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[CHAPTER -1]

INTRODUCTION : - 1.RADAR & NAVIGATION AIDS.

- . . 1.1 State and explain the simple RADAR System & its Classification
RADAR means Radio Detection and Ranglng_ 1.2 Derive Radar Range Equation, types of Radar and their Application.

. . . 1.3 Explain the Performance factor of Radar.
It is a dEVICe WhICh can deteCt the presence 1.4 Describe the block diagram of Pulsed Radar system.
Target and measure its Range_ 1.5 State the function of Radar indication and Moving Target Indicator.
. . 1.6 Define Doppler Effect & describe the block diagram of C.W RADAR.
Radar is an electromagnetic system for detecty.7 expiain the Radar Aids to Navigator.
i H H P 1.8 Explain Aircraft Landing System.
an_d Iocatlgn Of reflectlng ObJeCtS Sl'JCh as alrCra11.9 Explain concept of Navigation Satellite System (NAVSAT) & GPS System
ships, vehicles, peopk natural environment etc.|1.10 simple Radar Problems.

It operates by transntilig a particular type of wave form (e.g. pulse modulated sine wave) into fpace

and detects the nature of echo signal reflected form an objects or targets. I
Radar canét recognize colour of objects butf

SIMPLE RADAR SYSTEM :- Transmitted signal i
A Radar System consists of Transmitter, Receiver & Anten —/ NV
A Transmitter generates an EM Signal which is radiated i —— l— * i
space by Transmitting Antenna. VW

A portion of the transmitted energy is intercepted by | i Echo Signal

target and readiatedn many directions. l

The radiation directed towards the Radar is collected byfromsanion
receiving Antenna and delivers into receiver. [ BLOCK DIAGRAM IR SYSTEM |

At the receiver the Signal is processed to detect *B:m p ——r Wevotengths
presence of target and determines its location. HF 3-30 MHz 10010 m
A Single Antenna is gendha used in a time shareqvur 30-300 MHz 10-1 m
basic for both Transmitting and Receiving when tuxF 300 MHz-1 GHz 1-30 cm
radar waveform is a repetitive series of pulses. L 1-2 GHz 30-15¢cm
The range or distance to a target is found by measu® 274 GHz 15-7.5 cm
the time it takes for the radar signal to travel to the taf ¢ 4-8 Ghiz 757375 em

X 8-12 GHz 3.75-2.5cm
and returrback to the Radar. K. 1918 GHa 25167 om
Radar can also provide information about nature |y 1827 GHz 1.67-111cm
target being observed. Ky 27-40 GHz 1.11 cm—7.5 mm| |
If the target is in motion, there is a shift in the frequer.mm 40-300 GHz 7.5-1 mm i
of the echo signal due to the Doppler Effect.
This frequency shift is proportional to the veloaity

the target related to the Radar which is known

NN
Radar velocity. °
NOTE: Doppler frequency shift is widely used i = )
D

Radar as the basic for separating desired mov

=

Y v ¥ 3\ \
/ # ! !

target from fixed (Unwanted) clutter echoes reflect rasmitte”
from natural environments such as see, lake Etc. | ‘
The range of the target is determined by the tirge 7 —Distance —

It is the time taken by the pulse to travels to the target and returns back to the transgjitter (T I
The EM Wave in the free space travel is the speed of light i.e 23%/%0 Thus the time taken for tHz
signal to travel to t h eetumedbagletdthelRadaracdndodndast 4

V=S/ITC T=SIV [ V Vélocityl C; Distan8d [ R; TimelTTg]l i

Tr= 2R/CA R =CTgr/2
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NOTE:-
Ry =0.15 T (HS) Ruir= 150 Tr (HS) Ryarg= 164 Tr (HS) Rreet= 492 Tr (|J.S)
Rnmi=0.081Tr (us) [nmi= Nautical Miles] Rgmi =0.081Tr (US) [smi= Statute Miles]
Un - Ambiguous Range - Reflected wave

Once the signal is radiated into space by Radar, Suffic
time must elapse to allow all echo signals to return to
Radar before the next pulse is transmitted. 4)) ) )
The rate at which the next pulse transmitted is determi\sEnde”

by the longest range at whichrdats are accepted. Receiver

*If the time between pulses 6 too short an echo signé Tranemitied wave
from long range target might arrive after the transmiss —-

of next pulse and we mistakenly associated with t | .
pulse rather than the actual pulse transmitted earlier. ' Distance '
This can result an incorrect or ambiguous measurement of Range.

Echo that arrives after the transmission of next pulse are called saoenaround echo.

Object ||

Such an echo would appear to be at a closer range than the actual and its range measuremeft is ¢

misleading, if it were not known to Ig&econdtime around echa
Hence the range beyond which the target appears as saoendound echo is calledlaximum
Unambiguous Range.

RUnamb: CTP/2 = C/ZFP

Where, T,= Pulse Repetition Period &E Pulse Repetition Frequency
Certain Terms Associated with RADAR System -

MaximumRange . Pulse Repetiotion Frequency (PRF)
Transmitted Power . Duty Cycle
Operating Frequency . Average Power

Pulse Width or Duration
MAXIMUM RANGE

Maximum distance around the antenna over which target can be detected is called maximum rafige.

It depends on power of transmitter, location, directivity of antenna, frequency & sensitivity of recgiver.

TRANSMITTED POWER i
The radiated power when the pulse is active is called the peak power of the Radar Transmitter. ||

A typical radar cover a range df@ut 200km then the peak power of transmitter in the order of 1myy.

OPERATING FREQUENCY

Radar uses Line of Sight (LOS) communication using frequency in range of 1,000MHz to 70,000MHz.

The advantages of high frequency aré: require small antenna, greatesolution, it can distinguisk

two nearby objects etc. where as its disadvantageeduces transmitted power, increases noise fig re.

PULSE WIDTH OR PULSE DURATION

The time interval for which a pulse is active is called pulse width. I
Width of thepulse is used for modulation in a radar transmitter. The range of pulse width used ifi
system ranges from 0. 2¢sec to 30egsec. For W
PULSE REPETIOTION FREQUENCY (PRF) :

It is the frequency of pulse applied fmodulation. PRF used in radar ranges from 350 to 10.000 PFES.

Short range radar uses High PRF and Long range radar uses Low PRF.

DUTY CYCLE
The duty cycle is the total time in sec for which the transmitter is active in sending pulse.
Duty cycle = PRF x PW Duty Cycle = Ryg/ Poeak
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( TYPES Of RADAR :-
U There are basic two types of Radar Detecter

c:

cC:

Pulse Radar System
Contineous Wave (CW) Radar System
CW Radar System again classified into two categories sueh a
CW Doppler Radar '
Frequency Modulated C\Wadar (FMCW Radar).
Based on structure basically Radgstem are of two types:
0 Monostatic
0 Bistatic &
In bistatic Radar system the transmitter and receiver antennas
at different location as viewed from the target.
In monostaticradar system theansmitter & receiver uses same antennas are as viewed from the

MONOSTATIC RADAR SYSTEM BISTATIC RADAR SYSTEM

V It uses a Single Antenna V It uses al'wo Antenna
V It needs duplexer VIt doesndt require ¢
V Less space V' More space
V Complex system V Simple system
V Costly V Low cost
APPLICATIONS Of RADAR -
Radar used in Different Fields like:
x Highway Safety x Military
x Remote Sensing x Ship Safety
x Air Traffic Control x Space Vehicles Control etc.
x Aircraft Safety and Navigation x Law Enforcement

RADAR RANGE EQUATIONS : -

Radar Equation relates the Range of Radar to the characteristic of Transmitter, Receiver, A
Target, and Envonment etc.

It is used not just as a man for determining the maximum distance from Radar to a Target.

But it can serve both as a tool for understanding Radar Operation and a Basic form of Radar Des
In this section the simple form of Radar Equat®deérived.

For anlsotropic antenna; If the Power of Radar Transmitter is denoteB;hfzen the Power Densit}
(watts per wunit area) at a distance ORO6 i s
(4 )R of an I maginary Sp PePaverDénsithfroR satropic AntedirR.6 .|

_ Pt
' 4NR2 6ééééééééééeé. (1)

Generally Radar uses Directive antennas to chanhelthis case theadiated power Fs in some
n the

particular direction. If thegain (G) of an antenna is a measure of increased power radiated |
direction of target as compared with power that would have been radiatbws defined as,

Maximum Power Density Radiatedby Directive Antenna
Power radiated by alosslesslsotropic Antennawith samePower Input

So, The Power Density at the target from anf
Po=tC lssccccecec.66é66é.0
ANR?

=

rarge

Enten\

ggn.
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The target intercepts a portion of radiated power amddiated it in thevarious directions. ]
The measure of the amount of incident power intercepted by the targetradibted back in the Radg|
Cross Section (0) and is defined by the rel

_ ‘ Pt G K _ PtGK eéé.@3
Power Density of the echo signal at Radi./\ R2 " INRZ (4AR2)2

The Radar cross section (0) as wunit of areg
its size as seen by the Radar. f
Like target the Receiving Antenna intercepts a portion of thradiated power which is proptional to |
the Cross Sectional Area of the Receiving Antenng (A i
The radar antenna captures a portion of the echo power. If the effective area of the cross section
receiving antenna is denoted as Bhe power receiving by the Radar is i

PtG _ A - Pt GA Ae
= POy L xpe & pp=PiChre
Pr= 72 X nr2 "7 (4n)2R4

6. 6 6666 .(4)

The Maximum Radar Range i.enRis the distance beyond which the target cannot be detected.
It occurs when the received echo signal poiejust equal to the Minimum Detectable Sig(@hin),

Pt GA Ae Pt GA Ae

i~ T vooeod | B "Ele  AH
Smln (4/\)2RmaX4 E (RmaX) (4/\)231" Rmax = :

BET, ¢ {3)

That is theFundamental of the Radar Equation.
NOTE: - Important antenna parameters &ransmitting Gain (G) & Receiving Effective Area Ag)
Antenna theory give the relation between Transmitting 8aiaceiving affective area of antennea,

4n Ae 612 ,,,,,,,

G= & A&~ €eéééeeéeéeé.(6)
12 4N

Since the Radar generally use the same antenna both for Transmission and Reception, So we|;
values in fundamental equation of Radar. i

; 1j 4
P, AH. Aek 14 = R = PuAeth .
X max— 4/\125min e e. (7)

(41)?Smin

Rimax—

B & €6 6éé.(8)
Rmax= — Rmax= E]S—N]
N i () %

These simplified versions of Radar equationg
as many important factors are not includeklso Idealized conditions have been employed i.e. neiff
the Effect of Ground nor Absorption and Inexdnce is taken into account.
Hence, the maximum range in practice is often less than that of indicated by the Radar Range Eqj
Important Problems _: - :

What is the duty cycle of Radar with agmilwvidth of 3usec and a PRT on$?

Pulse Width (PW) PW 3x10 ©
—— C Duty cycle =——
T Pulse Repetation Time (PRT) PRT 6x10 3

& Prepared byDER. PATNAIK & P. N, GenDAETC FogRhoo)|
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Duty cycle also is expressed as ratio of average power to that of peak power.

Average power = Peak Powex Duty Cycle

Calculate the average powethen peak power is 100kw with PW of 3us and PRT of 6ms?

