDMA Burst Structure
The signalling channel is present in bn"' thampfpmpopp cede I 0 0
The reference burs .
managementchann
consistsof onlyan. "' .

channels of both t}.\, ey Cany waftic bursvs carrv the voice hplpnhnr\n\
and Aata Malae

stati !
swit

cant -

The

al

such

coor
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time sfots of the frame allocated to the stations £.e, the burst positions. It also
identifics the position, length and source or destination stations ding
to subbursts in the bursts. Whenever, the reference station wants to obtain a
status report (monitoring) the management channel wonld also camry
monitoring and controf messages 1o the traffic stations. The transmit timing
channel carrics the acquisition and synchronization information to the iaffic
stations and cnables them to adjust their transmit burst timing so that
transmitted bur\s'ts. z:rrivc :Lt‘ the satellite transponder within the correct time
R TE i .

! -,
% . " » - . -
bursts.
N T T Sy S U T T
- -, - .- [
L} ' . v '
5.5, TDMA Frame Efficiency

The TDMA frame efficiency (n) depends on the ratio of the time devoted
to transmission of information bits in the {rame to the total frame length and

is thus defined as
L
n=1 T (5.2)

where .1 represents the sum of all the guard times and preambles including
the reference burst and is also expressed as

5t =(n ~l}e.’!)l’

. . . 1
frame efficiency,  shou
A Lot e

ld be

il et )
(52) itis evident that to have better
LI § LA

Nt

earth sltzI\UOn' : Mo . dclay' ‘_ ':'wnh'_me
¢ length, 1t should be noted that the current frame efficiency in various
ital communication satellites is of the order of 0.9,
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Once the frame efficiency is known the number of telephone channels
that may be supporied by a TDMA system is

r= -'I% .(54)

*where r is the bit rate of a voice channel. Thus if n = 12 transmitting stations,
P =680, Tr=2ms, r=64 Kbit/s,R = 120.832 m bit/s and 1 = 96%, the number
of voice channels v= 1813.

5.6. TDMA Superframe

Ithas been found that if the sequential frames are combined in an orderly
manner, lhc rcsu! bination reduces the overheads considerably, l‘hus
AR LRy

Frame | Frame | Frame
1 2 3

Cees Frame
N

Fig5.4. TDMA Superframe

es in & superframe a frame identificatron number is

wead hae tha sabacecan Loooas an 3

transmutted at the supertrame rate. This will h
while dealing with DA TDM fswillbe e clear n the fext o aptet
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5.7. TDMA Frame Acquisition and Synchronimlinn

B R S

L Y TN

) . -
in any Case. This accuracy inthe lmnsmlssnon and the rece] uon of time bursts
may only be nchlcvod by lhc called fmme ,p and jrame

hroni: dasreceiveframeacquisition (RFA),
t.r.msmu frame atquuxuon (TFA). receive frame synchronization, transmit
frame synchronization.

BN Tt mentane o meanioad wobas ohp deaffin censiome antnoe ne

m the satellitc movement such as pcak to peak alutude vanauon easl wcst
.

posmons as lhcy artive at the transponder. ‘L heretore acorrect synchrontzation
15 necessary 1n every roundirip delay to avoid errors. Tt may be noted that the

Dopplershift is of the order of 40 ns/s.
The synchronization is achieved by introducing a transmit frame delay
Dy to mark the transmit frame timing of station N such as
2dy
D,V=M7'/-"E' ...(5.5)
where T is the frame period, dy is the distance between the satellite N, C is
me veloc: zy of llghl and M isthe smallest integer chosen snch that D, 20 for

mcesses Inone of them, D,,xsdctermmcd lhecannsmuau
own the method is called the

du'ecuy frof
clo:ed loop cvnlml (or somc \lmcs loap back mcthod In oEncr tef:hmqus
— ~ wtatinng thamcatuac a0
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burst unique word'and the traffic burst unique word, computes the error and
determines a new value for the delay Dy. Thus if E\(7) is the observed error
then the corrected delay Dy (i + 1) would be

Dy, ((%1)=Dy () - E) (i) (5.6)
Thismethod of synchronization is not possible for alittle complex TDMA
systems such as those of multit or satellite switched TDMA sy It

also does not pravide for the sort of synchronised network control that can
monitor the synchronization of all the stations and automatically shut down
any network members who are out of sync and unaware of the problems they
are causing,

In the open loop synchronization such as that of co-operative
synchronization used in Intelsat TDMA systems, a control station listens to
the bursts and sends timing instructions back 1o each transmitting station. The
main thing in the instructions is the time delay Dy, In the Inielsat TDMA

tor no more transmission from that particular §tation.
Asinthe sy izati hnique the frame acquisiti hniques may
*be cither closed loop fcquisi/ion or open loop acq n, Closed logp
c i oheal ot g fisiem alitan s 1o N ~e m egandn

a ooy EETTN TR

. ' L e 0 ot a ‘:
be ment. again that acquisiti is performed prior to synchronization so
as to bring the station into synchronism with an operating TDMA network.
5.8. TDMA as Compared fo FDMA

@ FDMA is not suitable for the increased system traffic because of the
pairments due to Julation products. In TDMA since only one burst

resides in the transponder at any given instant, degradation caused by .
intermodulation distortion is avoided. The traffic capacities achieved in a
typical transpondar frr FIRAR w-d TR LU v RSN Ve rf
accesses are Cot Pt
of accesses inc:+, - -
intermodulatior

moditied between nodes sumply by changing the duration and position of each
burst in the TDMA frame. This is quite easier especially if the computer
control is used for the purpose,
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a
=]

TOMA

ar
=3

@
1<)

&5

% Capacity

a2
S

RN A T
Number of Accesses

Fig 5.5. Transponder Capacity for FDMA and TDMA Versus Number of Accesses
It would be of importance to mention here that the above advantages of
TDMA were recognized early by INTELSAT. COSMAT Iaboratories had
built their experimental systems in the late 1960s and had developed the

esig "‘aspermd:ci‘r quir
5.9. TDMA Burst Time Plan

Tisvery ial that the ission as well as reception of bursts in
TDMA musi be according 10 a time plan or burst time plan so that there may
not be any overlapping a‘f bursts at the satellite transponder. Thus for

O MU JUUIINE [P SN W

and Ienglh of the informatios subbursts wuh.m.a tgurs'-t, tnother wontsthe burst
time plan is simply the traffic assignment within a frame. Following is the
usual format for burst time plan.
Message Data

Burst time plan idendification

Tralfic stanon identification

Number of Transmit Bursts

Number of receive bussts
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Burst Data

Burst identification

Transmit-receive Flag

‘Transmponder identification

Burst Position

Number of transmit-recejve subbursts
Subburst Data

Transmit receive subburst identification

Subburst position

Subburst length

Itmay be noted that when the network grows or when the network traffic
changes, the burst-time plan has to be modified accordingly. Further
tonmr ey - RPNt <

L N N A fpeeen

The adjustment of burst time plan according to the traffic changes is also
called the traffic pIar:ning process which is usually assisted by co
o= 2 fene AT e Tagsared

anoverall burst time plan is determined for an entire network
thn e e H 1 - e . -~
. R L

satne paahs Cidnge metnod ivas been adopted that causes all tratne burst posion
and duration changes involved in the burst time plan change throughout the
network 1o be synchronised to the same TDMA frame at the satellite. The
delay comp needed to synchronise is assured by the use of Dy whose
value may range from 10 to 50 ms.

5.10. Multiple Beam (Satellite Switched) TDMA Satellite Systems

In the previous sections, discussions were on TDMA for satellite
Selaoe, Tane o PRI Gl prisd

AAmmnninatinn in anean— -

' .
nen b cnat hane hne sha § abhas 03 . - S e e e
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‘The main problem in the interconnection of UBS and DB in the satellite
communication system such as that of Intelsat VI is their interconnectivity.
This is achieved by introducing an onboard switching technique also called
assatellite switch. The corresponding TDMAsystem would therefore be called
satellite switched TDMA (SS-TDMA) system. This satellite switch is actually
the dynamic satelfite switching that uses a microwave switch matrix on board
the sateltite. The satellite switch can interconnect the six up beams to the six
down beams in accordance with any desired single point connectivity matrix
pattern (called a *switch state’) for a dwell inferval of programmable Jocation
and duration, It should be noted that the satellite switching on board can be
done at r[ or at baseband For the rf case microwave swxlchmg mamx

R P S A i

and an acquisition and synchronization unit provides the time refe
y for tdma operation. Cross bar ¢ ions have been designed to

provide bandwidih upto 500 MHz at 4 GHz a5 already being used in Intelsat
Vi

Fig. 5.6 indicates the concept of $S-TOMA used in Intelsat V1. These are
three upbeams and three downbeams. The onboard satellite switch control
station (or the distribution control unit deu) programmes the switch mamx 1
execute a cyclic set of switch states, each consisting of a set of ¢
between the uphink and downlink beams so that the traffic from various regions
is routed to designated regions without conflict. It may be noted that the

suc(:essmn of swuch states during a frame penod is called the switch state
camtinm aFq mivan ewitech is eplagtad to agenmmadate

Thusin Fig. 5.6, the SS-TDMA operates asa set or parallel TDMA frames on
the uplink which are then switched by a sequence of switch states into a set
of paralle! TDMA frames on the down link. The time duration for the switch
state is of concern for an optimal operation. An optimum set of switch states
is one which (u!f‘us lhc total txal‘l‘c needs of the network with minimum

s e e tncens wcnab af uerltnh gratog

3

of S§ - TDMA is defined 2s the ratto of the actuaily UseU LapuLity U LIS Wids
capacity available from all the transponders.
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m SATELLITE
SWITCH

CONTROL .
FRAME STATION [b
PER RECEIVING EARTI
et
UB1=> | gm|rlr} ] TERMINALS
3 5
TRANSMITTING 2=~ tem|mmiea
EARTH TERMINALS
P R R :: \
min
onsomn MATRIX moNn N g
WITCH

SWITCH STATES

: PRS-

"I'-fé‘::"“:EEBBﬂ

=] FRAME SLOTS OF EARTH STATIONS TRANSMITTING TO DBI
[CFRAME SLOTS OF EARTH STATIONS TRANSMITTING TO DB2
S FRAME SLOTS OF EARTH STATIONS TRANSMITTING TODB3

Fig. 5.6. SS-TDMA Concept used in INTELSAT VI

5.11. Beam Hopping (Transponder Hoppmg) TDMA
Trhapw l.m... .\..Tnl‘:\ ot

efﬁcnem and new TDMA systems (such as 'I'DMA eu:) u%d in rcccm
satellites are
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5.12. Code Division Multiple Access (CDMA)
and Hybrigd Access Techniques
. Incode division multiple access the whole bandwidih of the transponder
is used all the time and signals from the users are encoded so that the
information from an individual transmitter can be detected and recovered only
e g mennerly eyeabeant paties oot it I ..-."

¢ Vet

HESEL L S A P i
technique of satellite spread spectrum communications are given, Hybrid
multiple access involves CDMA and it will also be studied in Chapter 7.

5.12. Suggested References
The references are same as those of previous chapter,

5.13. Review Questitins

1. Whatis the difference baween multplexing and multiple sccess techniques 7 Are
FDM and TDM sinular to corresponding FOMA/TDMA respectvely 7 not why 7
Explain the refative advantages and disadvantsges of FDMA and TOMA ?

2. Whatis burst 7 Explain the difference between the reference bunst sad traffic burst,
Explain theis posinons in a TDMA frame. Explam their structures too.

3. What is guard time 7 Mention its value 1n » typical TDMA system. Explam its
mportance in TDMA frame efficiency 7

4. What ars the overheads in TDMA frame 7 Explasn thetr structures How the TDMA
frame efficiency is affecied by such averheads ?

5. Whatis TDMA superframe 7 Explam its sinsctures, How 13 3t dufferent from a simple
TDMA frame ?

6. What is meant by TDMA frame acguisition and frame synchrozation ¥ What is
frame delay 7 How does 1 help in catrying ont TDMA frame acquisstion and frame
synchronizaton techniques 7

7, What 1s meant by burst time plan ? Explain 11s structure and importance What are
the metheds 1o controf the burst time plan ?

8. What is ‘spt beam'? Explsn the use of mu!u‘plc spot beams in satefbie
communicaton 7 How does it increase the capacity of satelhite teansponder 7

9. What 1s sateliste swaiching 7 Esplain the difference between stauc and dynamic

switching ? Ducuss the operation of a typical SS-TDMA system 7 How s SS.TDMA
different from a beam hoppung TOMA
What1s CDMA 2 In ‘y{hax way is 38 supesior 10 TDMA 7 Menuon the patential

applacaions of CHMA
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Demand Assignment Multiple
Access Techniques

6.1, Introduction

Multiple access techniques as discussed in the p chapter were
based on the division of frequency or the time domain. The channels may be
assigned 1o the users as per requirement. In practice two methods have been

L At

....... s PRI

. In the fixed assignment, a station has periodic access to the channel
independent of its actnal need. By comparison demand assignment (dynarnic

b Jglve. i ess tothe channelonly when1trequests access.
Lo, Eall_y Y_’he" most of the users in the communication system do not

ot

well 1n the dy ssi es. Thus the
schemes (DAMA) arc more efficient than the prcassigncé oncs.
' 7s

£
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Frame number
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on _ Tme
&[]
o
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@ [afa] Jofa] fefof [m[a[o]vm

@ [AEelale oo o] 1 ] T+
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Extra avmtacre
time sfots

Fig, 6.1. Time Division Mdltplexing
(A) Data Source Achivity Profile, (B) Fixed Assignment TDM, (C) Possible
Uhilization With Dynamic Assignment

It may be noted that in any communication system the acutal demand

" (capacity) of the system would be Z Wy, where W,, W, ... W, are the band-
widths of individuals users. For the dynamic assignment case it may be even
- 2 Wy . All these indicate the versality and efficiency use of the available
l’requency spectrum (syslem capacny) with DAMA.

3 faemr Tope & mmmbenl mashanton

S with the irequency
termed as demand
- and for TDMA it is

DMA Thcrc is another mclhod “of increasing the capacity of
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communication system and this is called Digital Speech Interpolation (DSI).
Tt doubles the number of terrestrial channels carricd by a satellite transponder,
Some of the other advantages of DAMA would be further cleared in the next
section.

6.2 Erlang Call Congestion (Blocking Or B) Formula

T ]
Y N

. N
e,
N k

This is based 6n the Fact that when all the channels (say, ) in a

*inl
po=B (nay=-2L2 dB.3)
‘E a*/k!
=0

Here B{n,a} is termed the Erlang B formula for an n channel group with
a traffic intensity a =L/, A is the call arrival rate and the calls arrive in 2

poisson scheme (process). §t is the mean hang up rate. In other words i

represents the average call service time or holding time. Thus a is the product
of the number of calis per second and the mean service time per call in seconds.
The unit of a is erlang. Eq.(6.1} is the comerstone for evaluating the grade of
service of a voice traffic network. It may be noted that the probability of &
arrivals in time interval 1 is expressed by’ -
k

P (1)=—(?:,lexp (A1) ..(6.2)

whese A is the call arrival rate.

Eq. (6.1) has been used to study the required number of channels in a
fixed assignment as well as in the dynamic assignment schemes. For this
purpose, use is made of a table (Table &.1) called Erlang B table that gives tr-

‘Fable 6.1. Erlang B Table : Traffic Intensity Versus Number of

Chanmels and Blocking Probabiiity

One lost call in Onelost call in

n 300 1000 2000 1000¢ n 50~ 100° 2000 10004

1 0020 0010 0005 0001 51 412 388 368 334
2 022 0I5 0105 0046 52 421 397 376 342
3 060 045 035 019 53 431 406 385 350

Table Comy .
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ki)
e lostcall in One lost call in
n S0 1000 2000 10007 n s 1000 2000 10007
4 1.1 09 0.7 044] 54 440 415 394 358
5 1.2 14 1.1 08 55 450 424 403 367
6 23 19 16 Ll $6 459 433 412 315
7 29 25 22 161 57 469 432 42) 383
B 36 2 23 21 58 478 451 430 391
9 43 38 33 26 59 487 4606 439 400
10 5.1 45 4.0 k3 60 497 469 447 408
1 58 52 46 36) 61 506 479 456 416
12 6.6 59 53 42 62 516 488 465 425
13 74 6.6 6.0 481 63 525 497 474 434
14 B2 14 6.6 54 64 534 S06 483 A4
15 90 8.1 74 6.1 65 544 515 492 450
16 98 89 8.1 6.7 66 553 524 501 458
17107 9.6 8.8 14 67 563 533 510 466
18 115 104 96 80f 68 572 542 519 4715
19 123 112 103 8.7 £ 582 551 528 483
20 132 120 11 941 70 591 560 53T 492
21 140 128 119 10.1 71 601 570 546 s01
149 137 126 108) 72 610 580 555 509
23 157 145 134 115! 73 620 589 564 518
24 166 153 142 122 74 629 598 573 526
173 161 150 1361 7% 639 607 582 535
26 184 169 158 13.7 76 648 617 59.1 3543
27 193 1.7 166 144 77 658 626 600 55.2
28 202 186 174 152 78 €667 636 609 3561
29 211 195 182 1591 79 617 645 618 S69
30 220 204 190 16.7 80 686 654 627 578
3] 229 212 198 174] 81 €96 663 636 603
32 238 221 206 18.2 82 185 672 645 595
33 247 80 214 189 83 715 681 654 604
256 18 223 197 84 724 691 663 613
35 265 246 231 205 85 734 701 672 621
36 274 255 239 213 86 744 710 681 630
37 283 264 248 21 87 754 719 690 639
33 203 213 256 229 88 763 728 659 648
39 301 282 265 237 89 712 73T T08 656
40 310 290 213 24.5 90 782 747 7B 666
41 320 299 282 253] o1 192 156 727 614
22 329 308 290 261) 92 B8O 766 736 683
43 338 317 299 269 93 8L0 T.5 743 691
44 347 326 308 0.7 94 819 784 754 T00
45 356 334 316 285 95 829 793 763 709
46 366 343 325 293 96 838 803 772 718
47 375 352 333 301 97 848 81z 782 726
48 384 361 342 309 98 857 822 791 735
49 394 370 351 317 99 867 832 800 744
50 403 378 355 325( 100 816 840 809 153

Brobability of 0 02. Prohabibity of 0 01. Probability of 0005., Frobability of 0001,
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. that givestraffic intensity versus number of channels and blocking probability.
Infact Table 6.1 has been prepared from Eq.(6.1) itself. It serves like a ready
reckoner for the calculation of number of channels for both the fixed

IRy 1.

tobe d on d d. Now, if the same 20 erlang is
lobedmded equally bctwecn 5 desunauons then wuh sucha ﬁxedassxgnmcnt.

L aFaacenis

ment for a tyvical blocking probability of .01 and three traffic intensities

TABLE 6.2: Comparlson ofSatelhte Channel Requirements for
Pre: and D Schemes for Blocking
Probabnlmes of .01

Channel Requirement

Numberof o= 0.1 Erlang o =05 Erlang =10 Erlang

Destuna Demand rowe

T S g g o g ! Immow Px Dt Lo

s wem mea ot ment | ment

1 2 2 - 4 4 - 5 s _
2 4 3 13 8 . 5 1.6 0 7 14
4 3 27 16 7 29 20 10 20
8 16 4 40 32 10 32 40 15 27
10 20 5 40 40 11 3¢ 50 18 27
20 40 7 57 80 8 44 100 30 3.0
40 80 10 80 160 30 53 200 53, 3.8

o .
assignment which i is also used Fr=TIRA A o

many destinations with low,

demand assignment which is e .
serves many destinations with

assignment which is used I'or .
cach station serves o= <4sete ek i

and total traffic ateac” - * o RETEEN i
per corrier demapd < v - . PP e ,
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single-channel per burst demand assi, ament multiple aceess, 1t would be
worthwhile to mcnuon bm that the d ; Ga

iques mosxly used in ¢t communication sysiems and these will
bc dxscusscd in Chapter 8.
§.3. Demand Assipnment Control