Duty c cIe—PW - 310 i
Y CYCle =0T Tox10 3

= 0.5x10° = 0.0005C Peak Power = 100kw = 100’1\ att

Average Power = Peak Power x Duty Cycle =100x0%x10° = 50 watt !
Calculate the maximum range of a Radgstem which operates at 3cm wave length with a feak
pulsepower of 500kw and its minimum detectable sigha) is 10watt, the aperture area of itk
antenna is 5fMand the Radar cross sectional area of the targe0ig?2 I

Given: Wave length,_ = 3cm = 0.03m 1
Peak Power, Pt= 500k=500x1Gwatt R = PtAe? £ 2
Smin=10%W, Aperture AregAe) =5nf & a0 2= MaxX™ 4n 127

- 500x 103x25%20 1/4 . _
E Ruu= & Rmax=686km =370nmi

47 x(0.03)2x10 13

A Radar operating at 10GHz with the peak power of 50Qk&/power gain of antenna is 5000 a d
the minimum power at the receiver is"0/. Calculate the maximum range of Radar if the affeqiive
area of antenna is 10hand RADAR cross sectional area is2m

Given: f = 10Ghz = 10 x10Hz, R= 500kw = 500x1®watt , 1
R X) — PtGA Ae 12
G = 5000, Smin=10"W, Aperture AregAg =10m* & G = 4 m (Rma (40)2Smin
. 500x 103x 5000 x 10x4
E R, Y4 = 501643.359m= 501.643km

(40)%x10 14
PERFORMANCE FACTORS OF RADAR D -

TRANSMITING POWER["E]

From the radar range equation it is clear Bat, U "E ! for all other parameters to be constant. ]
It means that if P= 16 R then R = 2 R i.e. for twice range, transmitted power should be 16 times njore
TRANSMITING FREQUENCY [f] ]

y 1j4 12 T e U
From the radar range equation, we Bgtx U 1 12 =1 ] = 1 1 = f c A RmaxUWH[

for all other parameters to be constant. (wherec/f ) i
It means that iff= 4 f, then R = 2 Ry i.e. for twice range, transmitted frequency should be 4 times rgjore

TARGET AREA[ ]

From the radar range equation it is clear Batx U I for all other parameters to be constant.
It means that i, = 164, then R = 2 Ry i.e. for twice range, transmitted power should be 16 times nfore
If the target size is smallahen the range of radar decreases and vice versa. i
EFFECTIVE AREA OF ANTENNA [A ]

From the radar range equation, we BgtyU A’ v A RnaU Ac U2A RpaU Ay !
It means that iA.2= 4A:.1A Ro= 2R, i.e. for twice range, transmitted frequency should be 4 times nﬁore
MINIMUM POWER OF THE SIGNAL ( Minimum Detectable Signa) [Smin] i

. 1j4
From the radar range equation, we RgixU 1 S, for all other parameters to be constant.
n

It means that if we decrease the minimum detectable signal power hgndReases and vice versa.
If the circuit is higher sensitive in receiver part have higher the range of radar system.

& Prepared byDER. PATNAIK & P. N, GenDAETC FogRhoo)|
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Antenna Duplexer
Power |/ Pulse Wave Form (" e Transmitter 1 Waveform
Dipesar Amplifier | | Modulator Generator = | Generator
A
Antenna I
; Low-noise
RF Pulse IF Pulse VideRules RF
M A "
A 4 ‘ il
Low Noise ; IF : Matched 2nd Video Threshold p
RF Amplifier | Mixer Amplifier! Filter ” Detector i Amplifier ™ Decision P Qb Mixer O:gﬁ::m Display
T A
Local v
pelister IF Amplifier > Pr?t?ensilor Pro?:itsasor
[ BLOCK DIAGRAM OF A PULSE MODULATED RADAR SYSTEM |

U Theoperation of a typical Pulse Radaystem is described by the help of block diagram.
U Generally it consists of Antenna, Transmitter and Receiver which are explained below.

1. ANTENNA : -

which points in the desired direction in the space.
Area (A) are proportional to each other.
U An antenna with large effective receiving aperture implies a large transmitting gain.

electricallysteered planned array anha or electrically steered phase array antenna etc.

2. TRANSMITTER :

modulator to generate a repetitive train of pulse.
U The Magnetron most widely used for aieas microwave generator for Radar.
ua A Typlcal Radar for the detection of aircraft lhe following points-

U The functionof antenna during transmission is to concentrate the radiated energy into a shapgd be

U Different type of antenna can be used in Radar such as mechanically steered parabolic [flec

U The Transmitter may be an oscillator such as a Magnetron i.e. pulsed [turned ON and OFngyt

i On reception the antenna collects energy contained in the echo signal and deliveries it to the re¢giver
U The two important input parameters of Antenna i.e. Transmitting Gain (G) and Effective Reggivin

Ranges nearly equal to 100 to 200nmi. A
Transmitting power in the order of mega watt /,"-g
Average power in order of several kilowatt; = - ?_
Pulse Width in the order oficro second. ‘,‘f\\/(\

Reflector

Feedhorn

Pulserepetition frequencyin the order ofseveral
100 pulses per sec.

U Transmitting section consists of Waveform Generat
Pulse Modulator, Power Amplifié& Duplexer.

Scanner

Waveguide

U The waveform generator generates repetititen of |— TR e
pulse& is fed to pulse modulator for modulation. put= | SN B
U The pulse modulator modulates the train of pulses || | waerom Receivr e
gives the pulse modulated signal to the power ampli 1
for amplification. The power amplifier amplifies th| [ rigger
pulse modulated signal and fedtih® duplexer. Generally
radiofrequency amplifier is used for this purpose. TRANSCEIVER INDICATOR

U The duplexer allowasingle antenna to be used on a time sharing basis for transmitting and receiing.

& Prepared byDER. PATNAIK & P. N, GenDAETC FogRhoo)|
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The duplexer is generally a gaseous device that produces a short ciatumedt to theantennaDuring |
Transmission. Sthatthe high power is flows to the antenna not to the receiver. i
The duplexer protects from damages caused by the high power of the transmitter.

It also serves to channel that the returned echo signal tedeer and not to the transmitter.

The duplexer might consist of two gassed discharged devices one known as TR (Transmit Recelver) :

ATR (Anti-Transmit Receiver). i
The TR protects the receiver during transmitting and the ATR directs the echoteighal receiver:
during reception. f

RECEIVER SECTION: -

The receiver is usually super heterodyne type. It consists of different part as explained-bellow:
The T'stage of the receiver is low noise Rifansistor amplifier whicheduceghe noise level.

The mixer andocal oscillator converts the R.Fignal to(I.F.) intermediate frequency where it |5

amplified by the IF amplifier.

The signal Bandwidth of a super heterodyne receiver is determined by the bandwidth of the IF stge.

The IF amplifier is deégned as a Matched Filter that is orn
which maximizes output peagnatto-meannoise ratioq SNR).
Thus the basic function of matched filter is to maximize { .. |
detect ability of weak echo signal & attenuates unwanted sigj|,.

The IF amplifier is followed by a critical diode which is calle
the second detector or demodulator. ,
Its purpose is to assist extracting the modulating signal from the modulated signal.

The combination of IF amplifier,"? detector and video amplifier aas an envelope detector to pass

pulse modulation (envelop) and reject the carrier frequency.
To detect the Doppler shift of the ecH
signal the enveloped detector replaced Target
phase detector which is different from th WNWMM

envelope detector.

The combinationof the IF amplifier and|| e o veocny i s S EvaTion AZIMUTH
video amplifier is designed to provid A-SCOPE B-SCOPE / E-SCOPE C-SCOPE

Target

Target

mocC—H—r—Uo=Z>
moOZrn
ZO0——H><mrm

¥

sufficient amplification or gain to raise the level of the input signal to a magnitude where it can e se

in a display At the end of the receiver a decision is made whether a target iatpoes®t.
The decision is based on the magnitude of the receiver output.

If the output is large enough to exceed agetermined threshold, the decision is that target is presef
If it does not cross the threshold only noise is assumed to present. i

i
—

t.

The display unit is usually a Cathode Ray Tube; the most common form of the CRT is Plane Flositic

Indicator PPI) which mapdocation of the target is iAzimuth Angle & Rangein polar co-ordinates [
B-scope display is similar to the P&xceptthat it utilizes therectangular co-ordinate rather than thg
polar ceordinates to displaiRangeVs Angle. ]
Another for display i#\-scope which plots targétmplitude Vs Rangefor some fixed direction.

CONTINUOUS WAVE RADAR (CW RADAR) :-

Pulse Radar is used for detection ddtationary Objects; whereas Continuous Wave type of Rade%r 5

used to detect Bloving Target. CW Radar is of Two type:

(1) CW Doppler Radar

(2) FM CW Radar
CW Doppler Radar uses the Doppler Effect for the TabpeedMeasurement.
FM CW Radar is used to measiRangeas well asv/elocity of the Target.

& Prepared byDER. PATNAIK & P. N, GenDAETC FogRhoo)|
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Wheref=Radar frequency or Transmitted frequertyqin Hz, V, in nmi & &in meters fq=1.03V,/ aw

[Page - 9]

DOPPLER EFFECT :-

The apparent frequency of electromagne
or sound waves depends on the relat
radial motion of the source or observer.

If the source and observer one moving aw

<

from each other then the apparent frequency will decrease and when they moving towards ed:

then the apparent frequency will incredsevas postulated by C. Doppler. So knowrDappler Effect. |
|l f 6R6 is the distance from the Radar to t
two way path between the Radar and targgRk- .

Each wavelength corresponds to a phase
propagation palRie) di=edeguR/lato (2 x

If the target is in motion w.r.t. the Radar then R anare continuously changes. f
A ¢ h an gvet timais equal to frequency and this is knowDappler Angular Frequency (Wy). |

%:’i:"_H _n

H Al

ch aynE

Wd —O%é 2 ’d:f:—évré fd:ﬂ

Wherefd = Doppler Frequency Shi& V, = Radial Velocity of the Target w.r.t. Radar
From the above expressidg= 2V,/a Puta-= C/f;, We getfq = 2V,f/C.

With a CW Transmit frequency of 5GHz, Calculate the Doppler frequency seen by the Stationary
when the Target radial velocity is 200km/hr.
Given thaff,= 5 GHz = 5x18Hz ; V,=100Km/hr = 100x1000/3600 = 27.8m/s = 3x1Gm/s.
As o= c P)f(5xx0) £ BOGrACO f4=2V,/ o (2x 27.8) |/

1. CW Doppler RADAR  :-
— Ft

= [ +F,

JAVAVAVA

Target

Circulator

CwW
Transmitted
Oscillator

Ft Fti F d

a

Echo Signal

Transmitted
Leakage Signal

=

Detector
(Mixer)

>

Audio
Amplifier

Filter

F4

Doppler -

Frequency
Counter

[ BLOCK DIAGRAM OF A CW DOPPLER RADAR |

The CW Transmitter generates a continuous sine wather than pulse (Umodulated) of frequendy |
which is radiated by the antenna. i
Since, here the transmission is continuous the Circulator is used to provide isolation between trg
andreceiver.For continuous wave the use of duplexgrostless.

A Portion of radiated energy is intercepted by the target and scattered.
Some dit in the direction of Radar where it is collected by receiving antenna.

If the target is in motion with a velocity offelative to the Radar, the received signal will be shifteg] i

frequency from the transmitted frequericlpy an amount offy.

& Prepared byDER. PATNAIK & P. N, GenDAETC FogRhoo)|
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i 0 The plus (+) sign associated with the Doppler frequency applied, if the distance between tlentatget
i the Radar is decreasin@vhen they moving towards each othiee. when the received signfaéquency |

i is greater than the transmitted signal frequency. i

i1 0 The minus <) sine applied if the distance is increasing i.e. target is away going from the Radar. ||

| U Hence the received echo sigmt the frequenc + fy enters to the Radar via antenna.

i G This signal is heterodyne in the detector (mixer) with a portion of transmitted $igoaproduce a||
Doppler bit of frequencyy. The sgn of thefq is losses in this process. ]

1 U So we canngpredictwhether the target is going away from the Ramtaoming towards thadar

| 0 The purpose of the Doppler amplifier is to eliminate echoes from stationary target and to amplify th
i Doppler echo signal to a level where it can operate an indicatingedée frequency counter. i

| u The counter is a normal one except that the output is shown as km or miles/hour rather than tite act
frequency in Hz. The main disadvantage of simple CW system is its lake of sensitivity.

il U The type of diode detector thatused to accommodate the high incoming frequency and is not ajgood
device for the audio output frequendhus an increment is in the following ways. ]

1 ( CW Doppler RADAR With IF Amplifier - —

1 o A small portion of a transmitter output is mixed wi Transmitted

| output of localoscillator and the sum is fed to th / OFSC‘l"at‘”

| receiver mixer by the help of sideband filter. o e .

i U The receiver mixer also receives the Doppler shifi Mier | Oscillator

signal from receiving antenna and produces an ou F';dela a:é Feth

i difference frequency i.e. typically 30MHz (Generated o L_Filter -

|  the IF osillator) + fq. R Rt PR 88

.. . . . - p F.+F +| =3« =leg g O/fto ([
|u The output of this mixer is amplified by the amplifier arf || ™¢ Receiver | *- - ?Exg_;’prequency ;

i demodulates again by the detector. Mixer I% IE o3| CounterOni

o o.. . .. < 2 TG Indicator |[1

| o The signal from the ™ detector is just the Dopple 28

frequency ). This signal is again amplified by th{[Block Diagram of a CW Doppler Radar with IF Amplifier] |

i Doppler amplifier so as to raise the signal level such as to meet the frequency counter or indicatd;.

| U Its sine is lost so that it not possible to tell whether the target is approaching or receiving. i

i U Separate receivg and transmitting antenna have been used.