In the demand assignment system the n'\osx.imgomm: function is the

TRAFFIC

TRAFFIC STATION
MASTER

STATION CONTROL

~~~~~~ Request a duplex cireust

Assign a duplex cirewmt

e VOice circuit

Fig. 6.2, Centralized Conlml Dcma.'nd Assignment

o mpban

. Then it assugns a pmr cf channels and allows lhc two stations to
“cother through the sateltite. When the callis completed, the master
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control station releases the duplex circuit and returns the pair of channels (0
the satellite pool or station pool so that these may be ulilized to a new caller
on demand. Thus the master control station keeps track of actual satellite

hannel occupancy or channel availability at all the stations in the network.
The distributed control demand assignment does not use any master control
station. Each traffic station has a data base of the status of the channels and
selects the available channel according to its need.

Both the centralized and dictriheen ~

assignmentshave ; .o
of centralized co
perform the func:
Since it maintair.. . et oo ]
capacityofeachs ., ...incuidisg 10 aluc mtensity and collect statistical dar2
for traffic analysis and call logging data for off-line billing. Further, itrequires
less overheads as control data can be compact and status data for the whole
network need not be itted. The disad gesof lized assif
is that the whole communication network relies on the central controller and
so any outage at the master control station syl aewge =~ 2oe ¢ -
Thus the reliability is po
Furthermore, it needs a | .

Statiofis to the master cohuws sauull AU 410 2 capacity assignment cha[md
is needed for the master control station to communicate with the traffic stations.

‘These make the system less efficient for a high traffic demand assignment
system.

The advantages of distributed control DAMA system is that it does not
need any unique controller or s and therefare the reliability is good. Since
the traffic stations make channel assi b

H y viaa
signalling ch 1,50, the failure of ion done nataffans sha ~slaa o =0
The disadvantages are that ea:
channels and so the termina v

maintaining the network dat. vu.. wseu 1s compl

coordination among stations may result in a nane =~
iy nfhak oto - <

. Further the lack of

. N W ArE) System

SPADR avetam fo a’=—"- * ' Lo

Totelsat IV ,
. channel pe; " .

from SCPC ' .o

representin; . .

assignment

usein - e

with

SCPC ‘

contrc

assign

assign
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W
Fig. 63 shows the spade frequency plan at IF.  With spade 800
PCM - encoded voice band channels scpamtcly QPSK modulate an IF carrier
CHODM Ca

ot A pLIa
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. .

. . . . . \
PR P .

mmininium bandswidih 32 KHz. There is a 45 kHz bandwidth aliocated o each
channel, This allows for 2 13 KkHz guard band betweon each
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Fig. 6.3 Spade Frequency Plan
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The center of the transponder band (70 MHz) is marked by a pilot carrier
(pilot frequency) provided by the network’s reference station. To avoid
interference with the pilot, the channels immediately above and below it (401
and 400) are not used and these portions of the spectrum are unoccupied. In
addition channels 1 and 2 are left vacant to accommodate the common
signalling channel (CSC) that provides network control information.

The telephone conversation arc carried by a pair of chennels above and
below the pilot. Thus a total of 397 such pairs are available and this is the
number of simultaneous duplex channels that a 36 MHz transponder using
SPADE can provide. The channel pair is automatically allocated to an
incoming call byra D!'\SS unit. Each SPAI})E terminal maintai comp!el.e

Satellite
Transponder
channel

Earth station

—-=

Transmitter
receiver

»
E K \ Frequency dwisior
[ L) channe multiplexing of
5
£ 5 modems La—T" 800 Channels
o 2o . 5 1
c 58 . £ [
£ |5EY : - I
= 553 . = {
T ota-i2 8 i S
- R Voice = I ,
2 channel i

| modems §

) } [ .

! i !

| I 1

i . i !

i o o

| Processor Time_division {

' (DASS) multiplexing of H

e o fontrolsgnet -

Fig. 6.4, Basic Block Diagram of SPADE Operation at an Barth Station
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The common signalling channel (CSC) is of 160kHz that each IF channe]
has. The CSC is a time division multipl ission that is frequency
division multiplexed onto the IF spectrum below the QPSK - encoded voice
band channels. The TDM frame structure for the CSC consists of total frame
time of 50 ms‘wlﬁelzjs |subdi\:idesi ir}lo fifty 1 ms epochs. ~ Each earth stations

§

discussed above. It is evident that SPADE has considerable ‘capacity
advantages over a 36 MHz baniwidth der using preassi of
carriers because there are 800 total voice ct 1 ilabl d
but the cost of ground equipment needed for signal processing is high.

6.5. Demand Assignment TDMA (DA-TDMA)

In the fixed assignment TDMA discussed in sections 5.2 and 5.3, the time
frame has slots of fixed duration and the slots are permanently allocated to
each of the stations. As already shown in Fig 6.1 there is always a chance of
slots getting wasted during lightly loadeg ea‘r:h :_lf\tions. ‘The demand

shary pempey eTmsr poed e PAOTTINIA Aty o et

3

I T
‘(of\ Fig. 5.3) because of some additional ch 1< for d

Fig. indicates a typical DA-TDMA frame structure. A superframe

e - R Rl Ak R EE LTS . Y

. : i oot L

at a station exceeds its allocated capacity mn the frame, th2 stauon sends a
capacity request message to the reference station asking for the additional
capacity (a cerain number of voice channels, for example) via the capacity
request channel. The station continues to send u::s message oncc per
Ve b R ot o] .

n the channel rate. ‘The
the burstiength (invoice

~r once per si;p.crfmmc scquenliqlly:'q_cpcnd!ng o
7
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channels, for example), burst position (in s'ymbols, relative to the last srmbol
of the unique werd of the p nmaga cc burst), and possibly
tmnsnponder. It should be noted that the fmmc mconl' gumuon is not

e e e mL I

qmcldy search the frame to find avmlahlc capacuy and then assign it to the

traffic stations that request it. It would be worthwhile to mention here that the
traffic station before g the acknowledg of the capacny
ponr sttt G Sy (s St

ete. use TIMs for DA-TDMA purposes. '

SUPERFRAME

[Frome1] Frome2 [ Frame 3] -+ <+ - Jhrama 8]
—/” g - .
- - ™. -~
= FRAME T
Referance Rumm Tratt Superframe
Eur t 1 rst2 | barst anﬁ'r(ﬁ reset + { short burst
irom station 3 R
; \
. \
/ |
/, \\
I' .\
l/ “

ﬁf? Traffic
nd | date

Capacrty | Common
request | stgnatting
channal { channet

EITHER REFERENCE BURST SUPERFRAME SHORT BURST

ANY TRAFFIC BUPST

Fig. 65. DA-TDMA Frame Structure
6.6. Digital Speech Interpolation .

Digital Speech Interpolation (DSI) is another efficient technique for
increasing the satellite It does it by assngnmg the tmnsmlssmn
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The basic block diagram of DSI system is shown in Fig. 6.6. The whole
system is also called digital speechinterpolation interface. In the transmit side
the voice or speak detector detects whether speech signals are present or not
on cach of N i ing terrestrial channels and then the channels containi
active speech signals are connected to A satelite channels for ransmission to
the recciving station. Thus the speech detectors sense speech energy and then
seize a satellite channel, Whenever a specch detector senses energy on a
terrestrial channels, the terrestrial channel is assigned to a satellite channel,
The satellite channel assigned is randomly selected from the idle satellite
pridice it A L I

single call.

. For demultiplexing purposes, the terrestrial channel/satellite channel
assignment information 1s conveyed to the receive terminal. This is done
through an assi; hannel (2 signalling channel) similar to the
one used on the SPADE system. Infact satellite channel assignments are
transmitted by means of assignment messages (AMs) which consist of
!‘ex;reshmal channel number and an associated satellite chanm':l number, In Fig.
A8 the 5 - . N o T

[ E N :
aa, AN

. e . R T I « v
evident that Digital Speech Interpolation is a form of demand assignment
because the sateflite Haanel amfPO ly assigned on an as needed basis.
From above discussions on DSI, it is clear that the DST has channel
compression. In other words there can be more terrestrial channels than the
satellite channels. Generally a terrestrial channel/satellite channel ratio of 2:1
is used. Fﬂfa full duplex (2 way simultaneous) communication circuit, there
isa specchin each direction 40% of the time and for 20% of the time the circuit
is idle in both the directions. Therefore, a DSI gain slightly more than 2 is
o, R Tore <r

vealizeA Ta Tnialeas 1597 _

FEECEET ,“.wuumm_lm,duw 01 Suel @ Snuduul wie Heoitisg
speech channel c(_:ulq not be assigned a satellite channel or is frozen out.
(S:gnnxl;s)cuuve clipping is not noticed by a subscriber if its duration is less than

PR e x

iesuis I ergt cnannels with 7 bre rcsoluh‘on f(;r the 'u'lme lhai !h.e overload
channel is in use.
6.7. Review Questions

1. Explain the dif between i and demand assi|
multiple access systems. Compare and contrast the relative advantagesand
disadvantages. - R Ve

S
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s,
6.
7.

Explain the Erlang B formula. Show as to how can it be used to find out the
:n!govemcm of DAMA over Preassignment Multiple Access for a given
1,

[P P NPIPE SO X S .
. .

. N . - . - .
[FVIR URVAY
(Ans : A =30 calls pes hour, p, {2 min) = 0368, B (3,1) = D.0625)

What is the function of Demand Assignment Control in DAMA systems?
Explain various such controf systems.

‘What is & common signalling channel and how is it used 7

Whatis SPADE ? Briefly decribe the operation of COMSAT'S spade system.

Explsin the DA-TDMA burst structure. In what way is it different from a
simple TDMA burst structure 7

Whatis digital speech interpolation ? Describe the working of a digital speech
interpolated iterfaces ? sdied

;tht is channel compression and how is it plished with 1 DSI system

Describe competitive clipping and bit stealing wn DST systems. In what
do these affect the DSI workmg ? o whatwsy
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SEVEN

Spread Spectrum Technique and Code
Division Multiple Access

7.1. Introduction
The spread trum system is onc in which the transmitted sngml is
spread over a wide frequency band, much wider, infact, than the minimum
bandwidth ired to lmnsmu the information l;cmg I
s - -2

5 Teng

wchmquc A lypxcal cxamplc or a spread spccuum modulauon is that of
con in which deviauon ratios greater than one
are uscd. Thc f spccuum producl is much wider lh:m lhe unnsmmcd

the information.

Spread dulati hniqaes or spread spectrum muluplc
access lcchmqucs have several ad as comp: to con
commumcallon systems. A propcrly dcs:gncd spread  spectrum

= =32 e (rnenta safinhly in fha hracenea (oF yasinie fonag

spccnal lechmques to dccoda the d Witn these ad
spread spectrum techniques are widely used in defense communication

systems.
‘There are 3 kinds of modulation !cchmques normally being used in spread

spectrum fechniques The first one is the direc? se, modulation_(DS)
S0
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que 1n which modulationof a carrier 1s being done by a digital code
seqeunce whose bit rate 1s much higher than the information signal bandwidth.

dtechnique isfrequency hopping (FH) jn whichthe carrier frequency
stufting 1sdone M aK CHSin n dictated by acode sequence.
Here the transmitter jumps from frequency to frequency within same
predetermined set; the order of frequency usage is determined by a code
q In the third technique known as chirp modulation or pulsed FM
modulation carrier is swept over a wide band during a given pulse interval. It
may be noted that similar to frequency hopping there are time hopping and
time jtzqugncy hopping where time of transmission (usually of low dntv cvels
char Au. o N . . . . - ._._"

and A EA

0

PRI ....; .:u. lulu:.ll_al at .'Al.l any w lll du.i noi bwéme populzir.
7.2, Process Gain and Jam Margin_ D

The properties of spread sp ication sy are
characterized by two important parameters, namely the process gain and
Jjamming margin, The process gain is defined as the difference between the
output and input signal to noise ratios. For example in the frequencx
modulation case it is called fm improvement and is equal to 10 log (3/2)m
(Discussed in section 3.4) where m is the fm modulation index given by
m=A40/0,, Awbeing the frequency deviation, Thus for a given nrocesens

[N XS

i, nautly

BW,
process gain, G, =42 A1)
¢ n * R
where AW, 3¢ fha 5o v - ' )
i o ’ * " \
{ e smnagian )

PR A .

.(typ'ically roudd IO‘HE)%!L\W 0 Intericrence) exceeds some Liue?&c‘ﬂd value
c U . The recei i i 1 IC ener|

per bit and the bit rate. Thus ivedsignal power isthe producto &

P, =E, (Joules /bit) .R (tut/ second) (12
) ,
Interfesence power from the other spread spcct.ru'm users is the product
of their combined interference ensi nd the receiver i
Bandwidih Beor . ; specteal density No, at e ‘ eiver input
P, (watts) = N{watts / Hz) . W,, (Hz) . .(7.3)
Thus at the input of the receiver, the signal 1o interference power ratio is

o ' .
POV .
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. (74)

. .
intcrferences present, in the same band at the same time, and the receiver could

still operate with the required performance level.

Jamming margin expresses the capability of a system to perform in
interfering (hostile) environments, Jamming margin takes into account the
requirement for a useful system cutput signal to noise ratio (minimum (S/N) .,

of the system) and aliows for intemat fosses. Thus the jamming margin is

«..(1.5)

evaluated by the formula
M, = jamming margin=G, — {L,,+ (S / N) 0 ool

1o noise ratio improving techniques.
73. )/S Ratio and Antijam Margin

."g RIS L
' J=JIW,, (1.6)
+ =+ aeamn eppatyed Sammer power (jammer power referred to the
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=5T,=S/R (1D

where § is the received signal power, 7, is the bit duration, and R is the data
rate expressed in bits/s. Then (E,/Jp),.« May be expressed as

‘ SIR W.,/R G,
(E",J“)”qd_(llw,,)’ ‘-m;;—-(”s)"“ ...(7.8)
where G, is the process gain defined in Eq. (7.1.) Ther Eq. (7.8) gives

G )
UIS)M_(EJJ&M »(/ )
Tha et om0 *how

is the

upuvaity Dul 1L 10iLeS the communicator to employ
4 greater processmg gain.
Antijam margin means the safety ma.rgm against a particular threat
(Jammmg) Tt is represented by M, and 1s given by

E,
My, (dB)=(TJ dB-(J—) dB ...(7.10)
(PA 0 Jrq
:shem (EufJo), is the EJJ, actually received. Now, (ElJy), may be expressed
£) .G,
R {711
(1‘,)’ Tisy, {711

L ' G, . G,
s - Ml ~(Jls) a8 5™ a8
=(J15),,AB {1 15),48 AT

ltnmybcnotedtlmqum-nn._ P P T
margin since it ks )

‘1.4, Dyrect Sequence Spread Spectrum Techniques
Inthe direct dulation the amnlitd. —0-= =

signatis amplitude modulated b )

In other words in the direct sc

modulated itk - 2

v

slt)=~JZp,d(()Cosm‘,r (113
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(whichisactually abinary PSK signal), the DS

read spectrum signal obtained

by constant . wvelope modutation of wave (7.13) by the spreading signal g(s),

is expressed as
z(=g()s()
=2ps g(£) d(t) cos Wy (114
alt})
dotaputse | BPSK  S{t)= BPSK
7 data code | e

waveform | moduiator | YZRd(tlcos wit| madulator | 4 (t)=g(t)s(t)

T alt}

f’Z_Pscoswot

carrier wave

Fig. 7.1. Basic Block Diagram of a Simple DS Spread Spectrum Modulation

n

1) g(t)

Fig. 7.2, Spread Spectrum Example Using Direct Sequencing
(a) Binary Dats Wave form d(1} (6) PN(code) Sequence g(f} (¢} The 71
‘Waveform Product of d(r) g(t}

The snreading signal g(7) is actually a pscudo-random noise P(N) binary
1

of (1) and the Product SCQUENEE FLE) UL JLSHVULI LA, UKL W
quence asisthe datad{n). The of g(t) is gt

it g 8) 83 DRy
inad
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manner and is repetitive. But without serious error it can be assumed as truly
randomi.e. there is no correlation between the value of a particular bitand the
value of any other bns The demls of PN sequence are ngen inthe nextsecuon .

whereas f, is called Chlp mte. f. would be snmply the bit rate. 'I‘he product
sequence d(f) g(f) in Fig. 7.2.(c) is similar 10 g(¢) and if g() is truly random,
the product sequence would be another sequence g(t) having same chip rate f,
as g(9). Now, the bandwidth of the BPSK signal s(z) is nominally 2f, and
similarly the bandwidih of PBPSK spread spectrum signal w(f) is 2f.. ftcan be
casily said that the spectrum has been spread by the ratio f{f;. Snce the power
transmitted by s(¢) and +{z) is the same, i.e., P,, the power specnal densxty G
is reduced by the factor £./f.. The ratio fJf. is the process gain G. i.e..

G,=f1], (115

T amsolal 3 e e e e - e e e

th conventi demodu]ator Acma]ly, in the receiver side,
the incoming DS SS signal is first multiplied with the waveform g(1) and the
carrier VZcos ty . This requires the regencration of both the carrier and PN
sequences g(1) at the receiver snde

d:
n " . .
nonllajxud power P, lhen the quanmy PH, pven by
P,
P =i (7.1
AR (16)

Trepresents the cﬂ‘ccuve jamming power.
7.5. PN Sequences

As already mentioned the spreading signals used in the spread spectum
techmqnc are ud(»mndom or pseudcf:f)xse scqucnces These are nose

[EMR

.

wqucncc nas a v 1
hacance it d.mml.?:.ym.,. eom.m._

o play in lhc sprcad spccuum sys(cm
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The bandspreading codes (PV sequences) used are the maximal length
- codes. These are therefore oftenly catled m-sequences. Infact these are the
* longestcodes that can be generated by a given shift register or adelay element

seq | and the of its n states at
is a function of the outputs of the states fed back at

its input. The output of a
any sample (clock) time

fincarly from the -1 value tq 2° -1 ( the sequence fength). A 1023 bit maximal
code (2° -1) therefore has a peak to average autocorrelation value of 1024, a
range of 30.1 dB, The m sequence autocorrelation function is as that shown

inFig. 7.3.
TZero shift { magnitude = 2™ 1)

-1

i
-1bit +1 bit
Fig. 7.3. m Sequence Auto Correlation Function

0-2

PN sequences follow the modulo 2 addl,ﬁon pn‘nciple.‘_A mgdul
. ' T, et T e den N

0®1 =1
0®0 =0 (1AT)
181 =
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Itwould be worthwhile to mention here that various maximal length codes
may be combined to give the so called composite codes which have also been
used in spread sp ication sy ‘These cc ite codes arc
of several types such as JPL ranging codes, the Gold codes etc. These codes
have better correlation properties.

7.6.DS CDMA

! The spread spectrum technique has direct application in satellite
. ication system through code divisi Hiple access where mulup‘le
signals eccupying the same rf bandwidth are to be d simultaneously

without interfcring with one another. The CDMA was already introduced in
Section 5.12. If a single DS spread spectrum is used, it may provide protection
inst interference but the bandwidth is greatly wasted. To improve the
bits-per-hertz throughput’ thé advantage is taken of the low peak cross-
correlation value in a set of DS addressed codes such as Gold sequences, Thus
in a direct sequence CDMA satellite system, each uplink earth station has its
own addressed PN sequence and unlike the situation in TDMA and FDMA
“where the carri parated by time or frequency, all active station: i
their carriers on the same altocated bandwidth and overiap in time Fig. 7.4.
Indicates the Principle of DS-CDMA System transmission. Hese the output of
several DS-spread spectrum modulators, say N are using their own codes g,(£)
wherei=1,2...N. After combining these together these are transmitted. The
user codes are approximately orthogonal so that the cross-correlation of two
different codes is near zero, It should be noted that each of the users is trans-
mitting data at the same carrier frequency and each pseudo-random frequency
£¢) has the same chip rate £,. The data rate for each user is also the same .
Thus the signal after transmitted back by the satellite to the receiver would be

acomhination 0f () SU)+ZRE) S) +eeenes GeU8) SyU) e 1.13)
Vote et e v e e e . . o
.

i Y esuurue gy

dit) N 9(t)sa(t)  9,(t), 5,0

DS-COMA
signat
{or transrissen

2 P cos wot Code (PN sequence)
carrier gt

Fig. 74, Principle of DS-CDMA Technigue
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At the receiver side arrangements are being made (0 receive the message
fromdesired user group, Here the cortesponding g 1) is generated atthe receiver
and is perfectly synchmmz,cd with the received slgml from the ccmspcmdmg
with user. | "I‘hc ﬁm step m 1hc mccmng process is 1o muluply the incoming

A R S A 2N S N y

Desired signal 1 g {t) 5, (1)
plus a compasite of un&sxmd sxgmls

208,050 +8, (I8 55 () 4ot

FAGIMOEMO] ..{1.19)
If the eodc functions (g(z)) are chosen wnh orthogonal properties, the
desired signal can be n the of noise since

I,g, =1 and the undesired sngx\ais are easily rejected since
7 g1 (0) g (€)dt =Ofari # j. Thebasic block diagram of a typical DS spread

spectrum receiver (decodar) is shown in Fig. 7.5.
i

From
satetlite ‘
Eorth Ry 17(psk Bit
,station Pemodu~ Correlator decision
' lator
i
o Ogata out

Balanced
modulator
multiplier

gt

Coterent
phase
source

Fig. 7.5. Basic Block Diagram of a Typical DS-SS Receiver
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As shown in Fig. 7.5 the incoming RF signal is first down converted to

IF and then the g,(t) is multiplied to this IF signal and then the product is
compared with the recetved IF signal in the correlator, The function of the
correlator is to compare the two signals and recover the original data,
Esseatially the correlator subtracts the recovered PSK carrier + chip code from
the received PSK carrier + chip code + data. The resultant is data. In fact the
output of correlator which is the desired signal occupies the information
bandwidth d i Jiate fi y (113 It is applied to a
: oy n

and matched filters efc.
7.7. Frequency-Hopping Spread Spectrum
Communication System (FH.SS)

The main difference between frequency hopping SS system and a DS SS
system is that in f3 hopping the total available bandwidth is partioned

4

s e

into smaller frequency bands and the total transmission time is subdivided into
smaller time slots. Thus transmission takes place within a limited frequency
band for only a short period of time, then switches to another frequency bant

and cmone Th

1 A vl patipie J1eqienty, code-selected, frequency shift keying. 1he¢
codeL pattern generator consists of PN code generator and a frequency

Y capable of responding to the coded outputs from the code
r !'m.-ni\,..l ot 4.1 1) . T i el s

S

$()=N2P, cos (¢ + (1) Qt) +6) ...(7.20)

where d(i) is the data to be transmitted. Afier FHSS modulation the resulting
frequency hopped signal can be expressed as .
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5(0) =~J2P, cos (0, +d(1) () +6) .21

where f; = ,/2r, is the carrier frequency of FH signat which changes at the
hopping rate R,. In other words the carrier frequency f; changes at each 1/R,
= T, scconds. The frequency is constant on such time intervals 7,. This
parameter T, is called the frequency dwell time ot hop interval . The frg?uency
chosen at each T, is selected in a pseudo-random manner from a specified set
of frequencies.

Frequency
fg ﬁ
f,
4
Frequency N
stots 1, Hopping
f patfern
f2
1y
oty ottt time
Time stots
IR ST SR - S VA
Code :0010‘00 oot | !
generator 1 ‘{ 10;0 11‘.0101’,-——-
B PR 7SN PO
(ﬂ) Antenna

Code word
patiern
generator

(b)

Fig. 7.6. FH System (a) Frequency Time Hopping Matrix
(b) Frequency Hopping Transmitter
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Tha mama® * et .

‘=N ) (7 22)

which alsoholds good for i h 1s. Thus fora fi
system containing 1000 frequency chaicescould have 30dB aVallable process
gain. It may menuoned that in above calculanm for peaross 077

S

Received T - Infurmation

Wideband +f » 1~ . IF ‘| Conventional
Mixer BPF - demodulator
! . Freqi;cncy ' 4 PNCcde. '

Fig. 7.7. Simple Block Diagram of FH §§ Receiver
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FHSS system may beafast FR' _SS system ot 8 slow FHSS systerm. In fast

TAIOC ememan-m s b .
"

much on 1he data rate.
7.8. Frequency Hop Spread Spectrum Cede Division

Muttiple Access (FH-SS CDMA)

FHSS technique is also used in multiple access system in the way similar
10 that of DSSS-CDMA. With frequency hopping, each eanh siation withina
CDMA _nciwqgk' is ﬁssiggc’d a different frtqucncx hopping pattem, Each

DS-CDMA in many military applications. On the other hand DS-CDMA may
‘e more suitable for commercial users.

It would be of interest to compare CDMA with FDMA or TDMA
jrrespective of the fact that CDMA is suitable for security reasons or
interference rejection. Theoretically all the multipfe access may
support the same numbers of users in 3 given bandwidth, Differences in
capacity  between Lirem arise  from practiml' cog‘sidemﬁons like'
DEPTIRE R B PR oo

s ST e

attractiveness for multiple access.

7.9, Synchronization
R .

R R TN X T S P IR I
e Y
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+ The acqunsmon or lmua] synchmmzauon pmccss mav he aither ag
coherant nr nancnt

take .
atti: - .
The -

cor. - -

PN

botk '

abor W sevenus 13 a Lypical example of serial search melhod
SomeUmes special codes hke those of JPL codes are used for initial
synchronization,

: AN

Received

A ™~
input Signal N
+ Despreader B I, receiver Tracking .Y
carrelator . Locked system
Locally Charge clock
generated | rate to No
PN Code inimi;
correlation
error

Fig. 7.8. Basic Principle of a Simple Stide Correlator Synchronizer
The principle of paralle] DS searh 1t~

the loca’ .
half chi. N . PR .

thereee © =0 " « . . " m Flan
uncertai - N -

are used y a . .
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which the 2V, correlator outputs are compared. The locally generated
ding to the lator with the largest output is chosen. It must be

noted that A is chosen as a promise between minimizing the probability
of a synchronization error and minimizing the time to acquire.

|

LOCALLY r‘
D cooe f
o

9(t) B MixeR

git=Te sz}
MIXER

: ! :
RECEIVED INPUT! Gty Tadpl A
acmrtCODE SIGNAYL  fomermmad
MHIXER A

] A%
o ft~t28-n17) ‘
wixer e

ovreur
foon

COMPARATOR

Fig- 79. Principle of Parallel DS-SS Search System
The FH initial synchronization system may also ‘cmp‘!-oy both parallel amf_
R P madead -

W
3

searchis

Ty =M, (1.23)

1f P, is the probability of detection for such correlated outputs, then in

case some incorrect outputs appear, the further scquisition time (o examine

additional A chips is
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T,, =AT,Py+2T,P, (1~ Pp)+ APy (1 - Pp) +....

AT,
5 124

It must be remembered that parallel acquisition system requires severa’
correlators or matched filters and so semal acquisition system is more
economical and simple. In Fig. 7.8 which is essentially a serial acquisition
system for DS-S8, a frequency hopper will be needed alongwith the PN code
generator for FH systems. It would be of importance to mention here that
recently another search technique called Rapid Acquisition By Sequential
Estimation (RASE) has also been proposed for the initial synchronization
which works in sequences and has a rapid acquisition capability. The RASE
system has the disadvantages of being highly vulnerable to noise and
interference signals.

fr

outPUT

Fig. 7.10. Basic Block Diagram for the Paralle] Search

. Acquisition for FH SS System
or ﬁgl?' y:"élhll:gnécqll!iﬁﬁ(}r\! haskgccn achicyed, the system takes to tracking

ization. As alread H i C

basically 1he s e Iready l_ncnuor.wd mc tracking sysicms are
loop (TDL).” . .
shared early ’ . .
frequency and phase of the received signal are rot known caactly
noncoherent tracking Joops are used. Fig. 7.11 indicates the principle of.



he a2 a
g(td:'r‘l . Since \S 1 8
e\'\m'male the 021 ¢ output ofeach enveld
as
T,
> =F g8 rtin
...(1.7,6)

EARLY
CORRE
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Here E {.} means the expected value and R.(s) is the autocorrelation
function of the PN waveform. Thusaresultant fecdback signal Y(z) is generated
as shown in Fig. 7.11. When 1 is positive the feedback signal ¥ (z) instructs
the voltage controlled osciflator (VCO) to increase its frequency. This would
cause a decrease in 1. Similarly when T is negative, Y (1) instructs VCO to
decrease its frequency. Then T will be increased. Ultimately for very small
values of 7, relation g(r) g(t + T) = I will be satisfied and the despreading

o =, 2 O PR ) e

clmmal w23 o B Lp Al -

JOUISPE I B EIRV RN S

otherwise the offse( signal ¥ (x) will be offset and will not produce a zero

signal when the error is zero.

Received Conventional

Code Demodufator [— " DotaOutput
Signal

Despreader Square wave
correlator BPF detector Correlator fe—0n
Tau-dither
generator
. EarlyPath
L] PN Code Loop
\H_‘ generator '
Late Path N

PR :

Fig. 7.12. Principle of TDL

iuenhcal.ﬁnnsle; tdncuon; of thc‘c;zrl and ‘latc am‘s,“r;lcrc is‘-
correlator needed to provide code lra(’:’king runcv?on and the
funcluon. Similar to that in DLL, here the received signal is )
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encrvnted maceapa tomeqnnan- aa - )
Syst . ,

Wh: )

thef |

Thu ) N -
effic i an palucudl 1L provides the data security to the commercial

satellite and antijamming capability to the military satellites.
7.12. Review Questions
1. Whatis meant by spread spectrum ? How can it be used for communication
Purpose 7

2. Explain the advantages and disadvantages of spread spectrum techniques.
3. What is meant by process gain, jam margin, J/S ratio and antijam margin ?
these i

Explain the j P of "thes in spread spectrum
Communication systems 7

4. Explain the direct q and frequency hoppin, ques of spread
Spectrum . communication system. Compare the relative advantages and
disadvantages,

s,

Ina spread spectrum satellite communication system the nanspxiuet:l EIRP,
520 dBW. The data rateis R = 100 bitfs. A jammer is transmitting wideband
*Buassian noise continually with an EIRP, =60 dBW. Assume (EST)uge=10
dB. If the antijam margin is of 20 dB what should be the value of spread

spectrum bandwidht WSS,
) (Ans: W, =1GHz)

Whatis PN seq ? Discuss its ch istics. What is chip 7

. Whi_l is CDMA 7 How does it employ spread spectrum technique during the
multiple access of the signals, Also explain the relative merits and demerits

of CDMA, FDMA and TDMA.

8 Whv ic comatam,ty », o N

N

9. Whatisai;;b‘rid(‘nv,« A - -
cr
10. Ex
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early and late version of the locally generated PN code. It may be noted that
the signal to noise performance of the TDL is only about 1,1 dB worse than
that of the DLL if the arm filters are designed properly.

7.10. Applicitions of Spread Spectrum Techniques

Spread spectrum techniques and CDMA systems can not compete with
the potential capacity of FDMA and TDM butthere are applications
in which practical operating ints render the Iotter two systems highly
incfficient and CDMA gains an edge because of its ability to handle low rate,
bursty data more efficiently. Further if a satellite system is required to combat
fading, multipath intcrference, jamming and noise, its multiple access
capability will have to be sacrificed at least in part and for that CDMA is the
only solution. It must be remembered that a satcllite system using spread
spectrum system operating at or near full multiple-access capacity will be
roughly as visible and vulnerable to hostile action, as any other form of
transmission.

e ey T I e S NP
hnique is used for ications, ranging, i and
jamming p ion, The systems used are both the direct sequence and
frequency hopping. Primary user of these applications are for military
purposes. fSimnlarly the avionics system may employ spread speclr‘um
faphnis e o nncition tneasd dicararn nddeaged nw

these applications are again military.
The test systems and equipment area have the primary user commergia!
personnels. These are used for bit error detection, non-interfering-in service
testing, signal con'elaum;l, privacy {pseudo) random selection and numb‘er
s LT T e e AR e R T

P h
have i p
7.11. Hybrid Systems

* aband of spread spectrum demodulators where the exact replica 01
is stored to make the inverse operation to extract the message. The
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encrvpted maceama fe menean

Al e ey, 1

Thu: .
effic s uvudl 1L PLOVIUES the data security (o the commercial
satellite and antijamming capability to the military sateliites,
7.12. Review Questions
1. Whatis meant by spread spectrum ? How can it be used for communication
purpose ?

2. Explain the advantages and disadvantages of spread spectrum techniques.

3. Whatis meant by process gain, jam margin, J/S ratio and antijam margin ?
Explain the importance of “these parameters in spread spectrum
communication systems 7

4. Explain the direct g1 2nd frequency hopping technieques of spread
spectrum communication system. Compare the relative advantages and
disadvantages,

5. Ina spread spectrum satellite communication system the transmitted EIRP,
is20dBW. The datarateis R = 100 bit/s. A jammer is transmitting wideband
* Buassian noise continually with an EIRP,=60dBW. Assume (EI Yy a=10
dB. If the antijam margin is of 20 dB what should be the value of spread
spectrum bandwidht WSS.
(Ans: W =1GHz)
:- + Whatis PN sequence ? Discus its characterisine What i s16m 5

LR R '

{a
8. Wnv e e
.
9. Whatis a hubeid s s -
Ccr

10. Ex
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Random Access Technique and Packet
Satellite Communication

3.1, Introduction ’ ;
The satellite d d acsi B kil
one because the assignes . .
witheach other. A typical
are circuit oriented syste
theli;vem designed to ser .
to the time required to mza .
for bursty data mmaffic, h i .
improve_channel efficieay uver we case of fed assignment. Packet
communication Systems utilizing random multiple access techniques were
designed to provide satellite capacity demand assignment for bursty traffics.
In packet satellite communication packets of data are involved and the
comesponding sysiems may be also packet radio or packet broadcasting
systems 100. The satellite system ncina nackar ~m—stoo
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.
.
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. wan LU ST AT Stk gl Ao ot
ystems at the University o
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intha o

matay e Mg
Satellite channel used
random access. In other wo.
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Cort LT wwwspuskciastiecossary atrandomand Some bursts
overlap. Random access is nolably ineflicient hanaden - -
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ARttt 2t et e .
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" " - [ " . .

8.2, Packet Switching
. Packet swilching 1nvolves dviding tne data messages 1nto Smiali bursis Of
inft and { ing them through ¢ ication networks to their
Intended destinationsusing computer-controlled switches. The overallcangept

:wuchmg; hybnﬁ n'vuci'ulu.ng. may also be cr.npl.oiyed
Circuit swnchmg (CS) is anz?ogom 0 thc lelephone (vmce) ne(work
; [ et

Wnea a0 phycinal £

PSP ced m ceava Thin ameannmad o mlamsls o feablen sle macfas
’ - . Ll

necessarily arrive at the receive ¢nd at the same time or in the same order in
Whlch they were transmumd. Thesc gwe the packel swnchmg addmenal

E .
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itching and complicated ls. While selecting circuit
swiu:hingotpacielswi:ching'inu'scanumﬁuotfgcmmmbeepns!dm:y.
PETSbay CHPRC AR .

Thanaiopl-ta

"R . el e . .

't ¥ - ' ' LI - ! L ..
than (8.
LAt L A ey e s mm amee s

" R | e - ' N }
aransport scheme selection, Here the positive featurcs of both the packet and
circuit switching are bined eliminating the disadvantag s of cach, The
main ad hybrid switchi amsgchaslowoverhcad in short'packe(
oL AT e 3 ke

= e

" " N
-

hi are more plex than for simple packet or circuit systems.
However, recent technological development like VLSI has reduced this
problem to a great exient,
83. Packet Communication

In this section the definitions of various terminologics being used in
packet switching, random access techniques and packet satellite petworks
would be explained.

FPacket. A packet of inf jon is a finite seq of bits, divided into
gcg_nmggor'uonangadamporﬁo_p.‘lhecpfp_rgqnsuwtmggfapgckq!jgshppv[l

- PR
. « B -

pant 01 ik packet consists of the source and destination codes, the packet

number or termination code and the message priority information.

[Con(rol bits [ Message bits J
———

Source address
. Destination address
Packet number
l/-"rioriiy information
i
| Fig. 8.1. Structure of Data Packet
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L X ' " ' ey
ratio of succc;sful packets to l.hc total lhat-wem sent.
Packei Delay. The delay of 2 packet is snmpl ly the time betwoen start and
of| y of the user, However, there
ase many detailed definitions of the delayand S0 comparisons may be difficult
for differcnt users,
Host Host is the gcncnc name in computer communications for the
col of h that uses the packet switching services to
suppon user services,

B R T T

L] ' n

provides network services through a hast.

Routing. It defines 8 set of rulesto determine the path over whichmessage
should flow from one side to anothers. There are several categories of routing

gies in p networks.

Pry Is, Ap 1is a set of ication con
formats and procedures, which allow two or mere end points to communicate.
In general, the end point may be packet switches, hosts, terminals,-data bases,

people and so on.

datagram mode of operation is more economical.

i 03
8.4. Random Access Technique
.. e e B be cimanLltn e e tn

iple access scheme warks on four different steps, namely

! Therandom
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said to have collided and the users receive a negative acknowledgement
(NAK). After having received NAK, the third step of random access technique
is followed which is actually the retransmission of collided packets. In order
that these retransmitted packets may not collide again, the interval of packet
retransmision is randomized in each terminal. In other words now the users
retransmit after a random delay. In case if after a transmission the user does
notreceive eitheran ACK or NAK withina specificd time, the user retransmits
the message. This is the final step of random multiple access and is termed
time out. '

The analysis of ALOHA system involves message arrival statistics.
Suppose that in the satellite system the rate of successful arrival of packets is
A per second. Since there would be some packets lost due to collision so if A,
is the rate of such lost packets per second, then the total traffic arrival rate A,
would be

T A=A (8.1

Let the length of each message or packet be b bits, Then the throughput of the
system which is actually the average amount of successful traffic would be
expressed as

p“=b& A bits per second ..(8.2)
Similarly the total traffic G* on the satellite channel would be
G’=5 2, bits per second ...(8.3)

If R bits per second represents the channel capacity (maximum bit rate) then
the nor&ahzed throughput P and the Normalzed total traffic G could be
expressed as :

bA
P =z ..(8.4)

bx
' =g ..(8.5)

Let the transmission time of each packet be 1 given as
t=b/R seconds { packet ' ..-(8.6)
Thus Eqs.(8.4) and (8.5) may be rewritten as

p=At +.{8.7)
. G'=nt -.(8.8)

In order that there may not be any collision between individual packets,

a space of 2t seconds is needed between each packet, This is because of the
fact that if another user began a message within the previous T seconds, its tail
will collide with the current message and similarly if another user begins 8
withinthe nextt ds, it will collide with the tail end of the current
message. The traffic arrival to the satellite repeater may be conisidered as a
Poisson process because in most of the ication systems modelled as

A
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Queneing systems the arrival of traffic is best explained by a Poisson process.
Thus the probability of having K new messages amive diring a time interval
of t .seconds is represented by the Poisson distribution as )

P (K)—‘W‘ K20 (B9

where A is the average message arrival rate, Since within time interval of 21
seconds no message is transmitted, i.¢. X = 0 and then

@y ™
PE=0)=P, =—p—
=e™ 810
This is the case of a ful packet b theq there

would be no collisionsamong packets. Here again A, represents the total traffic
arrival rate. The probability of successful tmnsmission, P, can also be
represented in a simple way as

A
P o=
L ..(8.11)

where A is the successful portion of the total tmffic rate &, . Thus from Egs.
{8.10) and (8.11) one gets

A= - (8.12)
Eqs. (8.12), (8.7) and (8.8) combined together would give
p=G'” ...(8.13)

Eg. (8.13) gives the ionship b the ized th 4
and the normalized total traffic G for the ALOHA system, A plot ¢ of this
rclauonshlp Iabelled as ‘Pure Aloha’ is shown is Fig. 8.2, This nay be

as a graph sh the versus 1
transmission. n is evident that as s G increases P mcrcases but beyond G=05,
p starts The maxi value of p corresp tothisG=05is

S e e alaAN e clpeis ceca AY ALTA wsnrnm sty 189 of the
- uch random
\pacity gets

nnel ty of Pure ALOHA systent,
To lmprOVC thc usage of Cl‘ﬂ a2 1.(:??3:,:1)’1)‘:” < AT (\ul\\ iyw-nr
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another. Thus with the reduction of colhsmn window from 2 T 1o 1, the

relationship between the i ghput p to the lized total
traffic G Eq.(8.13) now becomes .
p=G.e™® w(8.1%)
.D-\
< 08¢
o
=
o
2
S 06
£
b ,
o =037
‘2 ] S i A - P vncad; 17
S ] ;
2 o2p 23008 :
' : ) IS
'
0 e
om 01 [ =
Normalized 4zrg’ trmss -5 -
Fig. 8.2. Thr S
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“t="e === 213 they collide
the users mand

' .ot . +  place, will be
informed by the return of ACK. In case the packets m and a again collide,
another retransmission of m and » packets would take place after another
nindom ge)ay. ;I'hc process may repeat l:l,l‘ 3)0 :_'\Lc:ccsLsful mmfmi§sion takes

PRSP mmteeem —f AP TThin Lnen annb sealon wbarian

hs atassad ATaka chacip anbs 2402 snitinatinn nftha gatallita nhannal 'Tn

for access

‘The performance Hip € is usually carried
outby the study of average delay versus normalized throughput, Fig. 84 indi-
Pure Aloha -

g ;
= Slotted ‘ Ideat
© Aloha system
3 1

e I

4 | 1

£ Reservation, h §

a ! )

S ' §

¥ t '

L3 [ 1}

=3 t

o 1 I

] ]

2 ! b

] | ' 1
| N - 1 o
i R 3 a 1
€ .2

crannel throughput, P

Fig. 8.4. Delay Throughput Characteristics of Random Access Prolocols
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cates the delay-throughput curve for. random access multiple access
techniques. For an ideal delay-throughpat curve, the delay equals zero until
the normalized throughput value p = 1 and then the delay increases without
bound, Thus, it is apparent that R-Aloha is showing better performance than
S-ALOHA. However, for valucs of p less than 0.2 the SSALOHA manifests
Iess average delay than R-ALOHA. But for values of p between 0.2 and a,
R-ALOHA 'is superior since the average delay is less. Value a lies typically
between 0.7 ta 0.9, Thys at low traffic intensity $-ALOHA performs better.
This is also due 1o the fact that 5-ALOHA does not require the overhead slots
asdoesthe S-ALOHA. Therefore at low values of p, R-ALOHA pays the price
of greater delay due to the greater overhead. For p > 0.2, the collisions and
retransmissions inherent in the S-ALOHA system cause it to incur greater
delay (unbounded at p = 0.37), more quickly than the R-ALOHA system. At
higher throughput (0.2 < p < a) the overhead structure of R-ALOHA ensures
that its delay degradation grows in a more orderly manaer than S-ALOHA.
For R-ALOHA the unbounded delay reaches at p = a. =
In the explicit reservation scheme ol the random access technique a net-
- work scheduler carries out a distinct and unigue assignment of slots to a user.
There are two such explicit reservation techniques, namely the R-TDMA and
C-PODA (contention based. Priority Oriented Demand Assignment). The
R-TDMA protocol establishes a permanent association between slots and
stations, The slats not claimed by the original owner may be reassigned on a
round nibbon” basis to the statjons that have traffic to send (round ribbon
meansthal each station gets access in an ordered, sequential but not ily
predetermined manner), Thus it is a dynamic reservation scheme. The
C-PODA is a satellite channel access scheme which allocates slots to users
based on prior reservation. The performance characteristics of the explicit
reservation s similar to that of R-ALOHA shown in Fig. 8.4. However,
R-TDMA shows lower delavs than C-PODA.
¥.5. Polling Tectiniques

Polling technique allows order (discipline) on muliiple users of the packet

oriented systems in random access technique, There is a central controlfer that
periadically polls the user Tation 1o i 1

polis | ¢ to their service req
l:till.l‘l‘lkg LOET{(!E?.JIS efficient only 1f (7) round trip propagation delay is small.

RO TTO I VARTEI P

.
sedien uee, lechniques such as adaptive polling or probing are also used.

LA . f . A Y

IR L ST " ot et EL A T "
W sehy werr messages and are contending for the service on a single channel,
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‘The tree search works on continually partioning the population until there is
just a single branch remaining. Thus in the present example the satellite first

q or ission of ding inals’ first (left most) bit of
their identification numbers (in Fig. 8.5 indicated by (&), Then the satellite on
the basis of received signal strength selects one or zero. In the present example

7
? I T S M A
Q) L1 [ |
¢ coo 001 010 on |=ulu 101 ?.0 1t
] I '
1 |
e ; l! |;
\
' 1
[O)] 1 }

!
i
1
]
(e) —;’_%

ig. 8.5. A Typical Example of Tree Search Technigue
1 -F % and R ...y.-’:..'.ndino P(Iy\ Rareltite Reauests Tva?,smission of First
- ‘ nd notifies
(e} Satellite

The binary tree search technique described above requires n =log.Q
decisions for each pass through a population of Q terminals, Infact a savings
intimei i i nly if population is large and the average
intime s possible byt Lo T O e v b Focr mnclorcand by

, 40%

. aight

- 55, 0n
. . sting

! ' " - one
o search 15 again 1S them U UINE Fequizey by bnaty tree
hni ‘maui'ea!so‘ Eated casily. Here the binary tree search for

—ltan in cena
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100 inal 100 passes through the binary tree and thus time
required would be (IOOx Iog z4096) % 1s=1200s. The maximum number
of terminals being polled by the binary tree search technique in the time period
equal to that required in straight polling is

- LN ...(8.15)
2" 7on,0
For the examplc quoted above
4096 .
o'= o8, u; ———— =341 terminals.

Thus the maximum of terminals contending for service that a binary tree
search may poll is 341 terminals.
8.6. Carrier Sense Multiple Access (CSMA)

T T S e
due to trans
uar;s_missior

S (C‘_SMA) scheme each usér tunes 2 rcc'eive( to the common

dclay say 1¢, assocnated with a packet then ror Lhe values of T,,< 2T, (T, =
received packet duration) CSMA is found to have significantly higher
lhmughpul than ALOHA and as a result CSMA has found numerous
in fication ficld. The p ion delay of a
packet arises due to the fact that when user uansmn i wkcs another
user(d/c)secondstorecmvmh rke B

Ad T tha semtante

theretore 1,=2 1, =200 its and the distance m:velled d cT‘ 3 % 10’ ms X

3] m"e—mkm vnqnn|‘,,¢.-.,\ hio wnon

are hxddcn trom each olhcr cuhcr by dlstzmce orby Lcrram
("QV'\ halnmgnd in (-n-—._ R e

S phacan o f raal
H

pmbabxlxly mat a n:ady packcl pcrsnsls But in lhcsc wchmqucs tco lhcn: is
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users detect interference among several transmissions (includir;&l:f;l‘faws‘
they abort the transmission of colliding packets. This ‘lcclznlquc s o
being widely used in Local Area Computer Communication Networks.

8.7. Queueing Systems

In packet communication, serics of packets are being ,lﬂf!smi"‘tgg',:
individual packets move independently in packet communication nc
Hence there are queues formed by packets waiting for processing ot

ission. Therefore queucing theo: pbysamjormlc.inl{tm?m'f

design of packet networks. Queucing theory has vast nw'“"'““‘.g] gm
arcas ranging from day-to-day department store, airport and hospi I ‘g ol
to industrial queucs such as inventorics, asscmbly (or pmd_u_c_"_"_’_')ve‘"wm
T ' . § indicates
L " s messIges
. " g sc?fd

Servers serve the cusis T

e deree Y LI

Arriviny Infinite Server |_.._Oeparture
Messages butter

{Input tratfic) (Customer  Customer
Walting) (Service)

Fig. 8.6. Basic Block Diagram of a Simple Queueing System

. . ification
There arc a variety of queucing systems and their general classificat®
scheme is given as

Ciy12): wlolo) (819

where various symbols are as follows :
x — arrival (or interarrival) distribution
¥ — departure (or service-time) distribution
z—numbser of parallel service channels in the system
u— service discipline wting)
v—maximum number allowed in the system (in service plus waitifg.
w — size of population
Symbols x and y arc commonly replaced by the following codes

=,
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M~ Poisson arrival or deparure distributions (or equivalently
* exponential interarrival or service time distributions; M refers to
the Markov property of the exponenual distribution)
GI-  general independent distribution of arrival (or interarrival times)
G- general distribution of departures (or service times)
D~ deterministic interarrival or service times
. The symbols Z, v and w are replaced by the appropriate numerical
designations. The symbol u is replaced by a code similar to the following :
FCFS-~ first come first served
* LCF§~last come first served
SIRO- service in random order
SPT~ shortest processing (scrvice) time
GD ~gencral service discipline

Inthie camtinm i ce S L el a3 af s sl e e
with an
discipline L1
BITIVa] 2 mamaret amfon 27200 i cas cos e oe *ee with the help of
this ki ' rmance of fixed
assigm LI -

Here the general service distribution means that the message length or
Service time has a randomly varying length and the single server works onone
message at a time until completion, It is d that ge arrival rate is
equal to A messages per unit time and the message consists of one or more
Packets, the length of message being an average length of 1/t time units. (u
being the average service rate). The average arrival rate multiplied by the 1/
l&;emce time s called the traffic intensity and represents the average load to
he system . )

A
=— .(8.17)
' -

‘The probabi] ity of the arrival of cxactly K messages during an interval of

length ¢ is given by the Poisson law

X, -1
=20 yr0k=012.) 8.18)

The expected value of K for a given interval tis
EK|} =M ..(8.19)

bei The average number of messages waiting in the buffer including the one
as"‘g Served is given by the Pollaczek-Khinchine equation and is expressed

245202
E {n} =P+p2(—‘:_‘p—)‘ «(8.20)

where o represents variance.
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Eq. (8.20) is also called the average MIGII queue length or the average
er ipancy. The average ge defay which actually is the time

clapsing between the arrival of a message at the buffer and the departure of
the complete message is found by the Little equation, given by

T =E {n}

1 A/ +c)
e e ..(8.21
iT20p @2
The average time spent in a queue waiting to be served or the waiting or
message is simply the average message delay less the average service time.
‘This would be

1 p*+2%a®
Wal-—so————
no2M(1-p)
A/ p+6)

S (8.2
2(-p) (8.22}
In case the service time is exponentially distributed, i.e. when 6*= 1/},
! ! ...(8.23)

Te——— =
na-p) p-i
Similarly when the service time is constant, i e. when o®=0,
2-p 2-~Al0
===t = ...(8.24
T= -9 260 8.2

From Eqs. (8.23) and (8.24) it is scen that the message delay increases
quickly as p approaches 1. The above refations now may be easify appficd to
a fixed assignment FDMA system. Suppose that the capacity of satellite

R
“=A'l_5 ..-(8.25)

Now suppose 1 be the average message arrival rate for each user. Then
the traffic intensity for each channel would be

A
== ...(8.26)
4 13
Thus if the satellite roundtrip delav is 7w then the total message delay
(T )for the FDMA channel woutd .
‘2 for the case of an exp ially di d fength :

7
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1
) rm=m+1, (8.27)

(i) for the case of a constant message length
. 2p

Teowr = 2RINBY(1- p)

2-A/(RINb)
e ..(8.28
TRING-R) T 1* 8.28)
Fig.8.7plots the average message delay Typyyy - T versus traffic intensity
pfora ge length as functions of N/bR = 1/u . Here three values
of 1t namely 04s, ls and 2s have been consnderecL The case of fixed
assngnmem'l'DMAma also by idered inasimilarg g M/G/1 system

and there the average message delay would be

Troma~TR
w

B T T 10
Trattic Intensity (p)

Fig. 8 7. Plot of Trpuy-Ty 2s a Function of p.
T, T,
Tiova= Trowa ’T’ﬁl ...(8.29)

where T, is the TDMA frame length and N is the number of the time slots i in
which the frame length Ty has been divided, Fig. 8.8 shows the plot of T,,,.M
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~Tj versus p. Once again here Ty is the satellite round trip delay. The plotsof
Fig. 8.8 are for three different values of frame length 7, namely 2s, Isand 0.4s.
It is thus evident that in regards to message delay TDMA performs ;’—,;’

seconds better than FDMA, However, as mentioned earlier, both the fixed
assigned FDMA and TDMA are not suitable for bursty traffics and there one
uses the random multiple access system described in previous sections.

8

Troma~Tr
B~ w o

w

00z 04 06 08 10
Traftic Intensity, P
Fig. 8.8. Plot of Tynui T, Versus p.

8.8. Packet Satellite Networks
of data formats and services may be provided by satellite

A variety ! K li
such as telephony signals, TV (visual and audio)
'.‘°5Zi‘.’§ks These may be suc Signals P! : r)’ : ication), rbroa dcast
".
Lo
1 J < .
PA N
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SATNET, It is Atlantic packet satellite network. Infact it was the most
expensive field trial as of 1979 of packet satellite concepts, designs,
forel and i

p I cooperation.
WDPSN., It is wideband domestic packet satellite network. It uses
SATNET technology in US Domestic PSN.

Data Retransmission. Here random access protocol is used and the
satellite systems such as LANDSAT, NOAA/GOES etc use it.

GPSN. Itis a general purpose packet satellite network.

Electronic Mail, Intelsat and some participant countrics are operating
Intelpost, an international system for electronic mail services.

SARSAT. 1tis Search and Rescue Satellite Aided Tracking System,
SOME Recently Developed Packet Networks

Computer communication networks like Telenet, Tymenet, Autonet,

- - | I » N

8.9. Review Questions

1. What are the various switching techniques and how packet switching 1s

different from them ? Discuss various applications of packet switching.

‘Whatis meant by Random Multiple Access ? Compare its characteristics with

those of FDMA and TDMA. Why is packet switching being used in random

smultiple access technique 7

3. What is queneing system ? How has it found applications in satelinte
communication system ? Discuss M/G/1 Queue system with regards 10
FDMA and TDMA satellite communication system.

4. In asatellite c.omn:ulxicar_.igr: system using FDMA with 200 users and the

prow,

2.

oW ey o ) .o
seqvice rale oy each FUMA channel and the average message delay for each
user including a 270 ms satellite roundtrip delay.
{Ans : 64 kbps, 6 4 messages per second, 495 ms)
‘Whatis ALOHA system ? Describe th p d di; the ch fsti
of Pure Aloha and Slotted Aloha in terms of throughput. What are the various
iques for improving throughputs ? Discuss a Reservation Aloha system.
6. What are Polling techniques ? Explain the polling technique used in binary
tree search technique.

5,
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7.

What is Carrier Sense Multiple Access Technique 7 How is it different from
ALOHA, system 7 Also discuss as 1o why CSMA is useful mainly to shorter
distance communications in such as those of computer commmication
networks and not in satellite netwarks,
Assuming that Poisson process may be used for describing the packer
issions and i Jeulste the probability that 3 data packet
transmission in an S-Aloha system wil} experience a collision with one othet
user. Assume that the totel raffic rate d, = 10packets/s and the packet duration

1=10ms

{Ans: 0.09).
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-~ . Satellite Orbits and Inclination

0.1 Tntrodiction. _ )
The orbit of satellite in use for communication purposes has special
- significance. It is geostationary and has ta bé maintained geostat t all

anatn Thoo thoarn am ba & emola

A e fete Al mm—n

[ o no, .
of geostationary orbithasalreadyt i dinchapter 1. Once the satellite
is placed in geostationary orbit, it has to be parked in the desired slot till its
whole life. Various kinds of manoeuvre are needed to do that. There are
standard techniques to achieve them and all these are specified and recom-
mended by lhe.Int?_malional Telecommanication Union (ITU) and Intema-

mation or traffic capacity, The communication satellite is a very large * .
investment and its life is limited. It is therefore very essential that its full and
proper utilization be made up the last end; In this chapter therefore the orbital
aspects of the communication satellite are di d

1t must be b that the ication satellites move around
the earth as planets do around the sur and therefore the three Keplers® laws
apply tothem also. These kepler’s laws are: (i) the orbit of satellite is an ellipse
with the center of the earth at one tocus, (i) the line joining the center of earth
and the satellite sweeps over equal areas in equal fime intervals and (iii) the
squares of the orbutal periods of two satellites have the same ratio as the cubes
of their mean distances from the center of the earth. The satellite orbit may be
either elliptical or circular and its characteristics are governed by these laws.
Infact these are the laws that initially developed the i for launching
and putting the ication satellite in ionary or any orbit (¢ g. low
altitude satellites for special research purposes). The tracking of the satellite,
its station keeping etc all depend on these Kepler’s laws. The Newton’s
gravitational Jaw of force also controls

129
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the satellite’s orbits and infact a very simple calculation regarding the geo-
stationary satellite distance elc may be carried out from Newton’s 1aw of force.

The orbital aspects which are of imp e are the determination of the
orbit of the satellite, the distance between the satellite and earth stations,
coverage angle, earth station pointing angles, eclipses and solar interference.
‘The arbits may be far, near, equatorial, polar or inclined. The earth station
antenna that with the g jonary satellite requires a
knowledge of azimuth angle and the elevtion angle with respect to latitude
and longitude of the location of the earth station. A knowledge of the polar-
ization angle is also necessary. The study of coverage areas requires the
knowledge of the coverage angle and slant range. The duration of eclipse is
essential to be calculated because during these periods the satellite has to
depend on ifs own stored power as solar batteries remain idle then. The eclipse
may be cavsed by the earth and the moon. The solar inteference appears in a
variety of ways. It increases the antenna noise temperature when the sun is
within the earth station beam. There is also a continuous drift in the satellite
orbit both in longitude and latitude due 1o Varicus distarbances. This drift is
to be constantly nullified so that the orbit be stationary but perfect stationarity
is not possible and so a satellite is constrained to remain within a’ ‘window”
whose limits are defined by an angular shift as seen from the center of the
earth around the required nominal position, Usually this window is about 75
km on the sphere containing the geostationary satellite orbit.

9.2 Synchronous Orbit

L W

!

Fig. 9.1. Geostationary Orbit.
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als the velocity of a point on the earth’s equator. The geosynchronous altitude
¢an be easity calcolated. The movement of the satellite with respect to the
earth can be considered as that shown inFig. 9.1. Let M and m be the the mass
of the earth and the satellite respectively. Similarly let R be the radivs of
synchronous circular orbit of the satellite. If o is the angular velocity of the
circular motion of the satellite in radians per second then the centripetal force
acting on the satellite would be mR«?, This centripetal force equal to the
gravitational force (Newtons gravitational law) between the satellite and the
earth expressed by GmM/R* where G is the gravitational constant, Thus
, mRat =§£’7‘5 w0
At the earth’s surface the gravitational force is mg where g is the accel-
eration due to gravity. Then

GmM
% =mg (02)
E
From Eqs. (9.1) and (9.2) one can have
gR? 13 22\
R =(T:] = %e% (93

where f = e¥2r is the rotation rate in revolutions per second. Putting f = 1
revolutich per day and Ry = 6370 Km, g = 9.9 m/s, one obtains R = 42,208
K. Subtracting Ry form R one gets 35,838 Km as the orbital height above
the equator which is quite closé to the precise value of 35860 Km. The
maximum illumination of earth by a geosynchronous satellite is as that
shown in Fig. 9.2. It is evident that polar regions are not illuminated by the

813" Latitude _
76 Latitude

N/

Fig. 9.2. Maximum Illumination of the Earth by a Geosynchronous Satellite
g;osynchrt_mous satellite. The angle subtended by the carth is 17.3° and the
highest latitude at which satellite is visible i 81.3%. Further for all practical
purposes an earth smxicq requires a minumum elevation angle of atleast 57

e
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abovethe horizon. Thisreducesthe highest latitude toabout 76° at the longstude
of the satellite. Corresponding tothis 76° latitude of illumination the maximum
distance illuminated by the geostationary satellite is about 16,900 Km which
isaround 42% of the ial di: i

are required to provide 24 hour coverage of the polar regions.
9.3. Orhital Parameters
The satellite’s movement in an orbit follows the three Kepler's laws. The
first Kepler's law gives that the satellite moves along a conic (orbit) on the
orbit plane, the equation for which is
r =pi{1+ecosv) ...(9.4)

wherepisap eisthe icity and v is the central angle (also called
the true anomaly). Fig. 9.3 represents the abave orbit of satellite. Infact i
value of the ecentricity ¢ determines the type of the conic (orbil)

y

Line of A'plsides

a2 -3
T

fa
ra=alise)

Apogee

rp=a(1-e)

Fig 9.3.Geometry of an Etliptical Osbit of Communicaton Satellte.
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0 - circle
<1 —>ellipse
1 = parabola
>1 -> hyperbola
InFig. 9.3 the elliptical orbit has been depicted. Here a is the semi-major
axis and is linked to the orbital period by the expression

a!
= —_ X
T =2n '\’p {9.6)

where g 1s quantity equal to GM. G bewg the gravitational constant, equal (¢
6.672% 107" m? Kg™'s72 and M being the earth’s mass equal 105974 x 10%*
Kg. thus p = GM = 3.986 x 10" n’/5°. Satellite velocity for a circular orbrt 1s
J #/a where @ 1s the orbit radius. Infact the sateliste velocsty at an orbatal point
s {distance (0 the centre of the carth 7) 1s given by

«.{9.5)

LY
[}

2
vi=2-L 87
1t should be remembered that in Fig. 94 following definitions are made
X =rcosv=alcosE —e¢) ...(9.8)
y =rsinv=asinE(1-¢3" (99
Ecentricity
_€or)
e -t?/a —(r,+r,) ..{9.10)
. Semi major axis : M
' .+
a (‘2") (911
Apogee distance
r,=a+c=a(l+e) (9.12)
Perigee distance :
r, =a~c=a{te) (9.13)
Locus parameter : ' .
2,
p =all-e)=-22 . {9.14)

(ratr)
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Semi minor axix
b =a(l~e)”
=(,r,)” . (9.15)

. Asynchronous satellite has T equal to thie sideral period of rotation of its
primary body, T, (i.e. the period in any fixed reference coordinate system). It
sho_uld be noted .th:u for the earth 7, is niot 24 hours (the so catled synodal
period) because in one day the earth both rotates once around its polar axis
and also completes 1/36524 of the annual earth orbit around the sun. Conse-
quently a geosynchronous satellite must have a period

=T affemd
=1, “(‘ 35524)"2“’
=86163,44 5
=23 56" 4 .. {9.16)

in any fixed coordinate system, If
T=nT,n=234, ...(3.17)

the sateMite is called super-synchronous whereas a sub-synchrounous sateBite
has T and 7, interchanged in Eq. (9.17). In Eqs. (9.12) and (9.13), perigee is
defined as a point in the orbit where the satellite is closest to the earth and
similarly the point where the satellite is farthest from the earth is called the
apogee.
As already mentioned before v is termed the irue anomaly and is the
positive angle oriented according fo the velocity vector of the spacecraft,
betwezn the earth center o the satellite axis and the earth center o the perigee
axis. Thus v specifies the position of the satellite on the orbit. Angle E is catled
the ecentric anomaly and is the central angle measured frodt the x axis to the
vertical projection of the satellite point over the circle of sadius a. The true
anomaly v and the ecentric anomaly £ are related by any of the expressions
{e+cosv)

cosE =drecom) «(9.18)
_ (e ~cosE) 9
oSV =T (9.19)

an(v/2) =[(1+e)/ (1~ e} 1an(E12) ..{9.20)
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Another kind of anomaly usully defined is M which is also called the
mean anomaly, It may be considered as a true anomaly the satellite would
have if it proceeded along a circular orbit of the same period 7. This hypo-
thetical circle may be considered as circumscribing the ellipse as shown in
Fig.9.3. Thus

2
me=— ...(9.21)

where 2 /T is the satellite mean motion. Angles M and E are related by the
equation .
M<=E-esinE T 02
9.4. Satellite Location with Respect to the Earth .
For an earth satellite, the reference frame is taken as rectangular coor-
dinate system (OXYZ) with origin O in the earth’s center of gravity, The z
axis coincides with the polar axis and is oriented towards the north. The X-¥

z)

Inclined
. orbit
{t=angle ot
Inclination)

Descending
node

4 . A
y Equatorial orbit
- y
o) t
Ascending
node
* s

Fig. 94, Satellite Orbits

alana ic thine tha aauntncnl al ac afoly ot Tam ¥ 1o L aby —aatiieg mdie
- .

the rcference plnnc of lhe pnmnry body (l 0°) An orbit is polar if the orbit
90°). An orbit is inclined
"ites these cquaxunal and
C st - =, rial orbits in which the

satclh(c s pru)ccuon on the cquntcnal phne of the primary body revolves in
the same direction as the primary body itself are known as direct orbits. They
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have inclinations less than 90°. Earth rofation is seen to assist she aunching
of :alclliles into direct orbits. Orbits for which § > 90° are called retrograde
orbits.

There are two points at which the qrbit of the satellite penetrates the
equatorial plane, These points are called nodes. There ac two such nodes,
namely the ding node and the decending node as shown in Fig. 9.4. THe
satellite moves upward through the equatorial plane atthe ding node and
downward through the equatorial plane at the ds fing node. It should be
noted that in the reference frame OXYZ mentioned above the x axis (Fig, 9.4)
points towards a fixed location in the free space called the first point of Aries.
This is the direction of a line from the center of the earth through the center
of the sun atthe vemnalequinox (about Masch 21), the instant when the subsofar
point crosses the equator north to south. Angular distance measured eastward
in the equatorial plane from the x axis is called the right ascension and is
represented by the symbol RA. The right ascension of the ascending node is
called 2. Thus £ is the longitude of the ascending node. Infact the variables
€ and f together locate the orbital plane with respect to the equatorial plane.

Another parameter of interest for the satellite orbit focation with respect

p'aramet& which h.xh;be either the true anomal y vor the mean zmofnaly orthe
eceniric anomaly will define the motion of the satellite on jts orbit,

Laca sboe sha harinie af the

o - K A
that described above. These variaton in the satellite orbit are called secular
variationsand are of twotype known as the nodal regression and the rotation
of the fines of the apsides The nodal regression 1s a rotation of the orbir‘plnnc
in the direction opposite to the satelfite motion around the axis of rotation of

the earth, The rate of this motion in degrees per day is given as
Q== [10/(1 -V (R 10) % cos] L.A(9.24)
The rotation of the line of the apsides is thé ratation of the ellipse major
axis around the center of the earth on a fixed orbit plane. Apogee and perigee

move then with respect to the earth, and the rate of motion of the argument of
pesigee is also a function of orbit inclination angle i, or

11—V (R 1) (5 068~ 1)° day (925

The critical value { =cos™ (1/+/5)=§3°24" stops this motion. Smaller
i mak eltipse Totate in the same sense as the satellite motion
:12’#;?: ;:g%,:? 3::1‘!1:;5 of i make the eltipse rotate in the opposite sense. The

es smatler for higher orbits. For lower altitude o_rbixs the earth’s
clfec't ?q:om i _. the satellite orbit but for higher orbits the solar and
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lunar gravitational fields are of much concem. For goestationary orbit these
efects cause a change in satellite inclination by 1° per year. It may be noted
that the inclination causes the satellite to move in the form of figure of eight
(Fig.9.5) which gives the corresponding amount of drift in distance (km) both
inlongitude and 1atitude of satellite. An inctination of 1° causcs drift of satelite
around 735.9 km in latitude side and 3.23 km in longitude side.

N

H o
Latitude go i -60°

Longitude

0°

60°

=3

Fig. 9.5. Satellite"s apparent movement in an inclined and synchronous orbit with
respect 1o the ascending node
9.5. Look Angles

The look angk:_s are the angles (coordinates) to which an earth station
antenna must be pointed to communicate with the geosynchronous satellite.
These angl_es are the azimuth (A) and elevation angle (£). These are calculated
on the basis of a knowledge of latitude (¢) and relative longitude (6) both in
degrees of the earth station. Infact @ is the absolute value of the difference
between the geostationary satellite longitude and that of the earth station.
Azimuth angle is usually defincd as the angle by which the antenna, pointing
at the horizon must be rotated clockwise around its vertical axis, from the
geographical north, to bring the antenna boresight into the vertical plane
containing the satellite direction. Value of the azimuth angle 15 between 0°
and 360°, Iis value is calculated from Fig. 9.6 by determining
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the vajue of angle y from the chart and then deriving A from angle yusing the
insert table, Angle ymay also be calculated from the geometry, of satellite
orbit in the refereace system shown in Fig 9. 7y Angle ycan be calculated from

the formula a0 ‘

o«
aQ

{ pes))
-3
3

I3
S
w

ATITUDE
e

I

=3

3
. S6-¢0
True Azimutk | Earth sation] € 39
Quadrant | X >
“ 20
A=150-7 N [
A=180+y w_ [&
. [0 d
A=Y Sl 0 10 20 30 20 50 6670 85 90
A =360~y NE RELATIVE EARTH STATION LONGITUDE
40 degrees

Fig. 9.6. Azimuth Angle yand Blevation Angle E for Earth's Station Antennas

y=arct, (1, 0/sin ¢) < (926,
The elevation angle isdefinedasthe anglg by wllxch e bon:f_igh:
1rom the CHATT ZIVED 1 FIZ. 0. 18 B> oV Laivtistles ssumse sy «v "
below:
14 &,
Arc 1 1cos B cos 47—;—;;-)
E= o (92D
{1~ (cos 8 cos $3)*? :
N
z

S
4 /fw(dmz
X

Fig. 9.7, Caleulstion of angle yfrom the geomerry of sateliite orbit
in the referene system.
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where R, is the earth radius = 6378 km and R, = satellite = 35786 km.

‘The polarization angle y isdefined as the angle between the polarization
planeof alinear polarized wave transmitted by the sateliite and the polarization
plane of the earth station antenna. Angle y may be calculated from the chart
of Fig. 9.8. It is also calculated (within an error less than 0.1° by the formula

8s ——-—j
r 0l I S 1
0 10 20 30 40 50 60 70

Relative earth station langitude,8(in deg)

Fig 9.8. Polarization Angle of Earth Station An!ﬂnn.ﬂ-
Sin@
Y= — ..(9.28
A s (9.28)
Tt should be noted that for an abserver positioned behind the antenna and
looking at the satellite, rotation should be clockwise if the station lies fo the
east of the satellite meridian and anticlockwise if the station lies to the west
of the satellite meridian.

9.6. Earth Coverage and Slant Range
InFig. 9.7 the coordinates of the earth station may be written as
x =R cosdsin@ )

g

o

£ BOF

~ >

%

& SOF

=

% “ar 15 /
] 50/
: o —
$ u

W

<

=

]

¥ =Ry+R, (1~cos ¢ cos 6)
-z =R,sin¢

The range R (also called slant range) from satellite to earth station then
would be given as

‘ R® =R}+2R, (R,+R,) (1 -cos ¢ cos 0) <..(9.30)

For R,IR,=0.178,itis approximately
(RIRY = 140,42 (1 ~ cos cos6)
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Itcan be scen trom Eq. (9.31) that the maximum valve of (R/R,)* is 1.356 '
and if R* is approximated by R§ it would lead to 2 maximum error of 1.3 dbin
the power hink budget.

satelliteis already shown in Fig. 9.2, In other words the maximum geometrical
coverage is given by the portion of the earth within a cone with the satellite
at its apex and tangent to the earth's surface. The apex angle (coverage angle)
2 ¢y, OF this core is

R,
o
2Arc5m RiE =174 .{8.32)
This angle is ajso shown in Fig. 9 2 and isredrawn 11 Fig. 9.9, In Fig. 8.9
9, isthe centralanglethatrep 2] dius of the satellite footprint.
Itis given by

Fig. 9.9 Elvation unglc and Coverage Angle with Reference
o Synchronous Satelhite.

6,= 180°~(0°+E+ Q)= W -E~tt ...(933)
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For a geostationary orbit, corresponding 10 coverage angle «_,,. the
central angle 8, is obtained from Eq. (9.33) by putting £=0 and et =, , this
gives 6,= 81.3°. But as mentioned in Section 9.2, a minimum elevation angle
of 5° 15 required then 6, = 76.3° . Thus not more than 76.3° of northern or
southen latitudes will be covered by the geosynchronous satellite.
The slant range R may also be calculated in terms of elevation angel E as
shown in Fig. 9.9. Its value would be

R* =(R,+R,\+R?-2R, (R, +R,) of

R .
. - 5
Sm[E+Sm (R,+R,, CosE)] ...(9.39)
which for E,,, = 5° would give maxunum stant range R=41,127 km which
gives a satellite round trip delay of 2d/c= 0.274 s where ¢ is the velocity of
tight. To thus delay, delays caused by terrestrial extensions (which are of the
order of 10-50 ms) are also added. However, because of the use of echo
suppressor or echo cancellers the delay is not troublesome in telephone
onversations.

9.7.Eclipse Effects

Solar eclipses caused by the earth and roon to the satellite are important
as these affect the working of satellites and in particulat the energy generated
by solar cells is greatly affected then. Therefore the periodicity and duration
of these solar eclipses are important, Tt should be noted that solar eclipse due
toearth s of more importance than due to moon on the communication satellite
as the former lasts for several days, In this section firstly the solar echpse that
dueto earth would be discussed and then that due to moon would be discussed.

SEP21 DEC2! MAR2I

INCLINATION ANGLE OF EARTH'S

EQUATORIAL PLANE, le(t)
o

-23§)
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SUMMER
SOLSTICE

EARTH
AUTUMN & 238°
EQUATORIAL
PLANE

4

SPRING (]
EQUINGXES 2357

WINTER
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[ R A SR 2 KX NN

Fig. 9.10. (b) Apparent Movement of the Sun Refative to the Earth.

o
. O P

. 2t
i, ()=2358in=> ..(9.35)
where T is the annual period equal to 365 days and the maximum inclination
angle i,(1) is 23.5°, At the spring and autumn equinoxes the inclination angle
15 zero whereas it is at its maximum on summer and winter solstices.

The satellite is always illuminated at the solstice. It goes the maximum
duration of eclipse during equinoxes. The solar eclipse during equinox is as
that showninFig.9.11. Herethe earth’s shadow is considered to be acyfinder
of constant diameter, The maximum shadow angle occurslm equinoxes and is

given as

a R
G = 180°—2 oS RAR, -..(9.36)
which is same as that of coverage angle given in Eq. (9.32). Substituting value
of R, = 6378 km and R, = 35786 km (satellite altitude), ¢, = 17.4°. Corre-
- .onding to this shadow angle, the duration of eclipse for the geostationary
v * whose period is 24 hours can be given as
A
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ae o
by = 360 X 24 = 69.4 rinutes =~ [.16 hrs (937
‘ SATELLITE
ORBIT

7

D

Fig. 9.11. Eclipse Due to Earth when Sun is at Equinox
The first eclipse day before an equinox and the last day of eclipse after
an equinox correspond to the relative position of the sun such that the sun rays
tangent to the earth pass through the satellite orbit, Such a situation is shown
in Fig. 0.12. In these cases the inclination angle of the equatorial plane with
respect to the direction of the sun is

EARTH

SATELLITE
ORBIT

Fig. 9.12. Inclination of Earth at the First Day of Eclipse -
Before Equinox for a Geostationary Satellite.

1
£ =30,,=87 .(9:38)
Corresponding to this inclination angle of the earth’s equatorial plane,
from Eq. (9.35), the time ¢ from the first day of eclipse to the equinox and the
time from equinox to the last day of eclipse may be derived as
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g
I-nsm (m)

=21 days +.(9.39),

Thus from the first day of eclipse 21 days are needed ta reach the equinox.
Thisis shown in Fig. 9.10.(b) as well as in Fig. 9.13. Thus in (otal for :112 days
the solar eclipse near equinox affects the satellite’s working. It should be noted
thatat half of the daily duration period of eclipse the sateliite crosses the plane
form_ed by the sun and the earth’s axis where the jocal time at the satellite’s
Tongitude is mid night. Thus the satelfite service< are inferrupted at midnight
and the satellite needs a battery backup.
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Fig. 9.13. Daily Duration of Solar Eclipse Caused by Earth.

The solar eclipse caused by moon 10 the geostationary satellite occurs
when the moon passes in front of the sun. The eclipse occurs imregularly in
time of duration and depth. Oftenly eclipses may oceur twice withina 24 br
period. Eclipse duration may range Trom a few minutes 10 aver two hours with
an average druration of about 40 minutes. Compared to earth-solas echpse,
the number of moon solar eclipse range from zero to four with an averae of
two per year. It is worthwhile 10 note Ehnt if the moon 'golar eclipse of long

~ len mninlisn ban

& amfen

RS FEHADILLY, 11 UIL 30 upl sy srsun e o
eclipses an energy reserve is provided with the sateffite.
9.8. Satellite Placement in Geostationary Orbit ,
The placement of satellite in the geostationary orbit is carried out on the
principle of Hohmann transfer and is as that shown in ‘Flg. 9,14, Here the
satellue firstly has the Jower circular earth orbit at an altitude of around 300
Drso.Thenaveloci\yimremenlchnnges(he sa(clli(e:s_ lowercircularearth

" " intoan elliptical transfer orbit with the perigee atinitial alitude (300km)
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and with apogee at the altitude of final circular orbit (radius of the geo-
synchronous orbit is equal 0 42,164.2 km). A second velocity increment then
finally places the satellite into this desired orbit. The velocity increments are
carried out by vaious auxiliary propulsion stages. There are three ways to carry
g’in above procedure, of course depending upon the launch vehicle, The first
technique is same as that mentioned above, i.e. placing the satellite in geo-
synchronous orbit from a circular low earth orbit. Space Transport System
(STS) follows this technigue. Inthe second technique, there is noinitial circular
orbit and the vehicle provides the necessary velocity at the perigee of the
elliptical transfer orbit, Thus here only one velocity increment is required from
the satellite at the apogee. This technique has been used by expendable launch
vehicles such as Ariane, Delta or Atlas-Centaur launchers. In the third tech-
nique, satellites are directly placed into geostationary (geosynchronous) orbit.
This is achieved by special expendable launch vehicles such as US Tatan ITT
C and the USSR Proton launchers.

Apogee

Synchronous
orbit

Perigee
Fig. 9.14. Satelhte P) in b (G v)
Orlm froma low Earth Orbit.

The velocity of satellite (V,) at the perigee and apogee of the elliptical
transfer orbit can be c:xlcuhtcd from Eq. (9.7), namely

2
v}:T‘*-g .. (9.40)

™
7
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where a is the scmi-major axis of the ellipse, p is gravitational constant of the
carth (i = 398600 Km'/ s%). r is the distance from the center of the.carth to the
pointat which the velocity V is required to maintain the ellipse, Thus at perigee
(of 300 km), r = 6678.2 Km, a = (6678.2 + 42164.2)/2 = 24421,2 Km. The
velocity is then V,,, = 10,15 Km/s. At the Apogee, r = 42164.2 Km and there
the velocity Vo= l 161 Km/s. Since the velocity in a synchronous orbit (= a
=42164.2 Km) is V,,= 3.07 Km/s 50 the required velocity increment at apogee
1s AV = Vg~ Vie =307 KnyS ~ 1.61 Km/S = 146 Kmy/S. This velocity

value corresponds to a mini and apphes to a circulization
manocuvre when transfer orbit and circular orbit lie in the same plane.
Theabovedi: ionsabout velocity il atapogee of transfer orbit

is true when the launch is carried out at the equator (0° latitude). In case the
satellite is launched from other sites (faunchsng station latitudes other than 0°)
then the satelfite’s final orbit would be a synch orbit with an inclination
i greater than or equal to the latitude of the launch pomnt. It is therefore then
essential to have an orbit inclination correction manoeuvre. Since the incli-
nation of transfer orbit 15 the angle between the plane of the transfer orbit and
the equatorial plane, correction of this inclination wili help in converting the
transfer ardit plane into the equatonal plane. Fig. 9.15. shows this orbit incli-
nation correction. This orbit inclination correction is obtained by applying a
velocity increment at one of nodes of the orbit which will cause a resultant
velocity vector in the equatorial plane. Thus the magnitude of the incrementa)

velocity vector AV required to correct the incfination is
AV =AV+ V2 -2V, V,, Cosi ...(9.41)

Ellipticat
transfer orbit

Equatorial
plane

and Orbut Circul

Fig. 9.15. Inclination C
e s Ay s madn and [7 I¢tha eatallita valarity in
. N

’ AY =Vi + V=2V, Vs cost . {942)
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Thus for i = 28, Vs = 1.61 Km/s and Ve = 3,07 km/s, the incrementat
velocity required to correct the orbit inclination and to achieve orbit circula-
rization obtained from Eq. (9.42) is AV = 1.81 Kmy/s It is evident from Fig.
9.15 that the angle 8 at which the main axis of satellie is correctly oriented
relative to the satellite velocity in a plane perpendicular to the line of nodes ts
derived from expression given by

. (Ves Sid
= {94
2] ArcSm( I~ ) (9.43)

Since V,, is nealy equal to Vs 50 8 is nearly equal to 27,
9.9 Station keeping :

The importance of station keeping the satellite in its geostationary
(synchronous) orbit has already been mentioned.in Section 9.1 where the
‘window’ in which the satellite may be kept always is also explained. It is also
mentioned there that a window corresponding toadrift of 75 km on the sphere
[ gihe y satellite ochut isallowed. This corresponds to an
angular shift of £0.1° in ]ongnudc for the fixed safellite and also for broad-
casting satellite services. This station keeping accuracy of +0.1° has been
internationally standardized by CCIR It is always essential that in station
keeping wh the orbit iques be utilized, the propellent
ption should be mini and therefom some kind of strategy is fol-
lowed. The strategy usually has several steps as given below. Firstly the
direction and speed of dnft of the satellite is determined. Then by extrapolation
+ prediction is made as to which day the satellite will escape the window and a
few days before this date the true orbit is defermined using a new series of
measurement. After that calculations are carried out regarding the date, the
amplitude and duration of the Velocity increments required to modify the
orbital parameters. Appropriate thrusters are then fired and then the effects of
correction are monitored,

Compensation of the mclmauan increments correspond 10 Norsh-South
(N-5) station keeping and requires a thrust impulse perpendicular to the orbrtal
plane. East-West (E-W) station keepmg (as well as quick relocauan to a dif-
ferent satellite position in the’ y osbit) are obtained by applying
thrusts in the orbital plane. The above mentioned station keeping accuray of
+0.1° actually corresponds to E-W accuracy. Internationally there is no such
demand on V- station keeping accuracy. However, it should be noted that NS
corrections are considerably more costly in terms of fuel expenditure for the
reaction equipment (thrusters) and therefore for moderate NS movements
correchion are not carried out at all, For this reason, the satellite is launched
intoa stightly inclined orbit such that inclination decseases from its maximum
value (1,.,.) 10 zero and then again increases tos,., . Then if the planned lifetime
of the satellite is 7; years, 1, would be appmxmmcly

..(9.44)

L)

£ znTL
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were £,, is the natural annual change of inclination averaged over the lifetime
7. A typical value for long lived satellite is f,, = 0.86° which corresponds to
the velocity increment correction of AV =460 mys. Compared to-this, the
required velocity increment correction for east-west station keeping of £0.1°
isaround 27 m/s which is much less than required for NS station keeping. Thus
if the ground network could tolerate complete absence of NS corrections of
the orbit of a nominally geostationary satellite, more than 90% of the thruster
fuel for station kecping may be saved, This allows for an extra useful paylosd
on board the satellite. Though ths is an attractive tradeoff but involves careful

ideration of the wider pointing or b idth margins of the antennas
required in the absence of N-S station keeping,
9.10. Satellite Stabilization

Even if a perfect station keeping manocuvre is carried out, the satellite
may display motions about its center of mass. This will disturb the pointing
of satellite antennas narrow beam towards the earth. 1t is therefore essential
that the satellites be perfectly balanced. It may be noted that the dishalancing
: AR T et £

0 Fane
b TR B

through a 24th period and cause wobbling of the sp 1 which reg 10
bedamped out mechanically. Thisisachieved by the techniques called SaeeNite
stabilization or attitude controf.

‘The disbalanced satellite may display its motjon on either of the three
axes as shown in Fig. 9.16. These axes are termed yaw, roll and pitch axes. If
the satellite is stabilized about these axes, the smbniz:-nim‘: is tc'rm d as three

admhe

Orbital path

N

1

H .

Earth 1 YAW Roll in

I orbital plane

n Local

E vertical

s

Normaf to orbit
plane { south}

Pitch

Fig. 9.16. Spin Axes of Geosynchronous Sateilite
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Fig. 9.17. Spin Stabilized Satellite
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Fig. 9.18. Three Axis (body) Stabilized Satellite

mque may be used to stabilize the satellite. This kind of satellite stabilization
iscalled spin srabulization. Fig. 9.17. Shows the spin stabilized sateflite. Here
the spin stabilization is achieved by rotation of the geostationary satellite body
between 30 and 120 rpm creating an inertial stiffness which maintains the
satellite spin axis perpendicular to the equatorial plane. The satellite spin axis
is thus North/South oriented. The spin stabilization has the disadvantage that
it mquims the use of a de-spun antenna. Thus here the satellite is cylindrical
spinning about the axis of the cylinder, Solar cells coverthe cylindrical surface
and antennas are motnted on a de-spun plateform, The dcspun section is kepx
stationary by counter rotation so thatthe donijtare

pomung toward the earth. In the three axis body stabilized satellite as shown
in Fig. 9,18 a spinning momentum wheel within the satellite establishes the
same fame of reference as the spinmag cylinder of the spin stablized satellite.
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In this case, however the entire spacecraft is effectively the despun plateform
which maintains its orientation in space relative to the momentum wheel axis,
The solar cells in such kind of stabilized satellite are mounted on panels
external to the spacecraft body, allowing them to be oriented toward the sun,
The control system is therefore more compléx for a three axis body stabilized

satellite.

9.11. Review Questions

1,

10,

1L

Explain Kepler's laws of planetary rotation. How are these applied to the

case of geostationary satelhite?

Narmne the orbital aspects which are of smportance in synchronous satelli

communication, Explain these aspects in brief. -

Explain a5 1o how the synch orbitofa y satellite is being

determined ? Also explain as to why the geostationary satellites are not

capable of illuminating polar regions ? ’

‘What are the orbital parameters required to deterrine a satellite’s otbit ?

Name and explain them.

Explain as to how the location of satellite 1n an orbit 15 carried out with

respect to earh ? What are direct and retrograde orbits ? Also explain the
ding, d ding podes, nght ion and nodal reg;

What is meant by look angles? Explan them with reference to a geosta-

nonary satellite and the earth station

‘How can one determine the earth coverage and slant range for geostationary

satellite 7 What are the maximum vlues of the two parameters 7

Explain as to how does the solar eclipse affect the working of a commur-

cationsatellite ? Mention the duration and th th whe the eclipse effe

are maximum 7

[T S SO P UUVURE IV Ty SRSIPTE Y

‘What 15 meant by station keeping of satellite ? Explain 1ts significane and
also the methods o achieve it. What are N-S and E.W station keeping?
What js meant by the satellite statihization ? Explain the importance of
stabilization. Also explain the spin stabihization and three axis body stabi-
Lization of satellite
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Communication Satellite Subsystems

10.1, Introduction
Geostationary communication satelfite is a very complex system that

SOLAR SAIL //” )
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Fig 101 INSAT-1on - Orbit Satellts Configuration
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comprises of several subsystems which have their own significance. These
subsystems may be divided into two groups, namely the communication
subsystems and the other subsystems (also called common subsystems all
taken together) which support the communication subsystems. The commu-
nication subsystem is also oftenly termed payload that is mamly comprised of
repeaters and antennas and it performs the primary mission, The other

(common subsy ) have a common bus or platform. These
othersuhsyslemsarepower.stablhzauon propulsion, station keeping, attitude
control, and telemetry, tracking and command. Fig. 10.1 shows INSAT-1-
on-orbit satellite configuration in which these subsystems are well evident.
Table 10.1 lists these subsystems indicating their important functions and
parameters of importance. However, it should be remembered that all the
subsystem work with high reliability and all the satellite projects be of minimal
mass with least power cc on, It is also ial that these subsystems
follow the electromagnetic interference (EMI) and electromagnetic compat-
ibility (EMC) requirements.

. Table 10.1
C i Satellite Sub their F and Parameters
of Importance
Subsystem Functions Parameters of Impor-
tance
Repeaters Amphfy signals and transmut Nouse figure, lincarity and
back output 1f power
Antennas Recewve and fransmit signals Coverage, gain
Elearic  Power Provides electric energy at Power, voliage regulation
supply various voltage levels
Structure Supports equipment Suffness
Attitude & Orbit Attiude  stabilization, Orbit Accuracy
control detemumation
‘Thenmal Control Te R Heat dissipation capability
Propulsion Provides veloaity increments, Specific mpulse, Mass of
and torques propetlent
Telemetry, track- Exchange ‘of house-keeping Number of channels,
ing & command data with control centre security of commupica-
tions

10.2. Electric Power Supply -

| SRR S

4 i 1

Y LN

obtained from solar cells. Butduring the first few hours fcllowmg the mJGCW’"
into transfer orbit and prior to deployment of the solar panels the 5.
mechanical accumulators provide the electric power suppiy -

especially those of USSR, thermonuclear energy source are also
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10 dangers involved with nuclear fuels especially with their shiclding etc,
nuclear geacrators are not used in communication satellite for supplying
electric power.

Solar celfs are photovoltaic cells that convert solar radiation to electricity
whichisthen converted to usable voltage levels in a power supply, The normal
conversion efficiency of solar cells is around 12% to 15% and the typical
satellite solar celf armays generate 1 to 2 KW of power. The above conversion
efficiency of solar celis decreases under the effect of the radiations and drops
by about 30 to 35 per cent in seven years. The main radiations come from
protons especially during solar flares and therefore solar cells are covered with
Rl BT A A

18%.
Since the satelite goes under solar eclipses which is of concem during
Equinox (as discussed in Section 9.7) prowvision 1s made for the storage of
power that can be used during the solar eclipse. For this purpose electro-
chemical accumulators like those of nickel-cadmium accumulators are used.
These are hermetically sealed ones and are desi'gned 1o supply power required
' L N

“nlaw malin non el aliannd in

entage of the maximum stored energy wiich 1s
TR S .

rtamng dta 1Eab saa F Sarkary

L)

(DIO.D) représenls the perci

may allow sufficient extra station

fn b amantioen

;v:::émlrauo of nici(el-hydrogen lz:u}en'es

batteries are regularly and continuousty bemg CHAZed by SUIM Leiis, HLIL L
battery voltages are between 20 to 50 V with capacities between 20 to 50

ampere hours.

o ©0 0 L1 geeaNa ad st Far thraa.avig

. ..‘ . ‘ .- v M
e (shadow). Hence the average lemperiiure IS 1etaliveiy 1w (e wicn
20 ta 30°C, say around 25°C ). At this temperature the solar cell efficiency is
0 which is reduced by 22% at the end of the satellite life due to vasious
-7 ;. Therefore about 15% extre areaof solar cells is usally provided

il:loldspc\c
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as an allowance for aging. In the three axis body stabilized satellite, wings of

solar panels are used which are folded in transfer orbit and then full power

becomes available, These are required to have atleast one revolution per day
r [T LT e

D T S P S PR B . 3 k .
complexity of a deployed solar array drive motor and therefore for low power
iitellites spin type of stabilization is preferred,

3. Attitude and Orbit Contro!

The necessity of attitude and orbit control of the communication satellite
was discussed in Sections 9.9 and 9.10. Corrections to achieve these are
obtained by certain manceuvres. These are carried out by control loops based
on error detection and decision systems. These also involve the use of

1 y, telece d (TTC) sut for information exchange between
satellite and earth, The attitude control may be passive or active. In the former
case the required attitude corresponds to a position of stable equilibrium of
the satellite. In the latter, the satellite is unstable, orinsufficiently stable within
the desired attitude configuration. For active attitude control four operations
are needed, namely (#) detection of the satellite altitude, (17) comparison with
the reference axis, (ifi) determination of the corrective torques and (iv) cor-
rection of the attitude by actuators mounted on the satellite.

To carry olit above mentioned operations various kinds of sensors are
used which infact detect the satellites altitude. For this purpose a variety of
sensors such as sun sensors, earth horizon sensors, stellor sensors, inertial
sensors, radio frequency sensors and laser sensors are being used. However,
in most of the communication satellite systems the earth and sun sensors are
used for attitude control. From these sensors the attitude is determined. The
position of earth sensor is evident typically in INSAT-1 of Fig. 10.1. Actually
the earth sensor is a passive infrared device that has a pencil beam ficld of
view and Operates in the 14-t0-16 ym wavelength carbon dioxide absorption
band. It senses the infrared rays radiating from the earth’s surface by scanning
the boundary of the horizon between the earth and space, Normally two such
earth sensors are used. They are canted about 5° north and 5° south of the spin
planerespectively and provide the output radiance pulse asthey scan the earth.
In case these pulses are in-phase the attitude of the satellite is considered to
be correctly maintained otherwise the spin axis would be inclined at anangle.
In such a case the phase difference of the output pulses of North earth sensor
and south earth sensors is utitized to control the attitude of the satellite. These
are capable of allowing the attitude determination to an accuracy of £0.02°,
It may be noted that earth sensors are sometimes also called horizon sensors,

_The sun sensors provide data which are used primarily during transfer
osbit. It has a fan shaped field of view and operates in visual spectral range.
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Out of the above three units of propulsion subsystem the fow thrast
actuators are of much importance for geostationary orbit as these are
responsible for kecping the satellite in orbit with its perfect attitude till its life
end. The low thrust actuators or simply the thrusters can be either chemical®
onesor the electrical ones, The chemical thrusters have athrust Ievel of between
0.5 N and few 10000 N. On the other hand the electrical thrusters produce
thrust only in between 2 and 10 mN and therefore chemical thrusters are being
used in cc ication It is ial for a thruster that it should
provide the specific impulse with smaller mass because weight on board
satellites is limited,

In chemical thrusters gasses are g d at high temp by
chemicalreaction of propellents which may be exther solid or liquid, The gasses
are then accelerated by a nozzle. Solid propellent motors are used to provide
the required velocity increment for orbital mjection. The most popular liquid
propellent is hydrazine (N,H,) which vaporizes and decomposes when 1n
contact with a catalyst and thus produces a hot gas. This hot gas is a mixture
of nitrogen, hydrogen and ammonia at temperatures of 900°C. A satellite
typically would need 200-300 pounds of hydrazine on board to carry out all
ofits functions over jis life time. Some satellites use electrothermal hydrazine
thrusters (EHT) that provides the large specific impulse of the order of 300s.
Here the temperature of the gas before existing through the nozzle may reach
upto 1900°C. These provide a considerable savings in the mass of fuel to be
carried with the sateliite,

A further savings over the conventional combination of a solid apogee
kick motor and a hydrazine reaction control system is being obtained by the
use of bipropell propulsion systems for both the geostationary
satellite orbitinjection and on-orbit control, The bipropellent systems are based
Onsp i lting from the contact of two propeiients for
énstt)ance monomethyl hydrazine (combustible) and nitrogen tetroxide (oxid-

nt).

t The e)ecu.ic thrusters provide thrust by accelerating jonized mass in an
electromagnetic or electrostatic field, Though it gives low thrust (less than 0.1
N) but the specific impulse is very high (1000 ta L0000s). However it needs
afigh voltage power supply that means an increase in the size of solar arays.
Electric thrusters are mainly of two types, the plasma thrusters and the ion
thrusters. Plasma thrusters employ a solid fuel rod (Teflon) that is spring fed
to the thruster. In jon thrusters, charged particles are accelerated to high
veloc!uesby means of ahigh voltage gnd system. Thus, it is evident that these
electric thrusters are capable of providing specific impulses as high as 8000
t010000sand so in principle the on board propellent mass of aelecteic thrusters
should be fower compared with chemical thrusters. But as mentioned already,
these demand an additional solar energy and so require an increase in the size
of the solar ammays. These are therefore much nseful only for extended satzllite
life time (more than seven years).
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10.5. Repeaters
Repeaters and antenna together make the communication sub-systems of
comniuntcaion satelhie. €s¢ provide the recerve ang nNsmig coverage 1or
“1e STEIHE. Repealers are also lermed transponders. It performs two basic
functions, namely (i) the amplification of signals from an input power of the
range of -100 dbW to an output power of about 10 dbW (around 110 db gain)
and (if) the frequency down conversion (frequency unnslation) that avoids
interference between transmitted sxgml and the weak incoming sxgml The
repeaters which perform the above functions are
Sometimes there is also a provision of detection and demodulation process in
the satelitte transponders. Such transponders are called regenerative trans-
ponders. Fig, 10.2 indicates the block diagram of a conventional satellite
repeater. Here the frontend electronics is responsible for receiving the up Jink
carrier, carrier p for fi 3% lation and the power amplifier
for bringing the sngnal to the desired power level. In the regenerative repeater
the front end electronics would perform the receiving and detecting the uplink
carrier, carrier processing for demodulation of the detected uphak at lower
carrier frequency and the power amplifier for bringing the demodulated carrier
to the desired power level There are certain advantages in regenerative
over ¢ nal such as advantages in decoding, gen-
emuon of spot beams (power concemmnon) and interference rejection.

ELtECTRONICS
Fig. 10.2. Block Diagram of a Conventionaf Satellite repeater,

. .
antenna feeds.
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The front end electronics system has usually the units as that shown in
block diagram of Fig. 10.3. It consists of RF filtering, equalization and
amplification, RF filters are typically constructed as microwave filters (wa-
veguide filters) which are actually the integrated circuits and allow better
packaging, Jower weight and require less power, These filters are designed to
achieve desired mask, noise rejection and equalization. Further, they should
not have any significant contribution to circuit noise. Depending upon the
requirements, either of the Butterworth, Chebyshev, Bessel and Legende fil ters

distortions of the RF filters they themselves do not cause any attenuation
distortion. In most of the present day communication satellite repeaters dual
mode filters using cavity coupling are being used. These have centre frequency
10 band width ratios of about 10* at € band and about 10° at X bands. Thus at
C band carrier filters have RF bandwidth of about 36 MHz.

EQUALIZER

tm e _—— ————————

RF FRONTEND

FROM |
ANTENNA]

TO CARRIER
*  PROCESSING

Fig. 10.3, Block Dsagram of Front end Electronic System.

The low noise amplifiers have high gain characteristics. These are bast-
cally solid state microwave amplifiers such as tunnel diode amplifiers (TDA)
faving theirinherent tow noise buti d mod 1y high power gains,
Such LNAsare being untversally used for € band and X band satellites. TDAs
have the disadvantages of decreasing gain values at the higher microwave
frequencies (>10 GHz) and so now are being replaced by Freld Effect Tran-
sistor amplifiers for X band satellite. -

The carrier p i d ines whether the repeater is

P— T AP

rany Ana e tha i ama

as shown in Fig. 10.4, These may be RF-RF transtation, RF-IF translatton, IF
semodulation and demodulation-remodulation. In Fig. 10.4 (a) a direct RF-
10-RF conversion is carned out using a single mixer system. In the second
method [Fig.10.4(b)] double conversion namely the RFis

earried nut neing a ginala Innal Ana Tl sas At . e PTSN
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inscrted) at the satellite before returr B Lo ' 2

the regenerative frequency tmnslato « - " el :
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Fig. 10 4. Various frequency translation systems N
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freq if or the dulating processors involve a stage of
modulation that generates the return carrier, In Fig. 104 {c) 1

~by Tirst trarstafing fhe uplink RE spectrum own to a low IF band and then
modulating the entire IF ontg the return RF. In Fig. 10.4 (d) firstly the uplink
carrieris demodulated to baseband and then this baseband is remodulated onto
' - ‘o E B L .
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transmitied-with The carrier modulation to be recovered during the demodu-
lation and the satellite telemetry to be inserted into the baseband for downli
modulation, It may be noted that often transponder signal processing includes
hardlimiting following frequency translation. Suchhard limitersare non-linear
device and are usually followed by bandpass filters tuned to the input carrier

frequency. Suchcombined limiter-filter is alsoreferred toas abandpass limiter
(BPL).

After frequency translation, the next unit of repeater is the power
amplifier. Travelling Wave Tube Amplifiers (TWTA) are commonly used as
poweramplifiers for satellites. The size of TWTA depends on the mission and
their typical values are such as output saturated power: from 8.5 t0 20 W (150
1o 250 W for direct broadcasting applications), saturated gain: about 55 dB,
carrier (o intermodolation noise power ratto at satusation: 10 to 12 dB and
AM/PM conversion coefficient: about 4.5°/db. Since the TWTA establishes
the transponder output power so it is normally operated near saturation to
achieve the desired output. Further since TWTAs amplify primarily the con-
stant amplitude carriers so variations in input carrier amplitudes during
amp}lﬁcation may produce an undestred phase interference on the amplified
carrier. Thus TWTA is the dominant non-linear device in the transponder that
may affect the link signal performance significantly. Its effect on FDMA has
already been discussed in Section‘3.9, It is therefore necessary to have proper
input control of the operating drive power of TWTA. This is being achieved
by usinga BPL-amplifiercombinatton in front of high power TWTAs. It would
be worthwhile to mention here that with the emerging salid state technology,
solid state power amplifier (SSPA) are also recommended in place of TWTAS.
’Ijhese SSPAs make use of GaAs FET devices and are ighter ie weight, more
linear and offer a sigruficant improvement in reliability which eventually
would provide increased transponder capacity.

. The above has been the discussion for the satellite repeater which has got
sl{rgle channel only. In case it is channelized one then the refurn transponder
will refer to one channel. of the channelized satellite repeater. Thus whereas
the past satellite repeaters were of single channels the modem satellite repeater
have several channels because of the availability of present day technology of
reduction of weight, volume and power loss of the channel elements, e.g.
filters, driver, attenuator, TWT etc. Moreover, the technology of launching
satellites with heavier payloads has also considerably improved and thus
allowing for more channels in satellite repeater, The Indian National Satellite
INSAT-I has 12 channel satellite repeater,
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In such channelized saleﬂ\/ e repeaters the two additional units are used,
namely the input multiplexers (IMUX) and the output multiplexors (OMUX).
The mput muluplexer separates the 500° MHz bandwidth jnto individual

whose bandwidth depends on the sateBite’s mission, For
example, a 500 MHz bandwidth can be divided into 8 transponder channels
with a centre-to~centre frequency separation of 61 MHz, With the frequency
reuse, in such a case there would be altogether 16 transponder channels in the
satellite. The input multiplexers usujly constst of input cuculato:s, input
filters, group delay equali; amplitude equalizers and output
Fig. 10.5 indicates the basic block diagram of such an input multiplexer system.

INPYT teur] JEROUP AMPLITUDE oureyT mmspmosa
CIRCULATOR FiLter] 1 EE A e EQUALIZER CIRCULATOR

InPUY TRANSPONDER

CIRCULATOR N1
INPUT

g B O T o R s

L
SIGNALS
140-1456k2

Fig. 10.5, Basic Block Diagram of Input Multiplexer Syster.

Fg 10 6. Basxc Block Dugram of a Channelized Satellite Repeater.

‘3=t fo TWTAS of different channel

»* for retransmission 10
=1 output out of band

Arannnns tn ennnrace cinnal harmonics
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10.6 Antenna Systems

Antennas are another part of sateltite communication subsystem. In fact
the antennas on board the satellite serve as an interface between the earth
stations on the ground and various satellite sub-systems during operations.
Antennas receive the uplink signals and transmit the downhink signals. In
addition they provide a signal link for the satellite telemetry, command and
ranging systems which in conjunction with the attitude control subsystem
provides beacon tracking signals for precise pointing of the antenna toward
the earth coverage areas. The design of a satellite antenna is conditioned by
the required coverage. It should be remembered that antennas are one of the
key elements in a satellite communication system since their gain values
directly determine the amount of received power, However, it is the antenna
pattern that describes the antenna characteristics required in the satellite
communication, These are the gain (maximum value of the gain pattern), the
beamwidth (a measure of the angle over which most of the gain occurs). In
satelli ication jti ial that the desirab! patternsshould
be highly directional with high maximum gain concentrated over a narrow
bandwidth v:ith negligibly smalt sidelob issil

Satellite communication system uses a variety of antenna system, These
may be linear dipole, helix, hom, antenna array and the parabolic

Frwavor tha maeabnt
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antennas such as dipoles; Roms or helics produce a combined beam with
directivity. Ammays have the advantages that by properly selecting the phase
shifts between array elements thé directivity of the beam may be oriented in
a given direction. Moreover, the gain of arrays increases with the number of
array elements and hence high gain is achieved with large arrays. Also, here
the beamwidth changes with the beam direction, being narrowest for broadside
beams and larger for axis beams. It is due to this reason that in most of the
present day communication satellites phased array antennas are being used.

~Amoug the antennas mentioned abaye, sptellite communication utilizes
reflector antenna both 1k Communication sub-system as well as in the earth

ctartan Thineaflesensioeby o L
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an ofl_set conﬁgv.l.ra.tion can more easily be accommoda!ed' in satellite design
especially when it is necessary to deploy the reflector after faunching. Inspite
of these ad_vamages,,o[fsel reflector, however, generates cross polarized
compx in the antenna radiation field when it 1s illuminated by a linearly
polarized ﬁtzld and similarly when circular polarization is employed, the

o
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antenna beam is squinted from the electrical boresight. These problems create
trouble when frequency reuse technique is used by orthogonal polarization.
In fmucncy reuse two reflectors are needed for generating onthogonally
polarized beams one for cach polarization, In actual practice these two
reflectors arc incorporated into a single physical structure, In such cases the
single structure consists of two polarization-selective grided offset parabofic
reflectors stacked one behind the other to facilitate aperture sharing, These
two reflectors are fed by two independent multihom arrays which do not
interfere with each other either physically or electrically, I
To provide high gain for the coverage areas, multiple beams or shaped |
beams may be ired by the ications 2ntenna, These may be
designed by using a primary feedcomposed of an ammay or aset of feeds located
in the vicinity of the focal point. Thus if the primary feed would consist of an
array of feeds driven at same frequency by a beam forming network, the
combination of the electric fields radiated by the individual feeds woutd result
in shaped beam. Separate offset feeds generate distinct beams at a specific
frequency and in a given direction, resulting in a multi-spot beam coverage.
‘This technique is thus capable of providing a beam lattice coverage when the
number of beams (and hence of feeds) is not too large. In large communication
satellites which operate at several frequency bands with different-coverage
zones, the primary feeds are designed in such a way that several primary feed
arrays share one reflector. The problem of putting all such feed arrays at a
focal point is overcome by the use of polarization and/or frequency sensitive
surfaces which allow orthogonally polarized waves or waves at different
frequencies to te focussed at distinct loca}lion It would be of importance to

M 1T 4Tt sha anfanna
. e
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east-west (pitch) and north-south (roll) bearn pomting errors and TU.2° tor

beam radiation (yaw) errors. Lens antennas are afso used in multiple beam

antennatechnique and these have the over uﬂ“m xcﬂqum

to be axisymmetric an¢ hence offering large cross polarization isolation.
Conclusively, in the satellite antenna it is essential that the antenna

mainlobe should be such that the energy is conCentrated towards the carth

B Cretos ha DD Uagrayar it ic foond thar if the
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10.7. Telemetry, Tracking & Command (TTC) Sub-System

TTC sub- sys!cm is the most essential sub-system of the satellite becanse
it keeps the satellite in working order and all sorts of manoeuvre are carried
out through them. TTC sub-system involves the earth station and infact is 2
partof satellite management task. The main functions of TTC sub-system are,
namely : (/) the transmission of homc-koepmg information and status of the
satellite to the gmu.nd control station, {if) carrying out angular and range
ionof the satellite and (fs) receiving command
signals from the ground contro] st:mon to mmatc attitude and station keeping

and of the For these functions
frequencies used are at vhf or in (S band) dunng launch phase and in the
frequency band allocated for main satellite telecommunications (6/4 GHz)
daring on station. It should be noted that in TTC sub-system, tracking is pri-
marily done by the earth station.

The telemetry system provides a data stream to the gmund that  reports
or cach oflhesatclme b-systems independent of any other

. TR A .

condmorung uml, currcnt dmwn by each sub-syslem. cnucal voltages and
currents in the ion electronics, temp of other sub-syst
position of switches, altitude etc. Thus there are over 100 different kinds of
sensors mounted on the satellite for the purpose. There is a separate telemeter
transmitter in the satellite which transmits the telemelry data vz the com-
munication antenna when the satellite is in orbit and in norma.l on station.
‘When the satellite is in transfer orbit, the tel is d to
a TWTA in the satellite repeater, This then transmits telemetry data vig an
omni antenna mounted on the satellite. The telemetry data are digitized and
transmitted as {mquency of phase shift keying (FSK or PSK) of a low power
telemetry carrier using nme division techniques. The TTC earth station con-

tains the Y to insert ds, receive and interpret the
telemelry and compute orbital parameter,

For command operation, the satellite contains a receiver which works
only for command signals transmitted from TTC earth station., Through this
receiver the command sub-system controls the satellite operation through all
phases of the mission by receiving and decoding command from the TTC earth
stationt, The command sub-. system also gencraresa veni’ cnuon sxgnal and upon

mmnlet f o ayan st cfennt anie

is used for commnnd and ranging. Actuajly duning the launch phase and
injection into geostationary orbit a back-up system is used which provides
control of the apogee boost motor, the attitude controt system and orbit control
lhrusters. the solar sail deployment mechanism (if fitted), and the power
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conditioning unit. This back-up system works with the omni antenna men-
tioned above. Onee the satellite is in geostationasy orbit, the main TTC sub-
system works.

. Tracking consists of determination of the current orbit of the satellite.
‘This is done by determining the range which in tumn determines the orbital
elements. The TTC earth station can observe the Doppler Shift of the tefemetry
carrier or beacon itter carrier to d ine the rate st which range is
changing. Another way of determining the change in orbit is by using he
velocity and accelerator sensors on the spacecraft that establish a change in
orbit from its ast known position. Some other methods such as triangulation
method of transmission and reception of sequences of pulses (ranging tones)
ete. may be used to determine range. The telemeter transmitter.serves also as
the downlink for the ranging tones, With such techniques and precision
equipments at TTC earth station it has been possible now a days o determine
the position of satellite withir 100 m.
10.8, Thermal Control Sub-System

Thermal controf of various satellite sub-systems are essential so that the
sateliite may work successfully till its whofe life, The thermal control sub-
fi intains equip and st of the satellite within

specified \emperature ranges both during operation and idle time. Since the
satellite isin synchronous orbit where extremes of solar raduations are present
so special care regarding heat and ext cool (when the satellite
parts are in shadow), temperature variations is needed. Similarly, during
aperational and transfer orbit phases the iati q
are different. This has made necessary for the complete thermal control of the
sateliite so that as the sun moves around the satellite once every 24 hours the
temperature range variations around various satellite sub-systems remain in
the prescribed range. The typical temperature ranges for various satellite
equipment as allowed are : batterics 0°C 10+20°C, solar cells -100°C to+50°C,
electronic equipment -10°C to 60°C, propellent tanks +10°C 1o 50°C and
infrared sensors -20°C to +45°C. Thus the mean temperature of the satellite is
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Further the absorptance a and emittance & of the sucface finish with respect
10 solar radiation conditions for various materials are also studied. In the
satellite payloads it is ial to dissipate heat and d with
a very Jow o/ E finishes (ot about 0.08, & about 0.75) are employed. These
constst of fused silica mirors width silver backing, called optical solar
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reflectors (OSR) or second surface mirrors (SSM) made from plastic (Teflon,
Kapton or Mylar) sheets with silver or alumininm backing. These reflectors
are located on the north and south panels so that they may efficiently radiate
their heattowards outer space since the northand south panels are leastaffected
by daily variations in solar incidence. Such types of lhermal comml systems
are passive ones and are based on multil; ion blankets which
are composed of altemate layers of thin Myl;u' and Kapton films coated with
vacuum deposited aluminium. Such passive thermal control systems are
capable of providing high isolation between the sateflite inside parts and outer
space.

Inaddition to these passive thermal control systems there are also various
active thermal control systems which mai) of
inside the satellite. These active thermal contro! syslcmsa:esuchnsheat pipes,
hinged flaps, multiple blade louvres and electrical heaters. The heat pipes allow
adiabatic transfer of heat from heat sources fo radiators by successive
vaporization and condensation of a fluid at the two extremities of the pipe.
The fluid used have high latent heat and therefore the heat pipes provide a
high capacity for heat transfer with small temperature differences. The hinged
flaps and multiple blade louvres carry ouf arangements for covering the
radiator areas or exposing them as per requirement. The electrical heaters
provide the thermal controlling either through telecommand signals or ther-
mostat. Thus it may be seen that the satellite thermal control systems are quité

plex and ial ones. Their requi and design vary from satellites

to satellite. For example, the ‘spin stabilized satellite will need a different
thermal control system as compared to a body fixed satellite.
10.9. Structure Sub-System .
This sub-system supporis the equipment carried by the satellite for
communication and other purposes. Therefore stiffness is of major concern
here. During launch phase where mechanical stresses may be highest the
structure sub- -system plays a major role. Similarly the slruclu.re sub-system
Tectp of onboard equi such of sensors,
thrust axes of the thrusters, axes of antenna etc. The structure sub-system
allows the various separations and deployments depending upon the satellite
launch vehicles. Finally it avoids electrical charge accumulation. Though the
structure sub-system carries out so many essential duties, it is necessary that
its mass should be only 6% of the total satellite weight. Therefore, structural
malenals which are light weight and have resistance to deformation such as
i} and altoys, honey panels, bonded assemblies and
carbon fil bre reinforced plastic materials are used for structure purpose.
10.10. Reliability of Satellite Sub-System

Htisexpected that the satellite should work satisfactorily over its specified
life. The reltability is the parameter through which such characteristics of the
satellite operation 1s expressed. In fact reliability 15 the probability that the
system will perform snnsfactonly over uts speaified life. Since the satellite
nvolves mostly p and D so the reliability cf Ie’f
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satellite sub-systems will depend on the probability of failure of these efec-
tronic components. The probability of faifure of electronic components is fike
a bath tube curve as shown in Fig, 107, In other words, for electronic
components the probability of faifure is higher at the beginning of life-the burn
in period-than at some fater time, Also as the component ages, faifures become
mort likely, Thus once the satellite is in synchronous orbit, ft can not be
repaired and so several steps are already taken before the Taunch tself so that
components remain uscful for most of the satellité life time. For this purpose
the components are rigorously tested under stimulated space and environ-
mental conditions and then these are fitted with the satellite payloads.

—

BURN END OF,
w UFE

PROBABILITY OF
FAILURE

USEFUL UIFE

Y TIME ——=

Fig. 10.7. Probability of Failure (Bath Tub) Curve.
Mathematically the reliability of a device or sub-system is defined as

R =-N"T:l2

- Number of surviving components at tij
Number of components at start of test ';ienbj

Another important parameter in reliability studies isthe mean time before
failure MTBF defined as

1 %
WBF—m—-;\,—D

DAY ,.(10.2)

1=l

where 1, represents the time after which the ith device fails. MTBF is related

1o average failure rate A by the formula
1
= YTBE .(10.3
A MTBF (10.3)

Failure rate A is often given as the average f_nilure rate per 10"7 h?urs. in
ferms of A the seliability of the sub-system or device of Eq. (10.1) is given by

R=e¢™ .(10.4)
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which indicates that the reliability of a device decreases exponentially with 1,
In other words, after infinite time there will be zero reliability indicating a
cerlain failure, However, in practice the end of useful life is usually taken to
be the time £, at which R fails to 0.37 or (1/e) which is when

1
Lh=g=m ...{10.5)
Eqs (10.4) and (10.5) indicate that the probability of a device failing has
an exponential relationship to the MTBF, This is represented by the right hand
end of the bathtub curve.

It must be of importance to mention here that if proper redundancy is
maintained in the satellile, its reliability would be improved. Actually it is
mainly with the TWTA in repeater for which redundancy is mostly provided.
This isbecause of the fact that TWTA has a limited life time, Redundancy in
most of the satellite systems is provided by a secies, parallel or switched
o e i hvhiid b e frmrallal -

y P
is also provided. In practice the series/parallel connection is widely used in
ications satellite ponders to provide redindancy of the high
power amplifier. Oftenly a combination of parallel and switched redundancy
isused to combat failures that are catastrophic to one transpender charmel and
to the complete communication system. Another way of improving the rela-
tionship that has been also imes widely di: disby derating, i.e. by
ducing maximum power ption, vollage, current, temperature or some
combination of all, Actually derating veduces the wear out by a geometric
relationship to the amount of derating applied.
10.11. Review Questions

1. Explain various satellite sub-sy telling their imp functions and
characteristics.

2. ‘Whatkind of electric power supply js sed in a satellite ? Explain as to how
precautions are taken for hostile environment regarding the smooth electric
supply to various electronic components.

3 What are the atutvdeand orbit control sub-systems ? Explam s (o how these
pertorm therr tunctions.

4. What is the propulsion sub-system ? Explain its and their
functions. Which 15 the most popular propellent being tised ?

5. What s the communication sub-system ? OF which units 1t 1s composed of
? Explain the constryction of a repeater telling the difference between a

simple repeater and a ive repeater, Whats the d between
a repeater and a transponder 7

6. What kunds of antenna systems are being used in satellite communication
sub-systen: 7 What 1s the multiple beam technique ? What precautions are
',Iaken 1n mounting the antennas on spin stabilized and body fixed satellites

9, W e N B - . -
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8. Explain the working of Thermal Control sub-system ? What kind of thermat
control sub-systems are being used in satellite 7 . \
9. What js structure sub-system ? What kind of operation does it perform 7
‘Which materials are preferred for the design of this sub-system 7
10. What do you mean by the reliability, time before failure, effecti
failure rate as applied to satellite sub-system and components 7 How are
these related to each other 7 Explain the "bath b’ curve.,
11. Whatis the redundancy and why is it necessary for the satellite sub-system
particularly in repeaters 7 How can the redundancy be achieved by series,
parallel and switched connections 7
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Satellite Earth Station

111 Introduction

Satellite cc ication is not complete without earth station which
fact transmits to and receives from satellite. The basic considerations of earth
station are already discussed in Chapter 1 and the elementary block diagram
is given in Fig. 1.2 Earth station may be located also on a ship at sea or on an
aircraft but even then it is called earth station as it maintains communication
link between earth and space or it forms the earth based end of the earth-space

\-ny Tin 10 Ainnta s hodis om mmmebe phmTom s ams o fn ammiae gk o s

Tt . g e
may be as large as 30—m diameter in the INTELSAT network or as small as
07m forrecepuon of direct broadcast satellite television (DBS-TV). Fordeep
space communication, the antenna size may still be larger.
‘Thoughevery earth station would consistof above four major sub-systems
but they can be classn according to the variety of equipments needed
Cea A e TR

Aorandinn

realum that s common 10 all the earth stafions s the need 10 acrucve alow
system noise temperature in the receiving channel.
11.2. Earth Station Design Requirement

Thereare atleast 8 i important requirements that most of the earth stations

have to meet. These are : (a) high gmn in the direction of wanted signals, (5)
i

m
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law gain in the direction of unwanted signals, {(c) low effective noise tem-
perature for the entire receiving system, (d) high antenna eﬂ'cxcncy. [G]
PSS sitellite pointing with a specified accuracy, () minimum
pcrformmce varjations caused by local wind and weather, (g) minimal vari-
ation in the illumination of the satellite by the earth station and (k) high dis-
crimination between orthogonally polarized signals. Most of the above design
requircments are governed by the earth stations. G/T atio (figure of merit)
which was discussed in Eq. (2.19) of Chapter 2 and is re-written as -

C P,-G,G,(XMM)’
X185 (111}
where for simplicity the additional losses L, have not been taken into account.

Here GafTy tepresents the G/T ratio of the earth station, It is evident that C/IN
ratio is directly proportional to G/T"and so most of the above eight important
B R PERER e L it a m e

v L}
- - . . . :
stations.
Table 111, Characteristics of INTELSAT standard A, B and C earth
swtions. .
Standard A 8 [
Frequency (GHz) 6/4 6/4 14/11 -
Polarization Cyreular Circular Linear
G/TdBK? 407 37 39 +201og (f/11.2)
Typical dish diameter (m) 30 {1-13 19
Antenna midband recerve, 61 51.5 65
gain (dB)
Antenna midband transmit 64 54.1 66.4
gain (dB) .
Main reflector rms surface 10 08 0.6
tolerance {mm) -
Typical LNA noise tem- 40 40 120
perature (K)
. e R T '
. ' sl
x. . .T.' S
T e " * - #fe-m-eestee 1411 GHz, antenna diameter
BW (E,), 55-83 dBW (E),

34 dBK' (E;). Standard F
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“has characteristics such as (6/4 GHz, antenna diameter = 4.5-5 m (F,), 7.5-8
m (Fy), 9-10 m (F,), EIRP = 63-91 dBW (F,), 60-87 dBW (F,), 59-86 dBW
(F3), GIT = 22.7 dBK™ (Fy), 27 dBK™ (F,), 29 dBK™ (F), Standard Z has
characteristics (6/4 GHz, 14/11 GHz, G/T at 10°= 31.7-33,0dBK™" (for large),
24.5:26.9 dBK™ (for smally, 22.0 dBK™ for TV/radio receive only.

Tt wonld be worthwhile to mention here that the diameter of the receiving
antenna may be calculated either through Eq (1 1.1{'ar by the following
expression Hero vz

LKTBFS /N]"’
Pr.Gro

where D is the diameter of the receiving antenna in metres, K7 = product of
Bol and abso} perature, and the unit is joutes, R =range
to satellite in mete:s, F = noise figures of receiver, S/V = signal to noise ratio,
Pr= total power transmitted from satellite, Gy = gain of satellite antenna, B =
signal bandwidth in Hz, L = polarisation, cable etc. losses, o= antenna effi-
ciency.
Similarly, the earth station transmitter power may be calculated from
' pJORLKTBFSIN
D*Gra

. This trensmitter power ranges from a few tens of Watts to ten or twelve
Kilowatts generated by vacuum tubes (klystrons or travelling wave tubes).
Transmitters upto 400 KW are used in the deep-space network,
11.3. Earth Station Sub-Systems

_ (@) Transmitter : Here the signal 1o be transmitted is converted to the
uplink frequency, with proper encoding and modulation. It is then amplified
and directed to the app:cpriate polarization port of the antenna feed. In Fig.

1D ke dteie Ry

D=4R[ .(11.2)

.(1.3)

. w o
! - .

becauise of thetight specifications on out-of band emission, frequency stability
and power control that are necessary to avoid interference with other channels
and satellites. Further as transmitters are not manufactured in large scale so

their cost is high. The cost i with the i in itted power
which may vary from tens to thousands of watts.
ince earth stations require the transmission of microw; he;

use high powet amphifiers (HPAs) such as travelling, wave tubes and multy

transmitters. N
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‘1oble 11.2. Brief Summary of HPAs' Characteristics

Amplifier Type Qutput Power  Bondwidih Cost
Kiystron 500-5000W | Small 40 MHz Medium
Travelling Wave Tube{ 100-2500 W Large (500 High
(TWT) MHz)

FET(6GHz, 14GHz) | 5-50W,1-6 W Large High
Bipolar Transistor Upto S0W Wide High

Note : (1.6 GHz) 10 be used in maritims satelhte communication system.

‘When there are several HPAs working their output may be combined
through bandpass filters and circulators or by means of hybrids, Thus a
modified version of earth’s station transmitter may be as that given in Fig.
11.1. Here modulation is performed at 70MHz IF which is then upconverted.
The configuration (arrangements) for HPAs to be employed depend on the
number of carriers to be transmitted and whether these are FDM or TDM
signals. The most common configuration employs one HPA for each trans-
ponder to be used. It must be remembered that reliability is of utmost
importance in satellite communication and therefore the equipments in
transmitters always employ some sort of redundancy configuration with
automatic switch over in the event of some failure,

7OMHz IF
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NPUT

BASEBAND
ﬁ
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3
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downlink bands, and in addition by means of orthogonal polarization, As

shown inFig. 1.1 (Chapter 1), diplexers are used to enhance aration in
the frequency domain.
e frequency comanm.

OEMCDULATORS
20 MHzIF

[ easeRawm , - ] ”

§ siweaLoutpur ..

: Fig. 11.2, Basic Block Dragram of Earth Station Recejver.

Tn (hantar 2, tha mnlen maenidancets 1. 1 21

P e

These achieve noise temperatures'in the range 50 to 120 K at 4 GHz and 120~
10300 K at 11 GHz. Table 113 gives a bricf summary of the characteristics
of various LNAs used in the recesve part of earth station.
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Table 11.3, Brief Summary of LNAs used in the Earth Station Receiver

Types of Amplifiers  Frequency NoiseTemp.  Cost Use
Cr);ogenic parametnic 4GHz 15K High |Large staticn
Cooled parametric 4,12GHz| 35,100K | Medium [Standrd A & B,

Standard C,

Uncooled 4 GHz 50K | Medium {Large domestic
Parametric 12GHz 120K | Medium |Eutelsat stations
Cooled FET 4GHz 50K Low  |Domestic
GaAs . 12GHz 130K | Low |Domestic
Ambient 4 GHz 75K Low  {Small domestic
FET GaAs 12GHz 250K Low  |Small Domestic

R Al ekt 2 S

config ration is used particularly for LNA. h

2. Aptaman intha smaet yrcrhla nart AF tha anrth oratinn and it

e o N .
'~ energy into 2 narrow beam to illurinate the satelinte antenna n botn e
transmit and receive modes to provide the required uplink and downlink carrier
power. Tie radiation pattern of antenna must not exhibit large sidelobe level
otherwise there will be interference from unwanted signalsand other satellites.
The low noise temperature of antenna would allow 10 have a better C/N ratio.
Similarly, the antenna must be easily steerable so that a tracking system may
be employed to point the antenna beam accurately towards the satellite taking
into account the satellite’s dnft in position. This would also allow pointing

0ss to be minimum,
5 .

- N Lo

L acil simitamy Thace

. . . DL L .
pertormance, 1t 15 expensive g vety
are not used for earth stations.
has small dimensions

g tom gasimenl
! 37

Though the horn an.tennn has a good
bulky when high gain is needed. Hence they .
‘The phased array antenna is of much use so long as it

T e LA S

retlector or dish antennas hase

phased Snx;y am;nnas are quuite suitable. The
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the advantages that they offer a wide range of gain values with affordable
mechanical complexity. These reflector antennas are the paraboloid antenna
{single parabolic reflector) with a focal point feed and the cassegrain antenna
(Dual reflector) as already mentioned. There may be single offset reflector

antenna also, ——————e

c~—'ﬁg—._l1’.3_illusr;mtcs aparaboloid antenna with a focal ppint feed. Here the
feed's phase centre is located at the focal point of the paraboloid reflector, The
feed is connected to HPA and LNA through an orthogonal mode transducer
(OMT) which is usually a three port network. Thus when the antenna is
transmitting the signal energy from the output of HPA is radiated at the focal
point by the feed and illuminates the reflector that reflects and focusses the
signal energy into a narrow beam. When the paraboloid is in the receive mode,
it captures the signal energy and converges it on the focal point which is then
received by the feed and routed to the mput of LNA. This kind of paraboloid
is easily steered and offers gain éfficiency in the range of 50 to 60%. In case
the antenna points to the satellite at a high elevation angle its focal point feed
would face the ground. In such a situation the feed radiation will also spill
over fhe edge of the reflector and xllummates the ground which may be ashigh
as 290°K. This conlnbutesahlgh ant

T tanacioe tha nnace:

Fand moa e

of; apenure pl:me evenheless lhe a ve pamboloxd amenna wuh a focal Ponnl

PARABOLUID
REFECTOR

FROM HIGH
/. POWER
. AMPLIFIER

Fhﬁu POINT
ND -

FEED PHASE CENTER

AMPLIFIER

Fig. 113 Parsboloid Antenna with a Foeal Point Feéd,
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It would be worthwhile to mention here that the size of earth station
antenna affccts allowable satelite spacing to ava:d mlerrcnng with adjaceat
sateftites. ftisshowninFig. 11.4, Consid ywabl ing
Fig. 11.4 shows that the earth station antenna would have ta be at least 100
wnge!cng!hs in diameter, Thus holding the same beam width, the higher the
carrier rrcqucncy the shorter the wavelength and the smalfer the permissible

For ple a 6 GHz uplink carrier has a wavelength of 5
cm andiin such a case the antenna would have to be abave 5 meters (or aboul
15 fect) in diameter, Similarly, for carrier frequency of 15 GHz !
of 2 enls), antenna diameter would be 2 meter (or about &172 11). For 30GHz
carrier frequency diameter reduces to 1 meter or about 3.3 ft which is quite
suitable for mobile or home applications,

-}
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-~y
-3
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Antenna digmeter ~——a B
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Fig. 114, Rehuonslup between Antenna Diameter and Satellue Orbit Spacing. .
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Paraboloid
main reflector

Hyperboloid -
subreflector

+
\Muln reflector focq( point &
subreflector virtual focql point

———

Subreflector real focal
point and feed phase center

Subreflector support
structure

Fig. 11.5. Dual Reflector (Cassegrain) Arrangement,
Thoughthe cassegrain antenna s more pensive than the si flector
because of the addition of more elements such as subreflector and its support
butit has several advantages such ag low noise tcmp_emmm'_mx&mlcy_
and flexibility in feaq design. Further Fere (he spillover energy from the feed
isdrrected foward the sky whose noise temperature is typically Iess than 30°K
and thus the contribution to the anfennanoise | issmall p '
to paraboloid antenna. The feed js located near the vertex of the main reflector
and so greater mechanical stabi;xty 1s achieved, This allows very accurate
pointing of the antenna narrow beam, Oftenly alongwith the cassegrain
antenna, beam waveguide feeq System is used. Thic arranmamans ——c - |
losses in the ¢mm-er - - '
When frequer e
quency reuse
horizontal an rere ther o 2Ul 4 KU band operation, It would be
worthwhile to mention here that a kind of reflector antenna termed as multi-
beam Torus antenna has 2lso been developed particularly by COMSAT lab-
oratories which is capable of Teceiving simullzmeously several satellites
located in one section of the geostationary arc, This antenna js of small
dimension such as a paraboloid antenna with diameter of 9.8 m with a gamof
the order of 50 4B at 6/4 GHz ang noise fe of 30K for an elevati
angle of 20°, - .

v
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accurate program-track facility or a kind of autot

track system. A t; i
-cxzﬁnplr potnting accuracy is that if the anten 4 width myptl;s
Eei!‘o 10 mm arc., it muslbepomted wnh an accuracy of + 1 min of arc in

LIGHTING ROD AND AIRCRAFT
WARNING LIGHT (YWO REQUIRED!

QUADRAPOD SUBREFLETOR,
SUPPORT STRUCTURE: P

0°90° ELEVATION

~ TRAVEL ™~
UBREFLECTO! A HANDRAIL
VERTEX: ELEVATION JACK DRIVE
N ASSEMBLY

ELEVATION
AXIS

AZIMUTH AXIS
SHROUD '
AL 22-0* FOCAL
rg:gwl'n'.sm?zo K—Penzsm. ASSEMBLY
PARABOLID AZIMUTH TRACK

{ AZIMUTH ORIVE ASSEMBLY:
TWO REQUIRED) '
+- xe.
1 -

Fig.11.6. Cassegrain Antenna with Azimuth-Elevation Mounting. )
Tracking may beachieved by.either of three methods, namcly monopilse
T‘T“rﬁfﬁﬁ@@mu i & slcp-uncl

el rhals --,._ ar=n T

or mulu-hom

l' im e

I
order of 0.1 e,,.. itis complcx and expensive and so it is not used. The most
popular technique is step by step technique where a search for the maximum
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reception of the received signal is done. This requires a continuous moving
and checking of the beam. From the knowledge of main beam shape the true
direction of the satellite is estimated and then the antenna is pointed in that
direction. Suchkind of tracking gives the systematic pointting error of the order
0f0.2 0,,,. Here theantenna is resetted by moving the sub-reflector. Sometimes
the scintillations in the receivéd signal may cause trouble in tracking and so
continuous checking of scintillation ampiitude is also needed.
11.4. Monitoring and Controt
The importance of redundancy of some equip in earth station such
as HPA and LNA etc. has already been mentioned in the previous section.
With this redundancy arangement it is expected that when the on line
equipment in the redundancy configuration fails, the standby (redundant)
equipment has to automatically switch over and become the on line equipment.
Infact this process of detecting critical failure modes and resolving all these
failure modes by automatic switch over from the failed to the redundant system
is termed monitoring and control. In a communication network using the
communication satellite several earth stations alongwith a network control
centre (NCC) are involved. Here this monitoringand control is quite important.
This involves many levels such as rf terminal momtoring and control, remote
monitoring and control of the earth station from the network control center
via the satellite link with a backup terrestrial telephone line.
Itis essential for monitoring and control system to have the capability to
collect status data for classification, to convey status data tonetwork op
i ret status data, to initiate fault isolations, to switch over redundant
e Tiso wr 70+t the baseband equipment
' . - © '+ rto maintain sutveillance

11.5. Frequéncy Coordination

Tarpagtrial mismaca Baln o2

P

5

crmine the basic

N & e R
thiscootdinanon distance The firststep inthe process is 1o det
ransmission s 11 decibels by the formula
L, =Pr+Ge+Gy-A,—PydB w{114)
T ——————————

.
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. N T

P nforon e B .t .-
second step in the process involves the determination of distance come-
sponding to this L,. Again the curves and equations to calculate this distance
have been provided by CCIR. For this twa modes of propogation have been
considered by CCIR. These modes are mode A and mode B where mode A
corresponds to great circle path mechanisms and mode B corresponds to
scattering by rain. It must be remembered that rain may cause interference by

e mmiamen b thn eyertures A

RSN SNSRI

Infact 4, is calculated by the formula:

1500 \Y \\ \ ‘

- -

AN ]
SAUNANLN
AN
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2 Q\\ -’oo\\\\\
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5 \\\\\ 2 P~ ‘q
\\ \\ B 1~
N I~ Nagmn
o \% —=T Et
Yy H 5ﬂGH” 10 20 40

Fig. 11.7. CCIR Curve for Coordinstion Distance as a Function of Frequency .
and (£, ~ 4,} for Mode A Propsgation. .

A =20Log,,(1+4.50)+0/* for 020°

=0 fof<l® (115)

Where 0 is in degrees.
For smode B propagation the CCIR curve is'shown in Fig, 11.8. Here (,ngc

" site sheilding is not considered (in rain scatter interference) and the C
curves for rain scatter coordination distance involve rainfall rate and frequency

“directly.
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Fag, 11.8, Rain Scatter Distance as a Function of Basic
Transmussion loss and Rainfall rate at 4 GHz.
11.6. Small Earth Station

Basically small earth stations are defined as those which use antennas
less than 60 wavelengths in diameter, corresponding to S m dishes at 4 GHz
and 1.6 m dishes at 11 GHz; with gains below about 44 dB. For such a case
front feed paraboloid reflector 1s being used. Cassegrain or dual reflector is
ot used as blockage losses are then very ngh. Though the symmetrical front
end paraboloids are widely used for small earth station antennas, offset-fed
antennas employing single and dual reflector configurations may also be used.
The torus is also used to multsbeam service purpose. Small earth stations do