1 u A Circulator could be used as shown in simple CW Radar system. i

| U Separate antenna is used to increaséstiationbetween transmitter and receiver section of the Radjir.

! ADVANTAGES: - f

| 0 Ccw Radar is capable of divg accurate measurement of relative velocity using low transmitting pgwer,
I simple circuitry low power consumption and equipment whose size is much smaller than that offpuls
f Radar equipment. It is unaffected by the presence of stationary target. i

1 G With some additional circuitry CW Radar can measure the direction of the target along with its spg

f LIMITATION S: - d

| U 1tis limited to the maximum power it transmits and this naturally places a limit on its maximum rafige.
il O Itis easily confused by the presenceadérge number of targets (Although it is capable of delaying With
i more than one target if special filters are includgdlt is incapable of indicating the range of the targgt.

i G It can only show its velocity because the transmitted signal is Un modulated. i

U The receiver cannot sense which particular cycle of oscillation being received at that moment; t Eeref(
I cannot tell how long ago this particular cycle was transmitted, so thatrtge cannotbe measured.

f APPLICATION S:-

| 0 1tis used in aicraft navigationfor speed measurement.

i U Another application is in a rate of climb meter for vertical take of planes such as Harrier.

U Itis most commonly used in Radar speed meter used by police. I

§ & Prepared byDER. PATNAIK & P. N, GORDAETC Bigiehoo|
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g ( 2 FM CW RADAR " Jransmitting Antenna

| U The greatest limitation of Doppler radar i.e. it . B - — ol

i unableto measure the range is over come if t

i transmitted carrier is frequency modulate.

| G If this is done it would be possible to elimina sy B e () e [ [

i difficulty with CW Radar i.e. its inability to Indicator

i " . Receiving Antenna

f distinguishone cycle from other. [ Block Diagram of a FM-CW Radar]

| & The popular method in CW Radar is to knlg frequency modulated the waveform.,

i U The modulation is triangular which gives up eventually and comes down. i

| t The transmitted signal is shown by the solid triangular waveform and the receiver signal is shfjwn |
dashed line. Delay time, T=2R, f =cy deviatian,Ure- Modulation frequency. i

i U The target is stationary w.r.t. the plane. i

| u A frequency difference proportional to height of the plane will exist between the receiver and trarjsmitt
I signal is now being received was sent at a time whemstentaneous frequency was different. I

il 0 The rate of change of frequency with time due to the FM process is known the time difference lyetwe
i the sent and received signal may be calculated. I

1 U Theabovefig is the block diagram of a commo l 1/ (i modlion pstion ey |

application of FMCW Radar system. —’,/‘\W ool .

| U Itis also known asir borne altimeter as it is [miin w27 : oo |

|  employed for measurement of altitude in aircra™"™" [ |, Us, 8L UT[H;'\ Il

1 G Here we use saw tooth generatoremploying e "‘\Rmimgm

saw tooth frequency modulation for simplicity.

{ G A FM transmitter is used in which frequeng s acm %Adbﬁvﬁv%ﬂvﬂﬂvﬂﬁ%%ﬁ
modulation of the signal can be done and

output is given to the mixer. ;

1 U The output of the mixer which produces the frequency difference (beat frequency) as amplifed k
amplifier and limited to remove any amplitude fluctuation by limiter.

1 G This signal § fed to a frequency counter and to an indicator whose output is calibrated in meter orffeet.
; APPLICATION :- ;

| ( FM Cw Radar is mostly used in altimeter in aircraft due to shorter range & lower power requiremgnt a:
i compared to pulse Radar. Smaller size focwift installation & smaller transmitter power. i

1 ( Comparison between Pulse Radar System and CW Radar System -

i PULSE RADAR SYSTEM CW RADAR SYSTEM

1| v 1t detects target maximum range, size. V It typically determines target velocity 1
1|V It generally requires high power V It can be achieved without the high peak powe [f

|| v Pulse modulated signal is used for transmiss V' Modulated or urquulated continuous signal |

| used for transmission.

il | V Duplexer is used to use common antenna fo} V Separate antennas are used for transmission

i both transmission and reception reception. f

1| V The performance sometimes affected by the| V' The performance is not affected by the station i

i stationary targets. targets. I

i |V The performance is not affected by the presg V. The system gets confused by the presence of| |.

i of large number of tgets. large number of targets.

il |V Quite simplex circuit V Simple circuit

|V Expensive V Less cost

i |V Practically it is mostly used V ltis used in some applications. :

i & Prepared byDEP. PATNAIK & P. N., GepDAETC Figiehoo|



calledBlind Speedand is given by

Vol Y <K W2

Where n=1, 2, 3é
An MTI RADAR operates at frequency 5GHz with a PRF of 800p|
Calculate the lowest three blind speedshaf RADAR.

A Given that : f =5GHz = 5x£81z , PRF =800pps

AAs o= c Pf(xa0)€EFH0E0.06m

A Vi = n /2 = (1x0.06x800)/2=24m/sVy, = (2x0.06x800)/2 |

= 48m/s &V = (3x0.06x800)/2= 72m/s

( . A Hand Note on ADVANCED COMMUNICATION ENGINEERING  [ETT 601] [Page - 12] !
( Moving Target Indicator Radar (MTI) - Pulse
U This Radar uses Doppler Effect for its operation many tin Antenna Modulator
it is not possible to distinguish a moving target in t l
presence of static or permanent echoes of compan Diilexer _F';F_ Power
appearance on the Radar screen. Amplifier
U We have seen that in a PPI display, there is a lot decldue i+F 2y FiiFe
to this stationary target echoes. Stalo | " —
U0 When it is desired to remove tkhkitter due to the stationary (F)
target an MTI Radar is employed. = ] F, +
U The basic principle of MTI Radar is to compare a set Amplifier | piu CONO
received echo with those received during the previSusep + ‘j— (£
and Cancelling out those whose phase has remain unchar D::‘:;Z i Reference Signal
U Moving target will give change of phase and are I e
cancelled thus clutter due to the stationary target are ren ToDe|ay_[’ine
from display & this allows easier detection of moving targe Canceller I
i The side diagram ithe simple block diagram of MTI Radar. || BLOCK DIAGRAM OF A MTI RADAR SYSTEM ||
U The Transmitter frequency in MTI Radar is the sum ofoilputof two oscillators produced in mixer 4
U The First oscillator is th&talo (Stable Oscillator) and the Second oneCiho (Coherent Oscillator)
which operating same frequency as the intermediate frequency & providing coherent signal. i
U The Coho is used for generating the R.F. signal as well as refel
signal for the phase detector. The output of the duplexer is
combinaion of transmitted frequency and Doppler shift frequeng
U At the mixerl the Stalo frequency (f cancels out and feeds
signal of frequency.t f4 to I.F amplifier for amplification.
U The reference signal from the Coho and the I.F echo signal are
feed into the mixer called phase detector.
U The phase detector differs from the normal amplitude detector, since its output is proportlonar to i
phase difference between the two input signals.
U Since the output of this detector is phase sensitive andtouipabtain for all fixed or moving target.
U The phase difference between transmitter & receiver signal will be constant for a fixed target wh re a:
will vary for a moving target. This variation of moving target is due tdepler frequency shift
U Thedelay line cancellermot only eliminate the DC component caus 1 2 i
by clutter but also it unfortunately rejects the any moving tarf* M
whose Doppler frequency happens to be same as the PRF i
Repetition Frequency) or multiple of PRF; £ nfy) () W/
U Those related target velocities which result is zero MTI response i

& Prepared byDER. PATNAIK
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| ( Radar _Aids to Navigation -

1u The position of air craft or a ship can be found by use of radio navigation aids. I
| U This is achieved by installation of radio transmiiereceiver at known location on the earth surfacg as
well as at air craft or ship which works in conjunction with those on eart I

| U The rectilinear propagation and constant velocity of electromagnetic w
held this system to provide navigation parameter like distance, direc
etc. by direct and indirect measurement of delay occurring betw
I transmission and reception of these eav

1 U The measurement of direction, distance and the difference betweer

transmitters give an indication of the position of an air craft or ship leac
to correct navigation.

| U Direction finding through radio is one of the very et methods of
I electronic navigational aids widely used in ship & air craft even today.
i G Marine& aviation radar systems can provide very useful navigation informatiarimussituations.

| & When a vessel is within radar range of land or speatdr aids to navigatiorthe navigator can takf:
distances and angular bearings to charted objects and use these to establish arcs of position afid lin
position on a chart. Pardlliadexing is a technique involves creating a line on the screen that is pgrallel
i to the ship's course, but offset to the left or right by some distance. i
| u This parallel line allows the navigator to maintain a given distance away from hazards.
| & Some techniges have been developed for special situations. 1
1 U Another method isContour Method," involves marking a transparent plastic template on the rjidar
screen and moving it to the chart to fix a position. Holding pattern over ;
| U Another special technique, known as tReanklin ["oldngfix{irequied) viddle  Outer
] Continuous Radar Plot Technique, involves drawing ~—#— marker marker  marker
the path a radar object should follow on the rac % I A
display if the ship stays on its planned course.

i G During the transit, the navigator can check that the s
i is on track by checking that the pip lies on the dra
line. The Yeoman Plotter uses both radaGPS and Localizer l

traditional charts to plot courses and is one of the m antenna / -
I used plotters today. ' i
i G After completing the plotting radar technique, ima 0.25-0.5 NM

from the radar @n either be displayed, captured or recorded to a computer monitor using frame. grjibbe

Mountain ~ J
RN

Steep Shore 7 Qe
Low Sand Beach -~

Tower
f Your Position

Ship No. 2
-

R

Glide slope
antenna

E ( Aircraﬂ Landlnq SVStem :- . l?(};g‘:';z:l;:’\}"l?i(g:':":t’:!y as possible
| U Geneally two types of landing system are used. \Bé e St sagmnt
i 1. LL.S. (Instrumental Landing System) " e

* “course alive”

2. M.L.S. (Microwave Landing System)

i o 100 Above MDA
i . “100go"

il : . 000 ove b i
| U Instrument Landingystem is used for runway % ﬁ - I
f . . . .y . . oL % Y . adiom E
f navigation in IFR condition in whlch by using / % | e Touchdounon s 1000 et of he 3
I some specified component landing can be made.. \ ﬁ R P
i G If this type of system there are two category. oo A\ “/ “whpanesows oo

0 Infirst category it guided on aircraft up to 200ft. Reduepowerto CIOSSPIFAF ' ’
i H H . 18inches «Descend on glidesiope H
| U In second category it guided an aft up to a e Y !
i . . . - OEA {.:"" . - PROP full Forward H
| level of 100ft below which it cannot guided. s i ;

( INSTRUMENT LANDING SYSTEM _contains following Components:
il 1) Localizer: - In front the pilot with aero plane horizontal position w.r.t. runway centre line.

| 2) Glide Slope - In front the pilot aero planeertical position w.r.t. ground.

; & Prepared byDER. PATNAIK & P. N, GenDAETC FogRhoo)|



https://en.wikipedia.org/wiki/Corner_reflector
https://en.wikipedia.org/wiki/GPS

G

5@ A Hand Note on ADVANCED COMMUNICATION ENGINEERING  [ETT 601] [Page - 14]
3) Outer Marker : - It stands in the same line with localizer and the runway center line four to seven

4)
5)

6)

[ - et e eI e

cC: . C

before the runway. When the aero plane approaches the runway from the right direction it gives
by blinkingthe outer marker line.

Middle Marker : - It is positioned 0.8 miles before the runway when the aero plane is above the
marker the receiver blinks giving a chance to the pilot weather land or not.

Inner Marker : - It is present in the runway when thero plane touches the runway and stands ov
The receiver blinks the light of inner marker.

Approach Light: - It includes medium or high intensity system for both inside & outsidag¢he plane.

NAVSAT : - It stands for NawNavigation SatelliteSystem. It is developed by USA in 1967

monitor the military activities and guiding of aero plane & warship. Satellite system means findi
the position of an object from different angles through satellite placed artificially.

Concept & Feature
NASAT uses the Doppler shift of radio signal transform satellite to measure the relative v
between the satellite and navigator by knowing the satellite orbit position the navigator position
determined from the time rate of change of rate to ttedlisa.

NAVSAT consists ten orbit satellite and three orbiting space.

A network of working station continuously monitors the satellite information.

Each satellite is a circular polar orbit at an altitude of 6a.
Usually five satellites are operatingtime system.

Generally four satellite can make the constellation @
another one is used as a spare to find out the position
navigator at least information for four satellite taken.

Each satellite contain receiver to receive the compound f
the gound well equipped decoder and memory, cont
circuit encoder to transmit digital data to phase modulat
ultra stable 5Hz oscillator and a 1.5W transmitter to broad
the carrier frequency of 150MHz to 400MHz.

GPS(G lobal Positioning System ):-
Long beforeGlobal Positioning System (GPSarrived,researchersiorked
hardto arriveat a feasiblesolutionto aid travelersfrom gettinglost.

Earlier, travelersusedto rely on elaboratemapsto track and monitor the
routeto their destination But today, GPS technologyhasensuredrritatei
freetrips & increasedafetyfor vehicleowners.Fig showsGPS satellite

Structure of GPS
The GPSsystemcomprisesof Threeparts:- SpacesegmentlUsersegment
andControlsegmentThefig of the structureis shownbelow.
Space Segmenti The satellitesare the heart of the Global positioning system
which helpsto locatethe positionby broadcastinghe signalusedby thereceiver.
Thesignalsareblockedwhentheytravelthroughbuildings,mountainsandpeope.
To calculateposition,the signalsof four satellitesshouldbelocked.
You needto keepmovingaroundto getclearreception.

In space segment system it contains 24 operational satellite which are rev
around the earth in"Bdifferent orbit there are used an spare and there are arra
in such a manner at least four satellite are in view to an user at any time
worldwide base. Out of four satellit@8 are for Dimensio®1 for Time.

& Prepared byDER. PATNAIK & P. N, GenDAETC FogRhoo)|
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Control Segmenti This helpsthe entiresystemto work efficiently.

It is essentiakhat the transmissiorsignalshaveto be updatedand
the satellitesshouldbe keptin their appropriateorbits.

It includes a master control station & number of monitory & gene
antennaallocated throughout world.

They are all interlinked & all information received is processed
master control system.

After calculation of accuracy master control system it is transmi
to the antenna by which a position can identify through satellite
User Segmenti This segmentncludesmilitary & civilian users.

It comprisesof a sensitivereceiverwhich can detectsignalsand a

computerto convertthe datainto usefulinformation.

Control Segment

-t

Space segment

User segment ||

GPSreceiverhelpsto locateyour own positionbut disallowsyou beingtrackedby someonelse.

User segmentontain high, medium and low receiver the ug
equipment is so designed so that it receives the signal and pr
all at a time or sequentially then the processer converted s
into three dimensional navigahal information.

Working :

The GPSsatellitesrotatetwice a dayaroundthe earthin a specific
orbit. Thesesatellitesransmitsignalinformationto earth.

This signalinformationis receivedby the GPSreceiverin order
to measurgheu s ecoréestposition.

The GPS receiver comparesthe time a satellite transmits the
signalwith thetime thesignalis received.

Thetime differencecalculatedenablesusto know the distanceof |controL SEGMENT

USER SEGMENT

the satellite.By measuringhe distanceof few moresatellitesthe

u s epodtiencanbeverified anddisplayedontheu n i eteétrenicmap.
To measureD positionandtrackmovementthe GPSreceivemmustlock the signalof threesatellites.

The receivercan measure3D position (latitude, longitude and altitude) if the GPSreceiverlocks the
signal of four or more satellites.On determiningthe position of the user,the unit of GPScanmeasurel

speedtrip distancepearing distanceto destinationfack,time of sunriseandsunsetegtc.

Types of GPS Receivers

The threetypesof GPSreceiversthat offer differentlevel of accuracyandhavedifferent necessityto

obtaintheaccuraciesre:

Coarse Acquisition (C/A) code receiver$ Thesereceiversoffer 1-5 meterGPSpositionaccuracywith |
differential correction With an occupationtime of 1 second,thesereceiversoffer 1-5 meter GPS |
positionaccuracy.The GPSpositionaccuraciesan be within 1-3 metersconsistentlyif the occupation|

timeis long.

Carrier Phase receiversi Thesereceiversoffer 10-30 meter GPS postion accuracywith differential [
correction.The wavesthat carry C/A signal are countedto calculatethe distancebetweenthe satellite ||
andthereceiver High occupatiortime is requiredto obtainpositionaccuracy. i
Dual Freguency receivers These receives offer subcentimeter GPS position accuracy with
differential correction.Thesereceiversacceptsignalsfrom the satelliteson two differentfrequenciego [

find outaccurateposition.

NOTE: Differential correctionis a methodto compareGPS datacollecied in the field to the GPS data
collectedat aknownpoint GPSisalsoknowrastheNAVSTARNavigatioBystenforTimingandRanging). f

& Prepared byDER. PATNAIK & P. N, GenDAETC FogRhoo)|
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¥

FOUR STEPS FIND THE POSITION:
Measuring travel time of satellite signal.
Measurement adistance from satellite.
Measurement of position of satellite.
Trilateration.
APPLICATIONS f
GPSworksall acrosgheworld andin all weatherconditions thushelpinguserstrack locations,objects, |1
andevenindividuals GPStechnologycanbe usedby anypersonf theyhavea GPSreceiver. i
Civilian_Applications
Navigation i Usedby navigatordor orientationandprecisevelocity measurements.
Surveyingi Surveyorsreatemapsandverify the boundarie®f the property.
Map-making i Usedby civilians andmilitary cartographers.
Tectonicsi Detectthedirectfalsemotionmeasuremerin earthquakes. i
Geofencingi Vehicle, personor pet canbe detectecby using GPSvehicletrackingsystem person |i
trackingsystemsandpettrackingsystems. i
Military Applications
Navigation i Soldierscanfind objectivesin thedarkandunknownregionswith the helpof GPS.
Searchand Rescuei Knowingthe positionof adownedpilot, its locationcanbetracedout easily.
Reconnaissancé Patrolmovementanbehandled. i
Target tracking i Military weaponsystemsuseGPSto trackair targetsandpotentialgroundbefore |
theyareflaggedashostile. i
GPS carry a setof nucleardetonationdetectorgsuchas optical sensorplosimeter,electromagnetic§
pulsesensorX-ray sensorwhich s a partof United StatesNuclearDetonationDetectionSystem. |
V Missile and projectile guidancei Targetsmilitary weapns such as cruise missiles, precision ||
guidedmunitions. ]
LIMITATION OF GPS i
Line-Of-Sight Essential Signal cannot pass through building, it happens in urban area like Sydngy city
areas.Long position time Around 15 minutes, depends on how accuracy. i
Battery- Run out of the battery in GPS receiver, since long calculation time, 4Ah batteries can lafit for
hours only. Neetmprovement? Cellular Network. i
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2. SATELLITE COMMUNICATION

INTRODUCTION : -

communication systems are :
I Earth Stations

I Terrestrial Systems

I Users

2.6 Explain the operation of VSAT system.

& it’s Advantages & Disadvantages.

Comm Systems is shown in Fig.

& their Advantage & Disadvantage over other system.
2.3 State Satellite Frequency Allocation and Frequency Bands.

2.5 Explain the operation of Direct Broadcast System (DBS)

2.7 Define Multiple Accessing & Name Various Types.

The basic Structure of a Satellil2-8 Discuss the Time Division Multiple Accessing (TDMA) & Code Division Multiple Accessing (CDMA)| ]

1.9 Describe Satellite Application- Communication, Satellite, Digital Satellite Radio.

h b T | f ” 2.1 Define & Describe Satellite Orbital patterns and elevation (LEO, MEO & GEO) Categories H
T e asic elements o satellit 2.2 Describe the Concept of Geostationary Satellite , Calculate its height, Velocity & Round trip time delay | |

2.4 Describe General structure of satellite Link system (Uplink, Down link, Transponder, Crosslink)

It consists of many earth statiorni.10 Explain GPS Receiver & Transmitter.

on the ground and these are linked with a satellite in space.

The user is connected to the earth station through a terre SATELLITE

network and this network maye a telephone switch or dedicat{ 2~ 2,

link to earth station.

The user generates a baseband signal that is preceded thrg

terrestrial network & transmitted to a satellite at the earth static Earth Station Earth Station
The satellite consists of a large number of repeatespane, that TERRESTRIAL 1
receives the modulated RF carrier in its uplink frequency specf ——- i T INTERFACE  —— f-o-- i
from all the earth stations in the network, amplifies these carf| st Terrestrial
and retransmits them back to the earth stations in the down| LY USER Systems
frequency spectrum. [/ Bo-o- INTERFACE S
To avoid interference avnload frequency spectrum should If| USERS USERS
different from uplink frequency spectrum o -
The signal at the receiving earth station in processed to get | T merseen Receller Section
the base band signal, it is sent to user through a terrestrial net|_[BasicStructure of Satellite Communication System]

Commercial communication satellites usdrequency band of 500 MHz, bandwidth néaGHz for
uplink transmission and another 500 MHz bandwidth A&tz for downlink transmission. i

The 500MHz allocation of frequency is usually divided into 12 channels of approximately 40 MHz%each

Modern commuitation satellite also employ frequency reuse concept to increase the nump
transponders in the allotted bandwidth. The baseband signal from the terrestrial network is pi
through the encoder and modulator, then it is converted to uplink frequenc I

Finally it is amplified by high power amplifier and directed towards the appropriate part of antenng.

The signal received from satellite is processed through Low Noise Amglifieen is down converted;
demodulated by demodulator and decoded by dectiies the original baseband signal is obtained. |
Advantages of 6/4 GHz Band i
V No absorption by the rain

V Attenuation is low
Disadvantages of 6/4 GHz Band
V Bandwidth is limited to 500Mhz only V Interference from other user is more f
V Direct reception in home TV is not easily possible we need big sized parabolic dish antenna. |
The basic block diagram of an earth station transmitter is shown in figure below. f

V Less propagation problems V Broad beam width
V Sky noise is low V Null Polarization effect
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................................................

: Transmitter

Baseband . _ _ _ | High Power
Signal lnpul_rh- Encoder [—= Modulator —= Up Converter —» Amplifier

____________________________________________ == Pﬂlaand ,_{ Antenna
]

Diplexer

Baseband _, | - Down Low Noise
Signal Input Converter Amplifier

Earthstationconsists off hree subsystems Q
o Transmitter Subsystem — 70 MH;

] if High
o) Recelver Subsystem Ld'?cxulde Hmodulatan mnvenerH Pow‘{r +—
Amplifier

0 Antenna Subsystem TRANSMITTER
The baseband signal from the terrestrial netw Sl
enters to the earth station at theansmitter & the | '
signal to be transmitted is converted to uplif vk 701z
frequency with proper encoding and modulation. <_‘ Desx H“‘“"“'“‘“‘H e ]e
It consists ofEncoder, Modulator, Up-converter, =
High power amplifier etcas shown in above fig —— 6 T
Firstly theinput baseband signal fed to the encog
at which the weak baseband signal is encoding to appropriate range and fed to the modulator. ||
The modulator modulates the signal with proper change of amplitude, phase, frequency of the|sign:
with low noise & destration and fed to the up convertéfp converter converts the normal frequengy
to a suitable uplink frequency and provides better gain and bandwidth. i
The earth station requires transmission of microwave power so the use high power amplifiers [such
travelling wave tube, klystrone amplifier etc. i
Then theHPAs output may be combined through band pass filter and fed to the transmitting anterjna.
Receiverof an earth station employ mainly low noise amplifieNQ ), down converter, demodulator, |
decoderand baskand signaprocessingunit. I
The signal received from the satellite is amplified in a LNA and then down convertieel downlink |i
frequencylt is then demodulated and decoded and the original base band signal is obtained. I
It is very essential that the meer should have®istage with very low noise and sufficient high gain. |

NOTE: -The Downlink frequency to be Lower than the Uplink Frequency, Why???
a) Output power amplifier in transponder. c) Path loss.
b) Effective area of the receiving antenna. d) Beam width.