not need the expensive autotrack equipment, dual axis drivers and servo
systems eic. for their antenna systems, Fixed pointing and small aperture
antennas serve the purpose. Thus the small eari-stati ungmmm’m%fﬁ?

mmmgc antennas and cost a smal! fractzon of their
large counterparts.

Small earth stations were developed basxc:dly for TVRO (television
receive only) svstems but these find use also in Telecommunication net-
working systems as shown in Fig. 11.9 or in other kind of services such as
land mobile services or maritime services etc. as shown in Fig. 1110,

the introduction gl{grugg!_b_@_mmsl satelites (DBS) where satellite pé&
Incigased, Ihe cosTof small earth station wouia . asn
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case the antenna size conld be further reduced to an extent of 2 to 6 ft. Insuch
cases it would be proper to term the small earth station as micro earsh stanon.
The cost of such small earth stations are a few thousand US dollars,

SUBSCRIBER

SUBSCRIBER TERMINAL
EARTH STATION ON ROOF
TOP (URSAN T
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| I T
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lDl&'YRIBLIYM)N
iSYSTEM

EXISTING
NATIONAL
NETWORK OCAL  crayion

e -

Fig. 11.9. Small Earth Stations in Telecommunication network
“Systems Operating w C/KU Bands.

AERONAUTICAL
SERVICE

ATION
MAINEARTH ST, T SERVICE

Fig. 11,30. Small Earth Stations in Various Telecommunication Scrvices.
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11.7. Very Small Aperture Terminals (VSATS) _

These are 2 kmd of small ow cost carth stations which use different
modulatic le access pectally forlow speed packet data net-

ar
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Fig. 11.11. VSAT Applicatzon Modes
(a) For Data Transmusston, (5) Star Topology.
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works. These work mostly in C and KU band and use a very small antenna of
diameter in range of 1.2 1o 2.5 metre diameter, G/T matio is usually less than
15 dbS’K. LNA is uncooled GaAs FET of about 100°K. HPA is also a GaAs
FET device praviding power in 1 to § watt range. VSATs arc also oftenly
termed microcarth stations and offer a fow cost solution for thin route data
communication between centrat host computers and a targe number of remote
sites. ihus VSATS generally employ a star topology with a large central or
iaster station so that the antennareceive gain to noise (G/T) ratioof the VSATs
and their cost is kept to a VSAT ission takes place in the
form as that shown in Fig. 11.11.

VSATs employ packet transmission with switching at the Master station
to provide {ull virtual connectivity from one VSAT to any other VSAT by
using a double satellrte hop. Such networks are ideally suited for non-voice
applications like computer and other forms of data communication. These
employ spread spectrum multiple access (SSMA} and code division multiple
access (CDMA) techniques. The data ission rates are g fly timited

1019.2 K bitsat4 GHz, They have advantages over terrestrial packet networks
due to simpler flow and congestion controf. Though sometimes there might
be some defay problem. Voice transmission may also be done but it needs
separate facilities which results into substantial increased costs.

»n of charls

matton, to small papers in remote locations and h
and d facsimile), including hand written information in various
Indian fanguages.
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Oneof the applications of the mobile and transport services is the shipping
and for that the satellitt INMARSAT (International Maritime Satellite
Organisation) is used in ications for global shipping. It involves two
kinds of earth stations, namely the coast earth station (CES) and the ship earth
station. Infact CES is basically an earth station cum telephone exchange and
the amount of software here is very high. It must be remembered that Intelsat
ES has no software. There are two kinds of ship earth stations (SES) namely
the standard A and standard C. Though the cost of SES is quite smait compared
to the cost of ship, the standard C type earth station is 10 times cheaper to
standard A station and can be afforded even by fishing trawlers, road trucks
and rail carriages.

Standard A shipearth station censists of two main parts, namely the above
deck equipment (ADE) and the below decMequlpment {BDE). The ADE
consisfs of a parabolic antenna mounted on a stabilized platform, a diplexer
to separate the transmitting and receiving sngnals, a solid state HPA for

aLNA for recep and a power supply for the amplifiers. The
system is housed in a fibre glass radome for protection against weather. The
diameter of the parabolic antenna depends on the SES standard type. The
antenna mounting unit comprises a four axis stabilizing system with appro-
priate sensors and servo control. Other charjcteristics of ADE are given in
Table 11.4, The BDE is housed either i in'g rack or i desk-top console. It
comprises units to control the antenna, modulale the baseband frequency
signals (vmce, telex, facsimile etc.) into hxgher frequency signals, feed the
antenna and viceversa. It also has controls, mdxcalors and interface tor fele-
phone, teletype and other equipment.

Table 11.4 INMARSAT - Standard A Earth SmtiLn Characteristics

Antenna System Communication systems
Diameter : typically 12 m Transrmt band : 1636.5-1645.0 MHz
Gain : typically around 23 dB Receive band : 1535-1543.5 MHz

Beamwidth : typically around 10°  |Receive G/T: > -4dBK !

Polarization : right hand cm:ular Transmit EIRP ; 37dBW & | dBW
transmit and receive

Capacity : single quplex telephony or telegraphy
call at any time.

Standard C earth stations have G/T = ~19 4Bk, Standard € communi-
cations are message based. There was also a standard B type ship earth station
with receive G/T = -12 dBK™. Since standard B and standard A earth stations

give similar ¢ h. ristics and standard C is much cheaper than
standard B 5o the standard C has been widely adopted. In such standard C type
earthsstatjons, itted in bursts, af an information rate

©of 600 bps vie sau:n.uc 10 CES, At the CES, the messages are stored and for-
warded to their d mna form by the sender, { e. the telex, R
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teletext, voice band data, electronic mail etc, via the national and international
network. The procedure isreversed when a message is received by the terminal
onboard. The dard Cterminalisdesigned toop tlower power through
a non-stabilized omnidirectional anlenna anywhere within the INMARSAT

satellite coverage.

In addition to the ship scrvices, acronautical communication services
through the satellite system is also being done. Here the acronautical ground
earth station (GES) provides the link between the terrestrial system and the
satellite network. They operate in C-band. The ‘major components of a GES
are the 12 metre di RFan andan Acc trol
and signalling equxpmcnt (ACSE). The aircraft canh stauon (AES) falls into
four categories d g on the equip < and service capa-
bility. Class / AESS are fitted with low gain antennas and carry only medium
rate data (30(}600 bps). They support basic safety services. Class // AESS '
provide voice services only, and have high gain aircraft antennas. Class /I/
AESS have high gain antenna and provide voice and data services. Class IV
AESS combine classes ! and /1. They have low gain and high gain antennas,
providing voice and dataservices. Besides the antennas, otherimportant AESS
units are : (a) the satellite data unit (SDU), performing most of the data han-
dling, protocols, modulation and coding functions of the AES, (&) the radio
frequency unit (RFU) performing frequency synthesis and up-and down
conversions, and matching with SDU; and (c) the Beam Steering Unit (BSU)
oralternatively antenna control unit (ACU) formechanical antennas, to controt
Carbome antenna pointing.

11.9. Earth Stations in Near Future

The earth statlons m comu}g years pm:cularly m the beginning of the

£t mpmpms o e ere e anatd

pamalay hans

‘

P R " ' \ e, i
used for reflector antennas pmicula:ly for transportable/mobile systems. This
will also reduce the cost of antenna. The same reflector with composite feed
for CLS band working will be common. Array antennas and printed circuit
antennas will be developed for various apphcauons High efficiency feeds
with xmpmved snde lobe levels for closer spacing ol’ sateflite is also predicted.
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(monolmh:c mxcmwave mtegmlcd c:rcux!s) and VLS] s (very large scale
integrated) at lower cost will reduce size and cost of up and down converters.

Also the numbcr of mxcmwave circuts and IF amphifiers, filters etc. will be
1y o - nthe frequency synthesized locat oscillator working
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at extended C-band, Ku and Xa bands. The frequency converters would be
compact and are expected to be one third of the present size, Reliability shall
also be improved as there would be Jess inter unit wiring and connection.

It is expected that major earth stations shall be using tnicro computer
controlled sub-systems, monitored and operated remotely with advanced data
logging facilitics. This will avoid human errors in operation and data logging,
DAMA(d dassig ltiple access) will be used by most of the small
earth stations, Mobile satellite communication in L/§ band are to be commonly
used by small ships, trains, trucks and aeroplanes using INMARSAT or other
satellites. With the development in electronic technology, the terminals are
supposed to becore cheaper, reliable and suitable to hostile weather condi-
tions.

11.10. TVRO Systems (Television Receive Only Systems)

TVRO system have already been mentioned in the early part of this
chapter. These are only the downlink side of satellite communications and
consist of five major types of equipment, namely the dish (reflector), feed-
hor/polarizer (antenna), low noise anplifier (LNA), receiver/downcoverter

s e e T AU
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are ctgcapcr than spherical ones and also allow the viewer to mové from one
satellite to another by using a polar mounting. Mesh dish is always preferable.
. Signals from satellite are focussed by reflector onto the feed hom antenna
which is situated at the focal point of the reflector dish. Some technique for
polarity scl;cﬁon is also given, The LNA is a broadband mountable amplifier
with the gain varying between 35 to 50 dB. LNAs are of GaAsFET and bipotar
trapsistors. Sometimes LNA and downconverter are integrated into a single
unit called low noise converter (LNC), The receiver part of TVRO consists of
downcon\(engr, IF amplifier/filter, demodulator and video/audio processor.
Once the audio and video are properly processed, they may be viewed on a
monitor.
11.11. Review Questions
l.Wha.t ate the equipments that an earth statron requires ? Discuss their design
requirements,
2.What sre the INTELSAT standards for earth stations ? Compare their relative
major characteristics.
3.Explain with the block diagram the working of transmitter part of earth station.
What are the HPAs being used here ? Compare their main characteristics.

4.Discuss lh-; receiver’s working in earth staton With suvitable block diagram.
Also explain various LNAs used there, '

S.Exp)a.m with suit.‘\ble diagram the working of various antenna systems to be
useél in earth stations ? Give antenns requirements for large and small earth
stations.

6.Whal.xs meant by tracking and pointing ? Explain its significance andw
technique as to how these are achieved ? H
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7.Explain the monitoring und control requirements for earth station equipments.
Why 15 1t necessary to have these ? Discuss.
8.Explain as to why ts it necessary 1o have fxcqucnq coordination among earth

stations

h lves and earth stath ial links ? Discuss the

techniques to achxcvc !h:m
9.Explain the op istics and p of very
small aperture terminals (VSATs), mobile and mmspomble earth stations.
10.Whatis a TVROsystem ? Explain the units that a TVRO terminal should have.
Discuss their aperations,
11,12, Reference
In addition to the books mentioned in reference of Chapter I, reference is also
made to the following as well :

1.
2.

3.
4.
5.
6.

7.
8.

Mohanty, Earth Statton Technology, Tracking Satellites, Telematics India,
Nov.-Dec., 1987, pp-54-56.

Rao, Y.S. and Ghose, A.K., Voice Ti ission Via Packets, Tel

India, June, 1988, ppd6-48.

Rao, Y.S., Small Snlcom T:mnmls. ’bxd. pp 49 50

NJ., 1988.

Computer and Communications, May, 1988, issue.

Rao Y. S and Ghase. A.K Voxce Trnnsmlssmn in Sntellﬂc Based Packel
-- - -1n-

' 1te



WELVE

Special Purpose Communication Satellites

12.1. DBS (Direct Broadcast Satellite) System
Direct broadcast satellite system (DBS) also called as broadcast satellite
system(BSS) have introduced revolutionary changes into domestic TV series.
Here reception of TV signals from satellite is direct and is meant for the
mdmdual receplmn and community reception. It is operational in weslem
ies since 1986 and is far convenient and useful as cc
¥RO(TVreceive only systems)both in terms of costand handling. Various
chamclcristics of DBS relative to other existing and some previous commu-
nication satellites are given in Table 12.1. DBS utilizes high power satellite
(in future planned tobe EIRP 200 dbW per channel )
Table 12.1, Brief Summary of DBS Characteristics Relative
to Other Satellite Systems

Satellite Earth Sta- | Year of start | Satellite EIRP | GIT (dab/K) | Approsimate
tion per transponder, cost $US
antenna {dBW)
diameter
(meter)
INTELSAT 30 |INTELSAT |INTELSAT {40.7 68 ol
' 1 from 1965 |VI26.5 lions
. (global) 31.0
{hemi-beam)
Domestic (US 10-13 lfrom 1972 {32(Conus)  {32.4-34.2 {2 mullions
high channel ‘
capacity)
Domestic (US 57 1980 37-53  ° [304-33.3 |250,000
medium channel N leding that
capacity) with  spot :
- bearns '
Domestic (US 45  liom abou! 32(Conus) |32 3000 to
(TVRO) 1976 8000
Durect Broadcas- 075 1986 57-60 14 300
ting Satellite {onwards

191
. el
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and regiona’ coverage antennas. Most important feature of DBS system is that

it allows eart., station/terminal to be mounted in domestic area. The dish size -
is mesely of the order of 0.4 100,75 metre with the cost of terminal being about

$ 500US. This hasintroduced anew kind of satellite communication/reception
industry and the vendors arc available with their DBS receiver and other
equipment providing the capability of receiving 32 channels. Such universality
of reception has provided benefits for both the publicand programme suppliers.
From the public interest standpoint more variety and diversity is desirable. For
operators point of view, it has given big market with a singular transmission
method.

Infacttheideaofdirect brozdcasting of TV froma satellite wasintroduced
even before 1986 with the existing communication satellites. Since these |
communication satellites had good EIRP per chaninel so these became defactor
du'ect broadcast satelhtes wxlh lheu' signals received by large numbers of

AN rndad s tamet petan s ¢4 atenttan ana

\ e .
However. at the moment it appears that every one is free to receive as many
channels as he wishes and the mass production of high tech earth terminals
must be successful for DBS to attain its goal of milhons of direct to home
receivers. Further the efficiency as high as 75% are now possible in production
manufacturing of small offset fed anternas. The advances of GaAsFET has
lowered the noise temperature (to the tange of 2.8-3.2 dB) of low cost mass
producible 12 GHz receiver front end. All these have boosted the application

of DBS system.
Conﬁgumtxon wise a direct broadcasting satellite consists of a television
repeater smllon in geosmnonary orbxt a ground sl:mon lhal transmits program

a fn ~tmalg

E of this

mmal antennn (d:sh) 1s of 2 ft. (0 6m) in di
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Fig. 12.2. The overall p in DBS are dinFig. 12.3,
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‘Table 12.2, DBS Frequencies Allocated to India

Ch.N| Frequency |Orblo} EIRP §ChN| Frequency { ORb.L:| EIRP
0. 0. 0.
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0.9 m and a pawer flux density of 103 dBW/m? as per WARC 1970 specifi-
cations. With this specification it is evaluated that for a receiver of noise figure
of 7 dB, the required input signal power to produce an SNR of 40 dB, would
be around ~-104dBW, An allowance of 10 dB is made to account for losses
in the aerial feed to the receiver and any inaccuracies in aerial positioning.
‘Thus assuming an efficiency of 50% for the 0.9 m dia. dish (i.. effective area
E 0.3'5 m?), one would need an output power of — 104 + 1 =— 103 dBW from
e dish.

This much of power is equivalent to power flux density (pfd) of -98
dBW/m. This corresponds to the required satellite power of P = (pfd) x (4nd°)
watts= 3MW (where d is the distance between geostationary satellite and dish
=35779km). With the inclusion of mean excess pathloss of 0.5 dB, it becomes
3.5 MW which infact isthe required effective isotropic radiated power (EIRP).
Since EIRP is related to power supplied to the antenna of satellite, Pand its
gain Gg i.e. Py =(EIRP | G,) so at 12 GHz the parabolic dish providing gain
of 45 dB and beamwidth of 0.5°, the transmitter power would lie between
150-200 watts. Since solar cells derate at a rate of 30% during its 7 year life
time se around 600 walts of output solar power is needed for each transponder
in the satellite. Since the area of solar panels is directly proportional to the
output power, the number of transponders is basically imited by the available
cargo space in a launch vehicle. Typically a 3 metre space is avarlable in the
Ariane and 5 metre space is available aboard the space shuttle. To overcome
the problem of sun's shadow during mid: ight, P havespggested
that a DBS satellite be positioned slightly d of its intended ¢
area.

g
. FromIndia point of view at the moment there is no plan of DBS system
in near future, particularly becavse of the planning already being done over a
decade ago for the present range of Indian national communication satellite
system (.INSAT‘series). Further, the emphasis has been on sateltite telecom-
munication services rather than TV broadcasting services, Technical wise the
power radiated by these INSAT series is quite small and are not significant
for DBS services. However, India may do so at the end of this century as
alteady twn arhital Tneatinne baoa baad otocoa0 v a0 O

sateliite at 4 ditterent frequencies thus allowing accommodation of 48 total
programmes at a time. For uplink frequency India is allotted 14,5-14.8 GHz
band (in addition to the 17.3-18.1 GHz),

5 It would be wpnhwhilc to mention here that naw DBS is becoming quite
important worldwide. Table 12.3 gives some of the future Jaunch schedule of
Eumpc:{n North American and Japan DBS systems. Though the purposc of
DBS might vary from ies to countries, in some jes satellite
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broadcasting is intended to increase the number of TV programmes while in

other ies it is intended (o i or expand the arcas of TV signal
reception, -
Table 12.3. Some Future DBS System of the World.
Satellite Date Country
TVSATL Mry, 1989 West Germany
TOF1 Oct., 1988 France
ASTRA 1 Nov.. 1988 Luxembarg
TELE-X Feb., 1989 Northem Europe
QOLYMPUS Jan. 1939 ESA
TDF2 Dee. 1989 France
BSB 0Oct., 1989 Great Britain
EUTELSAT2A Jan. 1990 EUTELSAT
EUTELSAT2B Mar, 1950 EUTELSAT
EUTELSAT2C Sept. 1990 EUTELSAT
HS-601 1992 USA HUGHES
ECHOSTAR 1991-1992 Echostar Sat. Comp. USA.
CONTINENTAL 1950 Continental Sat Corp USA
USSH (RCA) Unsted  States  Satellite
Broadcasung, USA.
DOMINION HS-394 Domnion Video Satellie,
USA
ACC (RCA) Advanced Communication
Corp.
BS3 Japan,
12.2. INMARSAT
1t is an i ional organi that Is satellite systems for
icationb ships andcoast so thatemergency life saving services
may be provided to the dit d people/ships mMARSATisaccanymgf
b et it A Sl sl 1Y

.
INMARSAT, countries are drawn from East and West, North and Soutt, i
rich industrialized nations and the not 5o rich developing nations. It may,
however, be noted that USA maintains its lead in INMARSAT by holding
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maximum share in it. Table 12,4 indicates INMARSAT's significant share
holders. Signatories from member countries own INMARS AT, they contribute
tothe costs of the organisation and developits policies. Infact maritime satellite
communication via INMARSAT are available to all ships without discrimi-

nation on the basis of nationality.
Table 12.4 INMARSATs Significant Share Holders
Country Share Country Share Country Share
UsA 28.6 Japan 8.7 USSR 2.3
UK. 176 France 25 Netherlandy 23
Norway 160 Smgapore 24 Canada 22
India 044
{20th positron)
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Fig. 12.4, Fleets by flag of 2 multion gross tons and aver (in 1982) Average loss ratio
(1982-1986). All countries figures relate to increase in tonmage afloat except (**)
ﬂguxc; which denote decrease in tonnage afloat.
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Fig. 12.5. Analysis of total number of lives lost or missing
since 978 by Year.
The importance of infernational maritime (shipping) communication may
well be understood from Figs. 12.4 and 12.5 which indicate the numbers of
ships and lines lost in some past yeass. The INMARSAT is therefore to exist

PRPUPSTONISERERY SN JSSICIPIPE SR
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communication, Itis for servicesexclusively for peaceful purposes. At presciit
there are almost S000 ships, boats and offshore rigs that arc fitted with
INMARSAT user equipments. There are 13 manufacturers of the special
icensed ship terminals.
Finance of INMARSAT is met by the contnbutions of signatories. Sig”
i L e e :
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Registered Private Operating Agencies offering maritime satellite commu-
nications via INMARSAT. Example of user charges are as follows. The US
coast earth stations located as Southbury, Connecticut and Santa Paula,
California charge $ 4 per minute for telephone and $ 10 per minute for tele-
phone with a $ 2 minimum charge for telex and a $ 5 minimum for a phone
call. In addition to these charges the user has to pay any exira long distance
rates charged by the carrier for handling call between CES and telephone ES.

INMAR SAT
SATELLITE

NRRASr
A rASTAIEAL

NN

1—{ NATIONAL & INTERNATIONAL NETWORKS!
1

1 1 I 1
L
TELEPHONE FAX DATA TELEX

Fig. 12 6. Areas of Warking of INMARSAT,

Area of working of INMARSAT is shown in Fig. 12.6. This involves
nationaland international networks covening telephone , facsimile ,camputer,
telex efc. Use of the services available via INMARSAT offers (a) duect
communication between vessels, rigs and intemational telephone and telex
network, (b) reduced resg time, (c) ic data issi d)
increased efficiency 1) reducad Anape

R A

o paty ~md £ Aot 4 enfary
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Table 12.5 INMARSAT Satellites

Region Satellite Orbit Date of Status | Leased from| Telephony
operation channels
Atlanuc Marecs-B, 26w 9.11.84  |Operational {ESA 80
(AOR) Intelsat 185° | 19583 |[Spare INTELSAT 50
V-MCSB w COMSAT 10
Marisat-F, | 15°W | 19276 (Spare general
Indian IOR) |Intelsat V| 63°E | 28982 |Operational {INTELSAT 50
(MCS-A) A
Intelsat V| 60°E | 191083 {Sparc INTELSAT 50
MCB-C)
MarisstF; | 725°E | 14.1076 [Spare Comsat gen- 10
enl
Pacific (POR) Intelsat V| 180°E | 4384 |Operational [Intelsat 50
(MCs-D)
Marces-A | 178°E | 20.12.81 [Spare ESA &0
Mansat-F, |1765°E| 9.676 (Spare Comsat gen- 10
eral
150" 120°_g0" 60" 30" o 30° 60" 90" 120" i50° 180°
190"
90
60T {60
y .
30t 30
Jt Ho*
30t 130"
60} Heo*
50"
90 :
60" 90" 120" f50° 180

wmmam Operational Satellites.

150° 120" 90° 60° 30° 0" 30°
KEY. 0 Operation Control Centre, A Coast Eanh Statons of the INVTARSAT System;

Fig. 12.7. INMARSAT coverage arca.
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Fig. 12.6. also indicates various essential components of INMARSAT
system, Theseare three innumbers, namely (i) the INMARSAT space segment
consisting of the satellites and ground support facilities which are planned by
INMARSAT and funded by its signatories, () the coast earth stations (CES)
which provide an interface between the space segment and the national and
international fixed telec ication networks and are funded generally by
signatories, and (iri) the ship earth station (SES) which are the satellite comn-

ication: inals p d or leased by individual ship owners/opera-
tors. Frequency range of operation of INMARSAT satellites is in L band,
1535-1542.5 MHz for satellite to mobile terminal and 1636.5-1644 MHz for
mobile terminal to satellite. Satellite transmissions to and from CES are in the
Cband at 4.6 GHz. East Intelsat satellite has acapacity in the L band of about
30 telephone voice channels while each Marecs and Marisat channel has a
capacity of abont 50 and 10 channels respectively. An additional 1 MHz from
ship-to-satellite has been allocated between 1645.5-1646.5 MHz and from
satellite to ship, between 1544-1545 MHz exclusively for distress and safety
purposes. It is essential that all of the user equip must be type pted
by INMARSAT and each individual set must go through a battery of on-air
commissioning tests before it can be placed into service.

Calls to or from a ship terminal (whether on board a ship or ashore) are
touted via sateflite to a coast earth station where they are patched drectly
into the i ional switched telecy ication networks. No special

p other than 2 dard telephone or telex machine is necessary for
the shoreside user to mmtiate or receive a call through the system. It must be
remembered thai present day INMARSAT system equipment are called 2nd
gencr.auon equipment. In very ncar future three higher capacity global beam
salq]mes carrying more than 200 channels being manufactured by an inter-
national consortium headed by British Aerospace will be launched by Ariane
and McDoqnel Douglas Delta Rocket. There is also a plan to deploy some
more satellites which would employ multiple spot beams that would con-
centrate satellite capacity and help in use of smaller antennas which would
create a mass customer market,

Adtscusstonabout both the coastal as well as ship earth station has already
been made in Section 11,8, Table 12.6 lists the CES working round the globe.
In addition to these 20 INMARSAT CES operating in 13 countries in the three
ocean regions, 19 more are planned or are under construction including the
Indian CES at Arvi, 200 Kms. {rom Bombay, all scheduled for services in

1989 or carly 1990, Services include Telex, telephone, facsimile at 2400 bps
and high speed data at 56 kbps. Though at the moment there are 3 kinds of
main ship carth stations, namely the standards A, B and C but in the coming
years INMARSAT shall be introducing a new standard ship earth station
systems in which the h signal ission ct 1s currently
operated by companded FM would be digitized, These digitized iSSi
systems wjll provide a saving of limited satellite power and capability to offer
a wi.de variety oI‘ncw services and will allow for low cost and stable shipbome
equipment,
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Table 12.6. INMARSAT CESs
Atlantic Ocearn Region: Indian Ocean Region:
Southbury - USA Yamaguchi - Japan, Odessa -
USSR
Goonhilly - UK Eik - Norway, Psary - Poland
Tangua - Brazil Thermopylse - Greece
Umm-al-Aish - Kuwait Nakhodka - USSR
Odasse - USSR Jeddsh - Saudi Arabia.

Pacific Ocean Region ;

Fucino - Italy

Plemeur Bodot - France Toraraki - Japan, Nakhodka -
USSR

Psary - Poland Santa Paula - USA

Maad; - Egypt Santosa - Singapore.

Asaleady mentioned in previous chapter (Section 11.8)a CES is an earift
station alongwith a telephone exchange through which national, intenational
telephone, telex and data networks are connected to the maritime user. Each
CES has a parabolic antenna reflector of the size between 10 and 13 meters

Ji for 6/4 GHz ns with the satelite. dame retlector or
another between 1.5 and 3 di Is the test ission in the 1.6
GHz band and monitors satellite to ship signals in the 1.5 GHz band. The
tracking system keeps the antenna precisely pointed towards the satellite. RF
and other equipment process the signals received from the satellite. Through
ac 1and signalling equip relying plex computer software
a link is established between the INMARSAT system and the national/in-
ternational network. The CES provides two major categories of services, (a)
public correspondence and (b) safety related services.

VTS ITRR et o et
¢ LT e s
. . LR . » .
'
. o .y LT T B I
- mmsnVer mbnoe waithin VHE rnos area A. within MF range and area A, within
lar regions arc not covered

b he ships through distress
signals, The distress signals would be recerved by a shore-based Rescue
CoordinnlionCentre(RCC)coordinatingrcscucopcmlions yvhichinlwna)ens
ships through Enhanced Group Call (EGC). This EGC using the standard €
system js supposed to provide two kinds of services the :a/!l'y netand, fleenet
to ships round the clock. With safely net a standard C lerminal .wﬂl receive
and record weather navigation distress and othes emergency information
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3. Y

to vessels operating in, or ap ing an area. Fleenet is intended
for commercial information news, sparts, commodity prices, currency nates,
stock exchanges, reports etc.

INMARSAT has also the system called Distress Message Generator that
can be built in Standard A or C SES which is good for increasing the maritime
safety. This device is capable of itti ically distress
including SES identity, position, natureof distress, course and speed of vessels,
data/time of activation and the form of help required. In the worst case of ship
sinking, the device will remain afloat and keep on transmitting data. EPIRB
(emergency position indicating radio beacon) is another kind of safety device
that has also been used to work with INMARSAT., This device is used when
the ship is sinking or in distress or the seamen are scattered in the sea. The
device works automatically and infact when it floats emits radio signals telling
ils identity location which are picked up by the satellite and related to CES.
There isalsoanather future planning in INMARSAT to introduce multichanne!
SES that will be used by very big ships having standard A antenna. These will
simultaneously work on four telephone or telex channels and will also provide
a voice broadcast secvice allowing facsimule or voice to be broadcast.

INMARSAT has opened its system for land-based users for long range
communications in femote arcas of the world. The orgamsation INMARSAT
grants licenses for land based terminals on a case by case basis, the chief
criterion being a requirement for high quality communications where other
facilities aren’t available, Also, permission from the country in which the
ferminal is (o be used must be obtained prior to INMARSAT commissioning.

As of Sept. 1, 1986 there were more than 269 land based terminals in
service according to INMARSAT's published figures. A large percentage of
these are located in panis of Africa, Asia or other third world nations where
there is no public telephone network or other cammercially available coro-
municationservice. Typical customersfor land based satellite communications
include disaster relief agencies, law enforcement, femote mining or
construction sites, oit wells, land survey teams and newscasting. The
I SAT system offers important advantages for land based users,
including cost effectiveness, worldwide coverage, support of data/fax com-
munications, ease of use and of deployment, and also security. With
INMARSAT service is paid for only as it is used. There are no fixed charges
other than the initial cost of buying the satellite terminal. The user doesn’t
have to pay for a leased satellite transponder or dedicated liaes and there are
no moplhly minimums for system usage. This makes the system especially
attractive to Jower volume or those needing temporary communication sat-
ellites. The capital cost of buying and deploying the system are minimal. A
unnspomb!c INMARSAT terminal costs Jess than $ 50,000 and ng dedicated
equipment i§ needed at the other end of the line.
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Infuture INMARSAT is going to be utilised to provide services to mobile
users both on land and air too. For such case, the name of INMARSAT most
probably be changed because then it would provide services to long distance
and remote area travellers on fand trucks, buses, trains, vacationers, explorers
and adventurers and the worldwide aviation community for air traffic control,
airline operations and c ications, Some developed countries
have already developed land mobile satellite services called as Radio Defer-
mination Sateilite Service (RDSS) that aims at providing location and shost
digital messaging service. One example is that of Geostar Corporation of
USA’s RDSS. Vsats arc another development in the area.

Recently NASA shall be introducing a modified ship earth station (SES)
to be carried by a high altitude bafloon, This SES infact will be carried out on
asupemovalong duration space balloon flight planned by the US space agency.
Theballoon will carry equipment for observations for alarge supernova visible
from the southem hemisphere and will use the Satcom tenminat for trans-
mission of data throughout its flight. The balloon will travel from Australiz
to Brazil in journey lasting between 7 to 10 days at a height of 40 km taking

inthe edge of Space.

e e

KA LI PRP .

in phases. Phase I will work towards evolving passive, active and hybrid
position-determuiing technique, compatible with the US Group Position
System (GPS) and USSR’s Glonass, Phase I will involve the implementation
of thesa techniques with detailed block diagrams and the writing of software
protocol.
123, INTELSAT

1t is Washington, DC, USA based International Telecommunication
Satellite Organisation that provides telecommunication services to its member
countries throughout the world by means of satellite systems owned by it. Its
first satellite was launched in 1965 (termed early bird). The telecommunica-
tions services include not only just telephone but also the TV, digital trans:
missions  services. telegraphy, telex, computer to computer, video
conferencing, video text etc. Infact INTELSAT system handies these services
through more than 700 earth stations spread across more than 155 countries.
These countries range from rich todeveloping ones, east to west and north (0
south, ,
As per 1987 data there were a (otal of I13 member countries of
INTELSAT organisations, among them, 105 countries have operational earth
stations. The eight member countries without earth stations were Afghanistan,
Chad. Finland, Liechlenstein, Luxembourg. Monaco, Vatican city state and
Viemam. The 38 non-member stations which were capable of accessing

INTELSAT !l'lcsincludedAmigua.Bunnn.Cuha‘Korca.(D.DR).Polgnd.
M 1c"{‘,'s111c f;’se:xndcm special areas with INTELSAT operational stations

* . %34 the Falkland islands, French polynesia, Hongkong , Macao and the
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US territories of Guam and Palau. Out of 700 earth station antennas in the
Intelsatsystem, some 330 are for domestic purposes. Table 12.7 indicates such
antennas for both international and domestic use. Special applications in Table
12.7 refer o training, experimental and nonoperational purposes.

Table 12.7 Operational Antennas by Standard

A B C D E F G M N Z

International 211 93 10 1 31 7 4 0 11 O

Domestic 3 3 ¢ 2 o @ ¢ 0 2 31

Special 0 0 o 0 2 0 O 6 0 O

Total 24 % 10 3 33 7 4 6 16 3
10°.

W
T

3

104

T T T T T Y

T

INTELSAT TRAFFIC ( HALF CIRCUITS)

65 70 75 80 85 90 85 100
YEAR ————

Fig. 12.8, Intelsat International Trarrc Growth.
Ikn"m SAT traffin hae honw 2.
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modulation techniques to provide diverse services globally. As per data
available in 1987, in Atlantic Ocean there are 51063 half circuits whereas in
Indian and Pacific Ocean there are 21104 and 14141 half circuits respectively.

Table 12.8 Satellite Equipment Sales in Million of Dollars

Equipment 1977 1986 1991 1995
Satellite Platforms 122 325 425 500
Space Antennas 39 230 350 475
Transponders 99 520 800 1070
Other Space Equipment 10 50 5 105
Receive Only Earth Stations 18 85 1700 275
Ground Antennas 21 295 600 1100
Transmitters/Receivers 3 485 1050 2050
Tracking  and  Contol 22 345 675 1225
Equipment
Other Ground Equipment 9 115 250 500
Total 373 3150 5925 9800

The increase in worldwide satellite communication facilities has
increased the world markey for ion satellite equi AUS
report says that even the US market for ion satellite equi is

projected 1o increase 13.49% per year through 1995, to $ 9.8 billion, The report
says that through the mid 1950°s gmwth for the space segmenl of the market

will lag that of gxound quip g a long g trend. And by
the 1990°s long d carrier tele i hly will
be replaced by dcast ¢ ications as the largest smglc npphcatlon for

ications satellite equip Table 12.8 indi the above

the
projected US market of 1955s.
There are 6 INTELS AT satellite systems which have been faunched from
time to time. These arc probably known as INTELSAT LI, HL IV, V & VL
Table 12.9 indicates in brief the characteristics and operational activities of

these satellites. It must be rcmcmbcred that under one INTELSAT system
r remmmmerhe dn aceentine ‘“‘""' == f the globat cov-

and discu: L "
Board of . » . . v . ,

regional 1z, 1,
hinical and performance ch:unclcnsucs that c:mh stations meet in order (0

icipate in the Inte}sat system.
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Intelsat.]
(Early Bird) T

Intelsat-11

Intelsat v

Intelsat-IvVa

Intelsat-v Intelsat. V]

Fig. 12.9, Configurations of various Intelsat Systems.

From Table 12.9itis evident that with the new generation Intelsat satellite
systems the telecommunication capabilities have increased tremendausly, it
can be seen that the Intelsat I, the world's first commercial communication
satellite was launched in 1965 which was designed to operate for 1.5 yeary
and 480 haifcircuits, By contrast intelsat V1is designed o operate for 10 Yeuly
and provide upto 80,000 half circuits. This tremendous jump in capability vy
six generations of Intelsat satellites is due largely to the continuing grovith it
launcher capabilities and the inuing refi of sophisticated Hisfr .
beam satcllite antennas, Intelsat designs also incorporate advances i hnjegere
wave integrated circuits, satellite propulsion, solar cells, and battiny Jugmfze
VI introduces a microprocessor based control system & fia gmizili

Ted ol o .
I
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a0 SATELLITE COMMUNICATION

Theintelsat V series of satellites launched 8 years ago has lohg surpassed
its design life. The first satellite in this serics is expected 10 remain in full use
tiff 1992, There is enough fuel on board to sustain the bird till 1989, but an
inctined orbit could extend its life to 1992, There is no sign that intelsat Vs
Tife would be extended, The 11 satellites in this series transmit more than a
bitlion telephone calls each year according o their manufacturer, Ford
Aerospace & Ci ication Corporation. Ford has built 15 intelsat Vs
representing the largest order ever for a single series of communication sat-
ellites. Now intelsat has invited manufacturers 1o bid on a new series of sat-
clfites designed to be region responsive. The first 2 spacecrafts of the new
senes will be launched in 1992 or 1993 abroad Ariane or Titan HI rockets.

Intelsat propases to buy upto 9 of the new satelirtes. The first 2 satellites will
sceve the Pacific region, but the others may be deployed over other ocean
regions, The *birds' will be high powered to aliow the use of smaller antennas,
and each wil carry 36 transponders ~ 16C band at 72 MHz ; 10 € band at 36
MHz, 6kU band at 72 MHz and 4 more Ku band at 112 Miz,
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Fig. 12.10. of Scale in Ce space craft
of (Past and Present) Intelsst seties,
1t is worthwhile fo mention here that as the technology developed xhcrg
Te 12

was economy in the space segment cost per.transponder year, Tabl
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positive grend. The main responsible for this is the decrease in micro
electronics circuitory cost though the launch cost may be highes. The hfe
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L ' . sree savuld simulate a
1, o UNED LIC next fen years, The most r3pid transition modef
assumes that 80% of alf traffic will be digital by 1996, Current traffic forecasts
however, place the level below S0%. A range of digital traffic tha could be
as high as 806 or aslow as 45% is o wideband, Actual Intelsar planning will
Pprobably assume in between figure of 65%,
124, Data Broadcast Satellite (VSATs)

A reference 1o Vsat (very small separate terminal) is already made in
Scction 11,7, Infact such 3 development of technology in satellite commim.
cation has allowed dagy and vnire anpen Lo

P ‘ "

tribute toward ghe lowering .
6 Wit SLIKONS 4 very cost effective

solution, These Small station networks are prov;,

higher performance than traditiona) ferrestrial services, They are becoming

increasingly popyfay ause they offer a single vendor solution instead of the

problems of working with several terrestrial service providers,

Though the yse of a VSAT depends upon (he specifie application but in
general a COmpany for . oo >+t yboth in terms of
lower initial costsang Trt e e Qoste for terrestria)
services are rising in - 'clavle manner and thejr installation often

produces signifj Ys. A VSAT network solution will allow (o
eliminate these delays, stabilize COSts and still be ahta sn i TR
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Fig. 12.11. Some Typreal Application Services of Data Broadeast
Sateliste and VSATSs.

{a) Intelligent Service (b) 56 kbps Transmisston Between two Customer Locations (€}

Intelligent Service (d) 56 kbps Between Customer premise and a National Network
Fig. 12.11 indicates some of the typical application arcas of VSAT qnd
Data Broadeast Satellite, Fig. 12.11(a) 1s an-example of Intelligent service
which has an application such s in 2 retall data neswork using interactive
transaction processing for credit card verification, inventory controt and
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Fig. 12.1 1e) indicatesonce again the example of anintelligent service. Typics!
application areaisthat of a corporate datanetwork using interactive transactiot
processing for inventory, payroll and other administmtive requirements.
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interspersed with Jarge data file transfers. Finally in Fig. 12.11.(d) service of
56 kbps between customer premise and the pany’s national network is
shown. Typical application is that of bulk data transfers between a company's
MIS centerand corporate headquarters, Since earth station could not be located
on site, so customer interfaces with the company’s national network,

From above example it is clear that VSAT data networks create and
‘manage fransmission media. This is done by performing five basic functions,
namely transmission, multiplexing, bandwidth allocations, protocol, handling
and network, management, Transmission refers to the ability to establish a
physical channel using the VSAT microwave radio and satellite modem
equipment alongwith the satellite itself. Multiplexing is the task of aggregating
streams of data from multiple sources for transmission aver the netwark.
Normally time division multiplexing is employed. Bandwidth allocation
involves the ability to manage the transmission channel as @ resource and
allocate it to VSAT in an intelligent manner so as to meet their instantaneous
needs. Protocol handling refers to the ability to establish and maintain muliiple

o ion jons between compg and various other devices. Net-
work management involves collection of information about the network,
analysis, d ination of action, and p ion of infc ion to allow an

operator to effectively control the network,

VSAT evaluated as a wide area data communication network [it almost
any application currently served by telephone lines and an array of devices
such as modems and mulliplexers. VSAT can be used also with value added
network (VAN). Infact a VSATVAN js particularly well suited to providing
network management services that are expensive or difficult 1o obtain from
conventional data networks. Advantages include support, network flexibility
and reliability, network control reporting, ease of installation and cost savings.
VSATs and VANsare a costsompetitive reliable satellite datacommunication
serviceideal fornetworks withas few astwoto 100sites. By adding specialized
network control systems to the Jarge central master earth station in a VSAT
network its capacity can be customized, divided and made available to small
network users. When many small networks are combined and share the master
earthstation, avalueadded networkiscreated, Witha VSAT VAN itis possible
fo bmagigasl data and/or video 1o all Jocations in a single transmission,

VEAT hove hapama wee ton b,

H [ . oot e - s

path loss 15 greater to C band propagation. Nevertheless the
enhanced receiving gain of VSATs is more than sufficicnt to counteract the
weather related propagation loss and yet provide a high quality data com-
munications service. This has resulted 1 a prohferation of VSATSs. However,
intwo satellite systems such as Indian National Sateltite ( INSAT ) and
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ARABSAT satellite there has been provided the unusuat facility of special
interest to developing countries. They have an arrangement by which trans-
missions sent in the C band will be amplified on board and bracodcast on the
§-band. The transmission in S-band has two advantages, namely () more
powerful transmission in S-Band than ¢ band and (b) cheaper in cost for
antennas and receivers required for S-band reception. In addition, direct
broadcast receivers have been produced in large numbers at ow cost for use
in receiving § band TV transmissions, While they are designed for dwect
reception of TV transmissions, they can be used for data broadcast reception
as well, The above technigue of transmitting to the satellite in € band and
broadcast carried in S band is often referred to CXS scheme. Though this will
require a special transponder on the satellite but the scheme can be implem-
ented using a single channel per carrier (SCPC) modem.

‘The fundamental characteristics of such VSAT network require the use

of low power transmitters (1-2 walts for ku band) with small 1,2-2.5 metre)
antenna but relatively high EIRP from the satellite. This results in a situation
inwhich satellite itself isusedin a power limited mode rather than a bandwidth
mode. The network is generally op d in a frequency division multiplc
access (FDMA) mode with several narrow bandwidth carriers because the
maximum available bit rate from any VSAT is relatively small compared {0
the available bandwidth. However, because of bursty and diverse nature of
VSAT data traffic multiple access schemes such as FDMA and TDMA do nol
in general utilize the availab) 1lite channel efficiently. Dynamic accessing
may be useful but it is seen that packet-onented multiple access schemes are
most suitable. These sch may be classified into two broad categories,
namely contention or random access schemes and reservation schemes.
aain contention schemes suitable for use in VSAT schemes are based on the
ALOHA concept of which there are three variations, namely pure ALOHA,
slotted ALOHA and reservation ALOHA. These three protocols are suitable
for batanced system in a broadcast channel.

VSAT sy are, h , unbalanced and consist of a farge centra!
orhuband alargenumber of VSATSs. Forsuchasituation RA/TDMA p i
are found to be much successful, Table 12.10 gives a summary of various

1t protocols applicable to VSAT data networks.
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above and other advanced concepts. These and other useful trends and tech-
nologies would reduce equipment costs ¢tc. of VSATs. The size of VSAT
antennas is believed to be reduced in near future and there phased array
antennas might be used instead of parabolic reflectors, Further as the tech-
nology develops in next 10 years it will be possible to locate VSATs in doors
in many places. Also then more pawer with satellites would be available.
12.5. Mobile Sateilite (MSAT) Communication System

Inrecent years the two areas of satellite communications which have been
gaining major thrust from leading satellite industries and organisations are ()
very small apesture terminal (VSAT) fixed satellite communication systems
and () Ultra small aperture terminal mobule satellite (MSAT) communication
systems. VSATs have already been discussed in Section 12.4. The driving
forces behind these developments are technology advances, deregulation and

ketd d.MSAT inalswhichcan becatled’ VSAT-on~wheels’ have
several features in common with VSATs. While the VSATS take communi-
cation services direct to fixed user premises, MSAT terminals take them to
moving vehicles. They both fully exploit inherent satellite strengths, viz.,
\miversal’ coverage, uniform cost, retwork flexibility etc.

MSAT systems may be easily said to have a mamnage between satellite
and mabile phones. Examples are those of Canadian MSAT and the MSS of
United States, These MSAT systems provide direct satellite service to mobile
p!longs and thus are bound to provide greater improvement in rural commu-
nications. MSATS are superior to cellular radio services which can be found

in western nations on cars, buses, trucks, trains and other specialized vehicles.
Thicichapamon afibaf- e e LAt

AL o et e aTaa

limited coverage areas haye been
satelltte systems/scrvices.’

In such mobile satellite systems, the direct service by satelhite to mobile
phones requires one or more satellites in geosy orbit, operating in
the 800 MHz range with high efective radiated power, Narrow band power
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and (_iv) salgllilc and network contsol, The network is capable of serving many
mobile stations, a somewhat smaller number of base stations and gateways

and the operations center,

DISPATCH
CONSOLE EXCHANGE

Fig. 12.12. Possible Network Structure of MSAT.

For MSATsitisessgntial that the satelfite must provide sufficient radiated
power in the direction of coverage area. Radiated power depends on the power
available aboard the satellite and the gain of the satellite antenna. Very large
and high gain antennas are capable of providing multitude of spot beams.
Satellite with an uhf antenna of 3 to 10 metre size would be sufficient to provide
several spot beams, NASA dreams to use in future large antennas capable of
providing about 90 spot beams that would be able to cover the area of the size
equal to that of USA.,

Mobile stations use two classes of mobile antennas namely the steered
and non-steered. The d (4 to 8db) is omnidirectional with regard to
azimuth, Stéered antennas (with more than 8db gain) is directional with regard
to azimuth and tracks the satellite being use as the mobile units. In ail cases
circular polarization is being used. Various possible structures of such atennas
are shown in fig. 12.13.

12.6. Search and Rescue Satellite (SARSAT) and Lower Earth Orbit
(LEOs) Satellites

Suchasatellite system is used for receiving passangers and crew members
of sinking ships of crashed airplanes. The system is used also in USSR under
the Russian terminology Cospas, Th he SARSAT isalsooftenly termed
as Cosapas-sarsat. The satellites circle the globe at 1000 kilometer altitudes
in scanning a wide swath of the earth for distress signals and relaying them 10
specially built earth stations. It must be noted that this system is quite different

10 INMARSAT which is aimed mainly to commercial maritime industry.

Wi w prand e e e . .-
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A marine signal received by an INMARSAT satellite on the other hand would
be refayed to one of Inmarsat’s earth stations and from there transmitied
directly to a rescue coordination center. It is believed that a simple distress
beacon.self powered, automatic and rugged would cost about § 50000 in mass
production, At this price, many aitplane, boat and ship owners would be able
to install a beacon. For large ships the beacon would be integrated with the
voice and telex satellite communication equipment; the beacon would account
for only modest part of the $ 35000 price of the entire system.

As mentioned above the Sarsat system is a low polar orbit satellite which
can be also termed as LEO satellite (low earth orbif). Such satellites instead
of remaming aver one spat aver the earth encircle it, passing over the Poles.
The earth’srétation brings the satellite within view of every pointon the ground
several timesaday. Such LEO satellites are also being used forcommuntcation
services (store and forwared satellite jon). Typical le of
suchasatellite is UOSAT-2 of the Untversity of Surrey Spacecraft Engineering
Research Unit, U.K. In such communication system digital messages are
transmutted o the LEQ satellite when it is over one ground ferminal. They are
stored in computer memory on the satellite and thea transhitted back 10 the
earth when the satellte passes within range of the destination terminal, Such
satellites have the advantages of being accessible even to polar regtons.
12;'.). Sa!ellite Communication with Respect to Fibre Optic Communi-
cation

Fibre optic communication and the satellite communication are being
developed continuously on paraliel courses for the last (wo decades. The
capacity of these systems has greatly expanded aver the last 20 years. Ter-

restrial wideband communication systems and commumications satellite
Facilitec Are hnth nn tha aedac ~£AAN 250 4e 1o e 4l 4L aafaZal pasaTlien mod

'mncreased risk” is an essenttal feature of the new telecommunication envi-
ronment. It is therefore essential to study the coexistence of fibre optic cables
and satellites and also the economic tradeoffs between the two technologies.

‘The first approach to study the two technologies would be to bave a
comparative study of their capabilities. Table 12.11 the same. From
above Table 12.11 it is evident that neither of technology can replace each
other thoughitistrue tosome extent that for many applications where satcllites
once looked attractive, fibre has come in and dried that up. It is true that fibre
optics will impinge on the domi of satel in certain long distance
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In Cospas- S:usm system a small ndustry powercd transmitter on a ship
or aircraft is acl | ically in an accident. Once acti-
vated, the transmitter of beacon emxts alow power omnidirectional signal that
is picked up by a satellite. The satellite then relays the distress signals to an

INMARSAT
SATELLITE

INMARSAT
COSPAS-SARSAT EARTH STATION
SATELLUITE

SEARCH
RESCUE FORCES

LOSPAY~!

SAT E2RTH ﬂ
STATION
A\ wission RESCUE
) CONTROL  COORDINATION
CENTRE CENTER

Fig. 12 14, Cospas-Sarsat Satellite with INMARSAT for Maritime Services.
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siémls piched up by the Cospas-Sarsat satellite would foliow a simslar souic.



SPECIAL PURPOSE COMMUNICATION SATELLITES 221

A marine signal received by an INMARSAT satellite on the other hand would

‘be relayed to one of Inmarsat’s earth stations and from there transmitted
directly {0 a rescue coordination ceater. It is believed that a simple distress
beacon-self powered, automatic and rugged would cost about $ 50000 in mass
production. At this price, many airplane, boat and ship owners would be able
to install a beacon. For large ships the beacon would be integrated with the
voice and telex satellite communication equipment; the beacon would account
for only modest part of the $ 35000 price of the entire system.

As mentioned above the Sarsat system is a Iow polar orbit satellite which
can be also termed as LEO satellite (low earth orbat). Such satellites instead
of remaining over one spot over the earth encircle it, passing over the Poles.
Theearth’s rotation brings the satellite within view of every pomnt onthe ground
several timesaday, SuchLEQ satellitesare also being used forcommunication
services (store and forwared satellite jon). Typical ple of
suchasatelliteis UOSAT-2 of the University of Sussey Spacecraft Engineering
Research Unit, UK. In such communication system digital messages are
transmitted to the LEO satellite when 1t is aver one ground terminal. They are
stored in computer memory on the satellite and then transmitted back to the
carth when the satellte passes within range of the destination terminal. Such
satellites have the advantages of being accessible even to polar regions.

12;:7. Satellite Communication with Respect to Fibre Optic Communi-
cation

Fibre optic communication and the satellite communication are being
developed continuously on parallel courses for the last two decades. The
capacity of these systems has greatly expanded over the last 20 years. Ter-
restrial Wldeiba-r.ld communication systems and communications satellite

Lntteng mam

‘mereased r}sk‘ is an essential feature of the new telecommuneation envi-
Itis theref ial to study the of fibre optic cables

and satelittes and also the economic tradeoffs between the two technologies.
The first approach o study the two technologies would be to have a
comparative study of their capabilities. Table 12.11 discusses the same. From
above Table 12.11 it is evident that neither of technology can replace each
other though itistrue 1osome extent that for man y applicatons where satellites
once looked atiractive, fibre has come in and dried that up, It is true that fibre
optics will impinge on the dominance of satellites in certzin long distance
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‘Whereas there has been considerable advances in optical fibre commu-
nications such as those of dispersion shifted fibre which are capable of pro-
viding practical ission rates ding 1Gb/s over di as greatas
150 km satellite icati are not lagging behind.
Satellite communications technology is unchallengable for point to multipoint
communication, Satellites in 14/12 GHz band are already in use. Frequency
reuse with on board processors have greatly increased sateffite flexibility and
capacity. Scanning spotbeams, channel switching particularly combined with

ded single sideband modulation have i J satellite capatity to
great extent, Teleports and Satellite Platforms in space are examples of lajest
advancements particularly for the years 1990s.

Inspite of these developments in both the technologies now the main
turning point is on digital teansmission of information. Though for some cases
e.g. point to point, as ioned above digital ission of optical fibre
links are quite useful but the establishment of a fibre optic link first requires
finding aright-of-way for the ling, a complicated and expensive task in densly
populated regions of areas with rugged terrain, In such a situation satellite
communication is useful, VSATS, microearth statins, MSATS etc. can not be

o by the fiber optic ication. Thus itcan be easily concluded
(hat neither ot these two of these super technolagies can compete each other
but instead would be of high usefal if both used as complimentary to each
other. Such a joint venture of fibre optics and satellites are afready performed
in Teleports. Here high capacity fiber optic links are used to link satellite
networks in teleports with or locations with high vol of
communication traffic. For such a case microwave transmission is not useful
as it would cause interfesence pasticutarly sn cities already criss crossed with
many microwave links.

It is belived that in foture fibre optics submarine cable would be cost
effective than the satellite jon, A typical ideration is that as
given in Table 12.12. The above Table 12.12 indicates that with the
improvement in t%nnology fibre optic submarine cable is going to have no;

subrnanne cable increases with the distance. It is seen that the cost analysis
hz}s indicated that the submarine cables are cost competitive upto a centain
distance, called "cross-one’ distance. For the most advanced cable system the
crass over distance witha "total fil° scenario is 3545 km, e.g. in PTAT-1. This
has shown that on a long haul point to multtpoint communications safellites
have a defimte edge over the submanne cable system. However, taking into
account all the considerations it is seen that cost of a satelljte circuit is almost
double that of submarine cables and therefore most of the users are in favour

OF hinkle Jandnd oo o v,

s . . ., v I
. ' ot

C, .o
Breater capacity to fibre optics, similar lifetime and lower costs. Regarding
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These LANDSAT-4 and LANDSAT-5 satellites are in circular sun
synchronous near polar orbit at an altitude of approximately 705 km. They
circle the earth every 103 minutes completing 14 orbits per day and view the
entirc earth in 16 days. The orbit is selected ar.d trimmed so that each satellite
ground trace repeates its earth coverage at the same time every day. There ar¢
many reception stations the world over which receive data from Landsat
satellites. This is further processed and the data disseminated to the users, In
India therc is an carth station at Hyderabad that was set up in 1979 to receive
data from Landsat 2 and 3. The data acquired from the Landsat system permils
quantitative measurements of the earth surface characteristics to be made on
spectral spatial and temporal basis. Besides the Landsat series of satellites
presently 1noperation are the Indian IRS-1A and the French SPOT-1 satellites.
European Remote Sensing Satellite ERS-1 is scheduled tobe launched in 1989
whereas the Canadian Radarsat satellite is to be launched in 1991, These two
satellites will be carrying microwave sensors. It would be of importance (0
mention here that in 1990s there is going to be a vast earth observing system
worldwide e.g. the NASA’s upper atmosphere research satellite (UARS),
TOPEX, the Geopotential Research Mission (GRM) and the Intemnational
Solar Terrestrial Project (ISTP). Satellite like NOAA, GOES, LANDSAT-5,
6.N-ROSS, ERS-1, MOS and other ocean observing satellite shall be Iaunched
Advanced DataCollection and Location System (ADCLS) shall be employed.
Some other latest measuring equipment shall also be employed. These ar¢
moderate resolution imaging spectrometer (MODIS) high resolution imaging

spectrometer (HIRIS), high resolution multi frequency ve radiometer
(HMMR), Liquid atmospheric sounder and altimeter (LASA),” synthetic
Ap Radar, Radioalti Scatterometer, Doppler, Radar, uppe?

ic wind i Ir ic composition monitors, upper

ph composition e;leréy and particle monitors.

12.9. Defence Satellites

Military or Defence satellites have now a days become quite important
for national security. They have proved their significant strategic importance
to defence forces everywhere, These are capable of providing message, dai2
and live telecasts across intermational boundaries (more foosely from any pt
of the world}. Infact the present day balance of power depends on them 21
s0 techniques are also there to save them in case they are being attached by 2
killer satellite from enemy or so. The two superpowers namely the USA
USSR have a keen competition on itand it can’t be easily said as to who exists
where. The SDI (; ic Defence initiative) Star wars § of US
has opened a new vista in military satellite activities. Actually modem elec-
tronic warfare completely depends on satellite. .

Military satellites may be both non weapon or weapon satellites butitis
the non-weapon ones that have been mostly used for a variefy of purposcs:
SDUs have initiated the program of weapon satellites. Table 12.15 lists the
non-weapon satellites owned by USA and USSR upto 1987 level. From Tabl‘f
12.15 it can be seen that such non - weapon military satellstes arc of roughly
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Table 12.15. Non Weapon Military Satellites of USA and USSR

Type of satellite | Countr| Pre | 1930 ) 1981 | 1982 | 1983 | 1984 | 1985 Total
y |1980

Photographic USA {231 | 2 2 2 2 1 |24

Reconnaissance J USSR} 466 | 35 | 37 | 35 | 37 | 36 | 34 | 680
Electronic USA | 78 1 0 1 1 1 1 83
Reconnaissance { USSR 115 | 6 4 6 [ 5 9 {151
Ocean USA | 1t 4 0 9 0 4 - 28
Survelbance USSR{ 20 | 4 8 9 2 4 5 52
Early Wamning [ Usa | 20 | 0 { 2 1 0 - - |23
© JUSSR] 15 | 5 5 5 3.0 7 714

Navigation | USA | 36 2 1 0 1 3 3 46
USSR | 47 6 5 11 13 8 4 94

Communications{ USA { 113 { 3 2 2 0 6 6 132
UssrR] 201 ] 36 { 39 | 26 | 26 | 23 | 15 | 456
Meteorological |UsSA | 69 { 2 { 2 | o | 1 1 I
, JUSSR{ 57 | 2 2 2 1 1 3 68
Geodetic USA | 19 [} 0 0 0 0 1 20
. USSR| 16 { © [ 0 1 0 - 17

six primary categories, namely she reconnaisance satellites, early waming
satellfles. igational satellites, ication satellites, meteorological
sqtelht:s‘:gn.d geodetic satellites. It may be realized that each of the above six
kind of military satellites plays an important role in military operation.
Reconnaissance satellites were the first which were deployed for military
purposes. These are used to monitor objects and their movements on the
ground. There are 3 kmds of such reconnaissance satellite, namely, the
photo-rex ! ic reconnai and ocean i
sa!ell[tes. Photo reconmai$sance satellites are mostly used for monitoring
conflict areas. Initially these were meant for arca surveillance and were aimed
at scanning large areas of strategic importance, Such satellites had short life
of span of three to 5 weeks and were mission oriented. Such sateltites could
take photographs only when they were in orbit and were not in a position to
transmit photographs back to earth. The major break-through in photo-
reconnaissance safellite came in 1971 with the Jaunch of Big Bird satelite of
USA under the name of Low Altitude Survelliance Platform which was
equipped with high resolution and six ble film capsules. The
satellite pable of sending pi when it wasinarbit. The statellite
had lifetime of only 52 days. .
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Table 12.16, Comparative Developments in USA
and USSR Military Satellites
Types of Satellit Typical Develog Date of first Development
USsA USSR USA USSR
Photographuic Recon- 12-3 loworbut  [1-5 low orbit {1959 1962
naissance
Electronic Intells- 12 Geosynch |6 Loworbit  ]1962 1967
gence CELINT
Ocean 6 Jow orbt 2-4 low orbit  |1976 1967
surveillance
Early Warning 3 Geosynch 9 Molniya 1960 1971
C icati 11 Geosynch |27 low orbit {1959 1964
2 Molniys 12 Molniya
12 Geosynch
Navigation 5 low orbit 10loworbit 1959 1967
&Semisynch  19-12  Semi-|
synch
Meteorology 2 low ordit 3 low orbit 1963 1963
Subscquent to the launch of Big Bil{pd several photo-reconnaissance s:x{l
P e e S e S L TR

Electronic reconnaissance satellites also called as Electronic Intelligence
B T T e L LTI I

;nem may be successtully used. Ucean reconnassance satellites are used (0
Tocate targets of military importance at sea, say about naval force suchas ships,
submarines etc. Operation of such satellites is based on the use of sensors that
cen the temperatures of sea cool water and water

: s

measure the difference between the temperatures of sea cool wate

Iaunched ballistic missile (SLBM). .
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Table 12.17. Types of Sensor on Board Satellite

Sensor Functions Types of Satellite

Photographic Detection of ABM systems,|US photographic reconnais-
ICBM and cruise missile]sance satellites such as the KH
depl military facili vices and many of the Soviet
and troop movements Cosmos satellites

Infrared Detection of missiles, awrcraft]US and Soviet early waming
and crmse mussiles (potenuals)|sateilites

Nuclear  Radiation| Detectionofnuclearexplosions|US ~ Vela  satellites  and

Detectors wn the upper here and in}TONDS-1 B opera-
outer space tonal  Nuclear  Detection

System-carried on Board the
GPS navigation satellites

Ultraviolet Detection of fluorescence from}US and Soviet early waming
gases surrounding booster orsatellites
nose cones dunng ballstic,
flight.

Elecronic signallRadio and mucrowave tele-|Soviet Cosmos and US elec-

detectors phonie i5si tercep-|troni i satel-
tion, radar signal detection,Ites. US Rhyolite and Chalet
missile telenetry i i Thites i g ionary orbit

Radar Detection of Naval surfsce]US Seasat-l and Cosmos
ships, many other grourid based|Ocean surveillance satellites
military objects

Thermal  Infrared|Night time US Seasat-1

scanners or radiome-|detection of targets such as

ters + [burried structures of under-
ground construction,

Early warning satellites are used to get information about and to detect,
intercept and (§eslroy an incoming enemy nuclear missile before it impacts on
its targets. 15 is done by the use of infrared sensors of the satellite that are
sensitive 1o infrared radiation emitted by the hot plume of rockets when the
satellite is launched. To have better performance TV cameras are also placed
on board such sznelhlnes 1o send pictures to ground sfations. Such satellites arc
ca'pa'bleof s.cndmg information about the lounch of missile tothe ground station
within 3 minutes and the trajectory and other characteristics of missiles can
be established within 5 minutes. :

Commu‘mcation satetlites of military are responsible for communication
bclwgcn various ground stations of mulitary command located at different
locations. C’f (command. control, communications and inielligence) is
transmitted wa commumication relays. Worldwide mulitary command and
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‘Table 12.16, Comparative Developments in USA
and USSR Military Satellites

Types of Satellites Typical Developments Date of first Development
Usa USSR UsA USSR
Photographic Recon. |2-3loworbit  }1-5loworbit 11959 1962
naissance
Electronic Intelli- 1-2Geosynch {6 Loworbit {1962 1967 .
gence CELINT
Ocean 6 low orbit 24 low orbit 1976 1967
surveillance
Early Waming 3 Geosynch {9 Molmya 1960 1971
C i 11 Geosynch |27 low orbit 1959 1964
2 Molniya 12 Motniya
12 Geosynch
Navigation 5 low orbit 10low orbit  }1959 1967
6Semisynch  ]9-12  Sema-
synch
Meteorology 2 low orbit 3loworbit (1963 1963

Subsequent to the launch of Big Bird several photo-reconnaissance sat-
ellite with greater life time say about 300 days have been launched by both
USA and USSR, USA launches phato-recannaissance satellite about 32 yedr
whereas USSR Jaunches several but with shorter life spans, A comparativé
study oI photo-reconnaissance and other such satellites of USA and USSR 2%
given inTables 12.16 and 12.17. The Russian such satellites are widely know?
as COSMOS series. It may be noted thas China had also [aunched a photo-
reconnaissance satellite on 26th July, 1975,

Elantvnninmennmisntosnsnn st affons s¥ay anft doome,  Fa¥a-TimansP

w Y e o . W v i
submarines etc. Operation of such satellites is based on the use of sensors thal
measure the difference between the temperatures of sea cool water and Wit
released by submarine. Ocean i Ifeshave ofienly beenu:
in previsus wars such as those of Jordan Crisis of 1970, Indo-Pak warof 1974
Naval exercises of superpowers in 1973; 1975, Lebanon war with fsracl 18
1983, crisis of Guif in 1987. Technological developments in such sateflites
are taking place every year, Typical examples arc those of Sovict 1nterfer:
ometric sensor satelliles and US Geostat satellute., Geostat satellites are 1

_tomeasure earth's gravitational field so as to improve accuracy of submant
faunched bailistic missile (SLBM).
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Table 12.17. Types of Sensor on Board Satellite

Sensor Functions Types of Satellite

Photographic Detection of ABM systems,{US photographic reconnass-
JCBM and crmse missile]sance satejhites such as the KH
deploy miltary facili vices and many of the Soviet
and troop movements Cosmos satellites

Infrared . Detection of missiles, aireralt{US and Soviet early warung

. {and cruise missiles (potentials)]satellites

Nuclear  Radiation|Detectionofnucl losions]US ~ Vela satellites and

Detectors in the upper stmosphere and in{IONDS-Integrating ~ opera-
outer space tional  Nuclear  Detection

System-carned on Board the
'GPS navigation satellites

Ultraviolet Detection of fluorescence from|US and Soviet early waming
gases surrounding booster orfsatellites
nose cones during ballistic

flight.

Elecronic signaRadio and microwave tele-{Soviet Cosmos and US elec-

detectors phonic ission mtercep-|troni i satel-
ton, radar signal detection, |lites. US Rhyolite and Chalet

: {missile telemetry i pion {satellites in y orbit
Radar . Detection of Naval surfaceUS Seasat-l and Cosmos
: shups, many other grourd based{Qcean surveillance satellites

military objects

Thexmal  InfraredNight tme i US Seasat-1

scanners or radiome-|detection of targets such as

ters burried structures of under-

ground construction.

. Ewlywarning satellites are used to get information about and to detect,
intercept and destroy an incoming enemy nuclear misstic before it impacts on
s targets. l} is done by the usc of infrared sensors of the satellite that are
sensutive to infrared radiation emitted by the hot plume of rockets when the
satellite is launched. To have better performance TV cameras are also placed
on board such satelltes to send pictores to ground stations Such sateilites are
capableof sending information about the launch of mussileto the ground station
within 3 minutes and the Irajectory and other characieristics of missiles can
be established within § minutes,

Communication satellites of military are responsible for communication
bc(ws:en various ground stations of milttary command located at different
1 %1 control, cc ications and intell is
Iransmtted via communication relays. Worldwide mulitary command and
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control system (WWMCCS) is completely based on such military commu-
nications satellite. USA uses military communications satellites under dif-
ferent headlines such as Defence Satellite: Communications Systems
(DSCS), Alr Force Satellite Communication System (AFSATCOM), the
flect satellite communicarions system (FLTSATCOM), satellite data system
(SDS). military strategic tactial and relay satellite communications (MILS-
TAR), Airforce’s Strategic Satetlite Sysiem {S55). Soviet Union also has
sevetal mititary communication sateliites mostly under Molniya series.
Military Navigational satellites are used todetermine the precise locations
and velocity of mobile weapon systems such as nircrafis, missile and sub-
marines. These are mosily jam resistant, Typical examples are NAVSTAR
GP5 of USA and GLONASS of USSR. Meteoralogical satellites provide
predictions about weather and pheri ditions such as i d
abouttemperature pattems atdifferent altitudes, wind direction, water wapous,
radiations, atmospheric density, electron and ion density cte. The datais stored
atacentral place. InUSA weather dataisprocessed and stored at USAF Global
Weather Center at Offult Air Force Base in Nebraska and the Fleet Numerical
Weather Center in Monterey, California. Soviet Union also possesses zl;

B L

[

. -
beam dat directly 1o mobile receiving sets installed on weapon canrying
platft Geodetic satellites give inf jon aby th's gravitationat fictd
which is of high fmportance to nuclear and potentiaity nuclear weapon states.
It helps for ermor-free ions of tmjectories and computations in the
inerfial guidance systems of missile and aircraft. Also, it is being vsed fof
photomapping the earth's surface for precise ballistic missile launch and
impact-poiat location functians,
Superpowers are tying 1o devise methods to destroy, kill and steal the
" enemy’s satellites, They are developing ground based faser systems (0 do 50-
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for Teleport to sustain that it should be able to serve in an area at least 150,000
homes or more particulasly in densest regions, Trend is therefore toward the
development of miniteleports.

- On analysing the reasons for the development and investment in teleport
service, four basic reasons have been seen namely, enterpreneurial, nature (23
in number), bypass purposes (19 in number), economic development (8 in
number) and real state developrent (2 in number). Bypass means here toavoid
existing communication networks of telephone companies such as those in
USA,PTT, AT& T and BeJl Canada etc. The users of North American Teleports
are of 6 categories (year 1986 based report). 60 percent of customers of
Teleports were either broadcast or CATV users, 10 percent were represented
by common carriers, 10 percent by business and 10 percent by government
users and finally 10 percent by miscellaneous occasional - time users. How-
ever, itis believed that by 1992, CATV and broadcast users would Tepresent

. - . P -, ' " N . '
expected to tripple respectively by 30 percent each. Government and mis-
cellaneaus teleport usage are expected to remaintonstant.

. The status of Teleports in USA is given in Table 12.18, It is evident from
this table that Teleports in North Amenca are distributed in the denseit met-
ropohianregions, inthe eastern half of the continent where one would naturally
propose such facilities. Suchadistribution gives teleportaccess to highly dense
busmess locgnions and also makes them,’subject to competition from the new
and abundant fibre optic network, Operators of these new network are
wnstalling very high capacity fibre transmission systems along these "heavy’
eastern continental routes, f

Most of teleport traffic is analog at the momeat. Thus in 1986, 83 percent
of teleport revenues were from video traffic, 10 percent from voice traffic and
seven percent from data. By 1992 these proportions shall start equalizing
because competitive and industey factors should affect Teleport operations
such that 60 percent of teleport revenues will be primanly video based, 20
percent voice based and 20 percent data based. By 1996, these proportions
will have continued toreverse and 20 percent of teleport revenues will be video
based, 40 percent voice based and 40 percent data based. There is a feeling
among public as well as in Government that Teleports are necessary for
economuc development and therefore people would be encouraged to invest
in Teleport. 15 is also hoped that Teleports will provide interface to business
and other aul‘omaﬁo'n and technology users who will be making Jarge capital
i in the ISDN envi . Teleponts are also hoped to provide
multinationdl services in future.
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‘Table 12.18. Teleports in Americas

LOCATION TELEPORT OPERATY-} DEVELO-| PLANNED
ONAL PING
ALABAMA
Birmingham Alabama Teleport X
CALIFORNIA
San Francisco Bay  {Bay Arca Teleport x )
Los Angeles Los Angeles International, x (x)
Teleport
Rancho Mirage {Essentiawer Med Center %
[ Teleport
COLORADO
Denver [Aerocom Teleport x
Deaver Teleport/Denver x
Colarado Springs World Star West x
DISTRICT QF
COLUMBIA
Washi Washi I x
Washington Te)epor? x
Washington The National Teleport x
DC Teleport
FLORIDA
Hollywood Murams Teleport x
Miamy/Fi. Lauderdale]South Star Communica- x
tions
QOcala Central Florida Teleport x
Orlando Orlando Telecomm Port x
GEORGIA
Atlanta ‘Turner Teleport x
Atlanta Up South %
Atlanta Crawford Satellite Ser- x
vices .
Douglasville Atlanta International] x
- Teleport
HAWAII .
Horolulu State of Hawail Teleport x
Honolulu Hawaii Loa Teleport x
ILLNOIS
Chicago Chicago ETC x
Chicago Teleport Chicago X
IOWA
Des Motmes  The lowa Teleport x Ies)
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LOCATION TELEPORT OPERATI-| DEVELO-| PLANNED
ONAL PING -
MASSACHUSETTS
Boston (Belmont)  |Boston Teleport x
Boston Boston Teleport (Taft) B3
MICHIGAN
Detroit Northern Teleport X
MINNESQTA
Minneapolis Twin Cities Telepart X
MUSSOURI ¥
KansasCity - Kansas City Teleport x
St Louis St. Louis Teleport X
NEW JERSEY .
Carteret |National Gateway Telcom, x
Fairfield Crescomm Teleport X
NEW YORK
New York The Teleport x
, New York Manhsttan Teleport x [}
Long Island Long Island Teleport x
NORTHCAROLINA|
Releigh Capitol Earthbase x
OHIO
Central Ohio Great Lakes Teleport x
Columbus 'COM I *
Columbus Ohio Teleport Corporation| - x
OKLAHOMA
Okihoma Cuty The Oklahoma Teleport x L)
PENNSYLVANIA
Harrisburg Harrisburg Teleport x ]
Pittsburgh Armstrong  International| %
Teleport
Roarng Creek Roaring Creek Interna- 3
. tional Teleport
Scranton Pennsylvania Teleport x
"TEXAS
Austn Austin Teleport *
Dallag Daallas/Ft. Worth Teleport x
Dallas {Metroplex Teleport x x
Houston Gulf Teleport
Houston Houston  International{ — x
Teleport .
Houston Houston Gateway Teleport x
San Antonio Texas Teleport *
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LOCATION TELEPORT OPERATI | DEVELO | PLANNE

ONAL PING D

WASHINGTON

Seatile Vashon Isfand (Seattle] %

Teleport)

CANADA

Calgary Calgary Teleport x

Monteal Teleport de Montreal x

Toronto Toronto Teleport X

Vancouver Vancouver Harbor %

JAMAICA %

Montego Bay The Jamaica Te]epon

X)=0p 1 with fi ining

1211, Geostationary Space Platforms

The word 'pht.form' for satelfite communication means a very large

to be put in ionary orbit. This is supposed to be an efficient

means of increasing the capacity ata pomt in the geostationary orbital arc.
Infact Geostationary Platform is d 1o be a solution to the crowding
of the orbital arc smce it could provide the functions of many individual sat-
ellites of conventional design. Itisalso considered to carry very Large antennas

jred for mobile ications or broadcast services, earth observation
and other science payloads. All thesc ideas fed to the study of feasibility of
space-platforms and it is behieved that by mid 1990°s a tsial space platformat
low earth orbit will be launched by USA and thereafter Geostanonary Space
platform would be launched. Table 12,19 shows the milestones of the Geo-
. stationary Platforms progress in USA.
‘Table 12.19. Milestones of Geostationary Platform Programs.

Year Remarks -

19741978

Gengsis of concept, based on OAF (orbiting Antenna Farm)
Shuttle assembly concepts mtroduced.
Orbital arc efficiency drivers
Industry studies by NASA
Political p in multiple hip
NASAlComsmathenemt Dynamics Study for smg.e shuttle pay-
load platform.
1981-1984  * NASA workshop at Huntsville in 1981

*  NASAconceptup vanous AIAA

satellite sys!ems Conferenices

*  Mitsubushi and NASDA concepts developed

ESA, Aentahia, and MBB concepts/proposals.

4

e

1979-1981
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Year | Remarks
1984 NASA started Space Station Development.
NASA introduced staging base concept for space stahion
Growing arc saturation at GEQ at both C-band and Ku-band.
Payload definition contracts to Ford and RCA for geostatonary
platforms by NASA.
* Bus definition contracts o, Ford and Lockheed for geostationary
platforms
1985 * Completion of NASA paylosd/b
Is

LY

Science utilk prop or g s were
introduced to the SESAC Task Force/Committee at Standford
Summer Study

*  Proposals of geostationary platform for sound broadcasting.

*  British Aerospace proposal for "big communications”
Future * G ionary as members of post-I0C era

*

Space platforms are considered to have several significani advantages
suchas (f) improved conservation of the geostationary arc by utilization of the
radio frequency spectrum at a given point n the geostationary arc through the
use of multiple payloads, giant antennas and on board stgnals routing and
processing, (iz) increased data capacity per unit of arc, iz} economics of scale
due to shared bus, power systems, attitude large amounts of dc power from a
common source and (iv) synergism of collocating disperate payloads involving
both communication and science. It may be noted that geostationary platforms
arealso not free from disadvantages. The disadvantages may be (i) high launch
costs both earth to LEO and LEQ to GEO, including the need to develop LEO
to GEO transfer systems, (i7) service complexity assoctated with servicing
during operations and (i+i) difficulties in integrating disparate payloads. Inspite
of these disadvantages the Space platform is on offing and the geostationary
Platform may join the space station family around the turn of the century to:
(a) serve many scientific functions which car anly be accomplished from a
geoktatiqnary position, (b} reliance the growing congestion of commercial

n satellites pop g the g y arc, (c) make vse of
large antennas (20-100 m di working with sup to tum
Pointsinthe ionary arc into space cc ication centresandinto space

science and relay centres and (d) provide de power lo enable payloads which
¢an not be sufficiently powered as independent research.

Space stations alongwith the objecttves mentioned above, have aims
developing the capacity to assemble, scrvice and repair satellites nnd‘ogller
large structures in space. Space station is a complex family which at the initial
operating capability (10C) includes the LEO manned space station module,
?&)rbxrmg platforms, tethered platforms or sp free flyers, )
Honaiet- a0 P R T
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MEGALOS program of ESA. These are also to be launched by the end of
present centary. Once the space station and geostationary platform concep!
are finalized, some advanced communications payioad concepts would be
developed that would have an enormous antenna of antennia complex, Sucha
platform would also support large dc power capability and a mdjor commu-
nicatton node which would include the growing nse of computerin space.
12.12. Communication Satellites of Nations Other ThanUSA,
USSR and International Organisations

Considering the fact that improved i is y for the

nanonal economic development, several countries round the globe have be:n

. . - LN LR v N
equipped with broadcast mission devices. The abave list shows that though
the USA & USSR awn satellites in maxi numberbut othy notlagging
behind. In Burope, there is an organisation called EUTELSAT modelled after
INTELSAT. There are 20 number states (signatories) of EUTELSAT. At
present EUTELSAT owns its communication satellites EUTELSAT-1 (ECS)
that 1s operational since 1983/1984. Its second version EUTELSAT-I is
scheduled to be launched in 1990.

Actually in Furope, work on safeilite was started by European Space
Agency (ESA) which has developed its experimental OTS sateitite from which

e, e - Lo ., Teel, [EXETINC L

[

10an 1a the

Cuxembourg the Societe Europeene de Satellite (SES) since 1988 has the
sateltite called GDL/ASTRA that s totally dedicated to Earope wide distrt-
bution of TV programmes. In ftaly work is going on ITLASA!‘J' that is to be
launched in 1990. )

e e A L e P o b Feacantal conand of

N
(France) are also being developed for DBS services. In UK the DBS system
UNISAT is to be faunched soon The USSR and its allics (Bulgaria, Cubd.
Crechoslovahia, BEast Gemany, Hungary, Mongolia, Paland amT‘RumanJ)
have a consortom calicd INTERSPUTNIK for developing cnmmunica(lﬂl"
facilities to its sgnatorics members, Now the signatories to INTERSPUTNIK
include Afghanisatan. Laos, South Yemen, Syra, Victnam, Algeria. lrag }!“d
North Korea, INTERSPUTNIK operites both MOLNY A satelues orbiting
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Table 12.20, Status of World’s Comunication Satellites.

Continent  CountryiOrgan. In Cperation Under Planning
Noth & UsA More than ten systems are} Nearly 10 systems
Soyth now in practical operation{ slated (incl. ABCI,
America WESTAR, SATCOM,| RS1, USAT, FORD-

COMSTAR, SBS,] SAT)
GALAXY, TELESTAR-3
SPACENET, GSTAR,
ASC. AURORA.
Canada ANIK-C&D ANIK-E
(Scheduled for 1990)
Mexico MORELOS
Brazil BRASILSAT
Cotumbia SATCOL
Europe EUTELSAT ECS (EUTELSAT-1) EUTELSAT-1 sched-
uled in 1990.
West Gennany DF$-Kopernikus
(schedule 1n 1989)
France ‘TELECOM-1 TELECOM-2 (sched-
N uled in 1991)
[Sweden & other, TELEX (quasi practi-
Nordic countries cal communication /
broadcast satellite
_J.scheduled in 1989)
Luxembourg ASTRA
USSR MOLNIYA,  STATSIO-
NAR, (RADUGA, GORI-
ZONT)
Asiz, Oce-{lapan Cs-3 IC-SAT (scheduled in
Na, Africa 1989)
SCS {scheduled m
, 1989)
Indonesta-  &{ PALAPA-B PALAPA-C (around
ASEAN COUN- inthe middle of 1990s)
TRIES .
India INSAT-1 { ication/{ INSAT-TI (scheduled
Broadeast/weather) in 1990/1991)
Australia AUSSAT-A AUSSAT-B (commu
(€ broad-| nk dcastAm
cast) obile, scheduled in
1992)
Arab Countries | ARABSAT (Communica-
tion broadcast)
Tsrae} AMOS (Commumicati
onfbroadcast,  sched-
- uled in 1993
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Increased High tech capabilities in communication technology have
resulted in a host of service offerings through satellite communications, These
include private data network using earth stations located at the customer’s
premises, direct satelfite for home pay TV service, facsimile networks,
intermational electronic mail, video conferencing, cable TV distribution, data
collection and environmental monitoring network etc. Fibre optic cables have
great impact on such services. Teleports etc. are just a few examples where
satellites and fibre optic cables are complement to each other. Data commu-
nication netwarks and alt other moderm video communications are dependent
on fibre optic cables, The capacity of fibre optic cable is increased to 2 Gbit/s.

Present day satellite communication 1s giving boost to Ku band satellites

in Geostationary orbit for coming years, It is because of the fact that it would
possible to locate these antennas in the midst of urban environment without
regard to frequency interference since these frequency bands are little ptilrzed
for al ¢ ications links. At the there is problem of such
Ku band satellites as they are expensive. Also the technology both in ferms of
travelling wave tubes (TWT"s) and solid state amplifiers isless developed. To
deal with the increased number of satellites in geostationary orbit, satefiite
clusters operating as many as 10-12 satellités n a single nodule point in the
Beostdtionary orbit may be destgned. Another way 15 to deploy a geostationary
orbital antenna farm that isa large platform capable of combining the effective

performance of 50 or even 100 conventional communication sateBites, Space

station and Geostationary Platform would be another possibility to increase

the nuinber of possible satellites and to mamtain their service activities.

Integrated Services Digital Network (ISDN) and the transttion from
analog to digital cc ication services are expected to take place 1n the
1990°s. The ISDN eavironment would involve interconnection of domestic
satellite systems with intemational satellite systems. Further the attempt 18 to
reduce the 250ms delay of satellife transmission to 120ms and then ISDN and
digitat communications will clearly play a critical role in the future develop-
ment of satellite communication. INTELSAT is also going to have in future
the digital circuit ip ion and digital ¢ ications. The earth stzlipn
antennas shall be going fo be very small particularly for mobile satellite
communications generally consistent with the shape, size and cost of a
briefcase. These will be used by INTELSAT and other aeronautical and

‘maritime services for disaster relief and other services.

Though intemational organisational satellite systems are increasing their
activittes but the developing countries Jike those of India, Brazil etc. are going
to have their own commauntcation satellite systems, Therefore now the Inter-
national Satellite Systems will have to deal with mostly services other than
domestic communication, Some of the developing countnes are Jooking for

A Ammans Thanafacn e onb - 1
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- would be having on bt;ard processing systems which have advantages of error
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mle reduction, efficiency improvement, capacity enhancement, poling

ion, interference cancellation, data reduction, transponder fine-
arization, sorting, routing and message distribution, flexibility through net-
work inle:gonncc!iun, time reduction for error detection and retransmission

and ion channel equalization. It may, however, be noted that with
above advantagesthen: mlghtbedlsadvanmgesloo suchascxtmwelghl power
lity due 10 in plexity and cost.

Therefore the INTELSAT or other organisation using on board processing.
will have toevaluate these tradeoffs judiciously before introduction toits future
systems.
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THIRTEEN

Indian Activities in Satellite
Communication

13.1. Introduction

India Jike any other developing country had long back realized the fact
that better communication in the country is must for the national economic
development. Space science, .5pace technology and space commumcatlon have
already it d their for N among masses
particufarly in rural areas and their link with other continents of the world.
Withthese lﬂeas India’s commitment to space is part of her larger commitment
to communicate to over three quarter of 2 billion of her population. Both
research in space and in atomic energy started almost immediately after
independence, and the space commuiment increased with the growing
responmbnmy of educating the illiterate masses whose number in numerical
terms is almost five times to day than at the time of mdcpendence Dr. Vikram
Sarabhai, the founder of Indian Space Programme in the 1960°s had already
envisioned the importance of space to the real problems of man and society
of Indian subcontinent. It was made clear then 1o the developed world that
India’s space programme was not to compete with the developed countries’
space programmes such as the exploration of the planets or manned space
flights but its purpose was solely for the development of Indian nation in
economic and social terms.

Indian activities in space technology started in the early 1960°s with the
firing of sounding rockels from Thumb a located on the magncuc equator 10
study (h\, carth s I heric X-ray astr

O ahn Bl AT prsab miern 1 on T s i A.-_nm.\»m

an

sou.nlalin!g rockets and payloads. At the same time an Expenmental Earth

M
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Swtion (ESCES) was established in 1967 at Ahmedabad with the help fromr
UN and ITU. Tt was used for training engineers from India and other developing
_countries it handling advanced equip Since the establish of ESCES,
the development of satellite commanications in India has been in constant
d . Technology develop studies, experiments and lauchers etc. have
been going on leading 1o the establishement of operational facilities, use of
INTELSAT and INMARSAT systems and establishment of a unique multi-
agency multipurpose domestic satellite system, the Indian National Satelite
System (INSAT). Remote sensing is also being fully utilized for a varicty of
services through Remote Sensing Satellite in Indsa. Table 13.1. gives in brief
about the Indian activitics in Satellite communication area.

13.2. Operational Centres

In 1972 space commission was established by Indian Government which
was later converted to Indian Space Research Organisation (ISRO) under the
Government Department of Space (DOS). Headguarters of DOS and ISRO
are jocated at Bangalore. The responsibilities of ISRO include the formulation
of policy for DOS for approval and implementation by the Govemment. The
DOS in turn is responsible for the execution of activities in space applications,
technology and sciences.

ISRO has following operational centers, namely (1) Vikram Sarabhai
Space Center (VSSC) located at Tnvandrum. It is the ISRO’s main devel-
opment Center for the Rohin: Sounding Rockets, SLV-3 and ASLYV launcher
series. It has also been responstble for the operation and maintenance of the

Table 13.1, Brief Summury of Indian Satellites

Sotellte | Launch  |Rocket/Agency Stte QOrbre Purpose
date
Aryabhattalt Aprit 75 -1 Inter Kos- §Kapustin 619.56 Technology prov-
mos YAR (USSR) [x56231 Km  fing satelie
1ne150,7°
Bhaskara [7June’?9  [C-1 Inter Kos- [Kapustin 500 ki nesc {Satellite for Barth
mos YAR(USSR) Jewcular  incl. [Observation TV,
507° radiomelers
ROHIND Jt0Aug'79 SLV-3ISRO  |5n Han Kota [Faledtoorbit |Technology prove
RS-0 dia) ing satelhite
ROHINI  }8July'80 JSLV-31SRO S Han Kota [900 x 300 km |Technology prov-
RS-1 {Indra) incl 44.74¢ ing satellite
ROHINI {31 May'81 {SLV-3ISRO  {Sn Hexi Kota {364 x 181 km {Technology prov-
RS-DL (India} ncl 44° ing satellire, put
nto wrong orbit
APPLE  |19June’ 81 jAriane, ESA  |Kouron, G Ce icali
Gaiana 12 satellite, best
Bhaskara« 120 Nov' 81 [C-1 Inter Kos- [Kapustin Yar {$57 x 514 km {Satellite for earth
2 mos (USSR) Incl 50 7° observations, TV,
radio materos
INSAT (10 Apni’ |DehaNASA  |KSC/ETR,  |Geostationsry |Commumications,
1A ] USA 74°F * |Diect TV, meteo-
rology functions
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Satellite } Launch |Rocket’Agercy Stte orbis Purpose
date
INSAT  [Aug's3 us Space 74°C Functions same a3
1B shuttle that of INSAT IA
Launch March'87 [ASLY Sri Man Kota [faled Testing
Vehicle (lndia)
Launch July, 13°88 {ASLV-D2 Sn Han Kota |Faled
Vehicle (India}
INSAT-1 |22July’88 |AnancESA  |Kourou, 93 5°E To wonk with
< French INSAT-1B
Guiana

INSAT-1 [fune'90  [Commercial 83°E To work wih
D Delia of MDC INSAT IBavd C,

USA various communi-

cation services
Rs-1A |17 Vostok Soviet - 904km  polar |Remote sensing
March'88  [launch vehicle sun  synchro-
nous orbit

INSAT-1 to be launched [Guiany Geostationary | Various commer-
1A.B 1n 1991-1992 cial services

TERLS (i) ISRO Satellite Centre 1SAC). Itislocated in Bangaloreand carries
outresearchand development in sateltite technology. The Aryabhata, Bhaskar2
1 and 2, Applc satellite, IRS-1A were designed and fabricated at ISAC, _("7
SHAR centre : It is located at Sri Hari Kola and has facilities for launching
large sounding rockets and satellite vehicles, The main ground station for
controlling satellites is here. SHAR also has facilities for the static testing Pf
launch vehicle stages and for large scale production of rocket propell. ()
Space Applications Centre (SAC) located at Ahmedabad. It is the main cenir®
for the development of practical space applications. The main activities include
developing ies for tel ications and TV reception directy
from satellites, surveymng the natural resources of the country and space
metcorology and geodesy, (v) Master control facility (MCF) located at Hass®
(Karnataka State). The on orbit as well as the launch phase operations of the
INSAT lites are i andc lled from MCF.

In addition the DOS runs a Physical Research Laboratory at Ahmedabad
and a National Remote Sensing Agency (NRSA) facility at Secundrab
Andhra Pradesh that uses remole sensing data from the US Landsat satellites
yia the ground station from Hyderabad. NRSA also disseminates data from
IRS 1A.Recently National Natural R M: System (NNR ]
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13.3. Satellite Instructional Television Experimental (SITE) Program

SITE programme was conducted dunng Aug. 1975-Aug. 1976 using the
ATS-6 satellite of NASA. This prc was very valuable in binlding
indigenous expertise (hardware, TV software and research and evaluation and
managerial) {or the {wwure satellite i and broad g pro-
gramme of India. The main objective of SITE was to provide a systems test
of the concept of satellite television and to gain expenence in the development
testing and management of a satellite based instructional TV systern, partic-
ularly in the rural areas to determine optmal systems parameters. In fact SITE
helped to design and test uplink stations, testing of TV sets, receive only sets
(TVROs) and the low power limited area rebroadcast TV transmitters, Thus
SITE was more than a technical demonstration cum experiment. It was a total
satellite community reception TV system test in India and thus had equally
jmp social, TV and organisational aspects which were carefully
studied and documented. It would be of importance to menton here that under
SITE experiment that lasted over one year, 2400 villages in six states were
abletorecerve speciallymade TV p refated toagriculture and health
caredirectly from ATS-6. Reception was accomplished with small community
dishes often made from chicken fence wire.

13.4, Satellite Telecommunications Experiments Project (STEP)

STEP was carried out during 1977-79 for having a greater msight with
fegard to the telecommunication aspects of satelhte technology. For STEP
use was made of Franco-German Symphonie-1 satellite. This satellite was
made available for STEP as a part of ISRO cooperation with CNES and
DFVLRand wasmoved to49°F longitude for the conductof STEP, The project
was mainly to experiment with digital satellite communications, single
channels for carrier systems, radio networking and TV transmisstons with
several qudm channels. A transportable Indian buslt terminal was buiit for use
In experiment. Engeers sad that the expenment effectively demonstrated
the use of sglelliles for remote area and emergency communications. This
STEP experiments were conducted jointly by ISRO and then P & T (now
DOT). The vital experience gained in these experiments was instrumental for

among

SAT. All these experiments and experiences developed confidence

Indian pi: for the 1 g of ication satellite in near future.
13.5. APPLE

APPLE was the first Indian experimental communications satellite
tannched on 19th June 1981 under an agreement with ESA, on board the third
developmental flight of the European Ariane launcher. It was three axis
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stabilized and weighed 650 kg. The satellite was placed into a geostationary
orbit by an Indian developed apogee kick motor. Once in geostationary orbit,
however, one of the two solar panels failed to deploy, although close systems
management particularly thermal system meant that the satellite could be used
to its intended purposc. The satellite was positioned at its assigned orbital
position of 102°E longitude in carly July 1981 and was decommissioned in
September 1983 after completing its two year on-orbit life which was con-
strained by on-board propeilant loading. 8

Apple had a microwave C band (6/4 GHz band) transponders (plus 2
redundant transponders). It was totally designed and fabricated and largely
tested in India and had a large number of indig comp f b
lies/subsystems. These included the main structure, the 6/4 GHz payload (with’
imported TWTAS), a static horizon/carth sensor, amomentum wheel, acarbon
fibre antenna reflector, a solid propellant apogee motor (derived from the
fourth stage of Indwan SLV-3 launcher) to boost the satellite from transfer orbit
to a circular, equatorial, near geosynchronous orbit etc.

With APPLE a Jarge number of communication experiments and service
demonstrations were carried out using the indig 1y developed equipment
These experiments included the testing of computer communication, TDMA
(Time division multiple access) c ications, spread spectrum multiple
access (SSMA) ¢ ication, FAX ission and TV broadcasting. Also
the social and educational experiments using the relayed TV signals were being
conducted. APPLE thus gave a strong foundation to India for fixed satellite
system (FSS) that led to the development of INSAT-II satellites.

13.6. The Indian National Satellite System (INSATS)

INSAT system is the resultof previous expenments such asthose of SITE.
STEP and APPLE. It is a multipurpose and multi y system, Tt d:
three vital national services such as lo.ng dis[m}ce communications, TV al‘dr

'

The overall coordination and management of thé INSAT system rests wigh the
secretaries level INSAT Coordination Committee (ICC). The Secretariat of
A B . R e TR RN I . §-c

Qe

v B

ot . . - . of
satellites. The first phase of INSAT programme 1s also known as INSAT-1
series. Unfortunately from the very beginning there were problems vt
NSAT-1 series satellites. The first INSAT-1 (INSAT-1A) when [aunched i

. could not get its solar sail opened and following a series of events ¢
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satellite was ultimately abandoned 147 days after its launch, INSAT-1B whic
was launched by the US Space shutile in Aug. 1983 had problems with it
solar arrays in the begianing. It required 11 days orbit maneuvers to deplo;
them finally, INSAT-1C which was launched on July 22, 1988 had th
problems of solar power. Its one of the two solar buses developed technica
snag and is still unresolved. With this result the power avaifability for th
spacecraft is nearly halved. INSAT [-D was faunched in the end of June 19%
from USA. -~

[ INSAT COORDINATION COMMITTEE (IGC) l

(SQWEWETMA:J)' pos ICC SECREYARIAT
INSAT PROGRAMME OFFIGE
FINANCE SECRETARY AT o
(TELECO|

SecrEmAY M)
Sggg:g‘; ;‘;&BT)) ‘TECHNICAL ADVISORY GROUP {TAG)
DOS, DOT MIAB/DDAAIR DSTAMD WPC
1] T
oPS AD HOC
* POLICY DEVELOPMENT SUBGROUP SUBGROUPS
* SYSTEM DEVELOPMENT AND
OPERATIONAL COORDINATION
* PLANS AND
SPECIFICATIONS APPROVAL
* FREQUENCY /ORBIT
©C

T
INDUSTRIAL ACTION & INTERFACE
SINGLF WINDOW COMMITTEE
DOE, MOF, DGTD, CCIE, DOS DOT,
MI&B, IMD ICC SECTT

psST sl | msn}
(MD)  (DOORDARSHAN) (AR |

MET v RADIO
GND SEG & GND SEG & GND SEG &
UTILISATION UTILISATION UTILISATION

- Fig. 13.1. INSAT System-Management

The second phase of INSAT systems will be developed tn India itself but
these will be launched by Aciance. The launching of INSAT- IJA and
INSAT-IIB are scheduled for autumn 1991 and 1992, Launching will take
place from Kouron Space Center in Guyana,

13.7. INSAT-1 Systems '

INSAT-1 system was envisaged as a space segment consisring of two
multipurpose satellites-ane as the primary satelie providing all services and
the otherasamajor path satellite providing addi ! fixedas well a dc:
satellite services capacities and also certain on-orbit back up capability.
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Each INSAT-1 satellites weigh about 1200 Kg at lift-off and about 650 kg in
geostattonary orbit. The satellites gave a five panel sun tracking solar array
of roughly 11. 5 sqm. generating a power of 900 watts. These satellites are
designed for a minimum of 7 years life. The transfer orbit configuration and
the on orbit satellite configuration of INSAT-1 satellites are given in Fig. 13.2
and 13.3 respectively.

EAST NORTH (~v)

C-BAND REFLECTOR
VHRR COOLER
VHRR OPTICAL
APERTURE

CASS 2,58 6~
EARTH SENSORS —
TTAC—

OMNI ANTENNA

SOLAR SAIL STOWED
C/S BAND REFLECTOR
STOWED

€ASS 1,384

WEST {-X)

EARTH (+2) oss 182

SOLAR ARRAY
PARTIALLY DEPLOYED

Fig 13.2. TRANSFER Orbit Configuraton of INSAT-1.

In geostationary orbit under fully deployed configuration the length of
INSAT-1satellste from the tip of solar sail to the extreme end of the solar amay
is about 19.4 m. The INSAT-1 ites are biased mc three axis
stabilized spacecraft with a stability required for the meteorological imaging
mission. The satellites use an asymmetrical solar array in order to ensure an
unobstructed clear field of view (FOV) imto the cold space for the radiation
cooler of the Very High Resolution Radiometer (VHRR) earth imaging
instrument, There is a deployed solar sail used to offset solar pressure On
account of the asymmetrical solar array. A magnetic torquer with a current
coil placed around the pheriphery of the satellte body provides fine control.
The satelfite has a unified bipropeifant propuision system for transfer orbit 1
geostationary orbit ascent and for station and attitude maintenance. The
transfer orbit to GSO ascent is also in three axis stabilized mode.

Each INSAT-1 satellite has the following 4 kind capabilities that a1
supposed to be 1n thexr individual 7 years life. These are (1) twelve national
coverage i ponders of 36 MHz bandwidth each oper-
atmg in C band with 32 dbw Effective Isotropic Radiated Power (EIRP) over
the primary coverage asea, {z)twohigh power national coverage TV broadcast
wansponders operating in C-band uplink (earth 1o satellite) and S b:
downlink (satellite to earth), each capable of handling one direct broadeast

(community reception) TV charinct and several low level carriers for radio
programme distribution with a 42 dbw EIRP over the primary coverage ared.
“niy a very high resolution radiometer (VHRR) for meteorological e
1z operating in visible and infrared channels with resolutions of 2.75 km
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and 11 km respectively, with half hourly full earth coverage and sector scan
capability and (iv) a data relay transponder with global receive coverage with
a 402.75 MHz uplink for relay of meteorological, hydrological and oceano-
graphic data from unattended Jand and ocean based automatic collection-cum
(ransmission platforms.

C-BAND ANTENNA

EROLLT X

Trac HRUSTER
oMM ANTENN\:I’/ UHF ANTENNA
EARTH+Z YA DS$ 1,2

. w
SEQUENTIAL SHUNT- GRBIT
DIRECTION

SOLAR ARRAY

PITCH+Y

Fig 13.3. ON.Orbit Satellite Configuration of INSAT-1.
The INSAT MCF is located at Hassan and it consists of 2 satellites contro!
Earth Stations (one with a 14 m fully steerable antenna and the other with a
7.5 m limited stecrability antenna), In addition the MCF has an additional
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Fig. 13.5. INSAT-1 System Concept
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is designed to provide over 000 two way long-distance telephone circuits
potentially accessible from any part of India, even the remotest without regard
to intervening terrain and tegrestrial distance, According to a report based on
1988 some 48 telecommunications earth stations were working in tefecom-
munication network using INSAT to provide long distance communication
facilities on over 80 routes. INSAT-1 tel ion ground and
trunk soutes as on March 1988 are shown in Fig. 13.6 and 13,7 respectively.
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either 1W (for 1200bps) or 5W (for 9600bps) In NICNET any micro earth
station can acgess any other microearth station in the network by dialing the
number of the carth station. Exch of the mucroearth stattan has boen assighe

a unique code, By the time of INSAT- 1D comes up NICNET is expected 0
have ninety microcarth stations at remote sites including Kavarati, Dharma:

puri, Oooty and Bhilwara.
Satelle based rural telegraph network (SBRTN) for INSAT is as that
10. The meteorofogical component of the INSAT syste?
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' , top tem*
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shown in Fig. 13.
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adjoiningland and sea areas, (i) collection and transmission of| mctwmlogicg!.

hydrological and graphic data from ded remote platf G0
timely wamings of possible disasters from cyclones, fioods, storms etc and
(iv) dissemination of meteorological inf ion including p d images

of weather systems to the forecasting offices. The enhanced meteorological
data provided by the INSAT benefits Agriculture, Aviation, Ports and Ship-
ing services/:

ping, hydro- logical and flood fc 2 )t
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satcu'iccs and disseminating the processed daa to users. The mcleorl?!ogicffl
data transmitied by INSAT-18 are first received at Defhi Earth Station (S
kandarabad of Bulandshar District in U. P.) about 60 kms from Delhi from

where they are transmitted to NDUC over a microwave link.
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The INSAT Disaster Warning System (DWS) Concept is shown in Fig.
13.13. This scheme has been initially implemented on an experimental basis
insclected coastal arcas of southern Andhra Pradesh and Northern Tamit Nadu.
The waming messages originating from the Area Cyclone Warning Centre,
Madras are transritied to INSAT-1B from the Madras Earth Station of DOT.
A § Band transponders on board INSAT-1B receives and relays back these
cigrnale far r s v D;bac'nr w- i ol 7 A v f in
. ’

= : . . .
LICT, ane - . e Nt

and N(Iwcmbér 1987.
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13.9.INSAT-II
As already mentioned in the early 1990°s the foreign procured and for-
1

INSAT I INSAT?I
ON ORBIT CONFIGURATIONS
Fig. 13 14. Companson Between INSAT-1 and INSAT-11 Space enaft
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. 1
y

eignlaunched INSAT-1 spicecraft will be dbyi

developed second gt ion (INSAT-HI) sp ft which will be ]
from India by the Indian Geostationary Satellite Launch Vehicle (GSLV),
However, at the moment it has been decided by the authoritses to get these
satellites lannched by ESA Ariane. Fig. 13.14 shows a basic comparison of
INSAT-I and INSAT-I system whereas Table 13.2 gives these differences in

had

same detail.

Table 13.2, Comaprison of INSAT I and INSAT I

. INSAT-I INSAT-II
Length {m : fully - 19m -23m
deployed)
Dry Mass (kg) . 550 kg - 860 kg
EOL minimum power [-930W - 1180 W
Payload complement
{1n each spacecraft)
C band FSS transponder }12 (32 dbW EOC) Func- |18 total-16 {32 dbW EOC) and
channels . tional channel redun- {2 (34 dbW EOC). Functional
dancy (10/12) {redundancy in conventional C
band (10/12) and 3:2 in output
stages for 6 exiended C band
transponder channels
§ band high power BSS |2 (424bW EQC) 2 (42 dbW EQC)
channels 3/2 TWTA redundancy  }3:2 TWTA redundancy
VHRR and DRT 2,75 Kms visible and 11 JVHRR (Imporved

406 MHz S & R trans-
ponder

Eclipse operating capa-
bility for payload (in
each s/c ; equivalent at

EO!
Omar-TT& C

Deployments:
_Solar array

Kms IR resolution; 2-1
redundancy it VHRR
electronics, x'mtr and
DRT .

150 W (aprox.)

Yes, uses FSS trans-
ponder channel Nos. 4
and § TWTAs

YAsymmetneal; involves

-iaxial deployments,
2l depl :

po;
resolution)-2 Kms visible and 8
Kms IR resolution; S/C level
VHRR and DRTredunduncy as
in INSAT-1 6 dB improvement
1 VHRR x'mir eup
Incladed

344 W (approx.)

An additional antenna added
for improved coverage. Inde-
pendent output stages, FSS
{channels not tied down

Asymmem;:al Accordion
type; snmpler deployments, no
in transfer

. T Ly
transfer orbit

in |partial

orbit i
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the indigenous development of earth station equipment. A number of man-
ufacturing units have been associated with the production and supply of
equipment mcludmg antennas of vnnnus sizes, HPAs, LNAs, CFM- SCPC
and uninterrupted power

supply (UPS) eqmpment.
Table 13.3, Typical Parameters of Small Earth Stations in India
Ttert Subitems Paramelers
System GIT 19.7dB/K
Performance S/N 50.04B
Antenna Size 45MDia
Category Cassegrain feed
Mount XY
Tracking at 6 GHz | Manual
Recewe gain at4 GHz 42.5dB
T i Amplifier type output power| FET Amplifier 20 Watts
Receiver -Amplifier type Uncooled FET Amplifier 90
- Noise Temperature K
Mode of Communica-| Modulation CFM-SCPC
tion Access FDMA
Assignment Preassigned and
Demand Assignment

Table 13.4, Typical Link Budget of Small Earth Stations Working in
Companded FM-SCPC-FDMA MODE

Parameters Small Earth Sta-}  Master Earth Unit
tion(19.7 dBIK){ Station (317
10 Master. Earth{ dBIK) to Small
Station (317 | Earth Station
_ dBIK) {197 dBIK)
L. General
i (@) Type of carrier CFM-SCPC CFM-SCPC
{b) Connectivity 45-11.0 11,043 m
(c) RF Spacing 45 45 KHz
(d) Noise Bandwidth 20 20 KHz
2. {d) Eath Station EIRP per 36.8 45.8 bW
channel,
(b)Pathloss . 2000 2000 dB
(c) Satelte G/T 60 -5.0 dB/K
(d) Earth Station 15 00 dB
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Indian Telephane Industries has now a days started manufactuang low-
cost satellite cc ication cquip for transmission using a spectal
technology called Spread Spectrum Multiple Access (SSMA). 1TI Equatorial
SatCom Ltd, a joint venture of 1T1 with the Equatorial Pacilic International
Company of USA are going to manulicture (hese low cost carth siations
which are supposed to revolutionize the data tra sion. These microcarth
stations operating in a satettite based networh of their own offer a cost solution
of thin route data communication between central host computers and a large
number of remote sites. The equatorial network 15 expected to upgrade Gov-
emment and private sector tclecommunications infrastructure at a fow cost

13.11. Indian Remote Sensing Sateflite and Data Utilization Of Landsat

tn India surveying and management of natural resources have been
identificd as a major national need. Following path finder studies with
multi-spectral cameras, Side Lookayg Airborm Radar (SLAR} and other
instruments, Inda created the National Remote Sensmg Agency (NRSA) at
Secundrabad in Andhra Pradesh m 1975 1o centralize the cifort. The NRSA
was transfesred 10 DOS 1 1980, Fusther an carth station was sct up at Hyd-
erabad in 1979 for dircet reception of LANDSAT data (LANDSAT 2 and 3
Lo start with). The statton was Iater upgraded to reccive data from subsequent
satellite with improved sensors The data received ofters tult coverage of India
The costof the LANDSAT reeption meludimg processing costed NRSA about
Rs. 25 mnin 1979,

Trutially following projects were wssigned under LANDSAT data products
generation: (7} Snow-melt tun off prediction 1982 (Sutleycatchment), () Seul
Survey-Man and Jobat arca (MP), (irr} Lower Basak river watershed Survey
in Assam, {rv) Snow-melt run olf predicion Tor Alakananda and Bhagraihi
tivers (1981, 1982, 1983), (v) Hydrologic characteristics of tiver basins an
Punjab, (v1) Survey of Madras and tts environments for Land use and ground
potential, (11r) Geologicat and geomorphologial survey of western Rajasthan,
(vii) Mapping of water boards for AP Rajasthan, Kamataka and U. P. | (it)
Groundwater potential maps of Hyderabad and Bangalere, (1) Nationa! bra-
Cieish water mapping-Tamil Nardu Coast, (V) mapping of Toreat cover i Indea,
(ai) wastetand mapping of India (in { mithon seate), () mtegrated land and
water resources survey of two districts (demonstration) and (rrv) mapping of
wastelands 1 182 critically affected distrets i India i 1:50.000 scale {in
progress). Since May 1984 TM data (thematic mapper data) are alyo reccived
Trom Landsat-5 and from 1985 cnd routine data supply aho starfed,

India also started for its own Earth observation and then eemole sensing
satellite since 1979 onwards by faunching Bhaskaron 7th June™79 by a Sovict

C-l‘mckcl. Then on 20th Nov 1981 Bhaskara-2 was launched apam from
Soviet. Bhaskaras were precunats 1o the IRS-14 that was launched on 17th
M_ﬂmh 1988. It is the fargest satelinte developed in India. I spans 11 meters
with both solar pancls deployed and weighs 975 Kg at taunch The nutin
structure consists of a central oad hearing cylmder with four verticat and two
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IEM s going to cover the period between 1990-92. This would help to have
correlated and continuous supply of data on the study of the health of Indian
sub continent and what are contained underneath.

India is going to launch its own microwave remote sensing satellite by
1993-94. It would be of importance to mention here that when IRS-1A was
launched from USSR, two regional remote sensing services (RRSSC) were
becoming operational, One was at Bangalore and the other at Detiradun, Since
the launch of IRS-1A, a chain of RRSSCs has been setup for digital interactive
analysis of remotely sensed data, a major element of the national natural
resource management system (NNRMS), Three more RRSSCs have been
opened at Nagpur, Jodhpur and Kharagpur. About 20 central govemment
departments and agencies apart from states and union territories are involved
in the operations of NNRMS. One major element in NNRMS is the estab-
lishment and operation of the interactive computer system to enable digital
analysis of remotely sensed data by 300 user units,

13.12. India’s Participation jn other International C ication.
Satellite Systems

Before INSATS India was already using INTELSAT services. India 1s
also founder member of INMARSAT. There are plans for the 1990°s to set up
mabile satellite communication services for use by both business and Gov-
emment agencies includmg Indian Rail Standard C ship Earth station
that has been introduced by INMARSAT for small ships, aiscraft and land
vehicle is being developed by ISRO and the immediately demand for this
terminal is expected to be around 3500. Another type of mobile service, radio
determination or position fixing is also attracting attention. Development of

. Global positioning system (GPs) receiver is taken up for introducing sateliie
Navigation in India.

In August 1986, DOS has luded a Mt dum of Ul
(MOU) with the GEOSTAR Corporation of USA for a joint feastbility study
forimpy ing a Radio Determination Satellite Service (RDSS). Fig. 13.17
Indicates this RDSS system concept in Indian Ocean region. A joint study
W."!‘,"’e European Space Agency (ESA) on definition of an ternational
civilian global satellite navigation (SATNAV) system has also made con-
siderable progress. ISRO has also been providing the principal technical
support for the active Indan participation in International Civil Aviation

anization (ICAO)'s Future Air Navigation Systems (FANS) committec

Which is responsible for defining the basic fi p

cristics for f 1l ication and navigation sy [servi d

'a‘lhed matters for civil aviation purposes. India is geting involved in early
i ing phase of ical satellite ¢ icati

. Another area in which India is having International Cooperation in sat-
ellite communication is Satellite Based Search and Rescue Operations Ser-
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vice. The Govt. of India has decided 1o promote, participate in and coninibute
to the devclopment of international satellite-aided search and rescue sys-
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Fig. 13.18. Satcllitc-aided Search and Rescue.



INDJAN ACTIVITIES IN SATELLITE COMMUNICATION 2n

tem (SAS & R) far maritime, airbome and land distress alert detection and
position location. This national (SAS & R) 15 a multi pronged plan involving
(#) use of the existing USA-USSR-France and Canada COSPAS-SARSAT
Space Segment and establishment of a Local User Terminal (LUT) in India,
(ify indigenous development of 406 MHz emergency locator beacons (ELBs ,
(itf) testing of a sample of existing 121.5 and 243 MHz ELBs ininventory anJ
under indigenous production for COSPAS-SARSAT compaubility, (1)
Contribution 10 the future infernational SAS&R space segment by casrtage of
SAS&R payloads on future Indian satelliics and (v) scourng a fisst-level
partictpation for India in the wnternational SAS&R syster. Fig. 1318 wdicates
this SAS&R scheme.

13.13, Spin-Offs to Industries

Indian participrtton m satellite prog and other
space technology activitics has led 1ISRO to accumulate a wealth of advanced
technology. Infact «f is an wtcmationafly recognized fact that technological
andmanagerial demands of space projects such as miniaturization, automation,
weight and volume optimization, use of new materials, quality and reliabiity
engineering practices, system engineering and project g
to provide a unique standard with spinoffs for inummerzble industnies and
markets. The know-how for products and processes primarily developed for
programmes and projects in space science, technology and applications can
beapplied elsewhere and 1n ways other than originally intended for the greater
benefit of industries.

ISRO’s ties wath industries include technology transter from the space

to industries, technological ¢ ftancy to industry by ISRO,

ulilization of industry's own technology potential and expertise by the space
Programme and procurement of goods and services from industry by 1SRO,
Undcrwchnological consultancy services, over 60 consultancy projecis have
been taken up and several ase 1n pipeline. In Satcom field consultancy for low

power TV has been very imp The major 1nd: 1 sectors
to which ISRQ'’s technology have been transferred are special chemicals,
Ppolymers, materials and composi ics telec ications and TV

systems, precision electro-mechanical, opto- mechanical and electro-optic
Instruments, nucroprocessor based systems; special puspose machines, com-
it e P EOR A N . e

Space Electronics Division (SED) of Bharat Electronics Ltd is exclusively
devated (o space programmes. Till 1987, 133 dustinct technologies have been
licenscq by ISRQ and National Remotg Sensing Agency (NRSA) of Depart-
ment of Space. The technologies cquipments, systems and sofiware
transferred from Space Application (.gcmrcs are shown in Fig. 13.19,
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With the above immense spin offs to industries the Govt. of India has
accepted, in principle, a proposal by ISRO for setting up a separate corporate
front to interfere with the Indian space activities. According to Direcior of
Technology Transfer and Cooperation at Department of Space, the proposed
company would not just be for technology lmnsfcr but would also play an
active role in high tech vendor/c and in providing
services such as exports promotion for licenses. However, the modalities for
the proposed company had yet to be worked out. Since the eight and ninth
plans envisage a tremendous growth in the space programme and space
applications, the need of above company is gelting essential as there would
be much involvement with other industries. At the moment (report year 1988
based) ISROhad 500indigenous industrial partners, 200 of them doing critical
high-tech jobs, as compared ta about 60 doing such critical jobs three years
ago.
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Laser Satellite Communication

14.1. Introduction

Laser satellite ication involves ission at frequencies in the
10" HZ(optical) range which is around seven or eight orders of magnitude
hlgher than the radio frequency (RF) systems. Transmission at such fre-
quencies provides three main advantages, namely the greater bandwidth,
smaller beam divergence angles and smaller antennas. Infact communication
with lasers is being used now a days in three modes of communication. These
are aerial laser-beam communications, fibre optic communication and optical
computers. In aerial laser beam communications, data and images are trans-
mitted through the atmosphere using low power laser beams. It has the
advantage that it is almost lmpossnb]e to jam by known means. Moreover

because of the Ty bandwidth of aser radiation, upto+10 discrete
o ions can be d si ly. Such an aerial laser beam
15, however, ) weather dependent. On a clear dav

a lasgrbea.m can be transmitted several mifes but when atmospheric condit?
e e R . o e

Fafrcnntinn aac ganaed

link analysis given
equivalent sized electronic circuit, Theretsno b G108
in paralte} channels. 'Pramosphere are considered to

* space between two satellites).
Being amospheric dependent, laser com; used for uplink and downlink
used for earth st two satellites is optical
However, it is quite suitable for communicayhen the satellite receives uplink,
acier bandwidth onto the optical
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selves or deep space ¢ on. A typical le for such a cross
satellite aser communication is as that shown in Fig. 14.1. Here GSs are the
geosy us sateliites wh ESs are some other satellites (e.g. earth
observation or special purpose satellites). These ESs communicate to GSs
with laser communication and eventually the GSs communicate with the earth
station through RF microwave ication. The optical jtters and
receiver packages are smaller and lighter than-the equivalent HF microwave
subsystems, This helps in reducing the spacecraft cost and weight. For deep
space communication where the planets desired to be communicated with the
earth are quite far, the received signalsare very weak and then thisintersatellite
laserc ion solves problem. Here the deep space-craft will have deep
space optical Iink with a geosynchronous satellite which provides microwave

link fo the earth station. Conclusively, therefore the laser satelfite commu-

nication serves fori 1lite ications and here the analysis of cross

optical-link is necessary.

GSs = Geosynchronous Satellites
[ESs = Earth Observation Satellites or any other Deep Space Satellite

**, Example of Laser Satellite Communication
|
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downlink beam appears to be about 10 y radians farger. In clear days she
mixing of warm and cool atmospheric strata pmduce lurhulence whxch may
interact with impinging light . .. HELEEAR

the impinging beam. Thisc ... . R '. I
steering) and create optical po ~ .
introduces loss in beam front cohercnce whxch means thzn two pomls on ﬂw
beam front would be no longer in phase. This affects both the dircct and
hetrodyne optical detection systems.
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Fig. 14.2. Atainospheric Antenuation
(a) as & function of optical Wavelength,
(b) as a function of elevation angle
ink Analysis : Satellite optical cross lmk an-‘ﬂyﬂs given

b e o .

transmission to the satellite and the crosslink between two snu:mlcs isoptical
link that uses direct detection system, Thus when the satellite receives uplink,
it direcily intensity moduhtcs the uplink carrier bandwidth oo the optical
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T4 T sttt mnenndialthat the ypper limit of the uplink
v »r bandwidth otherwise
sefore lascr modulation.

- . cnted as

s{0) =u)+n, () {140
where.u{¢) is the uplink carrier and #, (l) isthe uplmk noise and interference.
Since the laser power at the optical receiver is intensity modulated so

P (=P, (1+Bs (1) (142)

where P, is the average power and B is the intensity modulation index (B < 1).
The receiving satellite receives the signal of Eq(14.2) by photodetecting it
The photodetector detects this intensity modulatd signal as

BB, s@N=R PP, ) +a, &) (143
where R is the photod. ivity. The photod: d form that
is aclually of the uplink frcquency is lhcn unnslated to the downlink frequency
which is then power amplified and transmitted to the receiving earth station.
IEP, rep the available downlink satellite power, @, and ¢, as the signa!
and noise suppressions and L as the net downlink losses, then the recovered
downlink carrier power may be expressed as

P,=clP,(RBPYP,).L ..(144)

where P, is the uplmk power of u(f) in Eg(14.1). Also the total downlink
retmnsmmed noise power {uplink plus 1otal photodetector noise) can be
expressed as

P, =P, [(RP,PPP, +P) L \..(14.5)

TP ....|..,;; pn;cﬂ power :md P.,,, is the combined photodetector
. - e, et a-tunn

1 g

downhnk sxgnnl to nom: uuu A g wnees 1y w0l ko
transmission is finally s
P,
y (14,
CINy =p 37 (148
P .
Defining (CIN),= ~P—- (146
..(148)

= 2,
' €M, = Fro
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LP,
(CINY, =T’°—3 ..(149)
ad
-, 1 ol

and o .—.[1 +m] .(14.10)
one may write Eq (14.6) in the form as

(CINY,=UCING+(CINGL+HC INGT (14.11)
whereall (C/N) ratios refertothe uplink satellite carrier bandwidth. Eq.(14,11)

when compared with the case of analog satellite link formula of Eq. (2.29)
shows that here the term due to the presence of optical crosslink is simply
added and also the usual downlink (C/N), term is modified. This modification
is due to the satellite amplifier carrier suppression cffects that are now
determined by the optical link. In Eq (14.11) it can be seen that the weaker
of three link terms would controt the overall performance. Thus if {CIN),, is
maintained at a high valoe (higher than that of uplink and downlink values)
the satellite communication system would remain transparent to the optics.
For digital satellite communication one would need (£,/N,) as given in Eq.
(4.22) in terms of (C/N,). Here one needs two more information, the infor-
mation bit rate and the system link margin (for degradation). This margin is
usually taken for satellite cross links as one or two dB. The required error
probablity in digital satellite communication is of the order of 10°,
14.3, Optical Satellite Link Transmitter

Basically the transmitter part of an optical sateltite link consists of a Jaser
source, modulator and antenna’ alongwith some data handling electronics.
Infact this optical transmitter is quite gous to its RF ¢

Laser Source : A variety of laser sources may be used for optical satellite
communication systems. These may be gas lasers, solid-state lasers and
semi-conductor lasers. Selection of laser source is dependent upon a number

of factors that include link range, g i dium, data rate and pl
Limitations, Table 14.1 gives a brief summary of the various laser sources
commonly usedinoptical satelli ication system. Las dfrom

high powered, low efficiency, bulky devices to the smaller light weight
GaAs(gallium arsenide) solid state diodes. Semiconductor lasers are also
being used such as AlGaAs and In GaAsP. The AlGaAs lasers emit relisbly
between 0.78 and U.86 it m and INGZASP tasers emit between 1.2 and 1.65 it
m.

. The satellite crosslink uses preferably the laser diodes because of their
h&m Wslghl‘ But since these are Jow powered devices (output power on the
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asers and Nd: YAG laser were also successfully tried. But with the devel-
pment in the technology, it is now confirmed that the semxconduclor lasers
re the ideal light source for optical ication in space

ue to their small size and weight, high efficiency and rehablmy In addition
emiconductor lasers are casnly modulated by duect current mjecuon The

P S TR

ptics technulogy has developed the coherenl combining, thus increasing the
ower in the beam while decreasing the beam divergence. Monolithically
abricated laser amray designs have further solved the above beam divergence
roblem.

'able 14.1 Laser Sources Commonly Used in Satellite Optlcal Commu-

nication
Laser sypes | Wavelength| Average | Efficiency Characterisigs
power out-
put

d-YAG (neo-{ 1.06p 05-1W 05.1% ]Requires elaborate modu-
mium fation equipment, diode ot
ittrium, solar pumping. Has 10,000
uminium lUfe hours. Frequency
rnet) doubling loses efficiency.
ystal 0532p 100 MW 05.1%

aAs (Gallium) 0.8-09n 40MW 5-10% }Life hours S0000, reliable,
small, rugged, compach

rsenide,solid

ate) directly and easily modu-
lated, easily combined into
asrays, Nanoseco
pulsing. °

Ds(gaslasers)] 106p 12w 10-15% |Life hours 20,000 used in

rbon dioxide R range, Detector ar¢
poor, uses adischarge tube.
modulation is difficult,

Ne (Helium| 083p 10MW 1% (Life hows 50000

o, Requires external mody-

lanon, Has ges tube, 8
power limited and i
wneflicient,

Modulators : In !ascr Space ¢ the most ble modu-
jon is direct intens Various methods that can be uscd (0
odulate laser can bc as that given in Table 142, These arc the direct

wdulation methods. Here the dnvmg current of the laser is varied in
cordance with the type of mod quired. Modul, maofubou(
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1 Gbit/s with the Jaser diodes have also been achicved. Dircet modufation of
light via the sources drive current causes dynamic cffects on the emitted
P like those of changes in the peak wa gth and in faser modes.
The latter effect is particularly strong in xde lasers.

‘Table 142, Various Optical (Laser) Moduiation Methods

Modutation Type Analog Pulse Digual

Information Signal Tune Continu- [Time Continuous {Time Sampling
ous or sampled

Camier  p Conti Conti or |Quantized and coded

(amphtude, intensity, |quantized

frequency, phase or

polarizanon)

Example Intensity modu- [Pulse  Intensity {Pulse Code miodu-
lation |modulation lation, Intensity

Modulation

Other light sources e.g, gas lasers may not be capable of being modulated
atall. This makes external modulators attractive. Solid state lasers such as
NAYAG which are capable of achieving a modulation rate of more than
1Gbiys also require extemal modulators. The external modulators utilize

ini guiding (integrated optics) and operate with much less
modulating power. A variety of effects such as electro-aptic, acoustic optic,
magneto-optic have been employed in a number of configurations (channel
waveguides, planar wave guides etc) to realize modulation.

Antennas : As with the RF communication Systems, the laser satellite
communication systems also utilize antennas to direct the transmitted energy.
Here the antennas are nothing more than the conventional design telescopes
where the size and geometry are dictated by the wavelength and system
requirements. ‘Thus the optical satellite communication System requires

 nartow light beamwidths (fractions of a degree) instead of antenna gain patierns
of several degrecs needed by f systems, They also have lensing system 1or
beam fon and ing instead of rf

* The concept and some el y math ics ¢ d with the laser
npgics can be studied with the help of Fig, 14.3, Here a laser source generates
a light wave which is focussed into an optical bearm and then propagates a
distance z over a free space path fo a collecting area A,. It should be noted
that the focussed beams are usually modelled as having crrcular symmetric
beam patterns with beamwidth.
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b~y (14,

I S
-~
Z

Fig. 14.3. Optic Antenna Transmission
where A is the wavelength of the laser light and 4, is the diameter of |
transmitting optics of the laser. In a typical example of visible optical ran
A=1,1=10"" meter and a transmisting lens of enly 6 inches (0.15 meter)
beam of about 10 microradian will be produced (1° = 17.5) millradian.

Therefore pared to rf a laser itter prodi bear
widths several orders of magnitude narrower which is measured in terms
microradians instead of degrees.

The basic calculations for beam power etc, however, may be easily carric
out as per conventional rf ication system. Let the laser source pow
P, be distributed over the beamfront at the distance z. The optical pow!
collected over the collecting area A, at the receiving side would be then

=l (14.1:
e (141

Eq. (14.13), may be rewnitten in terms of antenna gain values and prop

agation losses as being done in rf link analysis by using

4n
8=y ..(14.14
and L, =(n/rzy ..(14.15

But since here the focussing parameters are also involved so the result:
given by Eqgs. (14.14) and (14.15) for aptical anteanas would become mis:
leading. Therefote these two equations are not used. Instead, Eq. (14.12) 18
substituted into Eq. (14.13) that gives :

P,(dd)

P,='—FZT' ..(14.16)
where d, is the diameter of the receiving opti 6) it is scen
N ad 3 FANARU R ik 4 ,.

nematers,
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Fig- 14 4, Received Optical Power Versus Optical Size
Itis evident that power levels comparable to those received in rf links are
obtainable with only miltiwatts of source pov erand with optic (lens) diameters
on the orders of a foot or less. This thus shows the significance of optical
satellite communication, The received pawer P, can also be converted to
equivalent photoelectron count rates by the formula

P,
=t «.(14.17,
“=i7 (14.17)
where his the planck” andy, is theoptical freq n,isrep d

in terms of photoelectrons per second. In actual practice the optical antenna
system design is quite complex. The system combines the diode beams using
a focal pe with the inian structure. Mirrors also help in pro-
viding the perfect coltimation,

14.4 Optical-Satellite Link Receiver

Analogous to its RF counterpart, the optical receiver consists of an
antenna, filter, ph and then ional receive el system.
Receive antennas are also the telescopes whose main purpose is to focus the
optical signal onto the photodetectorandYoreject as muchas of the background
radiation as is practical, The receive optical filters (also known as interference
filters)are emploved to eliminate background radiation that is not of the same
wavelength o the optical signal, Infact the range of wavelengths around the

)a.scr wavelength allowed by the optical filter is called optical bandwidth. In .
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1erms of w gth this opucal bandwidth A%, around fength A, isrelate
lb(} the optical bandwidth B, in Hz around the frequency f, corresponding to A,

Ak B,
peibu {1418
5 1419

Typicaloptical filter bandwidths at ! micron generally range from 10-100
angstroms (1 angstrom= 10 microns) corresponding to an equivalent fre-
quency bandwidth of about By = 10 - 10" Hz (100-1000 GHz). It may be
noted that sometimes field stop iris are also wsed whose purpase s to reject
radiation that is not emitted {rom the region surrounding the transmitting
telescope.

QOptical detection systems are of two types namely the direct detection
system and the hetrodyne system, Direct detection systems respond to the
signal ntensity and are the most widely used in optical communication sys-
tems. In the hetrodyne detection system the optical signal is combined with
a local oscillator beam and then both the signals are focussed onto the same
detector. Hetrodyne-detection systems are used primarily in the far-infared
region and they respond to signal amplitude. Figs. 14.5 and 14.6 indicate the
basic principles involved with the direct detection and hetrodyne detection
systems respectively.

- ———

-~
—— e H e
\\,/
L~ ,
ST~
~
COLUMATING FIELD
LENS sT0P 0BUECTIVE
IRIS LENS

-

FOCUSSING  INTERFERENCE

LENS FILTER
Fig, 14 5. Principle of Disect Detection S*,}‘

From Figs. (14.5)and (146" * videntthatin. o the
photodetector CORVETLS quant” Jthe Paie
photoelectron current flow. § > focus (ke v ‘,_13
photodetector. Acxun!ly'x_ha‘, . mr
power of the fort A ’or‘ 5
onto the detector isequac 3
Tens 5o the photox -, K

receiving ﬁeld{"
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over the detector are, Thus i€ the lens aperture area is 4, the Eq. (!4.{3) is
stilt used for computing detector ficld power even though it does notexplicitly
involve the actual photodetecting area,

COLLIMATING
PHOJODETECTOR LENS e
R SIGNAL
; BEAM
L Es
1
64 SPL#TER T
bewoouL- Lews ! g OBJECTIVE
LOCAL OSCILLATOR LENS
£L, BEAM

Fig. 14.6. Pnnaipte of Hetrodyne Detection
Anoptical receiver field of view i is defined as the fi eld arrivalanglesover
which the lens will focus the impinging ficld onto the photodetect susface.
This depends ori the detector area A, and the optical fc ocal Tength f; (note that
\{—_) Thus lhc opuca} ﬁeld of view is given as

s _Al A, (AR
Q, ‘/:z' ;\-: (lz)( ) ...(14.19)

Inabove Eq. (14.19) (A*/ A,) is termed diffraction-limited field of view. Since
detector area is on the order of millimeters ar centimeters and is on the order
of microns, so it is evident that optical field of view is many times larger than
the diffraction limited ficld of view of the same aperture area.
Photodetector normally used in optical detection may be P-i-n diode or
Avalanche phmodxode (APD) 'ﬂrcse photodczectors are governed by their
pa

eluuenuy the fraction of received power which is actually
d, Itis wa gth dependent, Italso depends on the material used in
the photoemmissive surface. 1ts value lies in the range 0.15 ~ 0.90 for visible
frequencies but falls off rapidly at the higher wavelength {lower frequencies).
Thus the detected countrate of the optical receiver given by Eq. (14.17) may
be written as

A

", =(;1“~)r, .(14.20)

/2
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‘The gain of photodetector is increased by cascadeing the photoemmissive
surface but this increases noise. This excess noise is represented in terms of
excess noisc factor defined as

Fa 1+0}

@r

where G is the mean gain and o2 is the gain variance. For an APD haying
gain of about 50-300, the excess noisc factor is usually in the range of 2 to 5.

The responsivity of photodiode indicates as to how much current will be
produced for a given power input. It is indicated by amps/watts, Mathemat-
ically it is expressed by

.(14.21)

P L— (1422)

where e is charge on electron (e = 1.97 x 10’ coulombs).

The bandwidth of photodetector is different than the optical bandwidih
defined by (14.18). The photodetector bandwidth actually determines the rate
of power variation that can be It indi the highest frequency at
which the power can be varied and have the variation detected by the output
current. Typical bandwidth are usually 1-10 GHz.

1t would be worthwhile to mention here that while using photodetector
noise considerations are also to be taken mto account, Here shot noise, dark_
current and thermal notse current of the post detection circuitry are taken into
account, In addition some backgreund nose power is also taken into account.
All these together make the photodetector noise model as that shown in Fig.

14.7. In above figure (1) 1s the average laser power intensity modulated
incident on the photodetector. P, 1s the background radiation power. The
noise processes as indicated in Fig. 14.7 may be expressed as

Ny=N, +N,, +N,amp’/ Hz ..(14.23)
THERMAL
CURRENT
Rit) DETECTOR
P, ouUTPUT
b CURRENT

Fig 14.7. Photodetector Noise Model.

Here N, represents the total receiver current process in terris of two sided
spectral level. Similarly N,,, N,. N, are the two sided spectral levels for shot
noise, dark current and thermal current respectively. These spectral Jevels are

given as
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N, (w)=CFeRP amps*! Hz ..(1429)
2
amps
Ho (W)=l 5 .(14.25)
4KT?
N, (w) =T" amps®/ Hz ..{14.26;
"

Here G, F and R are the detector gain, noise factor and respopsivity, e is
the electron charge, 7 is the time averaged mean received power. £, is the
detector mean dark current (of the order of 107 ~ 10 amperes), X is the
Boltzmann constant, R, is the impedance loading the photodetector and Tois
its e_quivalent noise temperature. Since the intensity modulation is used so if
the informati form s(t) is modulated onto the laser field then

P(N=P, [1+ps () ..(14.27)
where P, is the average power given by Eq. (14.16) and B is the modulation
index, B« 1. After detection (direct-detection) the ouput photod
current would be given as

HO=RIP, (1) +P ) +1, () +i, (D+4 (D) ...(14.28)

where the first term in Eq. (14.28) is due to the impinging and background
fields and the remaining terms are due to vartous noise sources as shown in
Fig. 14.7, From Eqs. (14.27) and (14.28) it is evident that the first term of Eq.
(14.28)can be expanded to give a constant term [R (2, + P,)] plus a modulation
-term {RP, fs (1)]. A filter for s(¢) with bandwidth B,, will produce a signat

power
P, =(RP B .(1429)
and a total noise power . o
P, =N, (28,) ' ..(14.30)
Therefore the photodetected SNR would be given as (direct detection)

P,
=2 {1431
SNR B { )

From Eqs. (14,29}, (14.30) and Egs. (14.23) to (14.26), Eq. (14.31) gives
\2
- R B e ...(1432)