ADVANTAGES OF SATELLITE COMMUNICATION :-

Point to multipoint communication is possible whereas terrestrial relay are pointto poi
This is why satellite relays are wide area broadcast. i
Circuits for the satellite can be installed rapidly. Once the satellite is in position, earth stations|can |
installed and communication may be established within some days or even hours. f
During aitical conditions earth stations may be removed relatively quickly from a locationfi and
reinstalled somewhere else. The sending and receiving information is independent of distance. |
Mobile communications can be easily achieved by the satellite communib&mause of its flexibilityi
in interconnecting mobile vehicles. i
Satellite communication has economical advantage i.e. the satellite cost is independent of the digtance
As compared to fiber optic cable, the satellite communication has the advantage cpfalkibe of [
transmitted signals and the location of earth stations. I

DISADVANTAGES OF SATELLITE COMMUNICATION :-

duplexer

Baseband Equipment

[
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With the satellite in position the communication path between the terrestrial transmitter and the

=

Bceil

is approximately 75000 km long, There is a delay of ¥ sec between the transmission and recept{pn of

a signal because the velocity of electromagnetic wave is 3 m/sec.
This delay produces Echo which is actually caused by an imperfect impedance matching.

The time delay reduces the effincy of satellite in data transmission and long file transfer, wiich

carried out over the satellitey. Overcrowding of available bandwidths due to low antenna gains.
High atmospheric losses above 30 GHz limit the carrier frequencies.

APPLICATIONS OF SATELLITE COMMUNICATION : -

The number of operational and planned satellite communications system in gvengngpidly. Some|

of the satellite applications are:
(A) Communication Satellite (B) Remotesensing Satellite (C)Military Satellite
(D) Weather Satellite (E) Positioning Satellite

SATELLITE FREQUENCY ALLOCATION AND BAND SPECTRUM :-

Allocating frequencies to satellite services is a complicated process which requires interfation

coordination and planning.
It is carried out under the guidance of théernationall elecommunicatiotnion (ITU).
To facilitate frequency planning, the vais divided into three regions:
Region 1 Europe, Africa, what was formerly the Soviet Union and Mongolia.
Region 2 North and South America and Greenland.
Region 3 ASIA, Australia and the South West pacific.

Within these regions frequency bands are allocated to various satellite services, although a giveﬁ sen

may be allocated different frequency band in different regions.
Some of the Services provided by Satellites.

(A) Fixed Satellite Service¥69

(B) Broadcasting Satellite ServicB$S
(C) Mobile Satellite ServiceMSS)

(D) Navigation Satellite ServicedNSS
(E) Metrological Satellite ServiceMLSS)

The six frequency bands that have been allocated for the use with satellite communication are gi en a

FREQUENCY BAND FOR SATELLITE COMMUNICATION
SN BAND DOWNLINK BAND (MHZ) UPLINK BAND (MHZ)
UHF - Military 250- 270 (Appx.) 292- 312 (Appx.)
C Band - Commercial 370071 4200 @ GHz) 59251 6425 6 GHZ2)
X Band- Military 7250- 7750 7900- 8400
Ku Band- Commercial 11700- 12200 14000- 14500
Ka Band- Commercial 17700- 21200 27500- 30000
Ka Band- Military 20200- 21200 43500- 45500

SATELLITE ORBITAL PATTERNS

OO IWIN|F

Il nitially, Newtondés | aws of mot-i on can be sfum]

! S=ut+%af ' V2= U+ 2at I V=u+at ' F=ma

Where, mA Massof the Object S A TheDistanceTravelled from time t =0
aA Acceleration of the Object uA Initial Velocity of the objetattimet=0
F A Forceacting on the Object V A Final Velocity of the Object at time t =0

In a stable orbit there afil@vo Main forces acting on a satellite

I A Centrifugal Force due to the kinetic energy of the satellite which attempts to fly the sat%ellite

into a higher orbit.
I A Centripetal Force due to gravitational attraction of the planet about which the satel
orbiting, which attempts to pull the satellite down towdtdsplanet.
In order to remain the satellite in stable orbit these two Forces must be equal to eack sthex §
The acceleration due to gravity at a distance r from the centre of eartreis “km/s’

Wheree A Product of Universal Gravitational Const#@) & mass of the EarthMg). Thuse = G

& Prepared byDEP. PATNAIK & P. N, GQMAETC,IE@?;
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| 0 Itiscalledkepler Constantand has the value 3.986004418 X k@°%/<”. [G = 6.672 x 18*Nm?'Kg?]

| u TheCentripetal Forceacting on the SatellitBy= m ) Q Bn/=m x (GMg/r?)

| u The centrifugal acceleration is given by, a =/\ Thus theForceacting on Satellit€our = m x V /r

| U If the forces on the satellite are balangad= FourC m  x ) (=emxAV*ir C V. = e/ r)

| U Ifthe orbitis circulartheli st ance travelled by a satellitfe i
i the radius of the orbit from the satellite to the centre of the planet. i

HU Since distance divided by velocity equatbitTig|me
; T = 2"r | RWE 2°wGgy/r) ;

1 U Theuse of satellites as platforms for remote sounding is based on some very fundamental physids.

1 U Newton'sLaws of Motion and Gravitation. i

1Y LAWS OF MOTION : - :

i 1) Everybody continues in its state m@fst or of uniform motion in a straight line unless it is compefed

i to change that state by a force impressed upon it. i

I 2) The rate of change of momentum is proportional to the

I impressed force and is in the same direction as ths v

I force. Momentum = Mass x Validy, so Law (2) m

H _CHET) e THT) _

5 becomesF—,,—Hl—l g - ma

i 3) For every action, there is an eq&abpposite reaction. satellite

1Y LAW OF GRAVITATION : - ]

i 1) The force of attraction between any two particles is semt minor

i a) Proportional to their masses

i b) Inversely proportional to thequare of the distance star semi-major

H ’ N0 [-\ axs

i between theme = —— - S/ - 3

H istance at istance at

1 x KEPLER'S LAWS FOR ORBITS perigee apogee

i U Sofar, we have assumed that satellites travel in circt

i orbits, but this is not necessarily true in practice. i

10 Newtonodés Laws can be used to derive the exalct
1t However, a simpler approach is to |l ook at [[Ke
derivation. Keplerds Laws were based on obsfer:
I ! All planets travel in Elliptical orbits with the Sun at one fo¥s. Def i nes t hg s hfap
i i The radius from the Sun to the planet sweeps out equal areas in equal times. i

i Y Determines how orbital position varies in
I The square of the periodofaplet 6 s revol uti on i s spmiogobaxis. i *E n a
f Y Suggests that there is some systematic ac
i G For SatellitesCommunication s ubst it utP@anefaShat ailElasutt endd ff oorr

Hx KEPLERG6S THREE LAW OF PLANETARY MOTI ON :

I (A) The orbit of any smaller body about a larger body is always an ellipse, with centre of mass of farget
i body as one of two foci(B) The orbit of smaller body sweeps equal areas in equal interval of tifne.

i (C) The square of the period of revolution of the smaller body about the larger body equals a congtant
multiplied by the third power of the semi major axis of the orbital eIIip'Eé.: & € i

1 (AKepl erés :-First Law Minor Axis I
qd0 It states that, riellite aroupdathe primarg will A (i

i be an ellipse. 0 An e&Hkinfigsre has f\bm
1 0 The centre of the mass of the two body system, termecbtiyeckentre, R — I

is always centered on one of the foci. nto ste N A

{0 The semi major a@xamdi s md e o dd .ad : \Ce"“*“’fE""’s“' !
{uo The eccentricietz—yH,T'(daeﬁ i s given LT=T >< —

] & Prepared byDEP. PATNAIK & P. N, GEMDAETC, G|
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U The eccentricity and semi major axis are two of the orbital parameters specified for satellite (spgrecre

¥

orbiting the earthFor 0 < e < 1A Elliptical Orbit and If e =0A Circular orbit.

The orbital period in secis givenby T = - So, T = Lo

ORBITAL ELEVATION (LEO, MEO & GEO) CATEGORIES

LEO Basics (Lower Earth Orbit)

With LEO extending from 200 km to 1200 km it means that it

relatively low in altitude, although well above anything that

conventional aircraft can reach.

U However LEO is still very close to Earth, especially when compa

to other forms of satellite orbit ihading geostationary orbit.

U The low orbit altitude of leads to a number of characteristics:

Orbit times are much less than many other forms of orbit.

The lower altitude means higher velocities are required

balance the earth's gravitational field.

I Typical velocities are very approximately around 8 km/s, w
orbit times sometimes of the order of 90 minutes, although th
figures vary considerably with the exact details of the orbit.

C:-< X c:

for other orbits such as GEO. The round trip time, RTT for the radio signals is considerably lef;

that experienced by geostationary orbit satellites.
i The actual time will depend upon factors such as the orbitiddtiand the position of the us}:
relative to the satellitdqRadiation levels are lower than experienced at higher altitudes.
Less energy is expended placing the satellites in LEO than higher orbits.

T
-

of gasses, especially at lower altitudes.

i An altitude of 300 km is normally accepted as t
minimum for an orbit as a result of the increasi
drag from the presence of gasses at low altitudes

Y Applications for LEO Satellites

U A variety of different types of satellite use the LE

orbit levels. These include different types a

applications including:

i Communications satellitesSome communicationg
satellites including the Iridium phone system u
LEO. Earth montring satellites use LEO as the
are able to see the surface of the Earth more clearly as they are not so far away.

& Prepared byDER. PATNAIK & P. N,, GQMAETC,EH@?%
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! The lower orbit means the satellite and user are closer togettiéherefore path losses a less than

Some speed reduction may be experienced as a re$udtion from the low, but measurable levels

(B)K e p | Secahdtaw: -

U Itstates that, AFor equal t S @
out equal areas in its orbi ed

U Assuming that the satellite travels distances &, meters in
1 sec, then areds; = A,

U The average velocity in each case {saBd $ meters per seg
and because of the equal area law, it follows that the veld
at Sis less than at;S

(C)K e p | €hird Llsaw: -

Uult states that, i finte e©f o®iYisi @opationalfto the lcube optlaermemdallstance
bet ween the two bodies. 0 rfh'a]meaxm‘r(&)Smadd—stance S
Where, n = Mean motion of the satellite in radians/sec. i

e= Earthodés geocentric g¥Ymlsdéwith hin @mdiaad persezand; t a

S the

r
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i i They are also able to traverse the surface of the Earth.

i i The International Space Station is in an LEO that va

i between 320 km (199 mag& 400 km (249 miles) above

I the Earth's surface. It can often be seen from the Eal

H surface with the naked eye.

1Y MEO Basics (Middle Earth Orbit)

1 0 A Medium Earth Orbit (MEO) satellite is one with an ork

within the range from a few hundred miles to a few thous

i miles above the earth's surface.

1 U Satellites of this type orbit higher than Low Earth orl

I Satellites, but lower than Geostationary Hiss.