[gR‘G“ FP,+P)+el, +—&=]2 B,

SNR
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N, (w)=G’ FeRF amps*/ Hz ..(14.24)
2
amps’
N ()= el 5~ .(14.25)
4KTS, 5
N, (w)=T- amps*/ Hz ...(14.26;
.

Here @, Fand R are the detector gain, noise factor and responsivity, e is
the electron charge, 5 is the time averaged mean received power, £, is the
detector mean dark current (of the order of 107 ~ 1077 amperes), K is the
Boltzmann constant, R, is the impedance loading the photodetector and T2, is
its equivalent noise temperature, Since the intensity modulation is used 50 1f
the information waveform s(t) is modulated onto the Iaser field then

P, {1y=P, (1+s () (14.27)

where P, is the average power given by Eq. (14.16) and § is the modulation
index, B& 1. After defection (diect-detection) the output photodetected
cusrent would be given as

O =R P () +P)+i, ()i 0+ () ...(14.28)

whete the first term in Eq. (14.28) is due to the impinging and background
fields and the remaining terms are due 1o various noise sources as shown in
Fig. 147, From Eqs. (14.27) and (14.28) it is evident that the first term of Eq.
(14.28) can be expanded to givea constant term {R (P, + P,)} plus a modulation
term [RP, Bs (¢)]. A filter for s(¢) with bandwidth B,, will produce a signal

power

P, =(RP,BY . (14.29)
and a total noise power
P, =N,(28,) (1430
Therefore the photodetected SNR would be given as (direct detection)
2,
SNR =5 e(14.31)

From Eqs. (14.29), (14.30) and Eqgs. (14.23) to (14.26), Eq. (14.31) gives

RP, BY
SNR ‘( B 5 -(1432)
[eR?;”F (P,+P,)+elk+—;-l-'1] 28,
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SNR given in Eq. (14.32) is also called electronic ot photodetection SNR
as oppased (o the optical SVR at the input £,/7,. Eq. (14.32) may be rewritten
as

[CLALTAS
SNR = D .(14.33)
[(n IAT A +l’,)+'-_"-é+:c—,'—,:—‘_l .28,
From Eq. (14.33) it is evident that the SNR is dependent on both £, and
P, whereas both the dark current and thermal noise effects are reduced by the
square or photodetector mean gain, Thus if high gain photomultipliers are
used. st will aid in reducing the effect of post detection noise. In terms of count
;mc such as that described in Eq. (14.20), Eq. (14.33) may be written in the
orm as

2

2 —”___] 1434
SNR ~f [{F (,+n)+n,+n} 28,1 {1434
where n, is the detected current rate of optical receiver given in Eq. 114.20),

n,is the equivalent receiver backgr count rate given by J
n .(;';—_'-)p, ..(14.35)

- 2

Similarly n, qu .(14.36)

which may be considered as average number of dark current photoelectrons
per second.

KT o 14.37)
R, ; ) (14
whichisthcavcmgcnumbcﬁ.’ tocl nd. Eq.(14.34)
may also be rewritten as
& B ...(14.38)
£
£7
Sincer ‘.f umber
! um

of ssgnalcou -
limited SNR
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In hetrodyne detection system as shown in Frg. 14.6 a strong local field
elative to received powers P, and P,) is added to the received field prior to
hotodetection. Thus here the photodetector responds to the intensity of the
ombined field (laser plus background plus local field). Here the locat taser
ower is much larger than the received power so the photodetected response
urrent may be given as

P =RPLA2RE () £, (DA, +2RP, 1) f, (D A, ..(14.39)

Here P, is the laser power over the detector area, fz(t) and £, (1) are the
eceived loss and local laser fields respectively over the receiver area and P,(t)
s the background power collected over the detector area common to both the
ocal and focussed fields. It should be remebered that here A, is the area
orresponding to receive lens and A, is the area on the photodetected. From
0. (14.39) itis evident that in hetrodyne system the local laser power £y, plays
Juite an important role. It governs the average current and therefore the shot
oise spectrum.  The detection fakes place for the product of incoming
modulated) laser field and the local laser field. This makes the modulation
ystem for the laser satellite transmitter to use modukmon techmques other
han intensity inodulation such as phase modufati y modulation or
implitude modulation. Thus in hetrodyne system a difference frequency term
com:spondmg 10 the difference m frequency of transmitting laser and the
ocal laser) is generated which is set 10 an RF frequency and funher demo-
lulatron is carmed out by con hods. It may be d here
hat by focussing the local laser, the effective detector area can be reduced that
vill cause an equivalent reduction in the receiver field of view. Therefore the
etrodyne receivers reccive less background noise as compared to that in dwrect
Jetection receivers.

The post detection SNR 1 hetrodyne system may be calculated from Eq.
14.39). Assuming that the laser transmitter remains in the reduced field of
view, the received power is

P,=(2RYP, P, ...(14.40)

where P, is the reccived power over the area A,. (A, is the area of the reccive
tens). The delected noise is due to the mixed background, the shot noise and
he detector output noises (i, () and ife) in Fig. (14.7)]. Hence SNR post
detection for hetrodyne system can be writien as

AR1P.P,

. s ..(14.41)
T tel. +—;L-—]. 28,

SNR =
[cRP,_+

where B, is the modulared carrier bandwidth at RF and

N, =N (A4S,
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Eq. (14.41) may be rewritten as
4(nlHNHP,

PEEA
1+2N‘+;’I+——".’L.4 .2B,

SNR =

4n,128,
AN ..(1443)
142N, + - l+-.:

Here n, = (nP, / bf) is the effective local laser count rate. It is evident
from Eq. (14.42) that in hetrodyne system the laser power P, acts like detector
gain in reducing the effect of post detection noise, Hence high-gain photo-
multipliers are not needed in hetrodyne receivers. Further the background
noise is also reduced and all these make the hetrodyne system quite i
But the overall design is quite complex. Because of these reasons such a
system is not preferred in use with optical satellite cross-link. It should be
noted that it is very essential that the polarization, amplitude distribution and
phase of the local oscillator beam are matched to the signal beam.

14.5, Satellite Beam Acquisition, Tracking and Pointing

In optical satellite communication the transmitting beam should be quite
narrow because it would then have maximum power spectrum. But this
extreme narwowness in the beam creates beam pointing problems. Itis infact
very essential that the beam should be correctly pointed always to the receiving

satellite otherwise the communication link will be disturbed, However it is
allowed that the beam may be pointing within an pointing error + 6, radians
(normally 6, is in microradians). This problem is not faced with the 1f systems
because there beamwidths are much wider. It 15 therefore clear that 10
determine pointing emror, the fransmitting satellite must illuminate
receiving satellite as ly as ible. It then requires that the trans-
mtting satelfite should know the location of receiving satellite as accurately
as possible. Also, it has to know its own altitude as accurately as possible 50
that it may aim its beam at the known direction correctly.
bl T T

satellite firstly recewves the beacon from the receiving satellite and then

transmits its modulated laser beam (data etc) back to the receiving satethte.

Thus the receving satellite’s locatton can be obtained and the pointing emor

be mimmized. Howeve situation in which though th¢
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cn'or). This situation would be as that shown in Fig, 14.8. Insuchacase 1>
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necessary to know the angle by which the receiving satellite has moved ahead
{or back) of the transmitting satellite. This angle of drifting of the receiving
sateliste is called the *point ahead angle'.

Thus if the tangential velocity of the receiving satellite is Vy meters/sec,
then the point-ahead angle is given as

TRANSMITTER
SATELLITE

>
X7
L

POINT AHEAD
ANGLE

MODULATED
LASER BEAM

ey

H Y RECEIVING
\ hiy SATELLITE
—— S
%:gvmc SATELL(TE  SATELLITE ORBIT
0 QUT REFORE VyMET
THE YRANSMiTioN pF | ERseC
LASER MODULATED BEam)

Fig 148 Point ahead Angle and Painting Error Represcntation for Optical Satetlte
Cross Link

V,

=y microradians -..(14.42)

Incase the above pomnt ahead angle exceeds the one half of the laser
modulated beam’s beamwidth then the use of this point ahead angle is being
made. Itis clear from Eq. (14.44) that the point-ahead angle is independent
of the distance of optical satellite cross-link, For velocities at earth orbiting
speeds (Vy= 30 Km/s), the point ahead angle is approximately equal to 200
microradians, Thus whereas the laser modulated beam’s beamwidth may be
of the order 10to 100 1 rad, the poing ahead angle is of the order of 200 pt rad.

In case the optical beacon is (o be used both the transmitting as well as
the receiving satellites would have optical mnsmitters and receiver and in
such 2 situation the basic block diagram of the. optical-satellite cross link would
beasthatshown inFig. 14.9. Here the receiving optics tracks the amival beam
direction and adjusts the transmutting beam direction, Normally separate
wavelengths are used for the opiical beams in each direction. When there is
no ficed of point-ahead angle the transmit and receive optics can be gimballed
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together and the laser transmits through the receive optics, But when the point
ahead is needed then command control (either stored or reccived from carth
station) must adjust transmitting direction relative to receive direction. This
requires an accurate satellite attitude control.

TRANSMITTER SATELUITE RECEJVER SATELLITE

BEACON
LASER

MODULATCR

RECEIVER
Fig 149 Bastc Block Diagram of Ophica)-Satellite Cross Ik
(with the use of beacon)

With above discussions it isevident that beforc optical data transmissions.
the transmilling antenna must acquire the beacon from the receiver. T?m'
beacon is transmtted from the receiving sateilite wath a beamwidth wide
enough to cover the uncertainty angle of the beacon-receiving satellife. Onc¢
the beacon has been acquisttioned the satellite contuuously tracks the LOS
(line of sight vector) of the arriving beacon since the latter may vary duc 10
the relative motion. In casc the point ahcad 1s needed. the satefiie fasc?
transmilter must point ahead by the properangle and dircction. In some cases

L S I e vt P T
Ve .
Afterhaving LOS tracked and point-ahead angle d
points the retur data beam to the proper position,

It would be of importance to mention here that though the ahove man
ouvers may be quite accurately carried oul, even then some ermors might ™
present theee, These might be due to altitude reference crors in the satelhte.
mechanical and structural variations, boresight crrors.  Howeser, the con-
tributions of these errors are relatnely quite small. But these efron £ not
be completely overcome as these ervors are open loop errors, The conribulion

dthe satellcopires
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duc to vibration and boresight emors is g Iy below I microradsans but the
crror due to altitude control may be high. 1tis thercfore very essential o have
proper altitude control so thatoveralt pointing accuracy be as high as possible.

14.6. Deep Space Optical Communication Link

Fig. 14.10 shows a typscal example of deep-space optical communication
Tink of NASA. Here main space craft communication instrument is the optical
transreceiver package called optranspac whose basic block diagram (isometric
view) is shown in Fig. 14.11. The optranspac carries out various functions of
the optical transmitter and reveeiver as discussed in pmv:ous sections. For
example it receives beceaon signal and performs beam acquisition, Tracking
and pointing functions alongwith the uplink optical commands and ranging
signals. It then returns coded data beam filled with telemetry data.

DEEP -SPACE SPACECRAFT
DEEP SPACE OPTICAL LINK
C@%f

Fig. 14.10 Basic Overall Confi iguration of a typical deep Space Crrid Communi-
cation Link of NASA
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. Inthe NASAs transpac of Fig. 14.11 there is a telescope of 10-30 cm
diameter used both for receiving and transmitting. A typical telescope of 27
cmdiameterand400mW laser enables a 100 Kbps data stream to be recovered
from Saturn with a 10-metre orbiting photon bucket (receive optics). The
optranspac ordinarily weighs 50kg and consumes 57 W of power. The imaging
optics mcludes steering mirrors, beam splitters, alignment aptics and detectors.
14.7 Review Questions

1. Explain the basic differences between the optical satellite communication
link and RF satellite communication link. Mention theur relative advantages
and disadvantages.

‘Why is it not possible to have a direct optical communtcation hink belween

earth station and communication sateltite ? How does the atmospheric

attenuation play its role 7

Explain the basic blocks of an pptical transmfter and compare 1t wath the

analogous RF gransmutler.

4. Explain and compase various laser sources being used in laser communi-
cation systems.

5. Explan optical satellite cross-link, How da different nases affect the
working of the lnk? Derive the expression for resulting downlmk signal
after the uplink, hnk and downl, have taken place

6. What types of modulation techniques may be used n optical salclfile

communication? Explain their working,

Explam the working of Direct and hetrodyne ophical satellite reccsvers.

‘Which one 1s preferred and why?

8. What kind of photodetectors are bemng nsed 1 optical communtcations”
Explamn ther working principles

9. What are point efror, point ahead angle, acquisition, tracksng and poinitng
in optical satellite communtcations?

10. Explain various nosses that can affect photodector™s working? Find out the”
SNR farmulas for the optical durect detection and hetrodyne detection cases
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FIFTEEN

Satellites and Cable Transmission Systems

15.1. Introduction

Cable TV transmission systems have been in operation since as early as
1949 even when there was no satellite communication system. With the
availability of communication satellites and optical fibre cables new vistas in
cable transmission systems have come up. Now a days cable systems are in
the process of upgrading from 36 Channels to 60 Channels’, Thus the Cable
transmission systems will belp the viewers to receive signals not only from
different pants of the country but also from different parts of the world.
Teleports are advanced versions of cable transmission systems which are
meant for TV signals, data and a variety of information transmission to the
viewers. The modem concept of a Cable TV transmission network is as that
shown in Fig. 15.1.> Hence along with the Satellite based TV signals, off air
radio and TV signals, other kinds of information will also be available to the
subscriber. The uniqueness of the system is the two-way capabilities of the
cab)g sylem which will enable the subscriber to ‘talk-back’ 1o the programme
provider.

15.2. Cable Channel Frequencie‘s

Cable transmission systems are usually classified as MATV of CATV
systems depending upon their conf, ion MATV, master acrial television
generally refers to small distribution systems providing a service to blacks of
flats and maisoneties, to office blocks and even to small housing estates.
MATV systems initially used UHF but now a days these also employee VHF

hannels, CATV, ity antennatelevision are fairly large systems which
distrbute television signals to large number of homes in towns and viltages.
Such systems usually contain special compensating equipment to ensure that
the picture quality is not degraded as the signals travel along the length of the
system which may cover many miles. In India CATV is also oftenly confused
with the term communal television which is a television system that uses a
master antenna to feed one or more centrally located television receivers that
are set up in public places 5o that villagers can gather together to waich the
programmes. CATVs employ VHF. It would be worthwhile to miention here
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siamary,
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1o describe systems which have a satellite receiving antenna as well as the

normal MATV receiving aerials.

thatsometimes the term SMATV (Satellite Master Antenna Television) isused
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capable of turmng more than one hundred channels. The cable channet fre-

quency assignments generally used are given in Table 15. 1.2 Ridirectional

cable systems normally employ a low band split (i.e. downstream channels

above 50 MHz and  upstream channels below 50 MHz) or a midband split with

!he dxvmcn occumng at 150 MHz. As the upper limit of usnable cable-system
the fr 'y where the split occurs is also raised.

Table 15.1. Cable TV Channel Frequencies

Channel | Frequency Range Carriers (M2}
{MHz)
Video Colour Sound
T-7 5.75-11.75 7 10.58 11.5
T8 11.75-11.75 13 16.58 175
T-9 17.75-23.75 19 22.58 235
1-10 23.95:29.75 pal 28.58 29.5
T-11 29.75-35.75 31 34.58 355
T-12 35,75-41.75 37 4058 415
T-13 41.75-41.55 43 46.58 415
2 4-60 5525 58.83 59.75
3 60-66 61.25 64.83 65.75
4 66-72 67125 70.83 71.95
5 76-82 7725 8083 81.75
5 82-88 83.25 $6.83 8775
7 174-180 175.25 178.83 179.75
8 180-186 181.25 184.83 185.75
9 186-192 187.25 190.83 191.75
10 192.198 193.25 196.83 197.75
11 198-204 199.25 202.83 203.75
12 204210 205,25 208.83 209.75
13 210-216 21125 214.83 21575
™ 88-108 — —
14 120-126 12128 124.83 12575
15 126-132 127.25 130.83 131.75
16 132138 133.25 136.83 13725
” 138-144 139.25 142,83 143.75
18 144-150 145.25 148.83 149.75
19 150156 151.25 154.83 155.75
0 156162 157.25 160.83 161.75
21 162168 163.25 16683 161.75
22 168-174 169.25 172.83 173.75
23 216.222 217.25 220.83 221.75
24 222-228 22825 226.83 221.75)
25 228-234 229.25 23283 233,75
26 234-240 23525 233.83 239.75

e
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Channel | Frequency Range Carriers (MHz)
{MHz)
Video Colour Sound
27 240-246 241.25 244.83 24575
28 246-252 241.25 250.83 251.75
29 252-258 253.25 256.83 251.75
30 258-264: 259.25 262.83 263.75
31 264-270 265.25 268.83 269.75
32 270-276 271.25 27483 275.75
kx] 276-282 271.25 280.83 281.75
34 282-288 283.25 286.83 287.75
35 288-294 289.25 292.83 293.75
36 294-300 295.25 298.83 299.75
37 300-306 301.25 304.83 305.75
38 306-312 307.25 310.83 311.75
39 312-318 31325 316.83 31775
40 318-324 319.25 322.83 323.15)
41 324-330 325.25 328.83 329.75
42 330336 331.25 334.83 33575
43 336-342 331.25 340,83 34175
44 342-348 343.25 346.83 341,75
45 348.354 349.25 35283 353.75
45 354-360 355.25 358.83 359,75
47 360-366 361.25 364.83 365.75
48 366-372 367.25 370.83 37175
49 372.3718 373.25 376.83 377175
50 378-384 319.25 382.83 38375
51 384.390 385.25 388.83 389.75
52 390-396 391.25 354.83 395.75
53 396-402 397.25 400.83 401.75
54 7278 1325 76.83 7175
55 78-84 79.25 82.83 83.75
56 84-90 85.25 88.83 89.75
57 90-96 91.25 94.83 95.75
58 96-102 9725 100.83 10175
59 102-108 103.25 106 83 107.75
60 108-114 109,25 112.83 11375
61 114-120 115.25 118.83 119.75

5.3. Head-End Equipment
Thisconsists of the antenna and amplifier to feed the signalinto the main
ne for the splitter (local switches) to the trunk lines, When there are severad
ntennas receiving signals for acable transmission system thena balunis qu:d
/ith each antenna to convert the impedance to 7502 which is that of c«.mal
ine (cable), Output of these antennas is then fed into a 4 way hybrid (Tinear
ixer). The autput from the hybrid feeds inlo the distnbution amplifies via a
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than that indicated by a given curve, This is not applicable to intermodulation
products or other discrete signals which are zerp beat with visual carrier.
. Carrie.r .m-composite-nca( Ratio : The carrier to composite beat ratio
u;] any television channel at any subscriber terminal shall be not less than 53
4aB.

Echo Rating : The echo rating in any television channel at any subscriber
termunal shall not exceed 7 percent.

Radiation : Radiation from a cable tefevision system shall notbe exceed
the limits sct out in Table 5,12.

Table 15.2. Radiation Limit

Frequency Range Milz Radiation Limit Test Distance
Upto 54 20 10
54-108 20 3
108-174 10 3
174-216 20 3
216-444 20 10

15.6. Network Architecture

{athe earlier CATV systems tree and branch distribution architecture was
used. Infact tree and branch architecture is most efficient in terms of cable and
distribution equipment usage when signals have to be distributed in one
direction, from head-end to customer’s home. Itis why sa many of this type
are already in use. In the case of pay-television (where individual TV Pro-

g being changed) and twoway i ive services, tree and branch
system is not suitable. Infact for the satisfactory operation of two way
interactive services it is ial that the ing the service can

be identificd and charged accordingly and that the resulting information be
senttohis house and not toany other. For such systems, star ictwork topclogy
is found 10 be suitable where the head end is being kept at the hub of star and
cach house is being fed by its own individual cable or cables. Such a star
network system allows easily the cable network operator to send eaqh
household the programmes that it wanted and was prepared to pay for, and it
would be easy to charge each customer the appropriate amount for each
programme or service that was provided.
A better approach 1o scrve a Jarge community with 1wo way inferactive
servicesis with the use of switched starnetwork topology. The system concept
is as that shown in Fig 15.2 and is in wide nse in both the European as well 35

American cities. Here each switching centre is capable of serving 40 homes.
Data cc are substations and each feeds up to engg

switching ccntres by means of a subtrunk cable. The central computer an!
equipment area is equipped with two mini computers which provide and stor®
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the data needed 1o keep controt the switching and routing of programmes and
control information, These central computers controf the two way flow of

mform:mnn pa.xsmg through the dam cc but the 'S
P receives its ds from the concentrator via the switching
centre,
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Fig 15.2, Switched Star Topology in Cable TV Sys!cm
‘The design ol’mam uuclc frpde o T L *3 bound
fomethas®e . . ¢
e . . L N . 3
fre w il . Coatoon L o
VHF/FMBnndllmc .o ' cwwn wintwhile to mention here

fhat a variety of swithied sar type systems such as those of ‘mini star” and
multi-star’ ete. have also been developed and are i use.



302 SATELUTE COMMUNICATION

15.7. Optical Fibre CATYV Systems

The inherent advantages of optical fibres over copper wire and also of
optical fibre cables aver coaxial cables prompt the use of fibre optics in Cable
TV transmissition especially when large number of satellite TV signals are to
be transmitted simultaneously to the subscribers.* However, fibre optic

ission sy are sophisticated ones involving optical i
tersfreceivers which need expertise in high technology, Further the costs of
laying out fibre optic cables, and associated equipment etc. are quite high as

d to that of established coaxial cable technology. Also the number of
channels transmitted to the subscriber by Cable TV companies is still quite
below which optical fibre cables can easily handle. All these increase the cost
of subscriber at least 3 times which may not be tolerated by viewers at the
moment. Thus, in future when the two way interactive services increase and
cost of opto-el ic equip d Fibre Optic Cable TV may be
widely acceptable. At the moment these are used in Teleport systems only.

Optical fibre cable TV networks are proposed to have some sort of star
topology, rather than tree and branch. Infact optical fibre does not lend itself
to the fatter, because of the difficulty of splitting and tapping signals. Two
variations of topology have been oftesily propased, namely (a) the pure star
in which every subscriber location is directly conneeted to a central switch by
a fibre pair to provide two way services and (b) the hybrid star, in which
subscribers are connected by their own fibre or wire pair to a nearby local
switch where all the signals are available. Whether fibre optics are used inthe
local loop or not, it scems apparent that fibres carrying multiplexed signals
will be used in the future Fibre Optic Cable TV Systems for the long runs from
a central switch to focal switches close to the subscriber. Sometimes optical
fibres are proposed to be in the primary links and coaxial cable in the secondary
links. Such hybrid cable TV systems are underway or beign planned in bigger
way in North America, Europe and Japan, It is believed that costs for hybrid
fibre systems are 10 be around $350 per service unit,

15.8. Indian Perspective

Satellite Cable TV Systems gotmomentum in India during gulf war when
CNN of USA broadcasted live within India from the war zone. CNN (Cable
News Network) offered free deasting rights to Doordarshan of CNN
satellite broadeasts for a centain period. But free right to India aulomatica[ly
encouraged entreprencurs 10 receive it dircctly from the CNN satelfite
broadcast through their awn dish antennas. Since then Cable TV with U’C
satellite dish antenna has been widely poputarized in India, Several sa(:l{lw
antenna producing companies have come up. Shyam cemmunications, which
claims 10 million viewers and producing satellite antennas since 1978 see d
beuer foture for satellite ications. Other prod such as MC
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Engincering, Cable vision by Su-Kam and Pionees Efectronics also in satellite
antennas are gearing up hoping for a major demand in the near future. Su-Kam
Cable TV Systemsare working to take a stice of the growing Cable TV market.
With the S band sateHlite dish antenna any satelite which has footprint on India
whether it is Asiasat, Intelsat, CNN or any other can be casily aceessed and
can be connected to the viewers through cable TV networks.

|

‘The concept of cable TV, however, is not a very new phenomena in India
100, The concept was first Jaunched in India in 1978 in hotels®. Dish entenna
installation began in 1983 and gathered momentum by 1989, shortly after
colour TV sets got into middle class households, The growth of Cable TV
newtworks has been reportediy guite fast. Big arough estimate over S0 million
Cable TV subscribes are in India and in Delhi only growth rate of Cable TV
viewsis around 250 per day, Popular systern models are CATV -43%, MATV
- 44%, Combination 13%. CATY Connotes satellite reception common dish
anteana while MATV denotes feeding subscribers through commen antenna.
‘The distribution cost per connection is Rs S00-700 and the service charges are
+ deposits Rs 350-500 per channel and subscription Rs 100-175 per month,
Usually the viewing time provided by the Cable TV operators is from 8 to 18
hours. While for star plus, BBC etc. sperate for 24 hours, The programme
mena is: Residential - Line 50% Indian 42% (Doordarshan), Foreign 8%,
Recorded - 50% Indian 32%, Foreign 18%.

With the rapid development of Cable TV in India and fast infiltratsion of
foreign signals like those CNN, Asiasat (STAR TV), BBC. etc. Govt. of India
ppointed a Cable TV ittee inJune 1989 headed by M. Damodaran, joint
secretary in the Ministry of Information and Broadcasting”, The committee
comprised representatives from the Miristry of Information and Broadeasting,
the D fEl ics, the D, of space, the Communications
. et Sae e T APt
»
be restricted for which it suggested controls, The main recommendations are
5 {a) CTV nets without a dish antenna may be permitted after devising a
regulatory mechanism to cover their operation, (b} Only those programmes
may be distributed which are declared fit for H pli »n by the Central
Board of Film certification., Programmes distributed by CTV nets should not
offend national sensitivity or viotate accepted values; {¢) it should be com-
pulsory for a CTV net to carry all signals which are available in that area and
‘beamed by Doordarshan, () CTV nets should distribute recorded programmes
unless exempted in special cases, (e} Fresh legislation is suggested ta enable
government to prescribe the necessary guidelines for regulati d
(/) A national cable authanty should be established for regulating CTV nets.
< and 10 ensure some uniformity regarding standards but licences should -
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SIXTEEN

Echo-Cancellation

16.1. Introduction

Inlong di Teph ication systems such as those through
sateltite link delayed echo is a great source of imitation and a variety of echo

suppressors and cancellers, thercfore, have been developed in practice. Fig
16.1 is an iltustration of a typical long di 1 circuit indicati

the echo travel ing from an impedance mi h such as that froma
hybrid coupler, These hybrid couplers are Jocated at the two wire/four wirc
interfaces in the telephone circuit. These devices, made up of inductive cfe-
ments in a balanced bridge configuration are passive four port dircetional

couples as shown inFig. 162
LWire
.

2-Wire , -
Echo of A's signal

A@Za, Hybrid Hybrid
coupler —‘q coupler
A Balancing impedances

Fig. 16.1, Model for long distance telephone circuit. The four carrier section may
possibly include a satellte link.
The ideal hybrid Coupler shall pass an incoming signal from "in” port 0
its "two-wire" port attenuating st by 3dB and does not pass any thing l‘q’;f:
the
af-

Sk el s wire

4o e

Considerable leakage and reflection signal may be generated by the nywud
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Fig. 16.2. Hybrid coupler as a four port directional coupler

computer. Thus, the echoes are generated at the hybrid and at sl the othes
imp i hesinthe teleph q ""qthoseal"w".‘
setor other terminating device. Na echos will return from within the four wire
part of the circuit since the channels are unidirectional. It can be seen from
Fig. 16.1 thatalong-delayed echo will result from speaker A’s signal “caking'
through hybrid coupler B and returning to A’ Jocation, The echio also causes
a serious trouble in digital data transmission.

16.2. Echo Contrel Techniques in Speech Transmission

Control of echo in the telephone network may be controtled by 3 tech-
niques, namely the loss plans, echo suppression and echo ion.

Loss Plans. The technique is also known as VNL plans (Via net loss
plan). Here a Joss is introduced in the network in such a way that echo is lost.
Infact the loss added 1o the trunk defends on its Jength. The expression gov-
eming the added loss is

DB=40+04N+01020 .

‘Where DBistheoveralllossindecibelsof the talker speechpath, exclusi ve
of the loss of the two subscriber loops at the 1wo ends of the connection. &' is
the number of trunks in connection and D is the echo path round trip delay in
milliscconds. The method is not suitable for very long distance trunks say over
1900 km where very long delays are involved. .

Echo Suppressors, These are devices that introduce in wnnqcﬁon'a
targe loss in one dircction or the other and the echa signal experiencing this
large toss gets heavily attenuated. The principle of echo suppressor is as that
shown in Fig 16.3. A large altenuation pad is inserted in one direction or the
ather. A speechdetector is used to determine the direction of the active speech
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controlling the direction to which pad is 1o be inserted. In Fig. 163, the eche
suppressor passes speaker A’s signaf and blocks echo of speaker A’s signal,
A signal originating from speaker B will also be blocked. The echo suppressor
when operating properly has boen a quite satitfactory solution to the echo
problem on circuits with moderate {perhaps less than 100 ms) round trip delay,
On circvits with long (more than 200 ms) round trip delay e.g. satellite ronted
circuits, the distorting effects are much more pronounced. The performance
of echo suppressor has boen improved by restricting the satetlite to so caffed
half hop mode, in which one direction of the four wire connection was,on the
satellite and the other direction on a terrestrial circuit, (Thus limiting the round
trip delay). It may be noted that two or more echo suppressors may not beused
in tandem because the two suppressors may lock out during double talk which
shall make the conversation impossible.

Destined B8-Signal
forend A b 4---.__.:
Echp =-v=, T !
. [
L
Doudle H -
talking {Hybrid
detector for D—-J ;coupter
over fide o} , B
SUppressor i
]
——
Arrwving from a
end

Fig. 16.3. Principle of Echo Suppressor

Echo Canceller : Satellite communication which has round trip delay of
about 550 ms needs devices better than echo suppressors known as echo
canceller. Thus the echacancelier is asophisticated form of echo control which
can effectively eliminate echo as an impairment even on very long defay
channels and without regard to the double talk situation, The echo canceller
involves a filter that is used in the place of echo suppressor and simulates the
replica of echo signal. On subiraction of this echo replica with echo signal,
theresultant echo signal gets zero. The schematic dragrain of an echo cancelicr
using a filter is as that shown in Fig. 164, l{em the filter simufates the eﬁ’vo

. L R Y L I - rieallv.

H i H
LRI Coa et f

o - L . oo X
;all;torr{é:ically without human intervention to produce the minimum residd:
pncancelled echo possible within its structural iimitations. Echo .umccﬂcrs
built on above sdea are too farge and expensive for commercial scrvice- Jemay
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be noted that adaptive fifter such as transversal filter, Iattice filter and con-
tinuous time realization techniques have been used for echo cancellation?

G b

R

che
Echo B
replica

Fiifer D"‘

Fig. 16.4. Echo Canceller

163. CCITT Recommendations Regarding Echo Control

The CCITT ds (CCITT dation G-131, yellow Book,
Vol 111, Seventh Plenasy Assembly, Geneva, 1980) that overall lJoss of a
connection may be adjusted so that echo signals are sufficiently attenuated or
alternately, an echo suppressar may be fitted if the loss adjustment results in
an excessive insertion Joss’, Table 16.1 gives the CCITT Rec G131 netloss

Table 16.1. CCITT G131 Recommendations

Circuit Kilometer Length Status Miles . NetLoss dB
0 Q 05
250 - 155.3 05
500 s 310.7 (151
750 466.0 1.0
1000 621.4 1.0
1250 716.7 15
1500 932.1 15
1750 1087.4 20
2000 12428 . 20
2250 1398.1 25
2500 15535 25
16.4. Echo C: for Digi Yata C feat

1n digital networks the delays produced as a result of voice processing

are sigmficantly more problematic. The total end-path delay is comprised of
three types: ion delay over ission lines, delays via the

switching equipment and finally dispersion through channel banks and loaded

VF Cable’. Typically a digital switch introduces upto 1.2 ms delay in one

direction, together with between 1.8 and 6 ms for cach transmux conversion

and upto 0.5 ms plus dispersion via the PCM channel bank, and the trans-
mission line causes even greater delays. " P ca

N
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course the full two way delays are taken into consideration. The result of these
delays building up obviously ereates havoc with transmission intelligibility.

Fordigital i » getrid of echo problem, digital
echo cancellers are used, The first digital VLSI echo canceller chip was
introduced in 1979, Its operation is ill din Fig. 16.5° The echo y(8) is

V(I SY (kY PGy o
Vik) A ] w

. N nd|
ypria [:g;:ch e
Model peCEvE

Near 9 det
end N feedback
l loop .
- x(k)

Fig. 16.5. Block diagram of digital echo canceller

formed by the discrete convolution of the far-end speech x(k) and the echo
path inpulse response 4(k), When x(k) is present but the near end speech wk)
is not, the estimated echo path impulse response h(k) is adaptively vndated
and stored in an intemnal delay line of the VLSI chip, called the H-register.
The adaptive estimation algorithm tries to reduce the absolute magnitude of
the ervor signal e(k), which is difference between y(k) and ¥(k). When e{#) is
smali, the echo canceller chip is said to have converged.

‘The near end speech detector of the VLSI echo canceller prevents the
canceller chip from attempting to cancel the near end speech signal, Normally
the canceller chip updates it echo estimate once per sample period. When neat
end speechis detected in the presence of far end speech (double talk) the speech
detector inhibits further updating. The H register still retains its echo path
estimate, however, and is thus able to continue tocancel echoes during double
talk,

« ‘The center chipper is an energy detector which in the presence of far end
speach sets signals below 2 certain threshold to zero, The threshold can &
either fixed at a low land or varizble according to the level of the received
far-end speech. Ifreceived speechisnot present orifnear end speechis present,
the center clippes is bypassed. fthas been tested that having the center clipp!
in the echo canceller chip indced helps.
The echo canceler is needed at each end of the circuit. The near end
canceller cancels echo for lhc‘l'n.r cnkd speaker and vice-versa, Normally, the

= AliaaM atd nCat m it ke QNS

echo canceller consists of the chip and its facility of interface circutry. 1 i
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analog environment A/D and D/A conversions are required to interface with
the chip. In digital environment, PCM digital streams will have to be

demultiplexed to per-channel level forech Mation and multiplexed back
afterwards.
16.5. New Developments fn Echo Cancellers Design

Echo Hers are differentiated by their , intelligence and

significantly by their speed of convergence. The advent of ASICs and more
recently VLSI, has transformed both the size and performance of modem echo

tled. Two pts in particular have led to a major revolition in each

Hati hnology, namely the integration and speciatization. The ability
to customise microchips, which was helped by digital signal processing
principles went a long way towards overcoming the early problems of space
efficiency and slow convergence tunes within echo cancellers, It is primarily
due to the fact that DSP chip altowed for the integration of ather functions in
addition to echo cancellation. .

New developments in ASICstechnology, such assub-micron gate lengths
have also enabled further significant improvements in performance. The uti-
lization of ASICs has enabled components to be custom designed, consoli-
dating functionality and leading to fewer external devices being required one
example of this integration can be seen in the (one disabler to identify
modem/facsimile transmission. Usually an external component, the tone
disabler can now be fully integrated within the core ASIC chip in state of the
art echo cancellers. - \

As mentioned, the advent of VLSI brought with it the ébili(y tocondense

functionality and scale down size, with the outcome that 12 echo cancellers,
each supporting 24 channels (TT Standard), or 30731 channels (CEPT stan-

dard), take up litle more than the space of a looseleaf file. VLS will
undoubtedly continue to have a profound impact on component design in
future. Experis believe that it will be possible to quadruple the number of echo
cancellers which can be placed on one malch box-sized microchip. The tally
currently siands at a total of two cancellers per chip. ASICs have already
advanced echo cancellation from generic microprocessing to customised
P ety q -
themo

processing fornetwork and
increased specialization,

16.6. Acoustic Echo and jts Cancetlation ’ .

Annnctin achn valatac 1 paflamend cmmnnb ot s a®

N o b R Tt ' - N
wenu i a LI Jui tiLides 1eliecied coupling between wie speaker
and microphone as well as direct coapling. Contributing factors include the
size and acoustic treatment of 4 room; the quality and compatibitity of audio
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equipment, how much fumniture is present and its construction and in the case
of mabile use, the external noise factor, It is therefare quit jaltore
both multipath and direct coupled echo at source so that natural speech is
experienced and howling is avoided. It must be remembered that acoustic echo
has nothing to do with any impedance mismatching. As multipoint video
conferencing becomes more common place, involving more than two differeat
sites in the same ing, the ity for i Ilation to be applicd
at each site is paramount in the system is to function successfully. It also puts
additional emphasis on the performance of the acoustic echo canceller.
In the above multipoint videoconferencing context, the echo return loss
f b P b even a slight reflection in
speech can create additive echo. Any or all of the multipath locations may
cause, magnify and hear the echo and each connecting point contributes [0
the overall noise in the line, The aim, therefore is 10 isolale and eliminate cche
at the individual sites so that the summed locations are not a cycle of inter
ference.
Microphone gating iques have been used inthe past as one possibility
to overcome acoustic echo. However their performance is limitcd as the
icechosupp b fhalf-duplex ion and clipped speech.
Th lopmentof high perfor icech Tlers has had amajor
impactin this field, providing the means toachieve completely natural speech.
This has proved particularly imp for video conferencing applicati
where developments to improve picture quality have tended to leave audio2
long way behind. With the use of echo cancellers video and audio performance
are far more evenly matched.
16.7. Echo Cancellation Requirement in Other Communication Systems

Global mobile communication systems (GSM), digital cellular networks,
personal communication networks (PCN), and VSATs all need echo canceh
fers, The requi tisforimproved gence times, ERLE and taitlengih
flexibility especially with regard to GSM. Within the mobile cellular
i iques contribute significant delays as 40
transmission relays between the mobile vehicle, the cellular station and finally
the telephone network. All of this necessitates longer tail length in echo

Hers in order to con C gence time is equally important for
this application, with the mobile call undergoing inherently unstable netwo
conditions. As a result the echo canceller must be able to converge readity 08
the changing teleph .

Ech ation is clearly a prerequisite for the rapidly growing digit!
network sector. The commercial realization of GSM in July 1991 has shown
the need for echo cancellers whenever a call is made outside of the digiat
cellular network, as the call is paiched through the analogue network. 8

-

acc
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though working on different frequencies is a sxsler system and needs echo
canceller, Based on recent p dil ion of the cellular
market, one can conﬁdcruly predict that this sccwralone will support the main
bulk of future echo canceller requirement. In the mobile telephone systems
there 1s need for a mintaturized echo canceller which can be integrated within
1he mobile equipment. With the use of ASIC and VLS technologies it is now
becoming possible to achieve this. It has also now been possible to use such
components for more than one function or in various applications.

VSATs and compressed voice systems also require the use of echo can-
gcllation due to the creation of processing delays from the voice/da!a inte-
gration process for digital ission and the inved interface wuh
analogue circuitry. For ple, the codecs installed in videoc
systcms pracess and compress Lhe picture for hundreds of milliseconds. Audio

which is int y faster, is deliberately delayed in order to
achieve lip synchronization wuh video. I the teleconference occurs via a
private satellite network, echo complexities are magnified, with tail length
increasing,

16.3. Future of Echo Cancelfers

It is believed that the amrival of ISDN and digital nexworking will ulti-
mately remove both the cause and effect of echo. However it isstill far. Less
than 40% of the current global structwres are digital and these has been 2
noticeable decrease in the 1SDN conversion rate. This together with the Jonger
life cycle for analogue within third word and sovict break countries indicates
that a full conversion is unlikely for at least 30 years. The outcome of these
predictions is that the echo cancellation is here fo stay and within the next five
years we are more likely to see new requirements emerging.

Algorithm development and integration will represent the most signifi-
cant development thrusts. In the case of algorithm development, echo can-
cellation performance advances in line with the evolution of a proprictary
a)gomhm As new h are hed tested and

d, the formula b i ingly more ion is
another key development area, with echo canceltation in the future likely to
be incorporated into PC compatible shp-in circuitry rather than extemnal
componernts.

Tt will be worthwhile to note that even the telephony requircment, pre-
dicted to decease with the introduction of ISDN, will not infact diminish until
we have a fully door-to-door ISDN structure ~a situation which may never
materialise in the fullest sense. All the time the new digatal networks still have
to patch into the old analogue circuitry and so echo will continue to make its

fels. It can th be fuded that echo Hers shall stay
xhrough the 21 st century atleast,
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SEVENTEEN

Speech Coding Techniques

17.1. Introduction

Speech coding technology or digital speech technalogy is needed in all
the present day digital voice ication sy say, it is mi ve,
satellite or fibre optic. Digital telephony needstelephone speech coding, These
have application areas such as cellular radio sy , mobile ication
(GSH), Personal Communication Networks (PCNs), ISDNs, PSTNs, and other
modem digital communication systems. In the early speech coding systems,
coding was used ta be done at 64 kb/s PCM, The recent emphasis is on low
bit gate speech coding mainly because of two reasons namely (i) to increase
revenue and/or (i) to provide a service which could not otherwise be provided.”
Infact Iow bit rate codecs allow multiplexing several conversations onto a
channel which would normally carry a single conversation {e.g. toreplace one
64 k bit/s PCM channel with 8 speech channets carrying speech coded at 8
kbitfs).

Speech coding allows tocompress the speech, store itand use it whenever
needed. This has opened logy not only in ication but in man-
machine interaction. Low bit rate coding allows speech storage at lower costs
bocause then the amount of random access memory (RAM) or disc memory
needed can be greatly reduced in voice mailbox or telephone answering
machines. Low bit rate codecs utilize the radio spectrum efficiently. Personal
cordless and mobile communication use the fow bit rate codecs. Inmarsat is

currently selecting 2 9.6 kbit/s codec for use in a digital acronautical telephone
service. Their rob (o digital ission errors in the services using
digital radio links is added quality. High secure telephone communication
systems such as digital encryption devices and modems also use low bit rate
codecs. Codecs working on variable bit rates have also been designed that
allow for the flexibility 1o mix speech and data services aver the same con-
nection,
17.2. Some Facts About Speech

The simplified electronic representation of human speech production
system is:shown in Fig. 17.1 (ref.2), According to this model, speech is
generated by a sound source excitation that is cither pulse Iike during voiced




316

SATELUTE COMMUNICATION

-

Mouth~Sound
source
]

Fig. 17.1. Electronic model of speech productuction.
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Fig. 17.2. Examples of “Longtime™ and "shott 1ime” speech segments.
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regions of speech, when the vocal cords are vibrating or noise like during
unvoiced regions of speech because of turbulence at points of constriction in
the vocal tract’. This excitation is then spectrally shaped by the vocal tract
which acts as a time-varying acoustic filter, The speech waveform thatis a
result of this production process is shown in Fig. 17.2. When viewed overa
“long” period of time (1/2 sec) speech is szen to be 2 highly nonstationary
process due to the variation of amplitude, voiced/unvoiced/silence behaviour
and the time varying vocal tract. However, over *short’ periods of time (20-40
ms), speech is locally stationary and has a well defined short-time spectrum.

The short time spectral models for the voiced and unvoiced segments of
speech are given in Fig 17.3. The envelope of the spectrum is determined
primarily by the frequency response of the vocal tract filter. The resonances
of this filter are obscrved as the peaks in the spectral envelope and they are
referred to as formants, Typically there are about four obscrvable resonances
inthe speech spectrums from Qto4 kHz. During voiced segments, one observes
inthe time a pseudo-periodic This is also reflected in

Formani structure

Putch structure

Voiced

Armplitude (10 dB/div)

i Formant
Unvaiced stryctyre \“W

Amphitude (10dB/div)

' 2 k)
FREQUENCY {kHz)

Fig. 17.3. Special models for voiced and unvoiced speech
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the spectrum as a harmonic structure in frequency, During untvoiced segions,
the five structure has a noise liked appearance both in time and frequency.

In the perception of human speech, the ear acts as like a Fourier spectrum
analyzer or filler bank. Each channel of this and auditory filter bank appears
to have its own automatic gain control and dynamic range limitations. Also,
because of the construction of the ear, the presence of strong encrgy signals
at low frequencies can interfere with and reduce the sensitivity of filter bands
centered athigh frequencies. This gives rise to the phenomenon called auditory
masking, as illustrated by the shaded arcas in Fig. 17.3. Essentially, any nois¢
or distortion that is added to the signal is not perceived if it falls below this
threshold.

Speechisa l'ascmanng human attribute that can be analyzed, synthesised

and recognised, it can also je d, stored and enh d by digital

signalp ing The possiblei speech d their

strategic research areas are given 'inFi g 174.

Telccommunycaton Systems Linkages Research Arcas
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Speaker-ndependent,
Continuous-specch,
Speech recogniuon

Voice ‘signsture’ pezk

sytems
Speaker reognition
Language recogmition
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Fig. 17.4. Intevactive speech systems and their stategic reseerch aress.
17.3. Digital Speech Quality and International Digita® Telephony Stan*
dards
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opinion score (MOS) scale. A score of 4,0 on this scale is used 1o signify high
guality of near sransparent coding. The Term network quality implies high
quality coding as a necessary but not sufficient condition. Sufficient rcqulrcs
further capabilities of the speech coder as d by the

network environment. A score of 3.5 on the MOS scale denotes corununi-
cations quality. This level of quality is characterized by a level of speech
degradation that is easily detectable but not bad enough to impede naturat
telephone communications. The term ‘Synthetic-quality’ speech implies 2
signal characterized by high imelligibility.

A description of current state of telephone speech coding in terms of
iniernational standards activity, bit rate, typical application and decoded
speech quality is given inFig. 17.5. The bandwidth of speech is 3.2 kHz and
the quality is measu~d on the MOS scale of 110 5 J1 may be noted that MOS

valuesal4.0and 3.5 is regarded as for near. P
quality and robust commumcauons quality respecuve!y Present trends 1
speech coding include the achi of near P or

quality of 8 kb/s, and the achievement of robust communications qua!ny at
4.8 kb/s and lower.

CCITT  CITT  CCITT{ GSM  CTIA | NSA  NSA | Drgitad Coding Jnterma-
wn 1984 1991 1988 1989 | 1989 1975 | nonal standards Interac-
e { . 1 ' 1 v
T T 1 T T T

64 32 18 . 8 48 24 ks
Network Mobule Radic Secure voics «Applications
voice-Mail
4045 3540 2535 Speech quality
S-Excellent

4-Good

3-Fair

2-poor
1-unacoeptsble

CCITT- Consultative Commuttes for Telephone and Telegraph
GSM - Growp Specsal Motnle
CTIA - Celluiar Technology Industry Association
NSA - National Security Agency
Fig 17.5. Digital Telephony International Standards
Tram Bip 17 €3 ln apidont thars am thens can'ns cencamatar in tha dncion

. ' ot ‘\ "
considerations such as 1o channel crmr:md mndcm behaviour are
important in some applications, yet these remain secondary with sespect to
theee basic requircments,
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17.4. Basic Speech Coding Methods

Basically all the existing speech coding methods may be grouped into
three broad categories, namely (i) waveform coding where the speech signals
are digitised direcily from samples, (ii) parametric, where only certain parts
of the signals are extracted and processed or hybrid using algorithms
employing features of waveform and parametric coding techniques, (iif)
vocoder {or source ding). Fig, 17.6, indi a itative description
of these coding methads in terms of speech quality as a function of bit rate
against the relative quality of 64 kbit/s PCM. Quality abtained by other than
PCM such as ADPCM (adaptive differcntial pulse code modulation) SBC
(Sub-band conding), MPLPC (multi pulse linear predictive coding) and LPC
(lincar predictive coding) are shown in Fig. 17.6.

=
=
WAVEFORM luvenw! VOCODER 3
5000 bt
pCM x oZ
WADPCM x rz
= s8¢ x ACCEPTABLE 3 &
I x 3
@ FAIR 28
o zg
Z  Lec x PoOR >4
(=] -y
s EgEEPTABLEgg
L . i 4 i I e
64 32 16 8 26 12
DIGITAL RATE, kbitss
M = pulse code modulation
ADPCM = sdaptive differentis] pulse code modulstion
BC = sub-band codin
MPLPC =  smulu-pulse Lncar predictuve coding
=

Lincar predictive coding
Fig. 17.6. Rclauv: quamy o[ speech codmg methods.

u::u i.s !llol qd.i(c as good as that of wavefrom coders,
17.5. Low Bit Rate Speech Coding

oflow bit i Iready di: dinSection
17.1. Thc mlemauon:ﬂ cCrrT sundards for 63 kbjs PCM is G 713, for 32
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kb/s ADPCM is G 721 and 16 kb/s CODER is G7 XY. In the range of 4 kb/s
to 10 kb/s coding techniques are based on combined (hybrid) methods of
wavefrom coding and vocoding. These are also known as paramelric codes.
They attempt to bine ad ges of both methods to achieve an inter-
mediate performance, that is 2 good "Communication quality” in this bitrange.
Coding algorithms include PCM, ADPCM, Linear Predictive Coding (LPC)
{(alsoreferred toas Vocoding), Code Excited Linear Predictive Coding (CELP)
and Low-Delay CELP (LD-CELP). The CELP algorithms typify the hybrid
coders.

Table 17.1, DRT, DAM and MOS Scores for Stand Speech Coders

Coder DRT DAM Mos
64 kb/s PCM 95 3 43
32 kbys ADPCM 94 [ 4.1
16 kb/s LD-CELP 94 i 490
8kb/s CELP 93 68 37
4.8 kb/s CELP 93 61 30
24kbis LPC 90 54 25

Recent advances in hybrid coding have produced significant improve-
ments relative 0 24 kb/s vocoding and this is reflected in 4.8 kb/s algorithms
with very high levels of intelligibility and acceptability as described by scores
of Diagnostic Rhyme Test (DRT) and Diagnostic Acceptability Measure
(DAM). However the subjective quality of 4.8 kb/s speech is significantly
below the high quality score of 4.0 on the MOS scale. Table 17.1 summarized
DRT, DAM and MOS performances of various speech coders in the range 64
102.4 kb/s. The DRT is a word-intelligibility measure while the DAM reflects
acceptability for speech ication in a broader multi-di ional sense.

It would be warthwhile to mention here that telephone systems such as
cellular telephony based on a hybrid coding algorithm at 8 kb/s games the
speech guality that falls befow the high quality threshold (MOS = 4.0) but it
provides a ication quality that is adeq to provide imp
overalong FM telephony especially atlow levels of radio channel quality (say,
channel, signal-o-noise ratioor SNR below 1510 18 db), The communication
delay to the speech codeg is expected to be on the order of 40 ms.

17.6 Audio Coding

The audio bandwidth required for various audio systems such as in
gclcphcne, AM radio, FM radio and compact is as per given in Fig. 17.7. It
is apparent that as the audio bandwidth increases the perceived gain in terms
of inelhigibility, nawralness and speaker recognition also increases. Low
frequency enb ibutes toi § Iness and p and
high frequency enhiancement provides greater inteNigibility and fricative
differentiation. Thus, the naturalness of wideband speech is a significant .
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fcaturc[or Jed tel icati suchasaudxo
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audio tmnsmissmn quzluy‘ End o cnd d:gml connectivity in pamcu!ar has
made possible the § ion of fow fx down to S0 Hz, in the trans-
mitted audioband. The CCITT standard for 7 kHz audio(G.722) is a 64 kbit/s
algorithm developed primarily for ISDN teleconfereucing and loud speaker
telephony.

[ Compact Disc ‘}

l F M Radio ]
r AM Radio j
Telephone

P : " W T RO S T T Y 1l I —
0 20 S0 200 3400 7000 15000 20000
AUDIO BANDWIDTH(HZ)
Fig. 17.7. Audio bandwidth requirement in different audio systems

Present trends are there for coding of wideband spccch at 20 kHz audm
Several applications have been listed by International Stand.
for 20 kHz audio coding Table 17.2 lists these. HDTV is anczher major
application of 20 kHz digital audio.
17.7. Hardware Technology in Speech Coding

Custom chips and devices, high speed microprocessors and progam
mable ICs, array processors and specialized hardware have afready beett
developed for speech coding. In the area of Waveform Coding, Chips fof
complete ¢t Iaw PCM A/D and D/A cunvmxons (mcludmg anu ﬂfig‘l
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data input and ou'put, and a main aithmetic unit for multipli accu-
mulation and numerical roundoff and Togic operations. With this device
algorithms such as AD PCM and subband coding have been realized using
one DSP for an encoder, a sccond DSP for a decode and a it law PCM coder
chip for A/D convession,

Table 17.2. Applications of 20 kHz digital Audlo recommended by XSD

Applications | Usage
Electronic Poblishing l Integrated and Interact wxl,mphics.tmmdmdwd&o.l
ey Bt en Mmoo b A2 = a2
s - e ey
Travel guidance Preview of city news, flight and driving simulation,
interactive video in public spaces, sctive guidance, sur-
rogate travel,
Edycational Electronics bocks
Applications Remote Classroom instruction
Business Applications | Electronic books, multimedia E-mueil
Games Stand slone games with audio and video from a storage
medium, Multil games
Entcr}air}mcnt MTY audio on CD, TV program and movie storage and
lr.\ i ctribrtic * dhend stereo e peibnytis ;\ 1 2
| Systems
> ]
Data base Applications| Audio database applications, Audio & video either with
onside or off side databases
Multimedia Memo and) Bulletin board, comp ferencing with multi-media
Bulletin Board smemos including audic, face to face teleconferencing
deast Sound Production, ission of *Contribution quality’ sudio
ission for distribution, digital sudio b
Multimedia At &} Education
Medical Applications

For algorithms of high lexity such as adaptive predictive coding,
adaptive transform coding and vocoder analyzers, this microprocessor
approach is not sufficient. However, these algorithms have been realized in
real time usmg anay proccsmg computers or special purpase hardware. As
VLSI itisbelieved to have a chip of the above approach
which will be mfact single-chip DSP type processor. ,

Itis worthwhile tonotz thatthere are three key tradeof(s thatate of interest
in the design of a speech codec, namely (i) overall quality, (i) Cost or com-
plexity and (i) required bit rate Fig, 17.8 illustrates these tradeof¥s for some
of the hardware realizations of speech coding. The vertical scale corresponds
toracasure of speech quatity based on 1 to 5 MOS scale, The harizootal scale
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17.8. Speech Coder Performance

Speech Coder’s performance interms of specchquality measured on MOS
scale of 1 10 5 is infact subjective one. For example MOS valyes are vesy
difficult to duplicate in repetitions of an experiment and several factors may
contribute 10 its variability. In digital communication systems, tolf qualily
speech and broadcast-quality images cannot be always defined by means of
an MOS requirement alone. An objective test for speech coder pexformanc
can be done by means of measuring its signal to noise ratio, SNR, Segmen
Signal to noise ratio, SNRSEG, SNR MAX ; SNRMIN and Signal to uncot”
related Noise ratio, SNR,.

In digital speech coding, the difference between coder input x (n) and
coder output y () is defined as the reconstruction emos r (n). The signa! 1
noise ratio SNR is defined as the ratio 0%/a?, the ratio of input signal varis®®
10 reconstruction error varsance. Coder designs that maximize the SNR BY

imizing o7 are called mini mean square error (mm se) designs: Toe
segmental SNR is defined as,
SNSREG (¢B) = E [SNR (m) dB] -
i

where SNR (m) is that connectional SNR for segment m and the expectati
isin practice a time average over all segments of inferest inan input sequen
An appropriate scgment length in speech work is in the order of 16 ms.



SNRMAX and SNRMIN give maximum and minimum values of SNR
useful for the design of coders, SNRMAX indicates SNR values giving an
enhanced quatity of coding that is perceptuatly irrelevant typical SNRMAX
value for speech and image signals may be in the order of 35 and 50 dB.
respectively. Information about SNRMAX can prevent overdesigns of coders.
SNRMIN values lie in the range of 0 to ~20 dB. SNR, is defined as signal to
uncorrelated naise ratio given by

E [5* (n)VE (R ()]

where E [R}(n)] is the residual uncorelated noise power that is due
tomainly input dependent components present in the reconstruction error. An
example of such problems occurs during slope onerload distortion in differ-
entialeoding of speech and image signals SNR, is found to be more meaningful
than conventional total ervor variance,
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Satellite Applications

18.1. Introduction to Satellite Applications

In the last seventegn chapters so far,we have studied different
aspects of satellites and satellite communication at length. The
topics covered so far include the basic principles of satellite com-
munication, different types of satellites, satellite link design,
satellite transmission and reception, satellite communication’s
vital components such as antennas, recent trends in satellite
communication technology, evolution and present status of dif
ferent aspects of satellite technology in India and so on and
so forth.

One vital area that still remains to be explored at length,
though it was touched upon here and there depending upon the
needs of the topic under discussion, is the area of satellite applica-
tions, The satellite technology and its use is no longer the
prerogative of the chosen few. Its horizon of applications has ex-
tended far beyond providing intercontinental communication
services such as Radio, Telephone etc. It is a household name
today. A satellite today is not being accessed by giant sized anten-
nas located at the huge installations, the satellite signal today i5
also being tapped by roof top anterinas. It not only provides long
distance audiofvideo communications, It has started playing a sig-
nificant role in the newer communication services such as FaX
Data communication, Cellular phones etc. Today, in addition t
enabling you to talk to some one thousands of kilometers away
within the comforts of your home in a matter of a few seconds, it
alsa plays a pivotal role ip the timely and accurate forecast of the
weather. On one hand, satellites are being used as navigationa}
aids by vehicles on land, in the air and on the sea, on the other
hand, they are being usad to unearth the hidden mineral resour
ces which would otherwise have remained untapped particularly
in countries having vast and not-so-friendly terrains. The list 1%
endless. The application areas are multiplying and so are the
quantum of applications jn each one of these application areas- I:
is surely going to be the most widely used and the most ir!{po_fmn
communication medium of the twenty first century, And it is b
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cause of this reason that all developed countries and the major
developing countries including India have full fledged space
programmes. Indigenous development of satellites for communica-
tion and remote sensing applications and also the development of
satellite launch vehicles of different classes are the major ac-
tivities of the Indjan Space Research Organisation ISRO). An
international directory of different classes of satellites and satel-
lite launch vehicles highlighting their salient features follow this
chapter,

In the section to follow in the present chapter, we shall takea
closer look at different applications that the satellite systems in
general and satellite communication in particular offer to us. The
emphasis is on the underlying principle, the potential and the con-
temporary status of these application areas.

182. Satellite Applications —Different Areas

Satellite applications can be broadly classified into the follow-
ing categories namely

1. Satellite com ication applications

2. Remote sensing and Earth observation application
3. Meteorological applications

4. Military applications

5,

. Scientific and Technological apphications

In. the field of satellite communication applications, Satellite
te!ew?ion, Telephone and Data communication are the major ap-~
plication areas. In the category of Remote sensing/Earth
ohserv?tion applications, the typical ones are the discovery of hid-
den mineral resources, Terrain mapping etc. The meteorological
apphca.tions include Weather forecasting, Flood forecast, Melting
of glacxe?s etc. Military applications include providing strategic
communication links between border forces and headquarters,
spying, providing navigational aids to ships, aircrafts etc. In the

category of satellites for sci and technology, the application:
include use of satellites for astr ical research, monitoring of
different layers of atmosphere etc.

In the sections to follow, we shal} di different application

belonging to each one of above the mentioned categories.
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18.3. Satellite Television

Satellite television or satellite video communication belong to
the same class of satellite applications. The two are one and the
same. The two nomenclatures can be used interchangeably. Satel-
lite television is infact one of the most widely used and talked
about application arens of communication satellites as it involves
masses at large . If the "satellite” has become a household name
today, it is largely due to its television broadcast cepability to
bring live important events, sports or politically related, to our
drawing rooms from places thousands of miles away. Who can ig:
nore the small caption " Live via satellite” on the corner of TV
screens when we are watching live telecast of a sports event.

Satellite television refers to the use of satellites for relaying’
TV programmes fram a source point where these programmes
originate to a large grographical area.There are various configura
tions used to implement what we call satellite TV depending
upon the value of source end, role of satellite and the type of
receive stations. But irrespective of the configuration used, the
satellite basically receives a certain telecast that has been beamed
up to the satellite by what is called the UP-LINK and then reflects
the same without any change except carrier frequency translation
towards earth for reception by all those who lie within its coverage
area what we call as DOWN-LINK (remember uplink and
downlink frequencies are different).

Direct Broadcast Satellite
One of the most common satellite TV configurations is based
on simple point to multipoint connectivity feature of the satellite
communication. It is diagramatically shown in Fig. 18.1 . It takes
full advantage of the inside area coverage of the satellite’s
footprint, The TV broadcasting here is accomplished with on¢
transmitting station and many receive only stations designated
" as TVRO stations. Fig 18.2 shows a typical set up showing use of
direct broadcast satellite. The programme to he telecast is beam
up to the DBS via up-link from the studio. In the figure shown:
the TV-studio has its own earth station. In case the earth station
with the up-link capability is remotely located, the programme b
usually sent to the earth station over a microwave terrestrial Xl‘nk
The down link is received at each TV station by its own Recelve
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only station, from there it is transmittted over the local TV chan-
nel stored on video tape.

A small variation of the configuration is in the live telecast of
certain events such as sports events. The place of action in such
cases js remote. In such cases, the signal picked up by the
cameras is transmitted to the TV station with up-link facility asa
microwave link if the distance involved is not more than few tens

Backhaul
Program Satellite
Distribution
Satellite
Remote
Locatjon

T de
< I
& L I

%

Receive Sites

Television Studio

Fig. 18.3
of kms or a mobile earth station in the form of a van is posted at
the site. The signal is then transmitted to the TV station over
another satellite link on point to point connectivity basis (Fig
18.3).

A large number of countries have their own domestic satellit¢
systems to be used for direct broadcast purposes. INSAT series of
satellites though multipurpose in nature, also have direct broad-
casting capability and are in a fact being used for the purpose
Other popular DBS systems include AUSSAT (from Australia),
TV.SAT (West Germany), TDF-1 (France), STC (USA) ete.

Cable TV (CATV)
The abbreviation CATV originally stood for Community
na Television which meant a common receiving antenna

Anten-
for the



. SATELLITE APPLICATIONS 331

community. The signal received by this common antenna was
then distributed to large number of houses through network of
coaxial cables. Such a concept is valid to huge buildings having
hundreds of apartments thus eliminating the need for each house
to have its own antenna dish on roof top. Fig 18.4 shows a typical
set up. In the present day of cable TV, the cable TV operator has
a root of receive only earth stations with a capability to receive
telecast of one or even more than one satellites. He can achieve
this by either having more than ane receiving dish antennas or

B g |m

(T8
| O — f
[
1N ] i
0] (]

g g™ [g.®

Fig. 184
even a single dish antenna with multiple feeds and each feed so
aligned as to receive telecast from a different satellite. The
received signal or signals are then simul Iy t itted
over a distribution network of coaxial cables on single point to
multipoint connectivity basis to a large number of houses known
8s his subscribers who pay monthly fee for this service. The cable
TV operator also transmit over the distribution network the
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Direct Broadeast Satellite
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D U D Roof-top Antenna
D D D Main Broadcast
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Fig 18.5
vodeo tape recorded programmes that they get from other sources
in addition to showing programmes received from sateliites

Direct Home Reception

Gradually, we are entering an era where each house top wil
have its RO antenna capable of receiving TV programmes directly
from satellites (Fig 18.5). Infact some of the companies have
already started marketing TV sets with a built-in decoder. These
TV sets in conjunction with appropriate dish antenna are capable
of direct satellite TV reception.

18.4. Telephone Services via Satellite

. Satellites play a vital rale in providing Jong distance trunk or
point-to-point telephone services. Today infact about 80 per cent of
international telephone traffic goes via satellite. Here 1.0, the
sateliite like in any other telecom service serves the purpose of 8
repeater station .When compared to a terrestrial link, the satellite
link is particularly advantageous when the distance invol
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Satellite

TEIEPHONES TEEPKCAR

Fig 18.6

exceeds 1000 kms or when the region to be covered is sparsely
populated or has difficult geographical terramn, Fig 18.6 shows a
typical set up of international telephone service via satellite.
Initially with communication via satellite suffered from echo
problems leading ta degradation in quality. With the development
in device technology and digital techniques, this problem is
overcome voice the introduction of echo cancellation measures.

18.5. Data Communication Services
Data communication services are the outcome of developments

and advances made in the field of computers and tel jca.