1 U Orbital periods of MEO satellites range from ab2+it2 hours. :
1 U Some MEO satellites orbit in near perfect circtbss have constant altitude & travel at a constant s}
i 0 Other MEO satellites revolve in elongated orbits. i
1 U Theperigeeof an ellipticatorbit satellite is much less than &pogee

il 0 The orbital speed is much greater near perigee than near apogee. i
il Y Perigee\ The point in the Orbit where the Satellitedbsestto the earthApogee? Farthest from Earth ||
1 U As seen from a point on the surface, a satellite in an elongated orbit crosses the sky in just a few
: when it is near perigee, as compared to severakhwaloen it is near apogee. I
il G Elliptical-orbit satellites are easiest to access near apogee, because tiasaithntenna orientatiq
i does not have to be changed ofi@rsatellite is abovéorizon for a fairly long time

1 0 A fleet of several MEO satellitesvith orbits properly cerdinated can provide global wirele
i communication coverage. As MEO satellites are closer to the earth than geostationary satellit
f based transmitters with relatively low power & medium sized antenna can access system.

| U Because MEO satellites orbit at higher altitudes than LEO satellites, the useful footprint (coverafje ar
f on the earth's surface) is greater for each satellite. f
1 U Thus a globatoverage fleet of MEO satellites can have fewer members than a-gbveabge et of ||
I LEO satellites. One very popular orbit format is the geostationary satellite orbit. I
i U The geostationary orbit is used by many applications including direct broadcast as W
f communications or relay systems. i
i U The Geostationary Orbit has the advaetétat the satellite remains in the same position throughoy
f day and antennas can be directed towards the satellite and remains on track. i
il G This factor is of particular importance for applications such as direct broadcast TV where ch
directions br the antenna would not be practicable. Satellite

i G It is necessary to take care over the use of the abbrevia @

i for geostationary orbit. Both GEO and GSO are seen,

I both also used for geosynchronous orbit.

1Y GEO (Geo Stationary Earth Orbit) . i
1 U The idea of @his orbit has been postulated for many years. |
i1 G One of the possible originators of the basic idea was a Rus / _ \* Footprint i
f theorist and science fiction writer, Konstantin Tsiolkovsky. | L /:/ i
| 0 However it was Herman Oberth and Herman Potocnik v \ ,/j '
i wrote about orbiting stations a@n altitude of 35 900 km \"___,, : I I
i above the Earth that had a rotational period of 24 hg - L

i making it appear to hover over a fixed point on equator.

1 U The next major step forwards occurred when Arthur C Clat

I the science novel writer, published a serious article

f Wireless World, a major UK electronics and radio publication, in October 1945.

i1 0 The article was entitled "Extr@errestrial Relays: Can Rocket Stations Give World Coverage?" C
| extrapolated what could be done with the German rocket technology aiyttzend looked at what migh
i be possible in the future. He postulated that it would be possible to provide complete global ¢
i with just three geostationary satellites. i
] & Prepared byDEP. PATNAIK & P. N, GEMDAETC, G|
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1 x GEOSTATIONARY AND GEOSYNCHRONOUS SATELLITE: -

i G To be perfectly &eostationarythe orbit of a Satellite need to have three features:

i + It Must be Exactly Circular Axis of Rotation

: 4 It must be at the Correct Altitude

i + |t must be at the Plane of the Equator

i 0 Geosynchronous Satellite

i + [f the inclination and eccentricity is not zero (not

i circular) but theorbital period or altitude is correct

than the satellite is Geo Synchronous Orbit. ry Orbit

i + The position of a Geosynchronous Satellite will appt

i to oscillate about a mean look angle in the sky with | Sevsynchronous Orbit

I respect to a stationary observer on the earth surface

| Y SIDEREAL DAY Sevomchronolts and Genckiomary, Dris

i1 U The orbital period of a Geo satellR8 h 56 min 4.1 Sets one Sidereal day.

i1 G Itisthe time between consecutive crossings of particular longitude on earth by arigestéinan Sun

| U Solardayis 24 h is the time between any consecutive crossihgsyoparticular longitude by tfgun. |
il G Because of earth moves round the sun once per 365 % days, the solar day is 1440/3&BL28ir ||
i Longer than that of a Sidereal day. i
1Y GEOSTATIONARY ORBIT BASICS

1 G As the height of a satellite increases, so the timésatellite to orbit increases.

i1 U Ata height of 35790 km, it takes 24 hours for the satellite to orbit.

il G This type of orbit is known as@eosynchronousOrbit, i.e. it is synchronized with the Earth. f
| U One particular form of geosynchronous orbit is knowraaeostationary orbitn this type of orbit the]:
i satellite rotates in the same direction as the rotation of the Earth & has an approximate 24 hour giriod
i U This means that it revolves at the same angular velocity—= i
i the Earth and in the same directiorddherefore remains in o\ Polar

i the same position relative to the Earth. o \Orbit |
i G In order to ensure that the satellite rotates at exactly the g ‘ . orbi [
i speed as the Earth, it is necessary to clarify exactly what t

f time is for the rotation of the Earth. Iss

i U For most timekeeping applications, the Earth's rotatior]

i measured relative to the Sun's mean position, and rotatiol

i the earth combined with the rotation around the Sun proyavatoria

|  the length of time for a day. et

i G However this is not the exact rotation theg are interested

I in to give a geostationary orbithe time required is just thal

: for one rotation.

il U This time period is known as a sidereal day and it is 23 hours 56 minutes and 4 seconds long.

i U Geometry dictates that the only way in which an orbit tbtttes once per day can remain over exaitly
i the same spot on the Earth's surface is that it moves in the same direction as the earth's rotation}
i G Also it must not move north or south for any of its orbitan only occur if it remains over the equato.
| U Different orbits can be seen from the diagram. As all orbital planes need to pass throughctetrggd
f of the Earth, the two options available are shown. f
| U Even if both orbits rotate at the same speed as the Earth, the one lgkebgdchronous will movg
I north of the equator for part of the day, and below for the other halfll not be stationary. I
Il U For a satellite to be stationary, it must be above the Equator.

1Y GEOSTATIONARY SATELLITE DRIFT i
i1 0 Even when satellites are placedoirg geostationary orbit, there are several forces that can act ofj it to
i change its position slowly over timactors including the earth's elliptical shape, the pull of the Surjand
i Moon and others act to increase the satellite orbital inclination. i
] & Prepared byDEP. PATNAIK & P. N, GEMDAETC, G|
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In paticular the norcircular shape of the Earth around the Equator tends to draw the satellites t

side of the WorldThis results in what is termed as @astwest libration or movement back and forth. |
To overcome these movements, fuel is carried by the satellites to enable them to carry out
keeping" where the satellite is returned to its desired position. i
The period between statidkeeping manoeuvres is determined by the allowable tolerance onf
satellite which is mainly determined by the ground antenna bedth. :
This will mean that no radjustment of the antennas is required. :
Often the useful life of a satellite is determined by the fionevhich fuel will allow the statiotkeeping ||
to be undertaken. Often this will be several years. After this the satellite can drift towards one of
equilibrium points, and possibly-enter the Earth's atmosphere.

The preferred option is for theatellites to utilize some last fuel to lift them into a higher and increg
orbit to prevent them from interfering with other satellites.

Geostationary Orbit Coverage

A single geostationary satellite obviously cannot provide complete global coverage.

However, a single geostationary satellite can see approximately 42% of the Earth's surface with qover.

falling off towards the satellite is not able to "see" the surface.

This occurs around the equator and also towards the polar regions.
For a constellabn of three satellites equally spaced around the globe, it is possible to provide co
coverage around the equator and up to latitudes of 81° both north and south. I
The lack of polar coverage is not a problem for most users, although where polagedsenaeded|
satellites using other forms of orbit are needed. i

Parameter

LEO MEO GEO

=

sing

warc
two stable equilibrium points, one above the Indian Ocean and the other very roughly around tite ott

static

the

ghe tv

gnplei

Satellite Height

500-1500 km

5000-12000 km

35,800 km

Orbital Period

10-40 min.

2-8 hours

24 hours

Number of Satellites

40-80

8-20

3

Satellite Life

Short

Long

Long

Number of Handoffs

High

Low

Least(none)

Gateway Cost

Very expensive

Expensive

Cheap

Propagation Loss

L east

High

Highest

!—\C: C:-<

HEIGHT, VELOCITY & ROUND TRIP TIME DELAY __: -

Height of GEO satellite can be given agorbit radius) =r . (Radius of the Earth) h (Height)
Round trip time delay is given asT = ) 2 "{3& Velocity can be calculated asV =
EXAMPLE:-A Satellite is at an altitude of

250

SOLUTION : - The radius of the satellite is r & h = 6378.14 + 250.00 6628.14km
The period of the orbitis T € 2 *)r / ¥?s 5370.30 s = 89 min 30.3 sec
Thevelocity,v = 2" &4/1T7 645.83/5370. 13 = 7

. 755
Alternatively,V = & 7.#55km/s [Wh e r €3.986004418 x Tkm*/s* |

earth , M = 5.98 x 13§ kg, radius of earth &= 6370 km.

SOLUTION : - The orbital velocity (V) is given by, V= t/(R+ H)
Where & = @Wx598%16°% 39.8% 16f; R =6370 km = R; H = 150km

V= 39.8x1013/(6370+ 150)x 1012 = 7.813 Km/S

Shool

ey

approximately 6378.14knfsind the period of the satellite also fine the linear velocity for a circular p

krré/ S

EXAMPLE : - Determine the orbital velocity of a satellite moving in a circular orbit height of
150km above the surface of earth given that gravitation constant, G = 6.67 K-t6’/kg”, mass of[
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3.

< X < ™

cC: C:

EXAMPLE : - A satellite in an elliptical orbit has an apogee of 30,000 km and a perigee of 10
determine the semmajor axis of the ellipticabrbit.

_Apogee + Perigee 30000 + 1000
SOLUTION : - Semimajor axis = pog g

= 15500Km

¥

J0km

EXAMPLE : - A satellite moving in an elliptical eccentric orbit has the semi major axis of the rbit

equal to 16000 km. if the difference between ap@éee perigee is 30,000 krind orbit eccentricity. [
SOLUTION : - Apogee = a(1+e) ; Perigee = ad)ll

Where a = semmajor axis of the ellipse; e = orbit eccentricity

Apogeei Perigee = a(l+e)a(l-e) = 2aeC Or Eccentricity, e w
Here it is given that difference between apogee and the perigee = 30,000 km.

. . . o X< _ 30000 _ 30000 _
Semi major axis of the orbit = 16000 kr@. e = 516000~ 32000 0.93

EXAMPLE:-The farthest and the cl osest p oi netasr

ihrmo

surface are 30,000 km and 200 km respectively. Determine the apogee and the perigee and|the c

eccentricity. Assume radius of earth to be 6370 km.
SOLUTION : - Apogee = 30000 + 6370 = 36370 km (farthest pointt R

Perigee = 200 + 6370 m (claseoints + B ; Eccentricity, e =229%¢_Perigee

2a
A + Peri . . . .
—P=——"""or 2a = Apogee + Perigee; Where a = semjor axis of the ellipse

Apogee Perigee _ 36370 6570 _ 29800 _
Therefore, orbit eccentnmtyA ogee + Perigee 36370 + 6570 42040 0.693

Also a =

EXAMPLE : - Refer to figure showing a satellite moving in an elliptical, eccentric orbit. Determing the

apogee and the perigee distances if the orbit eccentricity isfr@&n Fig ae =1400 >
SOLUTION': - The distance from centre of ellipse (0) e tentre of earth (c) is given by (a x e). wh

(a) is the semmajor axis and (e) is the eccentricity. Therefore, a x e = 140091—%)—- 28000 km ;i
Now Apogee = a(1+e) = 28000 (1 + 0.5) = 42000 km. Perigee-e)a£128000 (% 0.5) = 14000 km

EXAMPLE : - Satellitel in an elliptical orbit has the orbit semiajor axis equal to 18000 km and
satellite2 in an elliptical orbit has the semmajor axis equal to 24000 km. Determine the relationghip

between their orbital periods. I
SOLUTION: -The orbitalt i me period (T)a%ts given by, T =

ire

Where ¢ = GM ; G = Earthos gr avi-mapotaxioadielipse clo n

If (a1) and (@) are the values of the semiajor axis of the ellipse orbits of the satellites 1 and 2, &T |
(T,) are the corresponding orbital periods, ther T 2a;3/t and = 2a,3/t i

Tol T1 = (&l &)*2 = igggg *= (4/372= 1.54: s0 T = 1.54T,

Thus orbital period of satellife2 is 1.54 times the orbital period of satellite
EXAMPLE : - The sumof apogee and perigee distances of a certain elliptical satellite orbit is 500
and the difference of apogee and perigee distances is 30000 km. determine the target eccentricity

SOLUTION: - If (ra) & (rp) are apogee and perigee distances respdygtithen e :a+ :p ‘:gggg 0.6.
—_— a p

SATELLITE FREQUENCY ALLOCATION AND FREQUENCY BANDS.

WHAT IS FREQUENCY MANAGEMENT

Combination of administrative, scientific and technical procedures to ensure efficient operation
various radiecommunication services without causing harmful interference.

It has national and international aspects.

Allocation (of a frequency band)Entry in the Table of Frequency Allocations of a given freque
band for the purpose of its use by one or more g&ra¢ or space radioommunication services or th;
radio astronomy service under specified conditions.

This term shall also be applied to the frequency band concerned.

Frequency Allocations For Satellite Services or Fixe([]
Satellite Service (FSS) (Frequery Bands) I

V 59256425 MHz for UPLINK (C-BAND) i
& Prepared byDEP. PATNAIK & P. N, GEMDAETC, G|
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Radio Frequency Spectrum (RFS) and
associated satellite  orbits, including
GeostationanBatellite Orbit (GSO) are
limited natural resources.
Radio waves are defined as electromagné
waves of frequencies arbitrarily from 3 kH
to 3000 GHz, propagated in spasghout
artificial guide. Radiofrequency waves do
not respect geographical boundary, and the
cannot be confined to national boundaries.

10.95-1
11.45-1

<<<<<<<<<<c<<

1.2GHz (Downlinks)
1.7 GHz (DowHinks)

37004200 MHz for DOWNLINK (C BAND)
67257075 MHz for UPLINK (Upper EXT C)
45004800 MHz for DOWNLINK (Upper EXT C)
64256725 MHz for UPLINK (Lower EXTC)
34003700 MHz for DOWNLINK (Lower EXTFC)

11.7- 12.2 GHz (DowHinks) (Region 2 only)
12.5- 12.75 GHz (Dowdinks) (Region 1 only)
14.0- 14.5 GHz (Uglinks)
17.7- 21.2 GHz (DowHinks)
27.5- 31.0 GHz (Upglinks)

Radio waves are susceptible to harmful interference and require application of complex engfheeri
tools to ensurenterferencefree operation of various wireless networks: :

The Utilization of radio frequency spectrum is

international treaties, namely, the Constitution, the Convention and the /

Radio

Regulations of the International Telecommunication Uniod{l) as W.m;m"
well as by the bilateral agreements between two countries. '
All frequency bands are available for use in all countries, including

India, in accordance with international table of Frequency aIIocaUQ

and associated radio regulatory provisions.

manufacturing and spectrum utilization activities in the
General Structure Of Satellite Link System

governed by

g ~,f\,

e

nnnnnnnnn

country.
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A satellite system consists of an uplink, a satellite transponder, and a

downlink.

DIGITAL SATELLITE UPLINK CHAIN

The earth station transmitter is one of the prima
components of the uplink station.

Fig shows a typical satellite uplink model. It consists
an IF modulator, an upconverter used to convert IF to
a highpower amplifer HPA & BPF to band limit output.

The IF modulator is used to convert the input base b

Upconverter

Baseband in | Modulator

FDM or —>{(FM, PSK, —>IBPF| | Mixer [ ~~BPF|—>HPA

PCM/TDM or QAM)

fRF

!| MW Generator
1|6 GHz or 14 GHz

To satellite |J]
transponder |||

signal to an FM, a QAM, or PSK modulated IF.

Up converter is used to convert the modulated IF t
suitable RF with the help of a mixer.

Bandpass filter is usetb band limit the RF output and
the required output power is provided to the transmitt
antenna by the HPA (which is normally a klystron of

oscillator
10 GHz

From earth station To other transponders

travelling wave tube). 7 Ghiz or 30 GHz

i
§
<

To earth station

17 GHz or 20 GHz i

SATELLITE TRANSPONDER:

Fig shows the block diagram of a satellite transponder.
It consids of a BPF followed by a losmoise amplifier.
The output of the LNA is given to a frequency transla
consisting of a mixer & a local oscillator as shown in fig
The incoming uplink transmitted RF frequency
translated to a different RF frequencydars passed

through a BPF to band limit the mixer output.

Input frequency

Output frequency

Low noise Mixer
amplifier

Power
amplifier

Frequency coverage
limited to bandwidth

required to be received Local
oscillator

A low-power amplifier, usually a TWT, amplifies the RF signal to be transmitted back to earth sta Eon b
the transponder transmitting antenna. Different transponders are required for each iRFchatetiel.
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DOWNLINK MODEL:
Figure shows a satellite downlink model.
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From satellite

It receiv

signal from the satellite transponder. The front €

Downconverter

g

consists of a banpass filter followed by a LNA.

The received RF frequency is down converted to IF
down converter consisting of a mixer & local oscillato
The output of the mixer is band limited by a BPF a
passed on to a demodulator.

This type of demodulator depends on the modulation scherde us
The base band signal will be available at the output of the modul
CROSSLINK:

Sometimes, communication between satellites is required. Sat
crosslinks or inters satellite links (ISLs) are used for this purpose
The only disadvantages of IShse that, the transmitter output pow
and the receiveroés sensit.i
Figure shows a typical crodisk.

The Operation Of Direct Broadcast System (DBS)
Systems for transmitting televisio®& other program
materialvia satellite directly to individual homes

Direct broadcasting satellite (DBS) systems operate
microwave frequencies, in a portion of the Ku band,;
North & South America these systems operate in
frequency 12.212.7 GHz.

DBS systems use a satellite in geostationary orbit
receive television signals sent up from the Earth's surf
amplify them, and transmit them back down to

the surface. DTH (Direct-
The satellite also shifts the signal frequency, | -so - stada betiaition
that a signal sent up to thatsllite in the 17.8 | G e oosaon #
17.8GHz uplink band is transmitted back dow
in the 12.212.7GHz downlink band.
The downlink signal is picked up by a recei
antenna located atop an individual home
office; these antennas are usually in the form
a parabolic th, but flat square phasedray
antennas are sometimes used, and
eventually become commonplace.

The receive antenna may be permaner
pointed at the satellite, which is at a fixed poi

in the sky, in a geostationary orbit. a8
It is difficult to build receivers to operate at the microwave downllnk frequenues so the signal frg
dish antenna is first passed to a dezamverter, usually mounted outdoors on the antenna that shift§
(typically) the 0.951.45GHz band. i
This signal is then conducted by cable to the receiver atop the television set.
The receiver contains the channel selector, as well
decoder to permit the user to view authorized chann
The receiver is connected by an additional cable to
televison set

A typical direct broadcasting satellite contains
transponders, or amplifiers, the maximum permitt

cC: -

tlUp link/down-link
Up-link/down-link

) Earth
Vit s ;

1 Cable
o Headends
Network Program Off Air

Transmitter

Provider

TUTIUIIIC,

<
BEAM SAT

n

Broadeasts received by all homes within the satellite coverage ares,

m th
it to

e B 5 S 5 S 5 S B B S S B B

N
N

.7 Programmer
2 Satellite

Satellite
Provider

subscriber i

Hj| Over-the-air
viewer
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TV Programming subscriber
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under present regulations, each with a rddequency power output in the range 1280 W. i
Two or more direct broadcasting satellites maydoated at any of the orbital locations assigned to[the
United States, for a maximum of 32 transponders. i
DBS satellites in the United States typically use digital signals; a singl¢Hz4satellite transpondef
can carry an errecorrected digital signal 80 megabits per second or greater. f
A wide variety of communications services can be converted to digital form and carried as parf.of th
digital signal, including television, higtefinition television (HDTV), stereo audio, omay [
videoconference, infonation services (such as news retrieval services), and digital data. :
Modern digital signal compression technology greatly increases the capacity of a satellite transpgnder.
It is possible to compress up to perhaps 10 television signals into the bandinadPBS transpondelf]
depending on the amount of motion in the picture and the amount of screen resolution required. [
Since some common programming (for example, sports) contains a good deal of motion, the [averz
compression factor for a DBS system wybically be lower than 10. Sé@ata compression
DBS systems, like all satellite systems operating in the Ku band, are subject to attenuation [pf th
signals by rain. The combinatiocof satellite power and recekrgish antenna size is chosen to engple
reception for all but the heaviest rainfall periods of the year, corresponding to an outage pgriod
perhaps 7 h per year at any particular location. The DBS customer can further ti@duexpected;
outage period by purchasing a slightly larger dish antenna. 3&@ f

THE OPERATION OF VSAT SYSTEM. /Sm ~_
/

A Very Small Aperture Terminal (VSAT) is a smal i
telecommunication earth station that receiaedtransmits real voar - \ gh a
time data via satellite. SRR ‘ E;%,/ 1l
A VSAT transmits narrow and broadband signals to orb A S d i
satellites. The data from the satellites is then transmitte¢( ——— — i
different hubs in other locations around the globe T. N ,ﬁ‘?
VSAT end users have a box that acts as an interface betweg ( weer }— Q“'"'\
computer and the externahtenna or satellite dish transceiver |
The satellite transceiver sends data to and receives data from the geostationary satellite in orbit. ||
The satellite sends and receives signals from an earth station, which acts as the hub for the systgm.
Each end w=r is connected to this hub station through the satellite in a star topology. i
For one VSAT user to communicate with another, the data has to be sent to the satellite.
Then the satellite sends the data to the hub station for further processing. The data is then retrgnsmi
to the other user via a satellite. The majority of VSAT antennas range from 30 inches to 48 inche}i.

Sateline
0. Lar! wawiie

\ —— .
\(£ s jﬁ: // X . @ / \
4 RS £ 4

Master Control VSATS f 6

Staton atee T receee vaeer

L=

Y What ls a Very Small Aperture Terminal (VSAT)?

Data rates typically range from 56 Kbpstop} Mbps. VSATs are most commonly used to transmit: ||
1 Narrowband data. This includes point of sale transactions such as credit card, polling er [radio
frequency identification (RFID) data, or supervisory control and data acquisition (SCADA) datg|
1 Broadband daa, for the provision of satellite Internet access to remote locations, Voice|over
Internet Protocol (VolP) or video. VSATs are also used for transportableéheanove [
communications (using phased array antennas) and mobile maritime communications. I
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A very small aperture terminal (VSAT) is a twmay ground statiothat transmits and receives dd.

=

a

from satellites. A VSAT is less than three meters tall and is capable of both narrow and broadbgnd d

to satellites in orbit in realtime.
The data cathen redirected to other remote terminals or hubs around the planet.

KEY TAKEAWAYS i
T Very small aperture terminal (VSAT) is a data transmission technology used for many types of
management and in highequencytrading. i

1 VSAT can be used in place of a large physical network as it bounces the signal from satellites
of being transported through physical means like an ethernet connection.

1 Because the signal needs to bounce, there can be a latency issumittiat wxist with a physical |
network. However, most users feel this is the price you pay for remote access and less infrast
and consider it a fair tradé. Weather can adversely impact the efficacy of a VSAT network.

How a Very Small Aperture Terminal Works f

VSAT networks have a number of commercial applications, including perhaps most neadigrise|:

resource managemerithe use of VSATo trackinventorywas one of the many innovations Walm

between the warehouse astdres.

Combined with thdwub systenof inventory storage, VSA@llowed Walmart to stock its stores male

precisely and reduce how many times a product had to move between batiore being sold. I
Other manufacturers use VSAQ relay orders, check production figures riéale as well as othe}|
functions that are otherwisendled over a wired network. i
In fact, theNational Stock Exchange (NSE) of Indias one of the largest VSAietworks in the world]:
and offers it as one of its connectivity options. i
VSAT offered the NSE a way to offer access in areas where wired options are limited.

With the exception of the occasionslin outage due to solar radiation distorting signals fromlithe

satellite, the VSAThetwork has held up.
ADVANTAGES

rt
pioneered in retail to effectively manage its tvas/entory in reatime and reduce delivery cos|s

data

ginste

uctu

VSAT networks have a big advantage when it comes to deployment. Because the ground sgation

communicating with atellites, there is less infrastructure required to service remote locations.