tions. The purpose of data communication is to link computers
and other data processing facilities with other remotely located
puters by a ication ch 1. The telec ication
channel could be terrestrial or satellite based, Terrestrial links for
data communication have comparitively much lower data transfer
speed, high cost, lesser reliability and throughput capability.
Satellite links are attractive for data communication beenuse of
much higher data transfer rate capability, higher reliability and
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much higher performance to cost ratio particularly achiev able
with VSAT networks (Very Small Aperture Terminal).

Data Broadcasting Using Satellite.

Data processing based on simple peint to multipoint connec-
tivity configuration is the most commonly used data
communication application implemented using a satellite. Fig.
18.7 shows the set up. Data from a central facility (a database for
instance) is routed to the earth station with the uplinking
capability via another set up called data packet assembler. The
data packet assmbler is a digital processing device that receives
the data to be broadcast, organises it into packets and places ap-
propriate address bits at the beginning of each packet . Each data
packet is thus self contained with source and destination addres-
ses and therefore can be routed in any way over satellite and
finally through a terrestrial packet switched network. Each data
packet is even coded so that only authorised users can havt? an
access to the information. Full access to dll data is also pmwdgd
in case of a news service. The data beamed up at the satellite is
retransmitted towards earth to be received by "Receive Only . {er-
minals. The receive only terminals have digital processing
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capabilities to identify data packet addressed to them. The respec-
tive RO terminal receives the data meant for user terminals
linked to them for subsequent delivery. As an illustration one of
the user terminals at line A is a PC, The user terminals are ugual-
Iy linked to the central facility lines to enable them make request
for broadeast of any additional data.

Interactive Data Communication

In an interactive data communication network, unlike data
broadcasting, the remotely located user terminals are not only
able to respond back to the central site, they can also exchange in-
formation between one another. Such a network is best
implemented using VSATSs, each VSAT supporting large number
of user terminals. Fig 18.8 shows the typical arrangement in
such an interactive network when the remote stations can trans-
. it information to the central facility of the same satellite that

' does the the data broadcast and there is no need from terrestrial
link.The data concentrator multiplexes the data flows from dif-
ferent user terminals and imports a single stream of bits to the
VSAT indoor electronic unit. It also demultiplexes the data broad-
cast received from the satellite for delivery to prospective user
terminals.

18.6. Satellites for Earth Observation

Use of satellites for a variety of earth observation applications
has come of age beginning with use of TIROS weather satellite in
early sixties, where TIROS sent map like outline of the world
beneath the clouds, to the use of satellites for almost any coceiv-
able application monitoring agriculture, forestry, detecting hidden
mineral resources, forecasting weather and national calamities,
oil exploration, cartography to mention some of the prominent
ones. There has been a lot of work done on the development of
satellites for earth observation not only in the developed world
but also in the developing world. Some of the more popular and
more recent satellite systems developed for this role internation-
ally include LANDSAT, ERS-1, IRS ete. In the paragraphs to
follow, we shall briefly discuss satellite based applications related
to earth’s observation.The tions being di d include :

1. Cartography
2. Monitoring agriculture and forestry.
8. Oceanography
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"4. Toe Reconnaissance.
5. Monitoring oil pollution and air pollution .
6. Snow melt.
7. Mineral and oil exploration.

Cartog:raphy

. One of the early applications for earth resources’ imagery has
been in cartography i.e. map-making. Satellites equipped with
high resolution cameras have been used to correct and update cer-

SHRI HARIKOTA

EVERGREEN
EUCALYPTUS
CASURINA
CASHEW
DEGRADED
schuB
WETLANDS BJ\FV
BENGAL

Fig. 18.9

tain features of existing maps in countries like USA , Russta.
Satellite imagery has also been used to produce related maps for
the construction of.roads, railways and irrigation channels. It has
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also been used to map underwater features such as coral reefs
which are potentially dangerous to shipping. Infact LANDSAT
has played a very vital role in mapping more than 50 per cent of
unmapped areas of Asia, Africa and Latin America at scales
larger than 1:1,000,000. Space imagery is more cost effective a3
compared to other alternative methods due to the speed with
which space surveys can be made. Fig. 18.9 shows a photograph
taken from remote sensing satellite IRS-1A showing land cover
map of Sriharikota.

Monitoring Agriculture and Forestry

Satellite imagery has been quite successfully used for better

and optimum crop and forestry management. Remote i
data from the earth obsérvation satellite is used for several ap-
plications such as crop identification, agricuitural crop
acreage and field estimation , drought monitoring and assess-
ment, flood mapping, land use and land cover mapping, wasteland
management, forest resources survey and manangement and 50
on, Present day remote sensing satellites equipped with the state-
of -the-art high resolution cameras are capable of monitoring
characteristics like crop identification, crop yield, optimum plan-
tation and harvest times, land fertility etc. over much smaller
areas. For instance, cameras LISS.] and LISS-II on board Indian
Remote Sensing Satellites IRS-1A and IRS-1B have spatial
resolution of 7256 m and 36.25 m respectively. The cameras
planned for IRS-1C and 1D have still better spectral and spatial
resolution and other features like stereo viewing, on board record-
ingete.

Backed by the-capabilities of modern remote sensing satellites
emerges a situation where we can have a global food watch that
could help the mankind avoid disasterous food shortages . Many of
the difficulties accompanying over or under production can be
avoided by accurate forecast of optimum plantations and harv
timings, crap acreage etc. The optimum time to plant and harvest
for a particular crop for maximum yeild can be found by checking
soil condition and moisture content, by keeping an inventory ©
crops during the growing season and by giving advance warning
of drought.

This type of agricultural watch could also
be made of tropical areas which could be poten

allow an inventory ¢
tially productive. I
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could also give data on fertile and arid regions which could be
made more productive by irrigation.

Satellite data has shown clear advantages in estimating the
volume of timber across a large area of forests. When forests are
being cut , it has been possible to monitor this and if necessary to
recommend changes in the cutting pattern in the best interest of
observation. Proper nanagement of forest resources is particular-
ly attractive for developing countries. Developing countries are
increasingly aware of the need to manage their forest resources
not only to meet their timber requirements but also to preserve
the ecological balance and to prevent erosion, silting of dams and
pollution of coastal waters. In India, the IRS-series satellites
have become the mainstay of National Natural Resources
Management system with the department of space as the nodal
agency. The remote sensing data from IRS satellites is used for
several applications such as agricultural crop acreage and yield
estimation, flood mapping , drought itoring and
forest resources survey and management, water resources
management andsoon.

In Brazil, LANDSAT imagery has been used to monitor a
programme for controlled development of the Amazon forest for
various purposes including cattle grazing. From satellite imagery,
it has also been possible to make rapid assessment of places
where forest fires have burnt the ground.

. Fig 18.10 shows IRS-1B imagery showing Bombay-Manmad
pipeline corridor Fig.

Fig 18.11 shows preliminary flood risk zone Kosi river inter-
preted from satellite images.

In India, satellite data was used to provide technical guidance
t'md training to Gujrat forest department for making forest work-
ing plan. Soil moisture mapping capabilities were established by
making use of data from ERS-1 satellite. Coral reef mapping on
1:50,000 scale was completed for the Gulf of Kachch, Lak-
shadeep,Gulf of Mannar and Andeman and Nicobar islands.
Fishery prospect charts were generated for Gujrat estate using
data from IRS series satellites. Data from IRS-1A was used in
1991 to study the environment impact of river valley project at
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Tehri. Satellite data is also been used to study the environmental
impact of Sardar Sarovar project.

QOceanography

Sateliite data can be used to determine sea conditions such as
Sea surface temperature, Wind speed, Wind direction, Local air
temperature and Moisture content etc. Satellites have also been
used to make pictures of ocean waves, fce fields, ice bergs, i
leads and sea conditions along the coastal lines.

Fishermen can make use of satellite derived information of
thermal boundries in the ocean to get the additional catch ad-
vantape . Sa-tellites are also being used by the countries, Russia
for instance, to study oceans for measuring the sea surface
electromagnetic radiation in the visible , infrared and microwave
bands. Research of this kind is leading to observation systems
which different satellites collect different types of data from fand
and sea surfaces to allow better use to be made of the earths
resources.

In India too, a national remote sensing programme for oceat
related application, sponsored and funded by the Department of
Ocean Development is under progress. Sea Surface Temperatur®
(SST) charts are being generated from satellite data analysis:
Based on the SST data and thermal patterns, the potential fishing
zones are being identified and maps are being disseminated {0
about 80 fishing Jand centres of the country. The feedback ind
cates that fish catch has increased significantly in these areas.

More and more different types of sensors getting placed o
board the present day earth observation sateilites, they are likely
to get data on subjects such as () Coastal sedimentation and pol
lution (i) Conservation and use of fish stocks (iii) Ship routiné
making use of ocean currents (iv) Wave forces for use in th°
design of off-shore structures and wave power generating systems
(v) Mapping of polar ice caps, Ocean temperatures and win! for
improved climate and weather forecasting. Fig. 1812 Sh"“;
‘sedimentation dispersal patterns as revealed by satellite data @

Sunderbans coast.
Ice Reconnaissance

Remote sensing satellite data can be used to advantag; ::
forecasting behaviour of ice and ice bergs which is very cruc
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navigation of ships in cold waters. Navigation of ships in these
cold waters depends upon the knowledge of the properties, dis-
tribution, variability and behaviour of ice bergs. Forecasts require
knowledge of air and sea temperatures, precipitation, wind and
currents. Data on ice thickness can be obtained by infrared sen-
sors abroad satellites under cloud freé conditions. Passive and
microwave radiometry has'shown promise for all weather condr-
tions while high resolution photography monitors the coast and in
-shore areas.

Monitoring Oil Pollution, Air Pollution

Satellites can be very effectively used for monitoring oil slicks
ih the sea. It is very difficult to see such leakage from ai
which in any case, are restricted in vision to narrow bands of
ocean because of their low altitudes. On the contrary, the oil slicks
can be spotted very effectively by satellites on global scale except
in the places of persistent low clouds.

To do so, the space borne sensors measure the amount of sun-
light reflected from the sea surface. Spilled oil stands out clearly
from the ordinary sea water in the near ultraviolet regton
around 0.38 micron and in the near red around 0.6 micron-
Polarisation measurements on the reflected light from the oil
spills also shows sharp contrast. It is not only possible to detect
just the oil spillage, light and heavy oils can also be distin-
guished. Light oils appear brighter. The volume of oil leakage ca!
also be assessed by repeated observations. Knowledge of the type:
quality and volume of oil is important in tracing théir source of
leakage.

Remote sensing satellites equipped with instuments like eor
relation interferometer are being used for mapping of those parts
of atmosphere which have high, low and average concentration
of carbon monoxide. By repeitive scanning over long periods it 15
possible to identify the so called REMOVAL SINKS. Unless the
removal machanism can be defined, it is very difficult to predict
the futuristic behavioural pattern of carhon monoxide content I
the atmosphere. .

This study attaina still more significance as there is als? 8
growing concern that the amount of carbon dioxide in the atm%
phere is increasing worldwide -because 20th century me;
continues to burn so much fossil fuel .This will have the effect ©
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putting on increasingly thick blanket over the earth which allows
sunlight to reach the earth’s surface as before but would reduce
the escape of its heat by reflection back into space, thus trapping
ever more heat near the surface. Use of remote sensing satellites
for atmospheric studies is discussed again under the heading of
Satellites for Scientific Applications.

Snow Melts

Routine photography of snow covered ground and mountains
and monitoring of snow cover characterstics such as cover area,
thickness, density ete. to make predictions of snow melt can be ef-
fectively,  speedily and economically performed by satellites.
Accurate predictions of snowmelt are importanf for optimum
water manegement for power generation, irrigation, controlling
flood water etc. In India, snow melt run -off predictions based on
the satellite « ata have been made awvailable to Bhakra-Beas
Management Board .

Oil And Mineral Exploration

Satellite data can be used for oil and mineral exploration. The
glata canbe used by geologists to see earth’s interlocking features
including large folds and ruptures which give clues to mineral
deposits. Transcurrent ‘faults ss indicated by satellite data can
be used_tn make searches from unknown deposits of oil. Minerals
can be identified by rock colour and topographic form. Not only
this, information about faults and fracture zones derived from
LANDSAT imagery has been used in the past in selecting sites
for nuclear power stations and routes for pipelines.  ~

In_India too, data from remote sensing satellites IRS has been
effectively used for identifying favourable locates for gold
mmemh.sation in the Schist belt near Garwal town in Mehboob-
nagar dlstrict of Andhra Pradesh. Structural continuity of the
Gadwal schist belt with that of the well known Kolar Schist belt
was {nferred from the IRS data,

18.7. Satellites For Weather Forecast

Satellite data is being used for forecasting weather for more
than three decades now. The first weather satellite,TIROS-1, was
iaunched by U.S.A. in 1960 and was used by a large number of
countries to itor the behaviour of h over g large

area of the earth. The present day weather satellites equipped
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with highly sophisticated instrumentation provide information on
cloud formation, cloud type and position, extent and intensity of
frontal depression, thunderstorms, hurricanes, sea breeze circula-
tion, typhoons and so on and so forth. Sequence of pictures
covering the same area can be effectively used to determine the
movement and development of different features. Details of snow
cover, sea ice, sea surface temperatures, cloud top temperatures
and wind at different heights in the atmosphere are also extracted
regularly from satellite pictures. Measurements of temperature
and humidity throughout the depth of the atmosphere are also
sometimes carried out by weather satellites.

The accuracy of a weather forecast depends largely on the
quantity and quality of observational data from the surface of the
earth and surrounding atmosphere. The speed with which the
data is made available to data computing and analysis facilities
plays a major role. Satellites are particularly valuable for provid-
ing data where conventional observations are sparse o
non-existent. Their ability to transmit data quickly to operational
users is a very important asset. ‘

There are two categories of operational weather satellite sys-
tems. The first operates in a polar orbit and the other operates in
a geostationery orbit. The geostationary orbiting satellite can
monitor weather determining atmosphere parameters over a very
large area almost continuously whereas a polar orbiting satellite
can provide complete global coverage every twelve hours.

The most important piece of equipment abroad a weather
satellite is 2 RADIOMETER. The radiometer measures the
amount of radiation. Measuring in the visible part of spectrum
provides pictures about prominent features such as clouds,
deserts etc. Infrared measurements provide information both
during the day as well as during the night. Infrared pictures show
the relative temperature of the different features. Pictures ar®
usually obtained in black and white. Black areas indicate usually
high temperatures while white areas indicate low temperatures-
As a result high clouds appear in various shades of grey. Somé
weather satellite pictures are shown in (Figs 18.13 to 18,16.).

In India too, the multipurpose INSAT-series satellites have

peen providing meteorological data for years now. The
Meteorological Data Utilization Cenre (MDUC) of Indian
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Meteorological Department (IMD) processes and disseminates the
INSAT meteorological images. Upper winds, Sea surface tempera-
ture and Precpitation index data are regularly generated by
MDUC/AMD. The 0600 hours GMT VHRR image derived wind
data are regularly put on the global telecommunication system
(GTS) of the World Meteorological Organisation (WMO). The 0300
hours GMT full disk IR pictures are beirg transmitted as radio
fascimile broadcast everyday for reception in the neighbouring
countries. The INSAT VHRR (Very High Resolution Radiometer)
data is now available in real time With the commissioning of
direct satellite retransmission service of processed VHRR data
over a CXS link, it is now possible to provide SDUC (Secondary
Data Utilisation Centre) type of data at any location in the
country, irrespective of its distance from MDUC/AIMD and
availability of point-to-point terrestrial transmission circuits.

The main weather satellite systems include the polar TIROS-
N/NOAA series from U.S.A, the geostationary orbiting
GOES-Series (Geostationary Operational Environment Satellite)
buijit by Hughs for Japan, Indian INSAT and Europe’s
METEOSAT-series

18.8. Satellites For Scientific Studies

Batellites orbiting the planet earth at relatively lower altitudes
(typically several hundreds of kilometers) have been and are bemg
used to carry out a variety of scientific experimental studies in-
cluding studying the characteristics of upper region of
atmosphere, pmbmg other planets and stars and so on. The sig-
nificance of using satellites with significant payloads to carry out
experiments of scientific and research nature arises from the fact
that for many years, scientists were denied the insitu investiga-
tion of the upper reaches of the atmosphere except by observation
from the earth and the instruments lifted by aeroplanes and
sounding ballons. Earth observation hag its own limitations. Only
a few windows were open in the atmosphere for recording of data,
generally those in the optical wavelengths. Also the atmosphere at
low levels accessible to soil observations has become so polluted as
to deny any useful observations. Satellites equipped with scientific
payloads offer a very good and effective solution to carry out at-
mospheric and space d
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One of the earlier studies was particularly designed to inves-

tigate aerosol concentration in the stratosphere, The experiment
was known as Stratospheric Aerosol and Gas Experiment (ab-
breviated SAGE). The payload was launched in the satellite
applications Explorer mission-B. The SAGE photometer looked at
the sun through the stratosphere’s gas and aerosols every time
the satellite entered or left the earth’s shadow. The instrument
saw fifteen sun rises and an equal nomber of sunsets during each
twenty four hour day. From repetitive observations, the con-
centrations of ozone and aerosols could be determined. Fig 18.17
shows the sketch of SAGE satellite. Studying space is another im-
sortant mission of scientific satellites. Space studies include
srobing different planets, studying inter-planatory forces, solar
vind and solar flare phenomenon etc. Fig. 18.18 shows a huge
aruption on sun photographed by Skylab-3 and Fig 18.19 shows
solar flare prepared from data received from SMM,

In India too, Indian Space Research Organisation (ISRO) is
pursuing the programme of using space borne vehicles for carry-
ing out scientific experiments, Work on the development of Rohini

14 1 2
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series satellites stand testimany to that. The 106 kg SROSS-C
satellite successfully launched on board the ASLV-D3 into a near

Fig. 18.18

earth orbit of 433 km apogee and 267 km perigee carried the
scientific payloads namely (i) the Gamma ray burst experiment
and (ii) Retarding potential analyser. Both the payloads func-
tioned well and provided a lot of useful data for scientists till the
satellite re-entered the atmosphere.

SROSS-C2 launched subsequently in May, 1994 from another
ASLV flight has also started providing data. The Retarding
Potentia} Analysiser (RPA), one of the two payloads on board
SROSS C-2 has started collecting data on thermal structure and
electron densities of the ionosphere. SROSS-C3 is also planned for
launch in 1995-1996.
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IRAS (Infrared Astronomical Satellite) has ‘been anothe
revolutionary satellite launched in 1983. It was the first satellit
to carry an all-sky survey to look for astronomical objects emittin,
infrared radiation. It was an international venture involving th:
U.S., the UK. and Netherlands. Fig 18.20 shows the IRAS imag
of a recently discovered new born star (arrowed) embedded in ¢

w

5

Fig. 18.19
cloud of dust and gas. The young protostar called B5m$1 ‘7,
about 100,000 years old only. Another astronomical satel!st? o
European origin was EXOSAT designed to measure positiohs
structural aspects and spectral and temporal characteristics of X
ray sources. This satellite made detailed studies of known an
new X-ray sources in our and other galaxies. It made more ‘h”(’;
2000 observations mainly on the physics of Neutron stars &%
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Black holes. EXOSAT also discovered quasi-periodic oscillations in
the star GX5-1.

Hubble Telescope, Infrared Space Observatory (IS0), Granat,
Gamma Rays Observatory(GRO), Advanced X-ray Astrophysics
Facility(AXAF), Hipparcos, Extreme Ultraviolet Explorer (EUV)
and Scho-Cluster missions are some of the newer craft for scien-
tific studies.

v Fig 1820 )

Hubble telescope will allow observations of stars as faint as the
27th magnitude. In the ESA’s Soho-cluster project , Soho will ob-
serve the sun, its corona and the solar wind while the four clus.ter
craft will study the reactions of the magnetosphere to varying
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solar conditions (Fig 18.21). Hipparcos was an astronomical satel-
lite intended tc make accurate measurements of the parallaxes,
proper motion and position of 115000 selected stars in our galaxy
It was launched in 1989 but it failed to attain geostationary orbit.

18.9. Satellites For Military Applications

Right from the beginning, sateliites have had important
military roles to play both during war time as well as peace time
but in recent years, dependence on them has increased dramati-
cally. The earlier methods of reconnaissance, communication,
navigation, remote sensing etc. have always had some constraints
or the other due to being {and based or needing the services of
specialised aircrafts or ships. The extent to which satellite tech-
nology has superseded these earlier methods of communication,
remote sensing, reconnaissance etc. is largely responsible for ever
increasing role of military satellites, Some of the more commonly
heard military satellite applications include:
Reconnaissance and Intelligence gathering functions
.~ (_Iqmmand and Communications
. Navigation satellites
. Early warning satellites
. Meteorological functions
. Nuclear detection

R

Reconnaissance and Intelligence gathering functions

The most widely known types of military satellites are those
used to verify the extent and composition of military forces. One®
the most important role of reconnaissance and intelligenc®®
gathering satellites is the verification of the agreed limitations ©
strategic arms and the monttoring of new military developments.
This is achieved by a variety of electronic and photographi®
means.

One of the earlier satellite-series launched by U.S.A in early
sixties was the Discoverer. The data from Discoverer, bas_icaﬂyg
photo reconnsaissance satellite was instrumental in ending U
fears of a massive earstwhile Soviet ICBM build-up. Infact, D‘S;
coverer-29 was credited with photographing the ICBM 'bﬁ‘;)"d
Plesetsk. The Discoverer-series phot-reconnaissance satellites b2
reentry capsule which could be used to carry the e
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Laboratory) project. Fig 18.23 shows the labelled sketch of
Manned Orbital Laboratory,

Another space borne reconnaissance technique that has
emerged in the late eighties is the use " radar. The radar signals
from a reconnaissance satellite penetrate the cloud cover. The
reflected echoes can be processed to produce images _that
resemble photographs. Photography using radar has the ad-
vantage that it is not hampered by bad weather’s darkness.

The other surveillance and reconnaissance related military ap-
plications of satellites include (i) the electromagnetic
reconnaissance (or ferret) dealing in the location and cataloging
of military radio and radar stations and (ii) ocean surveillance.

C dand C tion

The reconnaissance and intelligence gathering functions
though very important represent however a very small fraction of
the true scope and gdiversity of the capabilities of the military
satellites. Command and Communications is one such application
The satellites today meant for the purpose can provide instant
communication between the operational forces and their national
command authorities irrespective of the distance or time of the
day. The idea of military communication satellites took shape
with Jaunching of Courier 1B in 1960 to be followed by the DSCS-
series (Defence Satellite Communication System) Satelli}ﬁ
beginning in 1966, DSCS-1, DSCS-2 and DSCS-3 series launching
continuing till the mid eighties. The other popular military com:
munications satellites (both past and present) include SEASAT
for naval applications, SDS (Satellite Data System) used to c0m"
municate with US nuclear forces in polar regions, LES-seris
(Lincoln Experimental Satellite) for tactical communication an
TACSAT used to link, by means of small trapsmitters, aircrafts,
ships, land vehicles, FLEETSATCOM to provide global military
coverage for USAF and Navy (Fig 18.24), MILSTAR intended 0
be successor to FLEETSATCOM to provide strategic and tacti
communications for USAF, Army and Navy, NATO-III series to
provide rapid and secure communications among NATO member
and SKYNET-IV (Britain's military communications satellite 0
replace SKYNET-ID to provide links among ships, mobile tef*
minals on land and control centres
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Navigation Satellites

The navigational satellites are currently capable of providing
data to enable position fixing with an accuracy of a few meters.
NAVSTAR is one such satellite to provide navigation. NAVSTAR
is designed to nid weapon aiming to enable users fix their posi!ion
with much higher accuracy than was possible with other naviga-
tion systems. NAVSTAR provides a position accuracy of 15m.
NAVSTAR is a replacement for the US Navy's TRANSIT-series.
TRANSIT-series is a series of navigation satellites operated by the
US Navy but also used by civilians, especially sailors. Receivers
fix position through a combination of Doppler effect and accurate
orbital details transmitted by satellites. Positional accuracy of
about 100 m is possible in most parts of the world.

Early Warning Satellites

Early warning satellite development was basically aimed at
providing an advance warning to the owners of a nissile attack.
The initial experiment in this direction began under the US{XF s
MIDAS (Missile Defence Alarm System) programme with the idea
that the infrared sensor on board the satellite would detect the €x*
haust of a rising ICBM. The results of the MIDAS experiment
were not very encouraging due to sunlight reflected from clou
and the operational system was abandoned.

The Integrated Missile Early Warning Satellite IMEWS) first
launched in 1970 has means of discriminating between real ms
siles and spurious effects. These satellites carry large inft
telescopes and television cameras to transmit photos’ of detecli
ICBMs to prevent false alarms that plagued MIDAS. IMEW
series satellites are capable of detecting ICBMs within seconds ©
igmition. This programme was renamed as Defence 5upporﬁ
Programme(DSP).By mid 1980, a network of four satellites, 00°
over Russia, two over Pacific and Atlantic, and the fourth over
South America had been established. Pt

M Togical Function . .
Use of satellite data for accurate weather forecast has beer onle
“of the earlier benefits of the space programme. The weather sat;
lites not only provide long range forecast for military planne.dev
they also play a key role in reconnaissance satellites. They provt
advance information to the mission planners of recon
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satellites on whether the target area will be clear of cloud cover
or not when the reconnaissance satellite makes its pan. This
eliminates  wastage of limited reconnaissance film.
DMSP/BLOCK-5D (DMSP stands for Defence Meteorological
Satellite Programme) series satellites provide weather informa-
tion to both military and civilian users. Data is made available to
the civilian users through NOAA (National Oceanographic and
Atmospheric Administration). The payload includes line scanning
radiometer operating in visual and infrared and precipitating
electron spectrometer. These satellites provide infrared and visual
imagery, temperature moisture soundings, auroral detection and
upper atmosphere soundings.

Nuclear Detection

The idea of 1 detection using llites perhaps
originated in U.S.A. while finding ways to police a nuclear test
ban treaty, The solution came in the form of Vela Satellite which
had the capability of detecting a nuclear explosion at the distance
of Venus or Mars and report its yield and other characteristics,
Twelve satellites of Vela-series (Vela-1 and Vela-2) were launched
during time period 1963-1970. Thereafter, IMEWS early warning
satellite had taken over.
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Satellites and Satellite
Launch Vehicles

Introduction

This directory gives a brief description of all the major satellit:
systems and satellite launch vehicles. Amongst satellites, th
directory includes the satellites currently in service as well as nev
ventures with a firm go ahead. Some of the old systems which ar
no longer in service have also been included for the sake of con
tinuity. The satellites discussed here have beén- broadl
categorised as:

1. Communications satellites including direct broadcast satel-
lites 2. Satellites for earth observation 3. Satellites for scientific
and technological experiments 4. Military satellites and
Weather satellites.

The satellite launch vehicles have been grouped according 0
their manufacturers. The companies and organisations covered
include :

1. Aerospatiale (France) 2. American Rocket Company
(AMROC), US.A. 3. Arianespace (France) 4. ASI (Italy)
British Aerospace Space Systems (UK.} 6. Cape York (Australia)
7. CIS (Russia) 8. CNES (France) 9.CNIE (Argentina) EER /S
(US.A) 10. E Prime (U.S.A) 1l. European Space Agend/
(France) 12. Generai Dynamics (U.S.A.) 13. Great Wall Industf}'
(China) 14. General Technology Systems (U.K) 15. ISRO (India)
16. ISAS (Japan) 17.1AE (Brazil) 18 Iraq (iraq) 19. Israel Spac®
Agency (srael) 20. LTV (US.A) 2L Martin Marietta (USA)
29, Mcdonnell Douglas (USA) 23. NASA (U.SA) 24. NASDA
(Japan) 25. National Launch System (U.S.A.) 26. Orbital Scien:
ces (USA) 27. Pacific American Launch Services (US.A) and
28. Strategic Defence Initiative Office (U.S.A).

s i wb sasliniand fnnbiene A Lolaf danavicsiang of different

: . ilar in-

2ble-6.
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Abbreviations used to describe propellants and orbits in
Table-6 :

A59 : Aerozine 50, GEO : Geostationary Orbit, GTO : Geosta-
tionary Transfer Orbit, HTPB : Hydroxyl Terminated
Polybutadiene, Kero : Kerosine, LEO : Low Rarth Orbit, LOX :
Liguid Oxygen, MMH : Mono Methy! Hydrazine, N2Qy : Nitrogen
Tetroxide, NMO3 : Nitric Acid, PATP : Polybutadiene Acrylic Acid
Acrylonitrile Terpolymer, RP-1 : Kerosene derivative, Sun Sync :
Sun Synchronous Orbit, UDMH : Unsymmetrical demethy)
hydrazine, UH 25 : Unsymmetrical hydrazine.
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Fig. 19.2
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1. Gold-plated sunshade (to -

reffect solar and Earth IR
radiation)

2. Coarse Sun Sensor (6)

3 Evacuated mam shell

4. 125 gal (4751) superfluid
‘helium tank ffor telesocope
cooling)

» St o9t 2L

£

o

5. Deployable solar panel
6. Experiment electronics
7. Fine Sun Sensor (2) (be-
hind solar panels)

8. Dutch Additional Experi-
ment (DAX)

9. Focal plane assembly 62
rectangular detectors

10. Cryogenic valves and
manifold

11, Sband antenna

12. Spacecraft telemetry at.
titude control and command
modunle N

'13 Horizon sensor (50°
field of view)

14 Nickel-cadmium battery
15, DAX electronics

16. 22.4in (67 cm)

17. Mylar and Dacron net
insutation

18. Bafiles

19. Secondary mirroy

20. Balile

21 Helium-cooled telescope
aperture cover (ejacted after
TRAS check-out in orbit)

Fig. 19.27
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Fig. 1929
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Fig. 19.30

TR

Fig. 19.31
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Fig. 1934

Fig 19.33
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Fig. 1935
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Fig 1937

Fig. 1938




435

SATELLITES AND SATELLITE LAUNCH VEHICLES

DRAIY BV VIR 49
pamBTIIueW pue (xag(y jo wamundad) oy
50y £q pouno s11) apnuticy g vodn Fuipuadap
Uy T 01 L swoly KA SO3Y) UIAWdg SjTaNLY

PUT PROs 241 JO 150 By Piqrssod ST O3 OGS Hin
30 vonBod sKpes K It SUTHiv (SRS Putinl B
Aq pasa osje put Aacy SN a4 g pawsado yigw|  Fammaisa ral pny
satpies uoeSiacy Jo $AUS © s LISNVHL ol Seotand YATEN) A g AhvEL
“suogicis punodS wiasy papoau AlE s 23 m
1oyl sucrw Yy« Judanguonms pue Surman RER) et H M
~UOLTIS PICOYU0 SIINITIY 1] “ANTS VOIPUTIL ydrguey [ »fc,. i
5. £AEN s 3O vosiaa pasoudi) ue st TAON 1661 Ay} seotmpd - o, Awig wMpy
[ TTAY
[ H
saumusf 0 younsg HYO povpleny | Winag .:..:ud._ PRI M

(pInog) saujidIeg LN wEl dquL



SATELLITE COMMUNICATIONS

436

-30N) dVS V)
{o1-a108)

T

VATAdS| {-210N),
Ls Hoys, SOSL[ NDITO|  HT+XOT| €¢WHAES * 1 2
ss1{ g-m10N) epihs SOET} ADIGGLI *O N + dHN| v8upyA qas x ¢ p|
. Amh.u,ozv Buojwy ¢ (g-a10)
uls uns 01 8y 19 S| (sa0N) 8 -
(5 31N} Buo, STH|NMI009T PHOS|  Qda-VINS Xy davtroueiry
o (>dazng)
QLD 21 33 g6z §] 8uoj9guoys S60Z) N300LZ| + STHN| s 8umAdas x ¢ 11y oedg sueury
*68) NATY|QALH+OIN| sr-poammy x1 L
SBYT| NDISS6 PUOS|  SITSN@IODLN PIg
- TE-Tmby|
(vsn)
SIL{NHZSO] BdLH+XOT (1-10N)OOSTH X1 P} fuedmon
(z 2108) 1308
sejod o1 8y 7$1 8LOE| Buoymypsy SSLINY 88| §41H + XOT 00ST H xg| Bl ueonauty
w ySuz]|  wiwg
Apqodop poojdog | rog poorlog | suag wing | ssnayy | snoopadosy

suiSug ;umsm DAaMaN Y

SIPRPA Younv] [A8S  “9°61 ML



~
@
-~

3uss ung o 34005

(630N epy g
Suojwy 6,
(s-2108) Suoy

D SATELLITE LAUNCH VEHICLES

::-.«\H 0::0:»@ ‘9'61 gur

SATELLITES AN



SATELLITE COMMUNICATIONS

438

IGE3 SIONJT L
’ s sas sostl NNZ9| %O+ | Wi dEs X1 g
(2r-a100)
Va1ads 0N »3upy
. 8S Buory SOET N3 g6t +$THN LELR puz
(tr'or-alon)
Va1ads (g-910N) g3
. &5 uolis W) Ndager puos|  -VINS xz
(g-20N)
Duds uny (s-a108) oyl oBum
o134 005y 55| wog Sy SEVY  NDI0OST]  +gzHm| 43S x|
(se61 8y,
dTvh ey
aLg 3uop tQIN| s Fum (ad04n@)
o 83050y ¥§) Woguog ssog| N0zl +stmnl  das <y 1| sandsauey!
(ro108)
€L WH,
N - - S0SL NN79} XOT+HT dE8 x T 23
(01’6 S10N) YOIN al
. 21 Sas| SOET N g6 +STHN| WHAAS X 1 g L
11qudp; w yiSua Surn, .
ﬂﬁ.@k.u “Sh 7 VE:@.“ auaf wangy isny}p swupppadoag | auifuyg 28mg WE:@» 14w
S

("PIUOD)} SAPIYRA YoumEy ;yIfpereg "9 6l Alqmy,



SATELLITES AND SATELLITE LAUNCH VEHICLES

439

‘k
1 u\ ,\
{l l(

i

"

Fig 1939

Fig 19.40



SATELLITE COMMUNICATIONS

440

1 . HNAN]™ somap ¥ J
- - 05z, N 029, +YON| o1Z0QY X | T opg
(or 518
(81-10N)
039 o 8y tinan o1z Nm_,wvamﬁm
00T P (9T 05 MDI0ET o] -guxy P uspuadapuy
~910N) QL) HAAn|  (p1-enn)) JO PBeam|
1 34009% TL§] Buojwoy SOEL N 8EV6 +Y0IN| €STaYx9) 1) ~uowwag)
(01'6-s310N) (aoN) L)
- ss sas SOSL NATO|  XOT+H1| WHdasx1 e
(11°01-s310N)
vaads YOIN p Bumip
- Ls| uoyg SOET N3 86L +STHN d3s x1 [
(8-20N)
oug ung {5-210N) Buoy TOIN + s Supjip|
01840519 ss|  wgg Suoy, $602] N 00LT STHN dasxy
. (g-010N) Tyy dumpy
alo uoy 9 Bupgip| (adosng)
1 9% 09py vs|  wogpoyg SEvT N 000€E| YO TN+ STHN daASX ¥ 1| wedsawepy
Anpqudsy | w yiSusy | Suaog
pooiod | qmor | poofog | sunpung | ssmayp | suopedosg | owSug adms N0yl Y

('PIu0D) S3[0IGaA YOUNE] NIMI8S '9°61 olqul,




(81-010y), (L1s10N) €1-1S uojoug,

(510) saqey
OF1oi8y Oootz Euuco&uns .-w
iy nukcoEEOO

apqodny
Pooilog




SATELLITE COMMUNICATIONS

442

HWAN] ™ (sismuzy ‘J
o - SSLE N LST + YOIN| qum) xy puz, (€8 61 919)
¥ o0sT X wx g
P00t o 81§ soury (1)
i HHNAN 91z 9015 wapuadapu) |
ury 081 01 84001 43 SOLL)  NMOLYT +YOIN|  -qQy x7 11} Jo yicawuono))
- S00Z| N L9 O¥TA + XOT| 0ovs - *1 g
11q10|
oi 000002 Ut
*u5f Gy ot 3Y 006 N SOET) N S6Z|OUTA+XOT| -0y x1 puz
(0z-310N) L01
- SOZ1|  NMvRZE|OWM +XOT|  -ay x ¥ 915 P
cAo Soxes|
31930 WX 0O0OY X (61-90N) 801 wapudopuy)
wy 0oy o1 81 0091 (442 E SOTE} NN SKL|OMTA+XOT)  -ay x1 ST JO iea MuowwOD)
o1to
- aemoy) ssvZl  NMssZjouTM+x01|  -ay %1 ozl
2deosd) (61-910N) LOY (2618w,
. 25 6p| W1 2nhos SOZY  NMIPSZEIQUHAN +XOT[  -QY *# 18 2nlos (513)
Ampgedoy  wspSuay| Sumg
poojing oL | pooylod |aunp wingl asmyp | swopedosg | aupdug 8oig apanaN! iy

SOIRIYIA Houme] BIB2IBS "9°6f S{qBL



SATELLITES AND SATELLITE LAUNCH VEHICLES

443

-
A
<
k-

rmetsiam i 21

—

G

Fig 19.41

Fig 19.42



SATEL

Fig. 1

-
-
3
o Tt
- el NARKLOUIN S NOL|  -Gd =y 12 Al NIt S TN
fnqodoy  |utspsuog| Suaw g
pooping 1oL | pooylog Jouwag uang | ssnayy | snopxdasg | sasuy amy Ty ol

442

mU—O~£U> Wounug MG 96l dpequd,

\\..\\



445

SATELLITES AND SATELLITE LAUNCH VEHICLES

‘SROUOIGIUAS
ung Buoy U] st 021
o} 8y 08€11 L8 wer Iy SOOE N} 716 +XO1 -y %1 Uz SIS ]
(512))
g1 uoy oum 11 sapelg ysopuadapuy
o1 831 ovLET v19] wmgyer ST NSE6S2L +XO - x1 B 30 GieomvOwILI))|
HNan
R4 N £88! + TONH [Araet Puzi 1118 vopyAsy
{s1)
[o g AxY) HWNaN SIOMUBA sajeg suapuadapuy
o1 3% 00E - - SOZT, N LvLT +¥QIN| v+ X1 B[ Jo pRamvoaly
HNan
811 NM 8L +IOIN 3 pIg,
HAGN HENIEI {rerduy
Q9T NATIOT + PO vt x1 puz $1+1S vopksy,
S
0T L89! Suoy HINaN SIAMWIA 3138 waptadapuy
018§ 005§ wLTeE weTy soey NA 2L + YO TN; AR Y JOWEIMUOLILLD)
fnpqedvy | wi spduay | Swiwg
puoyog 10101 poojiog | owap wng | asnafy | smoodoid | amsug 28mi5 aptyan/ 4y

PIu0g) SARIYIA Younu] NP 961 ML



444 SATELLITE COMMUNICATIONS

Fig 1843

it

Fig 1944



445

SATELLITES AND SATELLITE LAUNCH VEHICLES

STOUDIGIUAS,
o 8 g Huoj OUIN| BN 07T
163 0BETT iy wey SOOE N T161 +XO01 -y x1 Uz SIS W
* {519):
0oF1 8uoy oum 73] satmg yuapuadapuy]
©) 81 opLel + 19 wWeoer Shrt N 65, +X01 ~ga x1 Bl O YieasmuowIuG)|
HWan,
S¢2T NX €88 + TONH 612-Q4 puz, 1115 vopiAsy,
(813}
OF1,59: HNan SITNWIA, saesg Juapvadapug
o1 8% 000€ - - SOTT NALYLT +¥QIN p+ Xt B JO pRamUoruIosy
HNAn
B33 NA 8L +YON T g
HWAnN SI3MUIAA | (o 61 31)
S09T| NN TIOT +HOIN rexy puz, P1-IS VOIS,
1)
OF 1,59 Suoy HINAnN SIANULIA s31e15 wwapuadapuy,
01 8% 005§ wiZeE| Wl SOTI|  NMipLg]  AYOIN] v X1 1} J0 ramuOEIuLY
Anpqodoy | wi ypSuayp | S
pvoidog o1af, poofog | annpung | ssnayy | swogadosg| suduy 28018 g

(pruoe)) SPRIYRA Younu'] NIvE 9°61 ATEL



SATELLWE COMMUN!CATIONS

vl [t e))
puadopul

w pdud]
oL

Suned
pooked sup)jpdoid

Anqpdod
poolod

¢pHuoed) satuPA ounel NS ‘g6l AATL



447

SATELLITES AND SATELLITE LAUNCH VEHICLES

uieajmp
(a18 swv s , Suofw ) OUINH (vsa) bousdy|
1 a3 0069 LSk} L7180Yg S06% N¥ oIt XOT1+H1 448 x 3 3); 9oeds ueadosnyy
ABhiwS
- N S5 NAOL PIioS| [odoqy, x 1 Wy
[:02 7N
- he N v9 N 89¢E] PG| toxory, x 7 PIE,
P 01w,
- - - $¥9 N 89€] Plogt loYoy x T
i Joise| {ot'se .
78 ST|Suojw 1o L. R2Y N SEL PIOg! R3ONL XZ{  -s3ON)PUZ !
MNMM% (gz-o0n)
) 0791 tdaisauo))
(zg-o10N) - s$9 NY SEL PHOS| (0L % g (v §n) el
oatuy ¥ paoise)) ~(1e6e]  spataag 2ondg
0gp 0135918 29'67| Suopw 10 2 sps! N $58 prog) oW X Z)  -sooN) I /swaiskS ¥ad.
Grqude) | w pSuIy| uravd '
poojiog el proyng | augwng | sniyL swpodold | auduy 28mig 1 | u\ﬁ

(PFUO)) SIRIYRA YOUNET SN(IIVS 9°61 S4B



SATELLITE COMMUNICATIONS

448

10N Suoy amww._‘,w e
OFT 82 wiy wog o1 suk {eralwmog
PIoy sanweus;
$8 018y, 006! wzy|  Gmpayy . NX 61| T-du+ X0 1 - \ Eucuw
(8£-310N),
SUWHLH O, 16£-910N)
o 33 p0gee €15 SAWIIH
oukg
ung ur{ 008 (ze-210N)
133 00001 276 VWIAS!
(9g-210N))
8T 0SS VYITadS
©1 83 0081 T 8uo]
(zg-2100) (9¢-210N)
(Gidup oLo VILTAdS HIWW| (sg'pg 210N)
o1 3y $trS 655 ‘noyg| sos1l N3 8T + YOTIN} 6188 % T puz|
(ge-210N)
(reng)) QLD Suotw FaNS sy 6131)
01 33 Q56| v 15| T'61300% SECT{ N 00SIE plos| /Qdg x $-30THY|
Gipqodvd | wyiSuay | Buniog
pooikod 1o9g, pvoilvg | auny uing 1snayL smopadosy | aupSug 281 At Ui

('P1u0)) SI[IIYaA youne  APeg ‘9'¢l 9By,




SATELLITES AND SATELLITE LAUNCH VEHICLES 449
“Oi‘
1
|
!
e n
A v
) i
i t {2
T
|
‘ i 1]
P - ! l
'u Fig. 19.46

Fig 1945



SATELLITE COMMUNICATIONS

450

reroN)
a1 N
¥ U 581 Fuojw
1840359/ - 9 Lb| zz 21 Buorg sLLz Jaureisng |
(17-3t0N) suleg loretdud ey
081,37 Buorg 5691 S0z “ON) AT
Sy {vs)
(14-210N) S304AL9G Youne)
031 (ypa10N)| (6£-210N) [eouswwon
082 WY $81 woE 0T $VIN soureuicg
01 3% 0829 9sp[ wmpapy N NA601Z| T-dd+XOT1| oukpiosooy 8] [e13U30)
@r'zy (ov-a10N)
saoN) QLD VEEVOITH
o1 83 0572 - - SELY NDLYL|  XOVH1| M#PdxZ puz|
Fuoyw sudug
We6'ey| zg z1 Juog S69T 1335008 2|
(r-210N)
aLo 1-sepy
o 8109z, - - sg8z Joumisng (v sn)sopmsg
fnpgqodoy | wypSusy | Swawyg i .
EuQNRu& izl poojlvg | sy E:Q smyy Ra:umo.i auiduyg E212]N o | 41y

(‘PIUOD) SIIIYAA YouNe NI “9'61 UL



451

SATELLITES AND SATELLITE LAUNCH VEHICLES

@rooNoLo
310182
(ryaion) (roror)
aLo veor-TY
©13% 0062 SELY, NMSBIL XOT+HT M®d %2 T
(zp-a10N)
odB8T Uy ST
0134 0269, wezTl duoy SLLT Joupseg ¥ H<N HS“
(1p-010N) ) saugduo) n.“-w_mwo_m
OF1,.8 9w 3uo 5691 1180092 e
V5SH, FoRuAWO])|
ury S8T Fuoj woEpt audpiay20d sopueadq,
01 8% 0TIL. oSy whtpay N3 601Z{ 1-d¥ + XO1 xy 5] 113030,
ov'ty :
AN} QLD
0184 085T .
(12100} (aPN) v
G»o,_b £ €-VOI'TY
o 81 0uLe SELY N33l XoT+H1 med X2 Pz
dnpiqudoyy | wopBua | Swand ]
1&5@& 204 poofod | i uwang wsnayy | sugjadoig | aupdug aSmg (o i

('PIUO)Y) SI[RIYIA OUNT'T AHAPIBS '9'61 SIRL



SATELLITE COMMUNICATIONS

452

SAS . [r=Ten)
1-%00/g Y {og-200) SAS Y
SU4g ung ‘ VI sy
¢ im0y )
o1 £y 4181 82| Swojwzoy N OSEL]" 14 + XO1 P S0 __.H__m_
(zr-a0N) 9
{or'ar 210N}
gy 082 0Ly
oS 06ve seeel  Nserl xoremt) mwax o oz
Vi 0E))
595! N €LT OS] tovomy, x ¢
(1t-210N)
QLo uoy
0184 059¢ 9 Lv| wezy Suog sLeT sumsng 1
(z4~210N) SV Ry,
031 (vsn)
ewami <81 Juojw sou@ua! u“w.hwv_
o} s | »!
1 0003 95v| €01 waipapy 691 1315004 2| i
VSV oulp) sxmru gy
NM60IZ] 1+ X01] oy xt nl JLETEN)
diprqudoy | wypBuay | Suwg
poojnd wief pooed | sunpuing | asnyp | suoppderg | ausug aSos  {opnant i

{*PIUOD) SIPIYIA GoUnw] RIS 961 UL



453

SATELLITES AND SATELLITE LAUNCH VEHICLES

wy 581
x| ogb
©1 8% 000!
wy 606
> Uy 0T uowry HWaN
01 3% 00Tt 16€E WA sZEl N3 $822 +tOTN| 0Z-dA X i B
2UAS ung twy {eup) vontiodiop)
0069185 0SL Ansnput [rAgsasn)
SAS)
wasks pios|
P
=Jers
PHOSH T 50 L Y201 Uz
$83C 13UTSNG [
SAS
TR0IG yim
‘ukg ung
©) 8% TH0Z, seLl 315004 2.
W
Apgodoy | ySuaf | Suavg ]
E.EMNM&& o | profog | awny wang sy y swppadosg | owduz afmg 2y | 4w

(‘PAUOY) SIOIYRA Youne] ANFPIES "9°61 UL



SATELLITE COMMUNICATIONS

454

Nmm.cm.ﬁoza
019 T ]
o1 8y o.€g|
(5S'rg-sa10N)
[e1X4)
Hian
018y r6rg $00€]| NM Zes, +102N .&MNWN— Uz
(€ 3108 0a1
o2 Uy 0o, 8uoy HiNa
03 8 ¢ . N (Zs-210N] 07
3 0022, vgg( wrgduoy sSTY N 2reT +IOIN| ~dA x b (re18u)
(esoonJoag q2
. I yaruSun
o8Z W 00| Suojmgr, HINaN] (6s-9,, 1
8 N) O (cu1D) vonsaodxny
01340026 I'sgl  wupay B9 N Zt62 +IOIN] -AR Xy ) Amsnpul jewsaig
011
spuojiey
ForqiEsig
{15-210N))
019 Buof HWNAR| sy +
01850001 vogl Wiy gduoy SO13 NMT9L +10TN) AR X1 2
Qpqudo) (wpsusg| Suryvg
pooiog mop | pooilog | ounp wing sy suppjadosy | auSy 28ms st iy

(PIU0D) SOPIYIA YounuTy :I[MLS 96l OlquL



v

SATELLITES AND SATELLITE LAUNCH VEHICLES

455

{OuST ojiesiedo

RO Sp I
Yormxsay
00 0} 3% 051 SEC - o NI €08 puos) (ug-a1oN) 1 181 sovdg utipuy
ouig ong HWAN|  (gs-o0N)
0785 0051 o1 N 86! +PQIN| D ~dA X (23
$1Q90 Un{ 0001 HIWAN 2|
ofio00r]  erer| Bwotwmeg sont NALS9L FROTN] ~dA X[ Pz {6v 61 312)
20 'y g
od1 HNAN| (65-210N) 02 Suoy togeiodion
oy Bx000r] 6816 Suoimey so9T NATH6Z HIDIN|  <dA X b ws1|  &nsnpup jreseato)
*204g ung| wan;  (gs-wn)
©1 84 005T - - QT N 86 +YOIN] SLAA *T PIE;
1130 1254 0001 . uwan{ - G Qw%uv
oBy0001] 6cLy] Buojweg so11 IOL +002N| STdA X1 PZ e gamedio]
o1 HINAn| (ss-210N) 0z (eug) vogeiodico)
01 3% 000, 681p| Suojweg SoRT + NATPET, +YOIN) —dA X P ssp|  Aiysnpuy fea teasn)
{£s'vs-sa0)
o190
0133 005,
dipiqedey \wpSuaq) Supog
poapog | mior | pooiog | suapuwmng | syl suvpadosg | 2wduy | 2fmg apoyar) YW
: 1

('PII0)) SIPNIIA Yaane] AMPBs ‘961 AEL



456 SATELLITE COMMUNICATIONS




45"

SATELLITES AND SATELLITE LAUNCH VEHICLES

F2
1SS ?wj
SVSI'RIuspg|
oy
. {ELNBUALSY pub,
aszotByosef ezl Suorwog o L prios] s x 1 i aasvh_
HNan
sz NI T + 50| H oy
OLO 3105y svL N 98¢ pifos 4 pig (15°61814)
g OFY Hwan
o189 pooE 05T N SEL +502N] A XT Pz, .
@e'19 (IS} opIA
HounE] AATS.
b
» vsE NMO9IE pios|  suN) 9 Tei0d (IOND)
Sufg| - 0us| vopesiiiQ
ung wny $06, TSy
o1 8% o001 Tyy| Suotwigg %6 N3 009¥ plios |4 ], s ueipuy
- STE NI pitos )¢ yy

- svv N 9 PHoS| 1 g sw.zamv

3P
- 9 NA8IT pitos 1 puz ﬂm:w« ozmuww
- 08! NDE 088 plios| (19-010N) 2, pouswsiny (VI

dyrgodny VwyiBuay) Suriog
pooilog | oy | pooied | awpwng | semyp | swopadosg | awdug | 28uis N Iy

(‘'PIUDY) SHIOIYIA PUNETT AIIAIBS '9°61 19RL



SATELLITE COMMUNICATIONS

458

[SE= ammint B T )

V= O~liv

Fig. 1952




459

SATELLITES AND SATELLITE LAUNCH VEHICLES

stot N O0E PIOS| PN XT Em—
seo) N ooKT piog VI X1 vz S funden)f
[ez¢} (xaudde) SVSI ‘s0usldsg
©1 83 0007 TiE Juoj g Ss¥|  NX1 000y eS| PN X1 8] 20edg Jo 2ymnsuj]
(AISDIRIA
Q100! (433t pue quno) 000Z-6661 ‘(RILL) gounel eS|
83005z] 86661 ‘(pucoag) (6-0661 ‘(1std) 965661+ PIUULIY SIGINTT vAL : Windojaan Japusy 5
(VIAND)
Qyss vopesjusdiQ,
gosessag
- 2oedg autpu]
st - NRE PHOS; UvsSIN X1 L34
S8 NMzet PO WHUSSIN X T big
SEL N e8| pHOS| URSSINX T puz,
oJTu {£9-a10N),
005 © 8% o9 R2Y NI LTE plos) USSSINXZ
Gyiqudoy (wypSusg) Sunod
poojlng o] | profug | sung uing sy g suogadoty | owiSug 28mg apomAl 4
s .L

{PIUOD) FARIOA HRUNST MHPITS 9'6Y AITAL



SATELLITE COMMUNICATIONS

460

om . I e e e WG
g (venyordsonyy
o3y 051 v E N 969 pirbrylpaos | -56 x5 w1 [ar—
SoE NA L2 PIoS| 0ZIm$ ooy iy
N
soedsasy|
S8t N 15, pliog loisug. pIE
Sop KA 0V, pHiog] 1101887 [00Iyy, puz
ssardxy tepiquqy
|y (v'sn)soedsonny|
o131 081 (34 were skl N 6sE] pifos| so15t3) losomy, w1 [euoneway
SEL NA1E Yos s x1 PIg,
(59-210N), 8 N3 T61 Plog]  WLOYS X1 P
WY psY)| (49 2108 o kgﬁw_ﬁ nwmwmw
©1 84091 s N plog €5 x¢ (resg) srpedey]
WY gz PEPIANIY
o1 3y §11 g81{ Suojwery 29 N €0¢]| pliog WLEVS X1 1 3p aansy
Aupqudo) | w pSuay | Suriwog
PUOJADS wioL poovg | swnpwing| syl lsnwopadosyl  swduy a8mig apmRA Ui

(*pauc)) saplgap Youns f ARIBS 9°61 Aq8L




451

Qipgoavy | w

1 3uzy Surap.y
wiaL | poojtag




SATELLITE COMMUNICATIONS

462

VIV 6
S0 NALOPIOSV + *OIN| Winlusy xg pug| )
(0£-s0N) @L-a0N)
INYS (was) sy
ssvT|  NSteeIst PIOS)  solnany x| 4 s.E.?wwv
3 s
g 039 m.,_o_ VIV 1831 youney soeds
100612 66851 Wog'Ly Sg8T NAvERZ]OS v + QN wlasy xz| (69-a0N)s1 epRAUEIN Uiy
(12-010N)
V-E£01
sL1Y NALPI|  XOT+HT| “THMPd X2 pig
VIV 164
01T N L9%| 0SV+*0IN| wlosay xg puz| naua))
039 Buoy V1I-fv L8 yonL nuuoﬂm:
N8y spsy V€9 WeT9r S98L N PEVZ|0S V + YON| WTlony xz| (59-210N) s 5528.3”
N TAgEN ke
682 Nz pHOS g/
puz s
sTst N3 €0C piios] s 3uisog x 1 ng
Apqudo) | wipSuoy
poolng | e |profoq | swgumg | smayy | swoipdoig | smdug Bos | Pl

('PIU0D) SIPIYIA Youne] AIBS '9'61 A1qBL,



463

SATELLITES AND SATELLITE LAUNCH VEHICLES

{89-a10N),
ngo
jeuoirnba uny '
sss o8y 022
g
auis e Vo]
5550183 491 $6T N3 02| piog| ooy X 1 wy
(99-910N) VE saiuy
HYPO L sy N 18] pHog{ ooy % 1 PE (2561 3y)
st s o
S 01 3 6 - 8 x 11,
N 82| pHog{  oxomg X 1 T vs
VE vovdsomipy
29 N §9¥ pios| WAy oLn *1 11 ruoneusou|
2IE 1 P .
. HATYSY THVS]
uqIoury § pioS ! puz Vs
0511 dguy; (99-210N) asudsonnpy]
052 0 31081 [31 - - - Plios 1 s pewonews]
- - - pinbry PIE]
Lipqudey) | w ypdua| Supg
proilvg wiop | projdog | auaf wing Isnayy spupjpadoid awpduy XY YA YW

(‘pIN0Y) S3PIGaA YouNw] MRS 9’61 8L



SATELLITE COMMUNICATIONS

464

(yL-310N)| —
010 VIV (641 ]
o S v SSTE| NHL9v{ 0S5V + roaN]  wloy xg, o
(L-o00)
g oo (0L-20N)| !
018Y 6L21 SPIT| NI bsheT PifS 21N xg, UCIL], [e1o1aunuo)
(Vs nueyy,
oIl T IV-L8 ¥ eRIALWOY
adtpLet 90'vy| Suojw gy 091 NABEYZ| OSV + YOIN| wlmny x7 n%.oaozv I weuy v
VIV 1641
SovT NAL9Y| 0SV + vOIN| oy x gl puz
™ (@L-3mN)
~20N) INES sa zﬁamm
SSPI) NI 42IST PIOS)  Sopdsy X 7 (v§ ) swaiss
0319 VIV 8] youney soedg|
o eLLs| preg) Buojwgor S9BLl  NMIVERZIOSV + 10N} 0wV x Z7)(6o-o0N) 11|  eriouepy uey
$682| Nz8 plos| puz,
wIsny
sest N €02 phos|  Suog x T pIg
Ayppqodo) | wyduzy | Sutwyg
proiiog w101 poojlog | sunpuung | ssnayf swopadosy | audug 29m8 op1M 4y

(PIN0)) SAPIGIA Youne'y A{PIES ‘961 dqRL




SATELLITES AND SATELLITE LAUNCH VEHICLES

R S

Y

RISERNAY .
ARt

o N "
LAY o RRew o] W Ry L
' . ! -
w
inii w |
Wbl By Wy ey NI, AATRENY v i,
A Y TP zﬁ_«,‘_ﬁ”
i Sy ; BN '
N e MR W aaa W
< NG oy .,:,/m /&fﬁau,m, ..m w
: ™R
et NN RIS Y 1
NE LN NS § Wa SN g
oao e Viptvonn of { ;;,n«:”;,izm
I BAELLS 19| Suofw g9 2, 91l NATEIT] oSV eront e Nl .;,z:.,m v /,,,,mf,_,,nﬁﬂ
(52-21000) . B f.s:m.
QLY
o1 3y 06667
fqudosy | wySusy | Summy . e i
&%@% NE poodog | awngumg | sy | swopadoid | owSuy | 230s | Ay v

(PIuCD) SOIPIRA YOUNW ] NHPIUS 96T AqRL



SATELLITE COMMUNICATIONS

466

—
(08-310N) (z8
5, O .um_ﬂw sy (p Terzara
01 8% 6€05 gel Suoqmgg sz V) sidnog
N .
(s ¥68) 1-d¥ + X0 %7 7l 1dusopoy |
s SdD Em\cmﬂ.
013 6
€8 588 N L9 PIes AN xT g
(6L-210N)
i ARLT-0T(V|
S0ty NAEP|OSV + vQIN|  wowy x| Pz
5 . V-0
6€ o[ W LG 598 NX 628¢ PIOS| R0, x 6 8LoWN
ST69T-TI)
(0g-210N) o
oLs < LTSy, i |
. i sufpraypod} (190N V'S p sagEnog
23 ¥IT s §'LE] Suwojwgg ST NA026) T~d¥+X01 x1 81 Pluopy
(18-210N)|
sukg {6L-210N)|
ung W €e8| Aslr/ot-v
o184 g1tz By NAEY[OSV + 02N  waloray x1 24
Qyiqodvy | w ySusy | Sunpg
proieg 1oL pro)og | auipwing | sy syupyadody auSug aSmg 2pup8] 4y

(PIuoD) S3J0IYA Younw MNNRITS '9'61 S(q8L



467

SATELLITES AND SATELLITE LAUNCH VEHICLES

EREEES
AWYITOW
R LY s X7 pig
(6L-910N),
X811 -01-fy
SETY) NAEP|OSV + rO2N| wloww x| Pz -
(og-a0n) ° (8
Sd9, - -310N)}  WaD)
R ¢4 65} Suojm s K9] N LS6¢! prios! se(canK x 6
‘(28
{og-20N) ~3I0N) £E-SY, $T6L'T-012G
019 sudpipoy| ‘v sdnog
3y6181 geg] Buojwgs 592 NYIS68] 1-dY+XO1 xT s TuopIRY
(6L-210N)
ARIT-DUV
SOvP N ev[OSV + YOIN] sy %y Pz
(08-2100N) (GRS
SdO) . Wa9
019 6¢8 o) Swojuse %) NY LS6€ - PlioS] Seinasafy x 6
Qmpqude | w wpSuay | Surwd
poojng oL poojlog | ounpuwng | sy | swopadeid g auSuy aSms | o/ o
i

(PIUO]) SIPIYIA YOuNET] SHITS 9'GL IYRL



SATELLITE COMMUNICATIONS

468

——
nwmﬁ & oy (g2 \26-210N) NSHV
34 ggrez vros]  w z076 s aandg
19$ :r4:31 S07As)  NM7T9TS)  NOT+H? oY 7, s (vsnlysvN
(£5°61 F1g)
(0g-310N) moaeapug
Bnmmv__q ohm HWan 1fosy! *Razacong
0098 T NX 08 + Q2N SO x ¢ PUZ fsuuepy eiquinio)
:a.se.zw (88-210N) wis 81310910
YL SOZT[ N O9€6E, dIva] 1o%omE, xZ UNYS 20eds
{06-210N) {98-310N),
01 8¢ Buoj (gaoN)l  aiyss aufpl
1 8% 06657 yI9g weTgy SOZS)  NAT9TS]  XOT+H1| 1¥oy x¢l sif CVsnlvsyN
{tg-ai0N)
ag
L8 N Z€T PUOS| N UBSSIN % § Pig
oLog {rg-2loN} €2 )
o1 8y00z SEL, N 28 PHOS| W UTSSIN X 1 L ’
o031 (£8-210N) [ (uedey)
o131 goot 67€] JuolwseE 556  NM69St piog]  uessiy x| Sl SVSI/VASYN
fupgedon | w ypSuor | Supog .
pooidod Joser poolivg \i suny wang ;—r smayp \. swojpadosd | owurduy 28mg TN

(PIUOD) S2IIYA Younw'] N[IareS 961 IGBL



SATELLITES AND SATELLITE LAUNCH VEHICLES

469

Fig. 19.53
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Notes (Table-6)

1.Core stage ignites at 20,000 2. Acquilla 21 with 2 HI500s-,
134 kg to LEO 3. Target date depends on final funds 4. New third
stage H10 + intro Apr 92 5. 11.1 m Extra long fairing on request
6. Single payload only 7. Can carry microsats 8. Boosters 9.
Used for dua) launch, with long fairing 10. Used for dual launch
with short fairing 11. Used with long or short fairing 12 Used
with short fairing 13. ultra-short spelda for smaller payload flying
with major satellite 14. Six UDMH modules around N2 Og core
15. Restart capability / 2 hours 16. not used LEO 17. Depends on
payload 18. Uprated Proton planned : 4500 kg to GEO and 23500
kg to LEO 19. Core called second stage 20. Strap-ons called first
stage 21. Maximum 22. Piggiback 23. Piggiback +OMS engines
24 Ignites at 61 m after steam ejection canister launch 25. With
aerojet USTM Motor 26. Wth post boast Motor 27. Variants of
motor cluster combinations avatlable .28.Comet configuration 29.
Strap-ons 30. Core stage 31. Four strap-ons burn as first stage,
two strap-ons and core stage ignite at T+60-61s 32. Variants of
motor cluster combinations available 33. Boosters 34. Automatic
launches / not Hermes 35. Restart capability 36. For dual
launches 37. For triple launches with SPELTRA /not under
development 38, Fully loaded, crewed needs MK2 Vuleain /not
under development 39. + Verniers. 40, Restart capability 41.
With medium fairing 42. With long fairing 43 Stretched Atlas
and Centaur 44 MLV2 use medium only 45 MLV2 46. 8 percent
performance increase optional with Block-1 enhancement pack-
age 47. Uprated Centaur 48. Boosters 48. Only Atlas flying 50 .
+ two verniers 51. China CPK solid propellant stage avilaible late
1992 52. Strap-ons 53. Jiuquan 54. Xichang 55. With PAM class
perigee motor 56. China EPKM upper stage available 1993 57.
China HO upper stage from C2-83 58, Restart capability 59.
Uprated CZ-3A available 60. Ignites at T+49.5s 61. Strap-ons
62, Four strap-ons 63. Strap-ons 64, Strap ons 65. With small
motor 66. Approx 67. Refurbished ICBM 68. With star-37 Kick
stage 69. Ignites at (T+116)s 70.Strap-ons 71. Restart capability
72, Under threat of cancellation 73. PAM D 74. IUS 75. TOS
76. Intelsat-6 stranded, no fault of Titan 77. Uprated Delta 3920
78. 6 ignute at launch, 3 at (T+62)s 79. Restart 80. Canaveral
81. Vendenberg 82, Improved expansion ratio 83. H2SRB 84.
M3S I stages 85.H1 pad 86. Throttled 65 percent -104 percent
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rated power 87. Fed [rom external tank 88. Strap-ons 89.
Fired in pairs m 2s bursts. For final orbit and retro -fire. 90.
Payload bay 91. Orbiter 92. NASA may cancel ARSM Sept 92 93
, 104 percent continuous 94. Throttleable 95. Strap-ons 96.
Restart capability 97. Winged booster, air launched by B-52/Tris-
tar, Mach 0.8. 12000m 98. Incorporates 3rd stage 99. Optional
4th stage hydrazine HAPS engine provides 40kg+ to polar 100.
East coast launch for equatorial.
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Solved Problems

Problem -1:

Refer to Fig. 20.1. The basis of a satellste orbitting around earth
is the centripetal force (F1) due to earth’s gravitation acting towards
the center of the earth balancing the centrifugal force (F2) acting
away from the center. Calculate the centrifugal force for a satelitte
of mass 100 kg orbitting with a velocity of 8 km /s at a height of 200
km above the surface of earth. Assume mean radius of earth to be
6370 km.

Fig. 20,1

‘Solution :
\ v2 L
Centripetal force = —(f'lnTH)' .

where m =mass of satellite
V = orbital velecity
R = mean radius of earth
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H = height of satellite above surface of earth
The centripetal force balances the centrifugal force.

mv?
R+H)
_ 1060 x (8000

(6370 + 200) x 10°

__64x10®
6570 x 10°

=974 Newtons

Therefore, Centrifugal force =

Problem - 2:

Determine the orbital velocity of a satellite moving in a circular
orbit at a height of 150 km above the surface of earth given that

gravitation constant, G =667 x 1077 Nom?! kg?, mass of earth,
M =5.98 % 10* kg, raduus of earth, Re = 6370 km.
Solution :

The orbital velocity (V') is given by

V= \]u/(R+H)

where u=GM=6.67x 107 x 5.98 x 102
=39.8x 10" Nm%/kg

R=6370 Km
H=150Km -

V= '\/;.8 x 1013/(6370 + 150) x 10°

=7.813 Km/8

Problem - 3:
A satellite in an elliptical orbit has an apogee of 30,000 k{n qﬂd
a perigee of 1000 km. Determine the semi-major axis of the elliptical

orbit.

Solution :
_ Apogee + Perigee

Semi-major axis = g}
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_ 30000 + 1000
= 2

= 15500 Km

Fig. 20.2 illustrates the point further.
v Satellite

Apogee

Perigee

Fig. 202

Problem -4:
A satellite moving in an elliptical eccentric orbit has the semi-
major axis of the arbit equal to 16000 km (Fig. 20.3). If the difference

between the apogee and the perigee is 30000 km, determine the orbit
eccentricity. .

Solution :

Apogee =a(l+e)
Perigee =a(l-e}
where a = semi-major axis of the ellipse

' e = orbit eccentricity
Apogee ~ Perigee =a (1+¢)~a(1-g)
=2ac

or  Eccentricity, ¢ = _AP_QMZ-?PEHQO_

_ 30000
= 2% 16000

30000
= 3200

=0.93.
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g 203

Problem-5:

The forthest end the closest points in a sotellite’s elliptical
eccentric orbit from earth’s surface are 30,000 km and 200 km
respectively, Determine the apogee, the perigee and the orbit ec-
centrictty. Assume radius of earth to be 6370 km,

Solution :
Apogee = 30000 + 6370 = 36370 km
Perigee =200+ 6370 = 6570 km
Eccentricity= Apogee = Perigee

2a

where a = semi-major axis of the elliptical orbat
Also, = Apogee ; Perigee

or 2q = Apogee + Perigee

. . o Apogee — Perigee
Therefore, orbit eccentricity = ‘Apogee + Perigee
. 36370 - 6570

" 36370 + 6570

29800
= 35520 =0.693.

Problem-6: )

Refer to Fig. 20.4 showing o satellite moving in an ellz'p_tlcal,
eccentric arbit. Determine the apogee and perigee distances if the
orbit eccentricity is 0.5.
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— 14000 km;-—r
Fig 2.4

Solution :

The distance from center of ellipse (o) to the centre of earth (c)
is given by (a x ¢) where (a) is the semi-major axis and (e) 15 the
eccentricity.

Therefore, a X e = 14000

a= 14°°° = 28000 Km

Now apogee =a{l+e)
= 28000 (1 + 0.5)
. = 42000 Km
Perigee =a{l-e)

=28000 (1~ 0.5)
=28000x 0.5
=14000 km

Satellite-2

Satellite-1 .

L

16000 km —d

Fig.20.5

T
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Problem - 7:

Satellite - 1 in an elliptical orbit has the orbit semi-major nxis
equal to 18000 km and Satellite - 2 in an elliptical orbit has
semi-major axis equal to 24000 km (Fig. 20.5). Determine the
relationship between their orbital periods.

Solution :

The orbital time period (7'} is given by

T=2n \Jaa/u

where u=GM
G = Earth’s gravitation constant
M = mass of earth.
a = semimajor axis of ellipse

If (01) and (ag) are the values of the semi-major axis of the
elliptical orbits of the satellites 1 and 2, (T1) and (T2) are the
corresponding orbital periods, then

T1=2n \Ja?/p.
To=2n Vai/u

To/T1 = (a2/an™?

_(24000Y"%
~{18000
=t4/8" =154

Thus orbital period of satellite-2 js 1 54 times the orbital period
of satellite-1.

Problem-8: "

Deternune the escape velocity for an object to be launched from
surface of earth from a point where earth’s radius is 6360 km.

(G=667x107"1 Nm?/kg? and M =5.98 x 107 kg)

Solution ¢

Escape velocity = Y %ﬂ



SOLVED PROBLEMS 481

.

Here r = 6360 km = 6360 x 10 m

p=GM=667x10"x598%10%
=39.8x 10 Nm®%/Kg

o\ l 2%39.8 10"
Therefore, Escape Velo = m—————
erefore, Escape Velocity 6360 % 10°
_\ ’ 79.6x10"°
- 6360

=11.2 Km/s

Problem-9:

Calculate the orbital period of a satellite in an eccentric ellipti-
cal orbit shown in Fig. 20.6.

Solution :

Semi major axis, a =

= 25000 km

3
Orbital time period, T'=2n V Eu-

50000
2

1
I’————\'SOOOO km

Fig.206

u=GM=667x167 x 598 % 107
=39.8x 10" Nm2/Kg

it P e E
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3.3
Pogxse \f 2600010
39.8 x 101°

18
=628 \ , 15625 % 10
39.8x 1012

=6.28x 6.25 x 10°
= 39250 seconds
=10 hours 54 minutes.

Problem - 10:

A satellite moving in a highly eccentric Molniya orbit having
the farthest and the closest points as 35000 km and 500 km respec-
tively from the surface of the earth. Determine the orbital time period
and the velocity at the apogee and perigee points (Assume earth’s
radius = 6360 k).

Solution :
Apogee distance = 35000 + 6360

=2 41360 km
Perigee distance =500 + 6360
= 6860 km
Semi-major axis of elliptical orbit, ¢ = wﬁ%‘:—@@
=24110 km

3
Orbital time period, T'= 2% \f %—

3,3
=628 (24110 10°)

6.67x 10711 x 5.98 x 107
=10 hrs 20 minutes
Velocity at any point on the orhit is given byr

V=Vu{(2/r) ~(1/al}
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V= GM=6.67x 107 x5.98 x 10%% = 39.8 x 10%* Nm%/Kg
At Apogee point, r = 41360 km.

V='\/39.8 x10%3 -———2—~——5—~—-—1——~3
41360x10° 24110 x 10
i '\/ 30,8 x 1013 | 48220~ 41360
’ 41360 x 24110 % 10°

A ’ 39.8x 10 x 6860 _

T Y 41360 x 24110 x 10°
=523 m/s
At perigee point, r = 6860 km
Therefore, ’\139.8 x| 2L
6860 x 10° 24110 x 10
- ’\/39 8x 101 48220 ~ 6860
6850 x 24110 x 10®
A\ ‘ 39.8x 10" x 41360
6860 x 24110 x 10°
=~9.976 Km/s.

Problem - 11:

T:he sum of apogee and perigee distances of a certain elliptical
satellite orbit is 50000 km and the difference of apogee and perigee
distances is 30000 kms, Determine the target eccentricity ().
Solution:

1 (ro) and (rp) are the apogee and perigee distances, then

¢ =(recre) 30000
ra+rp) 50000

= 0.6,

PSR -
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Problem 12

The sen}i - major axis and the semi - minor axis of an ellipticel
satellite orbit are 20,000 km and 16000 km respectively. Determine
the apogee and perigee distances.

Solution :

If (o) and (rp) are apogee and perigee distances respectively,
then, semi-major axis = L"%!L

Semi-minor axis =Vrg 13

’—“—%—’E =20000 km

Therefore, rg+ rp=40000 km
Nrax7p = 16000
Therefore, rarp= 256000000
Now ra +rp= 40000 e)]
rq X rp = 256000000 .2}
Substituting the value of (rp) from (2} in (1)
Ta (40000 - ra) = 256000000

or 2 ~ 40000 r, + 256000000 = 0

40000 + "\ 16 x 10% - 10.24 x 10°

Tg= 2

_ 400002 V5.76 % 10

2

_ 40000 2.4 x 10*
h 2
=82x10%,16x10%
= 32000 km, 16000 km
ra = 32000 km as it cannot be 16000 km if the semi - major axis
is 20,000 km.

rp = 40000 - 32000 = 8000 km
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Problem -13:

A satellite is moving in a near earth circular orbit at a distance
of 640 kim. Determine its orbital period. (Assume R = 6360 km)

Solution :

Orbital velocity = \/ (T%%
- '\/ 6.67x 107 x 5,98 x 10%
7000 x 10°

A / 39.8x 102
7x10°

= 7.54 km/s,
Orbital period = E_@Viﬂl

_ 6.28 x 7000
N7

= 5830 secs

=1 hour 37 minutes.

Problem - 14 :

_ Asatellite moving in an eccentricelliptical orbit has semi-major
axis and semi - minor axis of (a) and {b) respectively and an

F1g.20.7
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eccentricity of 0.6, The satellite takes 3 hrs 10 minutes in moving
from B to A in the direction shown. What will be the time token by
the satellite to move from A to B in the direction shown in Fig. 20.7.

Solution :

According to Kepler's law for elliptical satellite orbits, the line
jeining the satellite and the center of the earth spans equal ellipse
area in equal time.

As a first step, we shall determine the area spanned while
moving from B to A. It is given by shaded region and is given by.

Ares of half of ellipse ~ Area of AAOB
_nab
== -&x0C

nab
== - bae

=ab(r/2~e)=ob (ﬁ_%ﬁ_ - 0.5)
=0.9Tab
=ab

The area spanned in moving from A fo B,
=22t o6ub

sab(x/2+0.6)=22ab.

The ratio of the two areas is 2':: i =2.2,

Therefare the time taken by aatellite to move form Ata Bahould
be 2.2 times the time taken by the ratellite to move from Bto Ain
the direction shown.
or time taken 2.2 3 hrs 10 min

=7 hrs

Problem - 15:
For an eccentric elliptical satellite orbit with an apeger and
1 ints ot @ distance of 50,000 km ond 8000 ks respectively

rigee poi r <
;‘,:nm thf:-rdtr of earth. Determine the semi-innjor axir, semi-minsr

axis and the orbit eccensricity.
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Solution :
Apogee distance, rg = 50000 km
Perigee distance, rp=8000 km
Semi-major axis, o= rL;__rP_

- 5000024- 8000 =99000 km

Semi-minor axis, b = Vrg x rp

= '\150000 *x 8000

= 20000 km

Orbit eccentricity, e = (MJ
ra+rp
~| 50000 + 8000

_ 42000
~ 58000

=0.724

_ (50000 - sooo]

Problem - 16:

_Satellate - 1 and Satellite - 2 are orbitting in different elliptical
orbits with same perigee but different apogee distances as shown in
Fig. 20.8. The semi-major axes of the two orbits are 16000 km and

‘24000 km. If the orbital period of satellite - 1 is 10 hours, determine

the orbital period of satellite - 2,
Solution : o .
Orbital period (T) is given by

Fig. 208
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T=2r =
n

where a = gemi-major axis
w=GM
If (T1) and (T2) are the orbltal periods of satellite-1 and satellite

- 2 respectively, then
(ﬁ} 21 Val/y

L4
2n a?/p

3/2
={82
=)
372 372
a2 24000
=722
T=n1 (ax) = 10 [16000)
=10(1.5)*2
=18.37 hours

Problem - 17:

A geosynchronous satellite moving in an equatorial circular
orbit at a height of 35800 km above the xurface o/' earth gets mrlmtd
at an angle of 2° due to some 1 Cal the d
deviation in latitude and also the maximum deviation 1n longitude
(with reference to longitude of ascending node). Also determine
maximum displacements in kms caused by latitude and longitude
displacements. (Assume earth’s radius = 6364 km).

Solution :
Height of orbit = 35800 km
Earth's radius w 6364 km
hercfore, Orbit radius, 7w 35800 « 6364
= 42164 km
Angle of inclination = 2°

Maximum latitude deviation from equator due to l'\chnn!mn n

isgivenby:
h W Y
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Maximum lengitude deviation from ascending node, Wmax is
given by :

R S
Ymaxr =598 = 998 ~ 228
=0.0175°

Maximum displacement {in km) due to Amax is given by :
Dy (maxy=ai (lso)where () is in deg

_42164x2xn
T 180
= 1471 km.

Maximum displacement (Dy) due to (Ymaz) ¢ given by :

=Dy | Ymax
Dy DA[MH)
=141 x % 02175

- =12.9km

Problem - 18

Determine the d of velocity i Ise needed to correct
the inclination of 2* in the satellite orbit of problem 17.

Solution :
The magnitude of velocity impulse is given by :

-\[%‘tan i

_ 38.8% 1013 .
hat -—_‘—3 tan 2
42164 x 10

=107 m/s.

Problem - 19:

A geosynchronous satellite orbitting at 42164 km from earth’s
center has a circular and equatorial orbit. The orbit gets inclined due
to some reason and it is observed that the maximum displacement
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due to latitude deviation is 500 km. Determine angle of inclination
(i) between the new orbital plane and the equatorial plane.

Solution :

Maximum displacement D), (max) due to Iatitude deviation is
given by:

D, (max) =r Amax

where Amax = maximum latitude deviation
= {angle of inclination)

or Dy (max)=rxi

. 500
i =Dy (max)/r= 2164 0.012 rad

= 0.68deg

Problem - 20:

Ag y satellite ing in an eq ial circular orbit
is at a height of 35786 km. from earth’s surface. If the earth’s radius
is taken as 6378 km, determine the theoretical maximum coverage
angle. Also determine the maximum slant range.

Solution :
For theoretical maximum coverage angle, elevation anjle,

E = 0. Maximum coverage angle, 2 «max =2 sin~1 [R I?H cos E
4

where Re = earth’s radius
H = height of satellite above earth’s surface

) 6378 :
2 e = 2 5in [35786 +6378 °0 J

=17.4"
If (D) is the maximum slant range, then

D2=R?+<R,+H2—2R, (Be+H)
Sin|E +sin”! ——R‘——cosE
n Re+H
= (6378)% + (42164)° ~ 2 x 6378 X 42164 x sin 8 7*
— 40678884 + 1777802896 — 537843984 x 0.1612
= 1737139041
D =41679 km
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Problem - 21 :

What would be the new maxtmum coverage angle and the slant
range if the mini angle is 5" and not zero as
in problem - 20 (Refer to Fig. 20.9).

Solution :

The maximum coverage angle, (2 «max) is given by

2ocmar =2 sin™1 [[ReR: H] cos Em,a]

where Eryun = Minimum elevation angle

P | 6378 .
2 oemax =2 sin [(6378 + 35786 |58

=2sin "1 {0.1512 x 0.996)
=2sin"! 0.1506
=2x866

=17.32"

Fig 209

Problem - 22 :
Refer to Fig. 20.10 showing a geostationary satellite orbitting

earth. Calculate the angle (8) subtended by the arc of the sale[hlc s
footprint at the center of earth.

‘Solution :
8=01+82
81=90"-y~-E1 - (E1=5)
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sin [5‘ +sm) (———-@7—8———— cos 5')]

6378 + 35786
= 40678884 + 1777802896 - 126984965
=1691496815

Therefore, d = 01691496815

=41127.8km
Round trip time, t= —Q—f-\

where ¢ =3 x 10® m/s = 8 x 10° km/s
2x 41127.8
T=————"F7"8

3x10°
= 0.274 sec
=274 ms

eCcs

Problem - 24 :

Determine the maximum shadow angle that occurs at equinoxes
for a satellite orbitting in a circular equatorial orbit at a height of
13622 km above the surface of earth. Assume earth’s radius to be
6378 km. Alsa determune the maximum daily eclipse duration.
Solution :

Refer to Fig. 20.11

The radius of circular orbit = 13622 + 6378

=20,000 km

From Sun (

Fig 20.11
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Maximum shadow angle, dmar = 180" ~ 2 cos™! {..@:_3_75_)

20,000
Omax = 180" = 2 cos™! 0.3189

=180°-2x 714

= 180" - 142.8

=372

7,
360
= 2.48 hours

Maximum daily eclipse duration = 372 % 24 hours

Problem - 25

We }mouj that the first doy of eclipse before an equinox and last
day of the eclipse a}_?er an equinox correspond to the relative position
sy, at [ W7 a¥ o

Alsodetermine the same forageostationary orbit ata height of 36786
km above earth’s surface.

Solution :

The angle of inclination ie (¢) between the equatorinl plane and
the direction of sun as a function of time during the time period of
earth’s one rotation around sun s given by

. B t
e () =23.4 sin -2—;—-
where T = 365 days
23.4° is the maximum inclnation that occurs on summer
and winter solstices.
For a circular arbit of 20,000 km radius, ¢ = 87.4". Therefore,
the time from first day of eclipse to the equinoxis given by substitut-
ing i, (8) = 187" (=87.47/2)

ie. 18.7=23.45in 25
t—§6“5 in-1 18.7
or =%x P 234

~ 365 531y
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- 365 o
. _2nx53x180_53.8days
For the geostationary orbit,
180" 16318
¥maz = 180° 2 cos [6378 + 35786)

=180"- 2 cos™} 0.1512
=180"-2x 813"

=180" - 162.6"
=174"
365 . 1( 8.7
fo === —
Therefore, t - sin 23.4
365 5.
=5 219
- 365 o
==X 21x 180 days
=22.13 days

Problem - 26:

A satellite is currently in its elliptical transfer orbit (Fig. 20.12)
with apogee and perigee being at distances of 35786 km and 300 km
respectively above the surface of earth. If the transfer orbut inclina-
tion to the equatorial plane is 0", calculate the incremental velocity
tobegiven tothe satellite at the apogee point by the apogee kick motor
to circularize the orbit (Assume earth’s radius = 6378 km)

Circular
path

Transfer
orbit
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Solution :
The velocity (V) at any point along an elliptical orbit is given

2 1
V=" (: - ;}
where u=GM
r = apogee distance from center of earth
@ = semi-major axis of ellipse

Now r = 35786 + 6378 = 42164 km

a=35786+63782+6378+300=24421 Xm

by:

The velocity (Va) at the apogee point can then be computed from

V2=398x 10’3{ 2 e1o® .ty 103)

42164 T 24421

_ 88.8x10% x 6678
42164 x 24421 x 10°

Vi =258x 10°

Vo= V2.58x 10° = 1.61 km/s

For a circular orbit with a radius of 42164 km,

v A ’\/ 39.8 x 10
< Vr 42164 % 10°

=3.07km/s
The velocity change (AV) required to circularize is given by

AV = \JV3+VC2—2 Va Ve cos i
Here i=0

Therefore, AV = VWEevE-2Vals
. \l(vu - Vc)2

=(Va ~ Vg)at (Vc - Va)
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=3.07~ 1861
=1.46km/s

Problem - 27:

If the satellite in Problem - 26 was launched from eape Kennedy
kaving alatitude of 28" N and if the injection of the satellite ot perigee
point was horizontal, determine the velocity change required to
circularize the orbit and correct the inclingtion.

Solution :

The elliptical transfer orbit has an inclination that is equal to
or greater than the launch point latitude. If the satellite injection is
horizontal at the perigee, it equals the launch point latitude.

Here i=28"

Therefore, AV:'\/ (1.61)% + (3.07)% — 2% 1.61 % 3.07 X cos 28"

=N2.59+9.42~8.78
= \'3.276

=1.81 Km/s
Problem - 28:

Determt.ne the maximum line of sight distance between twa

satellites ing in a circular orbit at aheight (F)
above the surface of earth.

Fig.20.13
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Solution :

Maximum line of sight distance between the two satellites
would occur when the satellites are so placed that the line joining
the two becomes tangent to the earth’s surface as shown in Fig.
20.13.

Maximum line of sight distance =AB=0A+0B=2x0Aor2
x 0 B as OA = OB. If (R) is the radius of earth and (H) the height of
the orbit, then

OA=ACsin g
={(R+H)sin®

ceos B
Now 6 = cos [R+H)

- ; -1_R
Therefore, OA = (R + H) sin (cos Tt HJ

. . ” - : 1|_R
Maximum line of distance = 2(R + H) sin [cos (——R n H]:'

Problem - 29:

If the two satellites in Problem - 28 have an orbital radius that
is twice the radius of earth, determine the maximum line of sight
distance. Repeat the problem for geostationary satellites having an
orbital radius of 42164 km. (Assume earth’s radus, R = 6370 km)

Solution :

. . - _ . o R
Maximum line of sight distance = 2(R + H) sin [cos (R - HJ]

It1s given that (R + H) = 2R

Therefore, maximum line of sight distance
=2 % 2R sin [cos'l 4] 5]
=4 R sin 60"
= %3— R=2VFR

= 2V3 x 6370
= 22066 km
For geostationary satellites, (R + H) = 42164 km

Therefore, maximum linetuf sight distance =
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2 x 42164 sin (cos~l 6370 )

42164
= 84328 sin (cos™} 81.3)
=84328 % 0.998
= 83361 km
Problem -30:

Two communucation satellites in the same circular orbit but
located at 130" W and 70'W longitudes commaunicate vie an inter-
satellite link. Find the round trip propagation delay.

Solution :

The angular difference in the longitudes of the two satellites
=130'W - 70°'W = 60"
Also, a longitudinal difference of 180" corresponds to the two
satellites located diametrically opposite to each other. The current
situation is depicted in Fig. 20.14.

The hne-of-sight distance between the two satelhtes can be
computed from triangle ABC where

4B =VAC? + BC? ~24C x BC cos 60°

Fig (20’ 14
Here AC=BC=R... (orbital radius)

Therefore  AB=NR2+RZ-2R?x05 ~R
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Round trip time = ﬂg where (Ryisin meters
3% 10
-31:
in Prob m - 30 was 30 *Wan
mine the round

problem

Ifthe Jocation t

15°E and if the 0 orbital T¢
ggation delay-

nofthe twasatell
adius 10000 k™ d ter

trip proP
Solution
The angular r dil ﬁere ce=30"+ 15" =45
The tw0 i'\gu e bee! s one gatellite is towards
west of the referen h \ the oth er i s Lowards east.
Line-of- -sight d\smnce
= uoocm) * (10000)2 -2x (mooo)2 cos 45
108 +10° - La1x10® = 0.765% 10* km
= 7650 km
gation delay = 2/@ gec=51 ms
3% 10

Roun
Latitude:

problen” 32:
jon i ocatedat30'Wlongltudeand60N
muth " elevato™ angles with
* longuude (Assumé

An earth station i 1
Deter! o earth tion an
respect 10 geostatz sellste 10 ted at 5
rbital r s =42164 k nd »g raditis 6378 km)
gotut )
arth tation & ang\e,A = _Arifthe earth tion
in the northe h ;phere d is tow rds we! £ th
sate\\ite.
aften 05— 0L
tan
sin 61
where s atellite Jong
or=e? arth station \ongitude
o= carth station \atitude
. altan 20 0.8
A= s'mGOX 2
A= 180"~ 228" = 151.2"
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The earth station elevation angle is given by
E=tan! li"RtCﬁD)SBICOS 1056z |
R sin (cbs cosO; cos | 85— 0y, |

~cos™! fcos O cos |0y ~62}}
where r = orbital radius
Re = earth’s radius

£ =tan- [ 42164 - 6378 cos 60" cos 20° }
6378 sin [cos“ (cos 60° cos 20')]
~cos” " {cos 60" cos 207)
=tan™ 42164 — 2998 —cos™t 0.47
(6378 sin (cos™ 0,47))
_1 {39166 .
=tan™! Sy |62
=818 -62'=19.8°
Azimuth = 157.2", Elevation = 19.8°

Problem - 33 :

A iliteisinacircular torial orbit atan altitude of 10000
km from earth’s surface. Determine the maximum eclipse time in ¢
day during the full eclipse period (Assume earth’s radius = 6378 km)

Orbrt

From
Sun

. , Fig 2015 U
Solution : .
The maximum shadow angle and tly the maximum

daily echipse duraiion oceurs at equinoxes i.e. when the earth's

torial plane’s inclination te the direction ot‘the sun is 0° (Flg
20 15)
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The shadow angle in this case is given by

Omazx = 180" -2cos‘1{ Lichs ]

Re+H
where Re = carth's radius
H = height of satellite orbit
Substituting the values of (Re) and (H)

180t oo el 6378
Omas = 180° -2 cog (6378 - 10000)

=180"-2¢ 0571 0.389
= 180" -2 x 67°
=46

The eclipse duration is the time taken by the satellite to move
from point A to B (Fig. 20.15)

Therefore eclipse duration = 3%% X orbital period

Now orbital period = 2r \Jaa/p
where {a) here is the orbital radius

33
" : (16378 x 10°%
Orbital period =2n \/ 308101

= 5.8 hours
. . 46
Therefore, eclipse duration = 360 x5.8

= 0.74 hours
= 44,5 minutes

Problem 34 ¢

A y satellite I hed by ESA’s Arium.: rocket from
Kaum; in French Guiana has the perigee. of its e.lliptxcal trans/;i:
orbit at 450 km. Find the incremental velocity required to correct I: y
orbit inclination and to achieve orbit circularization given b2 ”l:e
Kourou is located at 5.3°N latitude and also t.h.at.the line jan"!tﬂga ‘
apogee and perigee is the node line (line joining ascending
descending nodes).
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Solution :

The orbit circularization manoeuvreis carried out at the apogee
paint and if the line joining the apogee and the perigee happens to
be the nodal line, then the incremental velocity required to correct
the inclination and circularize the orbit is given by

AV=NVE+VE_2V,V; cosi

where Va = velocity at apogee
=1.61 km/s for geostationary orbit
Ve = velocity of circular geostationary orbit
=3.07km/s
i = inclination angle = 5.3

(Vo) and (Ve) have been computed in an earlier problem. In-

chination angle being equal to the latitude of the launch point has
also been explained.

AV= '\[(1,61)21- (3.07)% 2% 1.61 x 3.07 cos 5.3*
=259+ 9,42~ 9.86 % 0.995

=V259+9.42-9.837

=2.173 = 1.474 Km/s

Problem - 35:

Consider two earth stations A and B with longitudes at 60° W
and 90° W respectively and latitudes at 30° N and 45° N respectively.
They are communicating with each other via a geostationary satellite
located at 105'W. Find the total delay in sending 500 kilobits of
information from one station to the other if the transmission speed
is 10 Mbps. (Assume satellite orbital radius = 42164 km and earth’s
radius = 6378 km) )

Solution :
Earth station A latitude, 614 = 30°
Earth station A longitude, 874 = 60"
Satellite longitude, 0, = 105°
The elevation angle of earth station A, EA =
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— [42164 % 20° ~ 6378 x 10° cos 30° cos 45
6378 x 10° sin leas™! (cos 30" cos 45°)
~cos™t (cos 30" cos 457}

= tan™? 42164 ~ 6378 x 0.612
- 6378 x 5in 52.2°

tan-1188280% .
=tan {5039] 522

=825~ 52.2° =30.3"
Earth station B latitude, 8;g = 45°N
Earth station B longitude, 8.5 = 90°W
The elevation angle of earth station B, Ep =
_1§ 42164 % 10% - 6378 % 10% cos 45" c03 15
[ 6378 x 10°% sin (cos'1 {cos 45° cosﬂ}
~ o5~ (cos 45" cos 15%)

=tan 4216‘4‘— 6378 ;< 0.682 ) cos™1 (0.682)
6378 gin (cos™ 0.682)

]- cos™ 0.612

_.. 137814 .
=tan {—*—-—4656 ]— 47
=83"-47" =36"
Inthemext step, we shall determine the slant range of the earth

stations. .
Refer to Fig. 20.16. The slant range (da) of the earth station 4

can be computed from: . .
di= (42154 x 103) + (6378 x 10’) -2 6378 X 42164 x 10°%

-1].6378 <os 30.3'}]

sin{30.3" + sin Bied

= 1777802896 x 10° + 40678884 x 10° - 537843984 x 10°
X sin 37.8°

=1488833409 x 10°

dp= 14888833409 x 10° = 38585 Km

The slant range (dn) of the earth station B tan be coraputed
from: ,
db = (42164 x 10%7 + (6378 10%)2 - 2 x 6376 x 42164 x 107X
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N PR 6378
sin [36 +sin-1 {42154 cos 36° H
= 1777802896 x 10° + 40678884 x 10°
-~ 537843984 x 10° sin 43

= V1451673065 x 10° = 38101 Km

Total range to he covered = 38585 + 38101
= 76686 km

' Propagation delay = 76618;’ = 255.6 ms

The time required to transmit 500 Kbps at a transmission
speed of 10 Mbps is given by

mf—gsec =50ms

M, Satetute

Fig. 20 16
Therefore, total propagation delay = 255 6 + 50

: © =305.6 ms

Problem - 36:

Calculate the power gain of a paraboloid reflector antenna with
a moutk diameter of 10 m at 6 GHz. Assume anienna aperture
efficiency to be 80%.
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Solution :
Mouth diameter, D = 10 m
Frequency, f=6 GHz
Aperture efficiency , 1 = 0.8
Antenna gain (G) is given by

4nA
G=
= 22
where A =aperture area= -"~12- = Mol— =78.5m?
3x1
A =wavelength = =0.05m
i f 109
08x4x314x78.5
Therefore, G= T 05 %008
= 315507
. Gain in decibels =10 log 315507
=10x55
=55dB
Problem - 37: .
T L L UL R AL T 1]
: . .in

Solution :
The power gain (G} if the antenna is also given by:

_Arn
Ferey

48 = azimuth beamwidth in radians

G=
where
A = elevation beamwidth in radians

In the present case, G = 315507

A8=1 —-'8~Orad

4
Therefore, Ab=E28
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_4mx180 720
= 316507 xn ~ 315607 "

_ 720180
=315507 xn

=(.13 deg

deg

Problem - 38 ;
A paraboloid dish antenna having a mouth diameter of 20 m
and an aperture efficiency of 90% produces a radiated beam with a

solid angle of 3 x 107 steradians. Determine the antenna’s power
gain in decibels and also the operaiional frequency.
Solution :
Solid angle of the antenna beam = 3 x 10~ steradians
; 4%
Power gain, G = o
where Q = beam solid angle in steradians

Therefore, G =-—2%_. = 41804
3x10

Power gain in decibels = 10 log 41904
=10x4.622 =46.22dB
Power gain is also expressed by

4nA

c=nirtd
158

where A =ant ’s area of cr tion

A = operational wavelength
n = aperture efficiency
2
Therefore G = QM’%;;LX@—O-L =41904

232209 4n® x 400
=T 4x41904

A= \)0.0847 =0291m

. ']
Operation; al frequency, f= % = aoxzz’g

= 1030.92 MHz

or =0.0847
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Problem - 39 :

A Ku-band 20 m Cassegrain antenna designed for a satellite
earth station has the foll, g specifications for the antenna cfficien-
<y

Parameter 11.95 GHz
Hlumination efficiency 0.98 096
Spillover efficiency

Main reflector 0.99 0.99
Sub reflector 0.97 0.97
Blocking efficiency 0.85 0.85
Feed system efficiency 0.90 0.90
Surface tolerance efficiency 0.92 0.92

Determine antenna’s power gain at 11.95 GHz and 14.25 GHz. .
Solution :
Power gain (@) is given by:

G- n47'A

nD?  nx400
=1 "7 = =814 m?

() Forf=11.95GHz

1 =0.98 % 0.99 x 0.97 x 0.85 x 0.90 x 0.92
= 0.66

0.66x4x314x314
(0.0251)*

=4131576
Gain in decibels = 10 log 4131576 = 66.16 dB
(ii) For f=14.25 GHz

Therefore, G {(at f=11.95 GHz) =
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8
3x30 __ 4 021mn =0.648

€
T a2sx10°

Therefare, G (at £~ 14.25 GHz) = 2848 x4 x 314 % 314
(0.021y
= 5795030
Gain in decibels = 10 log 5795030
=67.63dB

Problem -~ 40:

A satellite earth station an? havinga i goin of 60
dB at the operational frequency is fed from a power amplifier
generating 10 KW. If the feed system hos a loss of 2 dB, determine
earth station EIRP (Effective Isotropic Radiated Power).

Solution :

Power at the output of amplifier = 10 KW

=40dBW
Antenna gain =60 dBW
Power loss in feed system =2d4BW

Therefore, EIRP = 40 + 60 -2 =98 dBW

T
S E e R

Fig. 20.17

Problem - 41:

Fig. 20.17 shows a cascaded arrangement of three gain blocks.
ItisgiventhatGr=1 0% and its associated equivalent noise tempera-
ture Tes = 100 deg Kelvin, Gz = 10" and T,» =60 deg K, G3 = 1000
and Teg = 20 deg K. Determune the equivalent nowse temperature of
the cascaded arrangement

Solution :

If (Te) is the equivalent noise temperature of the cascaded,
arrangement, .
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Tes  Tes
by = Loz
hen  Te=T,3+ e +Gx e

60 20

=100 + =t 4
105 10%x 10°

=100+ 60x 1075 + 20 x 10710

= 100K

Problem - 42:

Fig. 20.18 shotus the cascaded arrangement of four gain blocks
with their gain and noise figures as Gy=100, F1 =2, G2+ 10,
F2=10, G3=10, F3=15, G4= 10, F1 = 20. Determune the noise fig-
ure of the cascaded arrangement.

643100 63210 Gy=10 G4=10
722 r““’ F=10 £3%15 £,220

Fig 20.18

Selution :
The averall noise figure (F) is given by
Fz-—l*Fs-1+ Fy-1
Gy Gi1Gz Gi1G2Gs
10—-1+ 15-1 " 20~-1
100 100x10 * 100 x 10x 10
=2+ 09+0.014 +0.0019 =2.1059=3.2dB

Problem - 43 :

Fig. 20.19 shows the receive side of satellite earth station conv
prising of earth station foliowed ide that connects
the antenna feed point to the low noise amplifier input with the
autput of the low notse amphifier feeding the down.converter. Assume
that the receive antanna has a gain of 66 dB at the received dowt
lLink frequency of 11,9 GHz. The other parameters characterising the
recetve chain gre ! .

Antenna noise temperature, TA=60 K

Loss in the waveguide, L1 = 1.075 (0 3 dB)

P=Fy+

=24




wirzlirn? mader termpercizre oF fop madse wmpdrien

Do commerirreguitelznt modse fomipemain e, Tar = JOOOC A
Armbiend fzmperoture, Th=S0K
Derermiing the eardh stution oefem sl depensian ond

(G1Tj referned to the fnput of 30 o nndve emdifen

2
3
i s Wavegnde Len ase Dean
- Arpiize Ll COMETIRE fumnsm
i L Qo Teyd Ga Tea R
Fig, 20,19

Solution :
Earth station system noise temperature referred to the input
of the low noise amplifier is given by :
T=Ts+7Te
where Ts = Noise temperature measured at the output of
the waveguide
T. = Equivalent noise temperature at the input of low
noise amplifier
_Ta (a-1)7To
Now Ts= T +-~—-—-—-Ll X
__60  (1075-1
=107 ‘”( 1,075 )290
=5581+2023=7604 K
Tes

T¢=Te2+a

=160+ 10000
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=160 + 0.01 = 160.01
Therefore, T = 76.04 + 160.01 = 236.05 K
The antenna gain referred to the input of the low noise
amplifier is given by
G=66-03=657dB

The antenna gain to noise temperature ratio in dB per kelvin
is given by

£-GandB)-10l0g T

=65.7 ~ 10 log 236.05
=65.7 ~ 23.73 = 41.97 dB/K

Problem -44:

For the data given in problem - 43, determine the earth stotion
system noise temperature and (G/T) referred to the (i) input of
waveguide (ii) wnput of down converter. What do you deduce from the
results ?

Solution :

(i) The source noise temperature in this case become (T4). The
equivalent noise temperature (Te) at the waveguide input is given
by:

Tegln _ i
(Ly~-DTo+Tea Ly + Gy e (G]-L]]
= (1,075 - 1) 200 + 160 x 10.75 +l°_°.°.‘;.;g:.°l5.
=290 % 0.075 + 172+ 0.01
=193.76 K

Therefore, Ty = 60 + 193.76 = 253.76 K
In this case, G =66 dB
Therefore % = 66 ~ 10 log 253,76
=66 ~24.03
=431.97dB/K

(i) The soutce noise temperature is given by
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Ta G2
In *
sox10® 0075

1075 11675

(éﬁ}-} ToGz2+Te2 G2+ Te3

x 290 x 20° + 160 x 10° + 10*

= 55.81 x 10° + 20.23 x 10° + 160 x 105+ 10*
=236.05x 10°K

Gain, G=66~0.3+60
=126.7dB

NlQ

=125.7 - 10 log 236.05 x 10°

=125.7-83.73
=41.97dB/K
The results obtained in problems - 43 and 44 prove that value
of (G/T) is invariant regardless of the chosen reference point. For
the given problem, (G/T) turns out to be 41.97 dB/K irrespective of

whether the reference point is input of waveguide or input of low
noise lifier or input of down converter.

Problem - 45

Consider a dual up-converter (Fig. 20.20) witk the following
paramelers : N

Uplink frequency spectrum = 5.9 to 6.4 GHz

First intermediate frequency = 70 MHz

Carrier bandwidth = 36 MHz

BPF-1 center frequency = I GHz

Find (@) First local oscillator frequency (b) range of second local

oscillator frequency (c) frequency spectrum of the unwanted
sideband.

Mixer-1 Mixer-2

BF”F 8P
fotB/f2 2

u

i fo

Fig. 20.20
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Solution :
() First tocal oscillator frequency, /it = 1GHz - TOMEHz
=930 MHz
(b) Minimum second Jocal esciflator frequency, fi2 (min) s
given by
fi2{mm)=59-1=49GHz
i Maximum second focal oscilintor frequency, fiz (max} is given
y 2
fla(max)=64-1=54GHz
Second local oscillator range = 4.9 GHz to 5.4 GHz
(c) Frequency spectrum of the unwanted sideband is from:
Yfux {min) - 2 (fiz + fo)} to lf (maxy ~ 2 (i1 + foll
={5.9 ~ 2 (0.930 + 0 070)} to 6.4 ~ 2 {0.930 + 0.070)}
=3.9 GHz to 4.4 GHz

Problem - 46:

Consider a dual up-converter (Fig.20.20) with the following
specifications:

(i Uplink frequency spectrum = 14 {0 14.5 GHz

(ii) First intermediate frequency = 140 MHz

(iti) Carrier bandiwidth = 72 MHz

{iv} BPF-1 center frequency = 1.19 GHz

Determine (a) first local oscillator frequency (b) range of second
local oscillator frequency (c frequency spectriem of unwanie
sidebond (d) bondwidths of BPF-1 and BPF-2.

Solution :
(a) First local oscillator frequency = 1190 — 140 = 1050 MHz
(b) Minimum second local oseiflator frequency, fiz (min) is
given by: :
fi2 (min} = 14 ~ 1.19= 12.81 GHz ‘
Maximum second locat oscillator frequency, [z (max) is given

fiz (max) =14 5~ 119=13.31 GHz
Second local ascillator range 1s therefore 12 81 to 13.31 GHz
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{c} frequency spéctrum of the unwanted sideband is from -
lfu (min) - 2 (fi1 + fo)) to Uiz (max) - 2 (711 + fo))
=134 -2(1050 + 140)} to § 14.5 - 2 (1050 + 140}
=11.62 to 12,12 GHz
{d) Bandwidth of BPF-1 = Bandwidth of first IF = 140 MHz
Bandwidth of
BPF - 2 = uplink frequency spectrum bandwidth
=500 MHz
Problem - 47:

Consider a dual Down-Converter (Fig. 20.21) with following
specifications :

(i) Downlink frequency, fy= 4GHz

(ir) Intermediate frequency, fo = 70MHz

(i) Downlink frequency spectrum = 3.7 to 4.2 GHz
fivi Carrier bandwidth =~ 36 MHz _

Determune (a) first local oscillator frequency {b) second {ocal
oscillator frequency (¢) center frequency of BPF-1 and its bandwidth.
Solution :

With reference to Flg 20.21, the sum of first and second local
oscillator frequencies is given by

. . '+ fiz=fa~fo

AlSD e~ fiz) shou]d be greater than fy frequency spectrum
bandwidth, 500 MHz in the present case

Choose (fd fi2)=1GHz . .
which gives flz fd-1GHz=4-1=3 GHz :

fii=fi-fo-fiz=4-007-3=930 MHz

Center frequency of BPF - 1 = 1GHz

Bandwidth = 36 MHz S

Problem-48: " «

Consider a dual Down-Converter with the following parameters
() Down link frequency spectrum = 10.7 to 11.7 GHz
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(ii) First local oscillator frequency = 2.1 GHz
(iii) Carrier bandwidth = 72 MHz
(iv) First intermediate frequency ~ 140 MHz

Determine (a) center frequency and bandwidth of BPF-1 (Fig.
20.21) (b) second local oscillator frequency range.

1,
< _J sprg BPF-1

fiy R 11'

Fig 2021
Solution :
(a) Center frequency of BPF ~ 1=fi1 +fo
=21+0.140
=224 GHz
Bandwidth of BPF ~ 1 = 140 MHz
(b) Minimum second local oscillator frequency (fi2 (min)) is
given by :
fi2 (min) = 10.7 - 2.24 = 8.46 GHz
fiz (max)=11.7 - 2.24 =9.46 GHz
Second local oscillator frequency range is from B.46 to 9.46
GHz.
Problem - 49:

Consider the enrth station receive chain as shown in Fig. 20.19.
Find the system noise temperature and (G/T) as referred to the input
of lotw noise amplifier for the specifications listed below.

Antenna gain =55dB

Waveguide loss =0.1dB

Low noise amplifier gain = 55 dB

Low noise amplifier equivalent noise temperature 45° K
Down converter equivalent noise temperature = 215000° K

Ambient temperature = 300°K
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Antenna noise temperature contributors : Main beam = 25°K,
Subreflector spill-over = 3.3°K, Main reflector spillover = I'K,
Blockage = 10°K and Feed loss = 15°K.

Solution :

Earth station system noise temperature referred to the input
of the low noise amplifier is given by :

I=Ts+7T,

where Ts = noise temperature measured at the output of the
waveguide

Te = equivalent noise temperature at the input of low noise
araplifier

Antenna noise temperature 74 =25+3.3+ 1+ 10+
16 = 54.3'K
Equivalent noise temperature of waveguide = (L — 1) x To
where L = waveguide loss = 0.1 dB = 1.023
Therefore, (L — 1) To = (1.023 - 1) x 300 =6.9'K

Te=543+ 1%23 =54.3+6.74=61.04'K
Low noise amplifier gain = 55 dB = 316227.7
Therefore, Te=45+ 3%;??9,0—7

=45 +0.68

=45.68'K
Therefore, T =Te+Te

=61.04 + 45.68

=106.72'K

Gain (G) as referred to low noise amplifier input = 55 - 0.1 =
dB

Therefore, (G/T) = 54.9~ 10 log 106.72
=54.9-20.28
=34.62dB/K
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Problem - 50:

Consider the receive side of the earth station as shoawn in Fig.
20.19 The antenna gain is 65 dB and its noise contribution is 60°K.
The waveguide loss is 0.5 dB. Determine the equivalent noise
temperature of the low noise amplifier assuming that the noise
contribution by the down converter is negligtble and earth station
(GIT)is 40 dBIK (To = 300°K).

Solution :

System gain with respect to low noise amplifier input
=65 ~0.5=64.5dB.

System noise with respect to low noise amplifier input,
T=Ts+Te
where T =noise contribution of antenna and waveguide
Te = equivalent noise temperature of low noise amplifier
60 (L-1
Ts= 7, +( i )xaoo

where L= Antilog %T;'l =1.122

60 0122 ~
Te=1753* 1yss X 300=53.47 + 32.62

=86.09K
Now & =40 a8/K
or G(indB)~10log T=40
or logT:g‘—'sﬂ;—@-=2.45 T=281.83'K

Therefore, Te = 281.83 - 86.09
=195.74'K

Problem - 51:

Fig. 20.22 showsa cascaded arrangement of two 3 dB coup’ff’
used to combine three carriers at frequencies f1, f2 and f3. Determsne
the cutput powers of the three carriers ifthe input powers for the three
carriers are 50 dB (at f1), 40dB (at f2) and 25 dB (at f3).
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4 6.8
3dB 3dB hffy
+ Coupler Coupler
=t
f
fs
Fig. 20.22

Solution :

In the first 3dB coupler, both (1) and {f2) suffer 8 dB carrier
power loss.

Therefore, the carrier powers at (f1) and (fz) at the input of
second 8 dB coupler are respectively 47dB and 37dB.

Carrier power at {f3) at the input of second 3 dB coupler = 25

dB
Therefore, carrier pawer at (f1) at the output =47 - 3 =44 dB
carrier power at (f2) at the output =37-3=34dB
and carrier power at (f3) at the output =25-3=22dB

Problem - 52 v

Refer to the coupler arrangement of Fig. 20.23. Determine the
* power loss suffered by each one of the five carriers after all have
combined and appeared at the output.

‘ 4 (XX futatk LRS54
! 3de f‘" 47648 608 6-98dB
N Coupler Coupler Coupler Coupler
. Tst Tind - iied i Wth
A ) -
% *

15

Fig 20.23

Solution :

In these directional couéleré, one of the inputs suffers a power
loss equal to the designated figure, 3 dB, 4.77 dB, 6 dB or 6.97 dB
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as the case may be. The other input or inputs suffer a power loss
that is given by :

~10 log B2 where §2= (1 - o)
and o = Log™! [— designated ﬁgge]
10
“We will now analyse different couplers one at a time.

First directional coupler (3 dB coupler): Let us say (f2) suffers
a3 dB loss, then the loss suffered by (f1) will be :

—10%0g [1 1o {-— designated ﬁggte}]

10

=~log [1 - Iog’l (- 0.3)]

=~ 10log (1 -0.5)

=~1010g (0.5} =~ 10 (~ 0.3) =3 dB

Thus, both (f1) and (f2) have suffered a power loss of 3 dB each
when they reach the input of second coupler.

Now (fs) while combining with (f1) and (f2) in the second coupler
suffers a 4.76 dB loss. (f3) and (fp) will suffer a further loss of

~10log [1 ~log™? {:%9}]

== 1010g{1 157 (-0.478)]
=~ 101log (1 - 0.333)
=~ 10105 0666 = 1.76 4B

Thus, at the output of second coupler, {f1) and (f2) have suffered
aloss of (3 +1.76) = 4.76 dB each. (f3) has also suffered a loss of 4.76

dB.
Now (f2), z) and (f5) will suffer  loss in the third coupler equal

~101%og [1 ~log! {—;—g}]

=-1010g{1 ~10g™ (- 06)]
== 10l (1 ~0.25) =~ 10 Jog 0.75 = 1.24 dB

i 1d
Therefore, upto the third couplet output, (f1), (f2) and (f3) wou
have suffered alossof (£.76 + 1.24)= 6 dB each. (f3)hasalso guffered

alossof 6 dB.
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While passing through fourth coupler, (f1), (f2), ¢f3) and (fa) will
suffer an additional loss equal to :

~101log [1 ~log™! {-_;5:1 }]

=-~101og[1~log™ - 0.697)]
=-~10log(1~02)
=~101log 0.8 = 0.98 dB

At the final output, therefore, (1), (f2), (f3), (f4) have suffered a
loss of (6 + 0.98) = 6.98 dB each. Also, (f5) in fourth coupler suffers
aloss of 6.97 dB. Thus, at the end, all carriers have suffered a loss
of 6.98 dB in the process of combining.

Problem - 53 :

Ir_l a certain satellite commurication link, the uplink carrier
~to-noise ratio (C/N)y is 25 dB whereas the downlink carrier-to-noise
ratio (C/N)4 is 20 dB. Find the link carrier-fo-noise ratio (C/N).

Solution :

The link carrier-to-noise ratio (C/N) is given by
4
e leyt ey’
Nilv] *inv
u d
Y _ _1{25 p
[Nl =25dB = log (ﬁ)= 316.22

Y ~1(20
(NL_ 2048 =1og (ﬁ)= 100

—1 -1
c_( 1, 1Y _(a62
Therefore, = (316.2‘2 *ioo] T ( 31622 )
=76=18.8dB
Problem - 54:

The system parameters of Ku-band (14/12 GH2) satellite link
are as follows :

(I) Satellite Parameters: i
Antenna gain-to-noise temperature ratio = 1.6 dB/K
Satellite saturation EIRP = 44 dBW
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=EIRP (in dB) + BO, (in (dB)
= Carrier power (in dB) + Transmit antenna gain (in dB)
+ B0, an dB)

=101log 200 +57.6 + 0 = 23 + 57.6 = 80 6 dBW
K=1.38x 1072 J/K = 10(log 1.38 ~ 23 1og 10)

=-228.6 dBW/K~Hz
B =36 MHz = 10 log 36 x 106 = 75 6 dB-Hz
L=15dB
Substituting the values,

9
{%l 506 2mog{4><314><14x10 xs7ooo><10} ‘16

3x 108
-(-228.6)-75.6-0-15
=80.6-206.7 + 1 6+228.6 - 75.6 -~ 1.5
=27dB

Y. .
(TVL 18 given by :
4nfadd
[4

EIRP; (sat) (in dBW) - 20 ]og(

+Z n aB/10
~10log K~101og B - BOo (in dB) - L’ (dB)
where  EIRP, (sat) = Satellite saturation EIRP
fd = downlink frequency
dq = downlink slant range

G . .
(7J= Earth station antenna gain to noise temperature ratio

BOg = Satellite TWTA output backoff
L’ = Downlink antenna tracking loss + Atmospheric attenuation
Now (G/T) = G (in dB ) - 10 log T'= 56.3 10 log 160
=563~ 22 34.3dB/K
Substituting the values,

(4 4 1 x 12 % 10° x 37000 x 103
=44~20 A ey
[N L 2 log[ 3x 108
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TWTA winput back-off = 0 dB
1 WTA output back-off = 0 dB
(I} Earth station parameters ;
Tracking Loss = 1.5 dB (uphinki and 1 dB (downlinh}

123
2
3

Transmut antenna gmn = 57 6 dB
Receive antenna goin = 56.3 dB
Maximum uplink and downlink slant range = 37000 hm
System noise temperature = 160°K
Carrier Power wnto antenna = 260 W

(IID)Noise bandwidth = 36 MHz, Boltzmann's constant,
K=138x10%J7K

Dctermmc{———) [N und( )

Solution :

(%l 1s given by .

2

ul (I pn-1 ., 71

a8 e

41 fudu
c

G
= (EIRP)sa: (in dBW) - 20 log( )4- [”T':f) (indB/K}

- 10 log K - 10 log B - BO; (in dB} ~ L(in dB)

where
(EIRP)mf =
fu = uplink frequency
dy = uplink slant range
(GusT) = Satellite antenna gain to noise temperature ratio

Carrier EIRP required to saturate satellite TWTA

K = Boltzmann's constant
B = Noise bandwidth
BO: = Input backoff of TWTA
7, = Sum of antenna tracking loss and atmospheric
attenuation
(EIRP)sat = EIRP x BOi
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=EIRP (in dB) + BO, (in (dB)
= Carrier power (in dB) + Transmit antenna gain (in dB)
+BO, (in dB)
=10 log 200 + 57.6 + 0 = 23 + 57 6 = 80.6 dBW
K=138%10 2 J/K= 10¢log 1.38 - 23 log 10)
=-228.6 dBW/K- Hz
B =36 MHz = 10 log 36 x 10° = 75.6 dB-Hz

L=15dB
Substituting the values,
9
"01\7 =80.6 - 20 1og [ £X 21414 10° X 37000 x 10 *Y, 16
3% 10

-(-2286)-756-0~15
=80.6-2067+1.6+2286-75.6-1.5
=278

< is b;
N given by :

EIRP; (sat) (in dBW) — 20 log (@4)1\ £ nan/m

~10log K - 10log B - BOq (in dB) - L’ (dB)
where  EIRP; (sat) = Satellite saturation EIRP

fa=downlink frequency

dg = downlink slant range
(%]: Earth station antenna gain to noise temperature ratio
BOo = Satellite TWTA output backoff

L’ = Downlink antenna tracking loss + Atmospheric attenuation
Now(G/T) G (indB)-10log T'=56.3 ~ 10 log 160
" =56.3-22=34.3dB/K

Substituting the values,

c 47 12 x 10° % 37000 x 10°
| =44-2010g| 4 EX12x10" % 37000 x 107 1,
(Nl g[ 3x10°
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343 -(~2286)~756~0-1
=44-2054+34.3+2286~756-1
=24.9dB

Now (1%1 =27 dB=5012

(QL =249 dB =309

N
'C)_ 501.2x308 _ -
Therefore (N)" 50152300 191.15=22.8dB
Problem - 55

The carrier power to the earth station transmit antenna is 500
watts, If the satellite TWTA’s input back-off 1s 1 dB, determine the
carrier EIRP required to saturate the satellite TWTA if the transmit
antenna gain is 60 dB.

Solution :
The input back off (BO,) is given by :

_ EIRP (sat)
BO:=""prRF

or BO, (in dB) = EIRP (sat) (in dBW) - EIRP (in dBW)
Now EIRF = Py(r= 10 log 500 + 60 =87 dBW
Therefors, EIRP(sat) = EIRF (in dBW) + BO, (in dB)
=87+ 1=88dBW

Problem - 56:
In a satellite link, the satellite saturation EIRP is 50 dBW. If
the satellite TWTA output back off is 2, determine the satellite EIRP

for the retransmitted carrier.
Solution :
EIRP; {sat}
Sateltite TWTA output back-off, BOp= ‘EI—I—‘?—E—'*
EIRP; (sat) = satellite saturation EIRP
EIRP, =satellite EIRP for retransmitted cgrrier

EIRP; (in dB) = EIRPs (sat) in dB - BOg (in dB)

where
and
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BQo=2=10log 2=3dB
Therefare EIRPs (in dB) =50 ~ 3 = 47 dBW

Problem - 57

Two geostationary satellites A and Bin the same orbit of 42164
Km radius are stationed at 85'W and 25'W longitudes. The two
satellites have a slant range of 38000 km and 36000 km from a
commeon earth station respectively. Determine the angular separa-
tion of the two satellites as viewed by the earth station Also deter-
mine the separation dist bet: the two satellites in the orbit.
Solution :

Refer to Fig. 20.24

If(d) is the separation distance between the satellites A and B,
en

d?=dj +db - 2dadp cos ©

Also d2=r2+r2—2r2cosﬁ

%
Sateilite
(4)

Satellte (B)

Fig. 20.24
Therefore, di +db ~2dadp cos 6= 272 (1~ cos B)

e e - o A -
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2
el dﬁ—%df;—:!r {1 ~cos )
or  B=cos [ Zdndn
€ = angular scparation between satellites A and B as viewed
from carth station

B = angular separation between two satellites
= 85" -~ 25" = 60

r = geostationary orbit radius = 42164 km
= cos! [(38000}2 +(36000)% - 2 x (42164)% (1 - cos 60‘)]

2 x 38000 = 36000

- cos-1] 18482 10° + 1296 % 10° - 1777.8 x 20°
2736 x10°

—ros | 28221 st 0.3516 =69.4°

2736
The separation distance (d) can be computed from

d=VN2r 1 -cos B
=1.434 r V{1 < cos B)
=1.414 x 42164 V1 - cos 60"
=42164 km
Problem - 58
For the situation depicted in Problem - 57, if the satellites A and

B were located at 95°W and 30°W respectively, determine
separation (8} and separation distance (d).

Solution :
The angular separation (8) is given by .

0= cos”) {(asmm)2 + (36000)2 - 2 (42168)% (1~ cas 5 ] g5

2 x 38000 x 36000
1 [1444 105+ 1296 x 10° - 1777.8 x 105 7.6 x 104}
S

2736 x 10°

736
The separation distance (d)is given by :

d=1414rV1-cosb

1144441296030 001 (9.9965) = 4 77"
= C0S 2
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=1.414 % 42164 V1 —cos 5°
=1.414 x 42164 V1 - 0.996

= 1,414 x 42164 X 0.063 = 3756km
Problem - 59:

A geostationary satellite is located at 100°W longitude. Calcu-
late the power flux density at the satellite for an earth station located
at 90°W longitude and 40°N latitude given that

Earth station antenna dismeter =5 m

Antenna efficiency = 0.55

Carrier frequency = 14 GHz

Earth station power amplifier saturation power = 500 W
Power amplifier output bock-off = 3 dB

Waveguide loss between amplifier output and antenna input =
0.5d8

Orbital radius = 42164 Km and Earth’s radius = 6378 km.
Solution :

Antenna gain, G=n 4 ’”2 fz
¢

]

. s 2
=D’55{nx 14x10 x5}
> 3x106°
. =295240=54,7dB
Earth station power amp]iﬁ;:r saturation power = 500 watts

26.98 dB

]

Power amplifier output back-off = 3 d\B
Therefore, operating power = 26.98 - 3 = 23 98 dB
Waveguide loss = 0.5 dB

Therefore, power fed to antenna input < 23.98— 05

=23.48dB
EIRP=2348+547
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=78.18 dB = 65765784
The power flux density at the satellite is given by

EIRP
4nd®
where d =slant range from satellite to earth station

d2=R2+rz—2Rrsin[E+sin'1(§cusE]]

where R = orbital radius
r = earth’s radius
E = angle of elevation
R-rcosBrcos | 8s —6L|
rsin (cus" (cos 6 cos | 65 — 6, ﬂj

Also, E = tan™? [

—cos™! (cos 67 cos {8s—aLl)

_yf 42164 ~ 6378 cos 40° cos 10°
fan - =i

6378 sin {cos™! (cos 40" cos10°"

" [ 42164 ~ 6378 X 0.754] —cos~L 0.754

cos™! (cos 40" cos 10°)
it

6378 sin (cos™! 0.754)

_ . 137355 .
=tan 2183 )—41

=83.68"~41°=426"
Therefore, d2 = (42164)% + (6378) ~ 2 x 42164 x 6378 x

sin [41’ +5in~? 323176%; cos 41’]

- 1777802896 + 40678884 ~ 537843984 sin {41’ + 6.55°)
= 1777802896 + 40678884 — 537843984 % 0.7378
= 1777802896 + 40678884 — 396821291
= 1421660489
d =¥1421660489 = 37705 km
EIRP

ity at the satellite = ~—————————7
The power flux density at the e = (87705 x 1092

- 65765784
12 56 x 1421667025 x 10°
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=3.68x10° W/m?
=- 84,34 dBW/m*®

Problem - 60 :

Determine the thearetical maximum area of the earth’s surface
that would be in view from a geostationary satellite at a height of
85786 Km from.earth's surface. Also determine the area in view for
a mimimum elevation angle of 10°. (Assume earth's radius = 6378
km)

Solution :

Refer to Fig. 20.25. For theoretical maximum coverage, eleva-
tion angle, E= 0",

R.+H
where R, = earth’s radius
H =height of satellite above earth’s surface

‘Therefore, o = sin’l[ R )

, oas Fig. 20.25
i~ 6378 __\_o..
a=sin [6378 + 35786)“ 8.7
9=90"-a-F=90"-8.7" =813
In the right angle triangle AOC,
OC=O0Asin 8.7 ... ZOAC=8.7
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=964.74 km
Therefore, distaice (k) = 6378 ~ 964.74 = 5413.26 km from
geometry, surface area of the shaded region is given by :

2nReh
=2 x 6378 x 5413.26

=216821850 km?

For E=10", a=sin™" (—537—:% cos m'} 8.56"
8=90-a~E=90-8.56~10="71.44"

The new value of OC = 6378 sin 18.56° = 2030 km
The new value of () = 6378 — 2030 = 4348 km

Therefore cavered area= 2 1t X 6378 x 4348
= 174154096 km®

Problem - 61:

Determine the percentage of earth’s area covered for the two
cases of angle of elevation in Problem - 60. how many geostationary
satellites, you think, would be required for global coverage ?
Solution :

Percentage of earth’s surface area covered = 2z Reh

4nR?
h
2R.

x 100

% 100
For E =0, h =5413.26 km

5413.26
Percentage of area covered = 3 x13378 X100 = 424%

For  E=10",h=4348km

4348
Percentage of earth’s surface area covered = %6378

= 34%

% 160

Three geostationary satellites would be required for global
coverage provided that minimum elevation angle requirement for
the earth stations does not exceed 10°.

Problem - 62:
y satellite is eq ipped with both a spot beam

Ag u
antenng with a covering angle of 4.5 and a global coverage antenna
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with a beam angle of 17.34", Determine the gain of spot beam antenna
if the global coverage antenna has a gain of 50 dB.

Solution :

The square of the beam angle is roughly inversely proportional
to the gain of the antenna.
Gain of global coverage antenna = 50 dB = 100000

17.34}
Therefore, gain of spot beam antenna = 100000 x [—Tg—]

=14.85x 10°
=61.7dB




TWENTY ONE

Hlustrated Glossary of Satellite
Relevant Terms and Definitions

Antenna Gain
(Fig.21.1)

Apogee
(Fig. 21.2)

s Itisa e of the directionality of the

Smaller gain

antenna or its capability to concentrate
power in a preferred direction. It is directly
proportional to the aperture area of the an-
tenna and the square of the transmission
frequency. A given antenna transmits and
receives with the same gain, Also, the an-
tenna beam angle when squared is roughly
inversely proportional to the aperture
which enables a comparison of the gains of
the antennas on the basis of the beam
angles. For instance, a spot beam antenna
with a covering angie of 4.5" would have &
gain that would be (17.34/4.57= 1485
times the gain of a global coverage antenna
with a 17.34° beam angle.

g=14

a2

Larger gain
Fig.21.1

Apogee is that point in the satelhite orbit
that is the farthest from the center of the
earth, It would berelevant only in case qf an
elliptical orbit, With reference to the ellipti-
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cal orbit shown in Fig. 21.2, if (a) is the
semi-major axis of the ellipse, then the
apogee distance (distance of apogee point
from center of earth) 18 given by ax (1+e)
where (e) is the orbit eccentricity. Also, the
satellite velocity is the lowest at the apogee
peint.

Fig. 212

Ari is the name of the company

Artificial Gravity :

ASAT

Astronautics
Attitude:

Attitude Control
System

.

established for the purpose of producing,
financing and marketing European Space
Agency’s (ESA) launch vehicle.

Use of centrifugal force to simulate weight
reaction in a condition of free fall. It may be
achieved by spinning the vehicle to make
the centrifugal force of outer periphery, or
bodies within the vehicle to replace the
weight reaction experienced at the surface
of earth,

It is an anti-satellite satellite meant for the
Ppurpose of intercepting another satellite.

The science and technology of space flight.

Attitude of a space vehicle is its orientation
as determined by relationship between its
axes and some reference plane.

Itisthesystem that achieves and maintains
the required attitude. The main functions of
attitude controlsystem include maintaining
accurate satellite position throughout the
life span of the satellite, contm!lingaawl!itw
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AWGN :

Azimuth Angle

Blackout (Radio) 3

Boaoster:

manoeuvres while in the transfer orbit and
also during stationkecping. The require-
ments of attitude control system mainly
depend on whether the satellite is spin
stabilised or three-axis stabilised.

AWGN stands for Additive White Gaussian
Noise.

Itis defined as the angle produced by inter-
section of local honzontal plane and the
plane passing through the earth station, the
satellite and center of earth. Depending
upon the location of the earth station and
the subsatellite point (point of intersection
of line joining satellite and center of earth
and equator), the azimuth angle (A) can be
computed as follows :

For earth station in northern hemi-
sphere,

A=180"-A’. . Earth station west of satel-

lite

A=180"+A’ ... Earth station east of satel-

lite

For earth station in, southern hemi-

sphere,

A =4’ .. Earth station west of satellite

A =360°~A’ ... Earth station east of satel-
lite }

A'—tan‘l[tan {0s-6L ]]

sin &7
where Bs = satellite longtude
0 = earth station longitude
01 = earth station latitude

A temporary loss of radio communication
between a spacecraft re-entering the atmos-
phere and the ground stations due to an
jonised sheath of plasma that develaps
around the vehicle.

The first stage of a missile or a rocket
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Centrifugal Force : A force thatisdirected away from the center

(Fig. 21.3)

Centripetal Force :

(Fig. 21.9)

Countdown

Qrbat

of rotation. A satellite orbitting around
earth with center of earth as its center of
rotation is always acted upon by a
centrifugal force (= nglR) acting in a
direction away from the center of earth as
shown in Fxg 21.3. Here (m) is mass of
satellite, (R) is its orbital radius and (V) i is
the orbital velocity.

Centrifugal
force

Centripetal
torce

Fig.21.3

A force that is directed towards the center
of rotation. A satellite orbitting earth is
always acted upon by a centripetal force
directed towards the center of earth due to
gravitational attraction, The magnitude of
this centripetal force is given by :
GMm
R?

Here (G}is earth’s gravitation constant, (M)
is mass of earth, (m) is mass of satellite and
(R) is orbital radius. The centrifugal force
acting outwards counterbalances the
centripetal force acting inwards asshown in
Fig.21.3 and thiskeeps the satellite in orbit.
Infact, a satellite would move in a circular
orbit around earth at a given height only
with a velocity that makes the centrifugal
force counterbalance the centripetal force.

A countin inverse numerital order in hours,
minutes and finally in seconds, of the time
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Demand
Assignment
Multiple Access
MAMA)

Diplexer

Doppler Effect

Down Converter ( * and ~F in

remaining before the launch of a rocket, The
final preparations, such as checking various
systems and subsystems, are done during
this period. In general, countdown refers to
aseries of eventsleadingtoa climatic finish,
each event in the series being in accordance
with a schedule in which time is counted
backwards towards zero, the finishing
point.

‘While the conventional Frequency Division
Multiple Access (FDMA), Time Division
Multiple Access (TDMA) and Single Chan-
nel Per Carrier (SCPC) multiple access
techniques, in their basic form, allocate
fixed amounts of capacity to users, the use
of DAMA techni bles the all d
capacities to be varied dynamically accord-
ing to individual demands. Demand assign-
ment is used in conjunction with SCPC and
TDMA systems.

Diplexer is a three port filter device that
allows two receivers or transmitters to be
connected to a single antenna without un-
desired interaction. In should not be con-
fused with a Duplexer which is a device that
allows to use the same antenna for both
ission as well as ption.

tr
Dappler effect is the apparent change in
frequency due fo relative motion of the
source and the observer. The change in fre-
quency due to doppler effect is given by:

2vr
£
where (8;) is the relative velocity and (A} is
the wavelength. The frequency increases
when the two are " tawards each
other and decreases”. . - are moving
fad each "« 7
" modu-

the
is
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where it = G.M (G being earth’s gravitation
constant and M being its mass) and (R) 1s
the distance of the vehicle from center of
earth. This figure 15 11.6 Km/s for bodies
trying escape from the surface of earth

Exhaust Velocity : The velocity of the exhaust leaving the noz-
zle of a rocket motor

Foot print : Ttis the earth’s surface area illuminated by
(Fig. 21.6) the satellite antenna. Its shape and size
Footprint
Area to be
covered

Single beam Result of using three beams

; . Satellite

~antenng i
Jbeam
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Equatorial Orbit :
(Fig. 21.5)

Equinox H
(Fig.21.4)

Equivalent H

Isotropic
Radinted Power
(EIRP)

Escape Velocity :

An orbit in the plane of equator.

1t is the point of time when the sun crosses
the equator making the lengths of day and
night equal, We have the autumn equinox
occuring on September 21 and spring equi-
nox according on March 21. Equinoxes are
relevant to communication satellites as the
eclipse duration is the maximum at the
equinoxes. Fig. 21.4 shows the shadow
angle at an equinox. The eclipse duration
here is the time taken by the satellite to
move from point Ato B For a geostationary
satellite, the eclipse duration at equinox is
about 1.20 hours

It is a measure of radiated or transmitted
power of an antenna. It can be computed
from the antenna gain and the power fed to
the antennainput. That is, EIRP = P Gy or
EIRP (in dBW) = P (in dBW) + Gt (in dB).
In simple words, EIRP 1s the transmitter
power which would be required to be fed to
an isotropic antenna to give the same result
as the transmitter and the antenna under
consideration. Although, the EIRP is
defined and measured at the transmitter
antenna, its practical significance is at the
receiving end of the link, EIRP of the earth
station transmitting antenna can for in-
stance be used to compute the power
received by the satellite under a variety of
transmission path conditions. Similarly,
EIRP of satellite’s transmitting antenna
can be used to compute power received at
the earth station

Escape velocity is the minimum velocity
away from a parent body that a particle or
another body must acquire to escape per-
manently from the gravitational attraction
of the parent. In case of launching of satel-
lites or rockets, the vehicle has to escape
from the gravitational attraction of the

earth. It can be computed from ‘!211 Y R_
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where jt = G.M (G being earth's gravitation
constant and M being its mass) and (R) 1s
the distance of the vehicle from center of
earth, This figure 1s 11.6 Km/s for bodies
trying escape from the surface of earth

Exhaust Velocity :  The velocity of the exhaust leaving the noz-
zle of a rocket motor

Foot print : Itisthe earth's surface arealluminated by
{Fig.21.6) the satellitc antenna. Its shape and size
Footprint
Area to be
covered
Single beam Result of using three beams

Satellite

antenng
" Cbeam

|y SR
S~— Fig.216
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Free Fall:

d dupona ber of factors includi

¥

antenna design and angle of elevation.

Technically speaking, footprint 1s uscd to
describe equipower flux contours provided
by a satellite transmitting antenna.
Footprints are usually drawn for either
cqual pewer flux density (dBW/m?) or EIRP
(dB) The smze and ghape of footprint are
wnportant frem the viewpant of size and
shape of the territory the transponder s to
serve, For instance, a circular beam would
not serve any useful purpese while il-
luminating territories such asthat of Jupan.
Fig. 21 6 shows the use of multiple feeds to
shape the beam and hence the footprint.

Free fall is the ideal falling motion of a body
acted upon by the pull of earth's gravitation-
al ficld

Frequency Division :It 15 the carliest and still the commonest

Multiple Access
(FDMA) Fig. 21.7)

form of all the multiple access techniques of
satellite communications. Each of the earth
stations within the satellite’s footprint
transmits one or more carriers at different
center frequencies. Each carrier is assigned
a frequency band with 2 small gaurd band
to aveid overlapping between adj ¢ car-
riers, The satellite transponder receives all
the carriers within its bandwidth, does the
necessary translation and amplification
and retransmits them back to earth. The
different earth stations are capable of
selecting the tarriers containing messages
of their interest. Two FDMA techniques are
in operation today. One is multichannel per
camer wherc the earth statxon frequency

f. Y fmag

In t;x;:;t}:er technique mlled Smg)c Chnn-
nel Per Carrier (SCPC), each channel modu-
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Geodesy
Geostationary
Orbit

(Fig. 21.8)

Global Positioning :

System (GPS)

GTO

Inclination
(Fig. 21.9)

Inertial Guid:

Satelhite

Transponder

7 width T "(
TeSarth ]——l I——l l—,
t f tn

Fig. 21.7
lates a separate RF carrier and is trans-
mitted to FDMA transponder

The science of earth’s shape

It is an equatorial circular orbit at such a
height from earth’s surface that a satellite
moving from west to east has a velocity so
as to orbit the earth once in a time equal to
the time taken by earth to complete one
rotation around its axis. This time is about
24 hours. In such a case, the satellite ap-
pears stationary to an observer on earth.
The orbital radius of a geostationary satel-
lite tunes out to be 42164.2 Km. The move-
ment of the satellite is thus in synchronism
with earth’s rotation, All geostationary
satelhites are geosynchronous but the
reverse is not true. It is also known as a
Clarke's orbit.

GPS is a positioning and navigation system
designed to use some 18 to 24 satellites,
each carrying atomic clocks, to provide a
receiver anywhere on earth with extremely
accurate measurement of its three dimen-
sional Position, velocity and time.

Geostationary transfer orbit

The angle between the orbital plane and
equatorial plane.

P U

Inertial guid is an on-board system for
launch vehicles and spacecraft where the
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Launch, Complex :

Launch Pad

Launch Window

Lift-off

Mach Number
Magnetic storm
Magnetosphere

Molniya Orbit
(Fig. 21.10)

~Equatorial
orbit

Fig.21.9
gyros, accelerometers and other devices
meet the guidance requirement. More
precisely, it is a self contained navigation
system which basically comprises of ac-
celerometers mounted on a gyrostabilised
platform. An accelerometer is required for
each direction of possible motion. The ac-
celerometer output can be integrated twice
to determine position. The gyros can be used
to provide information about the crientation
of the vehicle.
The complex of site facilities and equipment
used to launch a missile or a space vehicle.
Launch pad is the load bearing base from
where a rocket or a spacecraft positioned on
its launcher is fired.
Launch window is the time interval during
which a space vehicle can be launched to
accomplish a given mission.
Lift-off marks the start of a rocket's flight
from its Jaunch pad.
'I"he ratio of the speed of a vehicle (or of &
liquid or gas) to the speed of sound.
A disturbance of the earth’s magnetic field
initiated by a solar flare or sun spot.
The region of space surrounding earth
which is dominated by magnetic field.

1t is & highly inchined, highly eccentric, el-

- Yiptical orbit with an orbital period of about

12 hours and is popular with some of the
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Russian communication satellites. Molniya
orbit serves the purpose of a geosyn-
chronous orbit for high latitude regions. The
satellite in this orbit spends about 8 hours
above a particular high attitude station
before diving down to a low level perigee at
an equally high southern latitude, Usually,
three satellites at different phases of same
Molniya orbit are capable of providing
umnterrupted service.

Perigee

Orbit

Qrbital Period

8
Fig 21.10

: The path of a body acted upon by the force

of gravity. The word orbit is usually as-
soctated with the continuous path of a body
which does not impact with its primary.

The time taken to complete one orbit. The
arbital period of a circular satellite orbit
with a radius (R) is given by
an B2
oM

The orbital period of an elliptical satellite
orbit with its semi-major axis equal to (adis

given by
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Orbital Velocity

Parking Orbit
(Fig.21.11)

Payload

oxVa®/GH

¢ The velocity necessary to overcome the
gravitational attraction of earth so as to
keep the satellite in orbit. The orbital
velocity in a circular orbit of radius (R) is
given by:

\}GM/R

The orbital veloesty at any point distance (r)
from the center of earth in ar elliptical orbit
with a semi-major axis equal to (a) 15 given
by:

o]

Parking orbit is a temporary earth orbit
during which the space vehicle is checked
out and its trajectory carefully measured to
determine the amount and time of increase
in velocity required to send it mto a final
orbit or into space in the desired direction

Payload 1s the useful cargo of a space

vehicle A rocket’s payload may be a com-
Geostattonary

orbi

’
&

Perigee SERUEE '} Apogee

Parking
orbit

\._/

Transfer
orbrt

Fig, 21.11
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munications satellite and a satellite’s
payload may be a transponder.

Perigee is the point in the orbit that is
nearest to the earth. (Fig. 21.2). It would be
relevant only in case of an elliptical orbit.
With reference to the elliptical orbit shown
in Fig. 21.2, if (a) is the semi-major axis of
the ellipse, then the perigee distance (dis-
tance of perigee point from center of earth)
is given by a (1 — e) where () is the orbit
eccentricity.

Pitch : Movement of a spacecraft about an axis
which is perpendicular to its longitudinal
axis. It is the degree of elevation or depres-
sion.

An orbit which passes over the poles. Polar
orbits are relevant for those countries which
are located near the poles.

546

Perigee

Polar Orbit
(Fig. 21.12)

e 2112

: The bendy arcund whith a satsilite celate
) 1 1efliee

Primary Earth s the primary lor artifirzalns
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Project Irridium
{Fig.21.13)

Project Irridium is a global communication
system conceived by Motorola that will
make use of satellites placed in lower earth
orbits. A total of 77 satellites are arranged
in a distributed architecture with each
satellite carrying {1/77) of the total system
capacity. The system is intended to a pro-
vide a variety of telecom services on the
globallevel. The project is sonamed because
Irridium'’s atomic number is 77.

Propellent

Radio Telescope.

Sidereal Day

Fig. 21.13

Asolid or liquid substance burnt in a rocket
for the purpose of producing thrust.

A receiving station for detecting radio
waves emitted by celestial bodies or space

vehicles.

A sidereal day is defined as the time taken

by the earth to rotate on its axis relative to

distant starsrather than the sun. A sidereal

day is measured as 23 hours, 56 minufes<

4.09 seconds. '
E4
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Spin-Stabilised :
Satellites
(Fig. 21.14)

Spot Beam

Spread Spectrum @
Techniques

In a spin stabilised satollite, the body of the
satellite spins at about 30 to 100 rpm about
the axis perpendicular to the orbital plane.
Spin stabilised satellite has gyroscopic stiff-
nessas aresult of rotating or spinning abput
its axis of maximum moment of inertia. Spin
stabilised satellites are normally dual spin
satellites with a spinning section and a
despun section on which antennas are
mounted. The despun section and hence the
antennas are kept stationary with respect
to earth by counter rotating the despun sec-
tion. Spin stabilised satellites have body
mounted solar calls.

Fig 21 14
A beam generated by a communication
satellite antenna of sufficient size that the
ca - :

el abgamie

PP AR
- -
‘ .

- ; .
diameter ts ifluminated on earth

Spread spretrum techniques are used 10
military communicaticns wsing satetliteat s
pive them an anti Jamming cap it ity 1y
[reing the jammer tn deploy the u::.-
mtted Jrming foratr ever a much wi if
¥ andag dth than woald te necrasry £ 63
ermventirnsl svaterm Theapresd TR
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V-SAT System .

Yaw

Zero'g

the up-link RF frequency in the up-link fre-
quency spectrum of the satellite. The up-
converter in a satellite link 15 usually
accomplished in a dual conversion process.

‘VSAT systems are usually considered to be

‘those designed to operate with antennas

that are the equivalent of 1.8 m diameter or
less. The relatively low gain of VSAT has to
be countered by a careful design. |

Yaw is the rotation of a vehicle about jits
vertical axis.

Zero ‘g’ is a state when the gravitational
attraction is opposed by equal and opposite
inertial forces and the body experiences no

mechanical stress.
p
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10.

() INTELSAT
(d) MARISAT

One of the following satellite systems is used for weather
forecast applications.

(a) GORIZONT
(b) TIROS-N
(c) COMSAT

" (d) SPOT

One of the following satellite systems is used for earth’s resour-
ces survey.

(a) INTELSAT
(b) . SPOT

(¢} EUTELSAT
(d) TIROS-N

One of the following satellites is not used for communication
services.

(a) GORIZONT
(b) EKRAN
(e} INSAT
(d) LANDSAT

One of the following communication satellites is 1n a highly
eccentric, inclined orbit.

(a) Molniya series (b) Raduga .

* (¢} Ekran (d) Gorizont

With reference to satellite communication systems, doppler

! frequency shift is absent in one of the following satelhte sys-

tems

(a) Geostationary satellite

(b) Near earth orbit satellites
(¢) Domestic satelliie systems
(d) (Geosynchronous satellites.

One of the following expressions can be used to compute the
eccentncxty {e) of an eccentric elliptical orbit with apogee and
perigee distances of (rs) and (rp) respectively.
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(d) focussed spot beams and zone beams
(e) allofabove
16. Higher the frequency of satellite or earth station transmitter,

{a) higher is the potential bandwidth that can be usegd for
communications )

[t

A

closer the satellites can be spaced without interfering with
each other

(c) narrower is the radiation beamwidth for a given earth
station and satellite antenna diameter

(d) all of above
{e) none of these
17. Satellite capacity depends on
{a) weight that can be placed in orbit
(b) panel area available for energy dissipation
{c) transmitter power .
(d) all of above
18. A'spin stabilised satellite

{a) uses solar p:;nels whose cells are continually oriented
. towards the sun

(b) uses solar cells mounted on a cylindrical body that is
continually rotated sa that about 40 percent of the cells
receive solar radiation at a given time

uses gyroscopic action of a spinning satellite
» (a) and (b)
“(b)and {c)
“ Yand (c)
Y Tsutellite s

i panels whose cells are contmually oriented
! “esun

cells mounted on a cylindrical body that con-
that about 40 percent of the cells receive
" n at a given time

. PP . +3

4 to ori in space
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16.

17.

18.

19,

@
(e)

focussed spot beams and zone beams
all of above

Higher the frequency of satellite or earth station transmitter,

<

(a

(b

=

()

()
(e)

higher 15 the potential bandwidth that can be used for
communications

closer the satellites can be spaced without interfering with
each other

narrower is the radjation beamwidth for a given earth
station and satellite antenna diameter

all of above
none of these

Satellite capacity depends on

(a)
(b)
(c)
[GV]

weight that can be placed in orbit
panel area available for energy dissipation
transmitter power

all of above

A spin stabilised satellite
(a}

(b)

(c)
@
(e)
)]

=

uses solar panels whose cells are continually oriented
towards the sun

uses solar cells mounted on a cylindrical body that is
continually rotated so that about 40 percent of the cells
receive solar radiation at a given time

uses gyroscopic action of a spinning satellite
both (a) anad (b)
both (b) and (c)
both (&) and (c)

A body stabilised tutellite

(a)

(b)

(c)

uses solar panels whose cells are contmually oriented
towards the sun

uses solar cells mounted on a ¢ylindrical body that con-

_tinually rotates so that about 40 percent of the cells receive

solar radiation at a given time

uses a spinning satellite to maintain orientation in space
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15.

26

27.

28.

29

(d) The orbital plane of a satellite in sun synchronous orbit
rotates in synchronism with earth’s revolution around
sun.

The location of a geostationary satellite is always given in
terms of

(a) a certain longitude

(b)a certain latitude

{c) longitude and latitude

(d) distance from earth’s surface

The orbital velocity of the satellite

(a) is directly proportional to its distance from earth's surface

(b) isinversely proportional to square root of its distance from
earth’s center

(¢} depends upon the thrust with which 1t is }aunched
{d) 15 continuously changing as the satellite revolves

With reference to satelites, the first orbital velocity (v1) which
is the minimum horizontal launch velocity required to put a
satellite into a circular orbit around earth and second orbital
veloeity (uz) which is the horizontal launch velocity which

makes the satellite escape earth’s gravitational attraction are
interrelated by

(a)vz=2uy (b} u2=%
(chuz =& vy (d) vz =2Vo1

For orbital velocity hetween the first orbital velocity (v1) and
the second orbital velocity (vy), the satellite orbit would

{a) be circular . (b) be elliptical
(e} have zero eccentricity (d) be eccentric
(e} both (a) and (c) (f) both (b) and (&)

The first orbital velocity for launching a satellite at a given
height above the surface of earth turns out to be 6 km/s Ifthe
sawd satellite is launched with a horizontal veloaity of 8 km/s,
the satellite orbit would be

(a) eircular and eccentric (b} elliptical and eccentric

{¢) circular {d) elliptical
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26,

ar.

38.

39.

40.

41.

42

43.

(@) Both {a)and (b) *

The minimum number of geostationary satellite needed for
uninterrupted global coverage is

(@)3 (b) 4 ©1 @2
With reference to satellite orbit, Apogee is the
ta) highest point in the orbit

{(b) lowest point in the orhit

(c) point in the parking orbit

(d) name given tothe boost motor that puts the satellite in the
right parking slot

With reference to satellite orbit, Perigee is the
(a) point in an intermediate orbit
(b) highest point in the orbit

(e} lowest point in the orbit

(d) none of these

In a circular geostationary orbit in the equatorial plane,
{a) the apogee equals the perigee

(b) the apogee is twice the perigee

(¢} the perigeeis twice the apogee

£}

The satellite series from ISRO (India) meant for earth obser-
vation applications is the

(2) SROSS-C series (b) INSAT-2 series
(c} IRS-series (d) INSAT-1 series

The satellite series developed by ISRO (India) for carrying out
scientific studies is the

{a) SROSS-C satellite series (b) IRS series
(¢) INSAT-2 sertes (d) LANDSAT series

The value of g’ in the microgravity environment typically
available in space stations is of the order of

(a) 106 g (b) 107% (0 107%% (d) zero

When a satellite of mass (m) is orbuting earth at a height 7>
from the surface of earth with a velocity (v), then thecertri.

none of these
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49.

50.

51.

52.

53

54,

55.

() 5 Km/s (b)20Km/s -
{e) 2.5 Km/s (d) 40 Km/s

The most commonly employed analog modulation technique in
satellite communication is the

{a) Amplitude Modulation (AM)

(b) Frequency Medulation (FM)

(¢) Pulse Amplitude Modulation (PAM)
(d) Pulse Width Modulation (PWM)

PCM system is used in satellite ication for tr
sion of

(a) television signals (b) speech signals
(c) telegraph signals (d) none of these
Earth station figure-of-merit is defined as

1o (G G
(a) 10 log (T) (b)10Ln (T}
() 1010g GT ()20 log g—]

An empirical relationship that gives an idea as regards free

space attenuation of RF signals as a function of frequency ()
and distance (d) is -

(a) 20 logio/+20Yogiod

(b) 20logio (d/¢)

(¢) 32.5+201logro f+20logiod

(d) 325+20Lnf+20Lnd

When the orbit eccentricity (e) equals zero, the orbit is
ta)a parabola ! (b) & hyperbola

te) elliptical (d) circular

When the orbit sccentnc:ty (e)is greater than zero but less than
1, the orbit is

(a) an ellipse . {b)acircle .

(c) a parabola (d) a hyperbola .
When the orbit eccentricity equals 1, the orbit takes the:”
of o .

falt an alliven {h\ m v aratlala
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62.

63

() CDMA (d) Random aceess
Mark the wrong statement
(a) aninclined polar orbit can never be a geosynchronous orbit

(b) All geostationary orbits are geosynchronous orbits
whereas all geosynchronous orbits are not geostationary
orbits

{c) * Molniya orbit is popular with Russian communication
satellites

(d) A spin stabilised satellite uses a simple technique for
stabilisation or attitude control but large number of solar
cells wheréas a body stabilised satellite uses a very com-
plex stabilisation mechanism but a fewer solar cells.

When a geostationary satellite is 1 hed, 1t is first 1 hed
into alow earth orbit from where the orbit is boosted to another
transfer orbit which is usually elliptical and eccentric. With

‘another manoeuvre, the elliptical orbit is transformed to a

geostationary circular orbit. If the apogee point in the elliptical
transfer orbit is the same as the apogee point in the final
circular geostationary orbit, then the velocity of the satellite at
the apogee point in the cireular orbit is

(a) equal to the velocity at the apogee point in the elliptical
orbit ' -

(b) less than the velocity at the apogee point in the elliptical
orbit

' {¢) greaterthan the velocity at the apogee point in the ellipiti-

64.

-

65

cal orbit
[}

at least four times the veluclty at the apogee point in the
elliptical transfer orbit

With reference to Q-63, if (o) is the semx-ma)or axis of eliptical
transfer orbit and (r) is the distance of a given point on the orbit
from the ¢tentre of earth, then the orbital velocxtyof the satelhw
at that point is given by (u=GM) -

A\J[(BE_g 2
(a)v= (r a) (b)‘,=[—’¥_§]
(c)u’:[»—-l]‘ @y

r+e

Theorbital velocity at the apogee point in an eccentric-
orbit increases when the elliptical orbit is
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SATELLITE COMMUNICATION

66.

67.

68.

69.

70.

1.

circular arbit with apogee point remaining the same. This
increment in velocity is the minimum when

elliptical orbit plane is inclined at 45° to the circular orbit
plane

{b} elliptical orbit plane is at right angles to the cireular orbit
plane

(¢} elliptical orbit and circular orbit are in the same plane

(a

(d) none of these

Molniya orbit serves the purposes of a geosynchronous orbit for

highlatitude regions. The number of satellites usually required

at different phases of the same Molniya orbit to provide un-

interrupted service to a given area is

(a)8 b)6 (€)1 )4

Highly inclined, highly eccentric elliptical Molniya orbit has 2

perigee of 500 km and an apogee of 40,000 ki above the surface

of earth, then the orbital velocity at the apogee would ap-

proximately be (Assume earth’s radius = 6578 km).

(a) 1.5 km/s (b} 150 m/fs

{c) 15 km/s (d) 3 km/fs

For the orbit in Q-67, the semi-major axis of the elliptical orbit

is (Assutne radius of earth = 6578 km)

(a) 26828 km (b) 20,000 km

(c) 22500 km (d) indeterminate from given data

For the orbit in Q-67, the semi-minor axis of the elliptical orbit

is (Assume radius af earth = 6578 km)

(a) 250 km (b} 20,060 km

(¢} 500 km {d) 18,125 km )

The eccentricity of an elliptical arbit with the apogee point at

43,000 km and the perigee pointat 7000 km from centre of earth

is

(2)0.72 b} 016

() 0.45 (d) indeterminate from given data
tric elliptical orbit, the distance between centx_'c'of

nee:fs!ncentre c‘;earth is 15,000 km. If the orbit eccentricity

-major axis of the orbit equals

(b) 25,000 km

Ina
ellips ;
is 0.6, the semi

(2)9000 km
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72.

13.

74

5.

(c) 6000 km . (d) 37,500 km

For the orbit in Q-71, the distance of apogee pont from earth’s
centre is

() 50,000 km (b) 25,000 km
(c) 40,000 km (d) 10,000 km

For the orhit in Q-71, the distance of perigee point from the
centre of earth is

(a) 10,000 km (b) 500 km
(©) 7500 km . (d) 15,000 km

The satellite in which the antennas are mounted on a de-spun
platform is the

(a) geostationary satellite

(by san synchfonous satellite

(¢} ,spin stabilised satellite

{(d) 3-axis body stabilised satellite

In a spin stabilised geostationary satellite, the spin axis is
(a) perpendicular to th{e orbital plane

(b) in the plane of the orbit

76.

7.

(¢) ‘inclined at 45’ to the orbital plane
() none of these

The satellite in which the solar cells are mounted on panels
external to the space craft hody, allowing them to be oriented

« towards the sun, is the .

(@) cominunication eatellite

(b} direct broadcast satellite
(¢} 3-axis body stabilised satellite
(d) spin stabilised satellite

Satellite (S1) and (S2) are orhiting in two different equatarial
eircular orbits. The radius of S1-orbit is four times the radius
of S2-orbit. The orbital period of S-1 orbit will therefore be

(n) 4 times the orbita) period of satellite S2
{b) 8 times the orbital period of satellite $2
{e)  twice the orbital period of satellite S2
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83. A satellite earth station antenna has a gain of 108 and a noise

84.

85.

temperature of 100°K. The earth station (G/T) in dB per Kelvin
is .

(a)40dB/K (b) 80 dB/K
{(c) indeterminate (d) none of these

A typical satellite earth station has, on its receive side, the
antenna followed by a low noise amplifier and a down converter
in the same order. The earth station (G/T) ratio in dB/K as
referred to the input of low noise amplifier is 50 dB/K. If the
down converter equivalent noise temperature is 10000 K, the

system (G/T) ratio as referred to input of down converter would
be

(a) 10dB/K (b) 60 dB/K
(c) 50 dB/K (d) none of these

A satellite earth station has dual down converter. If the down
link frequency is 46 Hz and the IF is 70 MHz, then sum of first
and second local oscillator frequencies would be

(a}3.93 GHz (b) 4.07 GHz
{c) 8.14 GHz (d) none of these

Incomplete Statements

1.

“An artificial satellite at the correct distance from earth wounld
make one revolution every 24 hours and thus would remain
stationary above the same spot.” This statement was made by

a famous British science fiction writer in 1945 in the journal
Wireless World. His name was

(Arthur C. Clarke, Johannes Kepler, Issac Newton)
“The line joining the center of earth and the satellite sweeps

over equal areas in equal intervals of line.” This is one of the
famous

{Kepler’s law's, Netwtonian laws, Galilean laws)

The earth observation satellites are placed in_.__.orbite.
(sun synchronous, geosynchronous, geostationary)

The orbital inclination correction vre is tarried «

E
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15.

i6

17.

18

19.

20,

21

22,

23.

The semi-major axis of a certain elliptical satellite orbat 15
20,000 km, The apogee and perigee distances from earth’s
center of another elliptical satellite orbit are both twice their
counterparts in the first elliptical orbit In that case, the sem:1-
major axis of the second orbit would be .

(10,000 Km, 40,000 Km)

If the perigee and apogee distances from earth’s center in an
elliptical eccentric orbit are hoth changed by factor (K), the orbit
eccentricity would

{remain unaffected, change by the same factor K, change by a
factor 2 K)

In an elliptical satellite orbit, the center of earth lies

(at one of foci of ellipse, at a point on its semi-minor axis)

The semi-minor axis of the ellipse of an elhptical satellite orbit
is given by

(average of the apogee and perigee distances, geometric mean
of the apogee and perigee distances)

The semi-major axis of the ellipse of an elliptical orbit is given
by .

(geometric mean of apogee and perigee distances, arithmetie
mean of apogee and perigee distances)

The semi-minor axis and the perigee distance from earth’s
center of an elliptical orbit are respectively 16000 Km and 8000
Km. The apogee distance from earth’s center would be__ .

(32000 Km, 24000 K, 64000 Km)

In a satellite link, the carrier saturation EIRP at the satellite
is 1000 watts. If the input and output back-offs of the satellite
bI WTA are 6 4B and 4 dB respectively, the carrier EIRP would

(24 dBW, 26 dBW 20 dBW)

Iffor the data given in the above statement, the satellite EIRP
for the retransmitted carrier1s 40 dBW, the satellite saturation
EIRP for the retransmitted carrier would be

(36 dBW, 44 dBW, 50 dBW)
In a satellite link, the uplink and downlink carrier to N,

ratios are 30dB and 20dB respectn e)_v ’I‘he overaiiink
to noise ratio would be,
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13.

14.

15.

16.

17.

18.
19.
20.

21.

22.

23.

24,

25.

Transponder is the essential instrumentation payload of all
satellites.

The escape velocity at a height (H) above earth’s surface would
be higher than the escape relocity at a height (2 H)

Only geostationary satellites can be used for international
communication and TV broadcast purposes.

A 6 GH2/4 GHz satellite cormmunication Yink needs a C-band
transponder.

The up-link frequency is always higher than the down link
frequency.

A radiometer would be found on a meteorological satellite.
The satellite velacity is minimum at the perigee point

The spot beam satellite antennas produce a circular cross-sec-
tion on the ground.

The earth station antennas accessing geostationary satellites

needs to continuously track the satellites at a rate equal to
earth’s rotation,

Three geostationary satellites spaced 120° apart can provide
full global coverage including polar regions.

A rocket carrying a geostationary satellite is fired from a
station with a latitude of 4°N. The satellites’s orbital plane
would be inclined at least 4° to equatorial plane in the absence
of any inclination correction vre.

Ina spm stabxlxsed geostatwnary satellite, the spin axis is
perp to hical polar axis.
Inat y satellite ci jcation Ik such as an interna-

tional telephone communication link, the total round trip
propagatmn delay is about 480 ms,

€ geogt
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§73

TRUE and FALSE Statements

1. True 2. False
6. False 7. False
11.False 12, False
16.True 17, True
21.False 22, False

3. False
8 True
13. False
18 True
23. True

4. True
9. True
14 True
19 False
24. False

5. True

10. False
15. False
20. False
25 True.
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