This was one of the reasons Walmart chose V84T started out heavily leveraged to rural Amerca

where telecommunications infrastructure was less dense than in the cities. I
This has made VSAmetworks an ideal choice for providing connectivity to remote work sites|d
exploratory drilling sites that need to relay daily drill logs back to headquarters. f

VSAT is also independent of local telecommunications networks, makargideal system to back Ué)

wired systems angeducebusiness recovery risk

If the wired network goes down, a business can still go on using the YI8®bDrk.
DISADVANTAGES f
VSAT does have limitations. The most obvious is latency, as it takes time domaiion to reach th¢
dish and the station due to one part of the system being way up in geosynclrbitalsove the earth.fi

So protocols that require a lot of ba&korth communication rather tharway data transfer experienge

lag. The signal qualitgan also be affected by the weather and other buildings getting in the way.

MULTIPLE ACCESSING & NAME VARIOUS TYPES.
Sometimes a satelliteds service is present
not present. That means, dedlite may have different service stations of its own located at diffg
places on the earth. They send carrier signal for the satellite. i
In this situation, we do multiple access to enable satellite to take or give signals from different stg
time without any interference between them.
Following are thehree type®f multiple access techniques:
I FDMA (Frequency Division Multiple Access)
! TDMA (Time Division Multiple Access)
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f ! CDMA (Code Division Multiple Access)

| U Now, let us discuss each techniqure by one.

{ Y EDMA (Frequency Division Multiple Access)

| U In this type of multiple access, w

assign each signal a different type

f frequency band (range). N

i1 G So, any two signals should not ha c [ L

I same type of frequency range. (

lu Hence, there wene B /& i3

I between them, even if we send tho &4 ——

i signals in one channel. A S - 2

1 U One perfecexampleof this type of A

i access is our radio channels. )

| U We can see that each station has b

f given a different frequency band in order to operate. i
10 Letds take three stations A, B and C. We walnt
i U So we assigned them different frequency bands. i
1 G As shown in the figure, satellite station A has been kept under the frequency range of 0 to 20 HZ}|
i U Similarly, stations Band C have been assigned the frequency range 6030z and 7800 Hz ||
f respectively. There is no interference between them. i
1 U0 The maindisadvantagef this type of system is that it is very burst. i
i G This type of multiple access is not recommended for the efgnmhich are of dynamic and uneven. [
| U Because, it will make their data as inflexible and inefficient. ]
| Y TDMA (Time Division Multiple Access)

1 U As the name suggests, TDMA is a tin N
f based access. Here, we give certain ti >

|  frame to each channel. AN @6’

i1 G Within that tme frame, the channel ca T o ’ % &

1  access the entire spectrum bandwidth B);;{C?é I/A‘l/é (afafe I/B A G -l/B ]’/ (-7

i 4 Each station got a fixed length or slot. 6 -~

| o The slots, which are unused will remain > <

i idle stage. C 7>

| U Suppose, we want to send five packets Time i
: data to a particular channel in TDMA technique. :
i U So, we should assign them certain time slotdimme framewithin which it can access the entife
f bandwidth. In above figure, packets 1, 3 and 4 are active, which transmits data. i
11 0 Whereas, packets 2 and 5 are idle because of thejpamticipation.

1 O This forma gets repeated every time we assign bandwidth to that particular channel. i
| u Although, we have assigned certain time slots to a particular channel but it can also be ¢hang
f depending upon the load bearing capacity. f
| U That means, if a channel is transmittimeavier loads, then it can be assigned a bigger time slot thgn the
I channel which is transmitting lighter loads. This is the biggdgantagef TDMA over FDMA. i
1 U Another advantage of TDMA is that the power consumption will be very low.

i1 0 NoteT | n s cahens, wgugd thmombinationof bothTDMA and FDMA techniques. i
il G Inthis case, each channel will be operated in a particular frequency band for a particular time frafne.
i U Inthis case, the frequency selection is more robust and it has greater capadity@eempression. |
1 U The best part of thi'echnique is that each station can use the entire spectrum at all time.

| #+ Advantages of TDMA:

1 . TDMA can easily adapt to transmission of data as well as voice communication.

i i TDMA has an ability to carry 64 kbps to 1Rbps of data rates.
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+ Disadvantages of TDMA:

. TDMA allows the operator to do services like fax, voice band data, and SMS as well as ban
intensive application such as multimedia and videoconferencing. I
I Since TDMA technology separates users according to time, it ensures thatwitlebe no |
interference from simultaneous transmissions. I
. TDMA provides users with an extended battery life, since it transmits only portion of the time
conversationsTDMA is the most cost effective technology to convert an analog system tal digit|i

=

Iwidt

juring

i Disadvantage using TDMA technology is that the users has a predefined time slot. When movir

from one cell site to other, if all the time slots in this cell are full the user might be disconnectefi.

Another problem in TDMA is thait is subjected to multipath distortion. To overcome this distortiof
time limit can be used on the system. Once the time limit is expired the signal is ignored I

CDMA (CODE Division Multiple Access) i
In CDMA technique, a unique code has been assigneattoahannel to distinguish from each other. |
A perfectexampleof this type of multiple access is our cellular system. i
We can see that no two personsd® mobil e numlg
mobil e servi ce qustanersusingthe same bapdavidtly. 6 s :

er

In CDMA process, we do the decoding of inner product of the encoded signal and chipping sejuent

Therefore, mathematically it can be writterEascoded signal = Orginal data x chipping sequence

The basi@dvantagef this type of multiple access is that it allows all users to coexist and use the ntire

bandwi dth at the same time. Since each userf|
In this technique, a number of stations can have number of channelskibiil& and TDMA. f

(CDMA) & ITS ADVANTAGES & DIS -ADVANTAGES.

C_ode division multiple access (CDMA). i.S Simplified Block Diagram for CDMA System
digital cellular network standard that utilize

spreadspectrum technology. ﬁj
This technology does not constri Antenna i
bandwi dt hés digital Anlog 10 verter f—]  Vocoder > e
spreads it over a fullpvailable spectrum of

across multiple channels via division.
Thus, there is improved voice and d&rymard tink = orthogonal Code
communication capability & a more secujReverse Link = Long PN Code y—mmm
and priate line. — !
The CDMA digital standard is a leading communications network standard in North America anfi
of Asia. Qualcomm, a US$ased wireless communications company, patented CDMA
commercialized this technology. I
CDMA technology was initially uskin World War Il military operations to thwart enemy attemptg
access radio communication signals. In the early 1990s, Qualcomm introduced the possibility
the same concept with publielvailable cellular network technology. :
During this time an alternative mobile networking arena digital standard gained traction, proving t
challenge to CDMA proponents. Despite adamant negativity and discouragement from prd;

Spreader

A

i ndustry figures, CDMAGS suppor onsides use aneé e/enfuall
accept the newly introduced CDMA standard.

Essentially, CDMA offers more airspace capacity than the time division multiple access (TDMA)
Global System for Mobile Communications (GSM) standard. Furthermore, CDMA alstess@ower. ||
Another advantage boasted by CDMA technology is its ability for soft handoffs between base §
i.e., less likelihood of cuoff calls. i
The usual analogy given in comparing CDMA with other channel access methods like FDMA or T
is thatof people each carrying out a conversation with a friend in a crowded room. i
TDMA is likened to the method by which communication is carried out by speaking one at a time
the name O6Time Divisiond). FDMA, berein tomeunioatiomn
is made by speaking at different pitches (hence, Frequency Division). I
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+ Advantages of CDMA:

Finally, CDMA is likened to people speaking simultaneously but in different languages.

Because only those who speak the same language can understand each other, it is possible fc%‘

conversations to take place in the room at the same time.

The basic concept in CDMA is that users who wish to communicate through it are given a stared
While multiple codes may occupy the same channel, only those users having the same ¢

communicate with each other. Because CDMA and GSM standards each have unique pros and
preferred technology standard choice is now in the handseftd subscribers.

* Dlsadvantaqes of CDMA: d
i Channel pollution, where signals from too many cell sites are present in the subsqfitoere but

One of the main advantages of CDMA is that dropouts occur only when the phone is at least
far from the base station. Thus, it is used in the rural areas where GSM cannot cover.

i Another advantage is its capacity; it has a very high spectral capacity that it can accommoda
users per MHz of bandwidth.

nore of them is dominant. When this situation arises, the quality of the audio degrades.
When compared to GSM is the lack of international roaming capabilities.

service information for the phone is put in actual phone unlike GSM which uses SIM card for

lis
i Limited variety of théhandset, because at present the major mobile companies use GSM techtkologj

Satelllte Application- Communication Satellite, Digital Satellite Radio

COMMUNICATION SATELLITE

It is difficult to go through a day without using
communications satellite at least once.

Do you know when you used a communicatiof
satellite today? Did you watch T.V.? Did you make
long distance phone callse a cellular phone, a fa
machine, a pager, or even listen to the radio? Well &
you did, you probably used a communicatiol g8
satellite, either directly or indirectly.
Communications satellites allow radio, televisio
and telephone transmissions to katdive anywhere
in the world. Before satellites, transmissions we
difficult or impossible at long distances.
The signals, which travel in straight lines, could not bend around the round Earth to reach a de

far away. Because satellites arearbit, the signals can be sent instantaneously into space and

redirected to another satellite or directly to their destination.

The satellite can have a passive role in communications like bouncing signals from the Earth
another location onhe Earth; on the other hand, some satellites carry electronic devices
Transponderfor receiving, amplifying, and rbroadcasting signals to the Earth.

Communications satellites are often in geostationary orbit.

At the high orbital altitude of 35,800 kilometers, a geostationary satellite orbits the Earth in th¢| sarm

amount of time it takes the Earth to revolve once.

From Earth, therefore, the satellitepajrs to be stationary, always above the same area of the Earth.

The area to which it can transmit is called a satellib@tprint

For example, many Canadian communicatisaiellites have a footprint which covers most of Canadé .

Communications satellites can also be in highly elliptical orbits.
This type of orbit is roughly egghaped, with the Earth near the top of the egg.

In a highly elliptical orbit, the satellite's keeity changes depending on where it is in its orbital path.
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i1 0 When the satellite is in the part of its orbit that's close to the Earth, it moves faster because th¢ Ear
i gravitational pull is stronger. This means that a communications satellite caerth@vegion of the

i Earth that it is communicating with for the long part of its orbit. i

| U 1twill only be out of contact with that region when it quickly zips close by the Earth.

1Y DIGITAL SATELLITE RADIO.

i U Satellite radio, more formally known &atellite

i Digital Audio Radio Service (SDARS), is a

i broadcasting network in whiatigital high-fidelity

(hi-fi) audio entertainment is transmitted fro e

i orbiting satellites to receivers on the surface. by b

1 G Signals can be received either directly from

I satellite or indirectly by means of earth

: basedepeates. Programming can also b /

i received througlnternetconnections. | = S enchisliecsn

il U These satelltes transmadio frequencyRF) | HumHEHs WA T

i signals at approximately 2d3gahertz(GHz).

1 0 Satellite radio provides programming on

subscription basis. Users pay anmnal monthly

i fee for the service and in turn receiv

i programming that contains almost no advertising——————

i U The programming consists mainly of music also includes news, weather,apiiresffic information. ||

i U The services are used primarily by motoristha@ligh receivers can be installed in residences [and
f businesses. Portable receivers also exist. Satellite radio is just what its nhame suggests: a radjp set
f that usesatellitescircling Eath to broadcast its programming. i

1 U In 1992, the Federal Communications Commission (FCC) allocated a satellite spectrum ("S" bgnd, =
i GHz) for the broadcasting of satellibased digital audio radio service (DARS). i

i G It eventually granted two licenses, ofeSirius Satellite Radio (formerly CD Radio) and one to ¥M
Satellite Radio (formerly American Mobile Radio Corporation). ]

il 0 As the satellites orbit the earth, programs are beamed to them from broadcast stations.

1 U The satellites then transmit the signaspecial antennas on homes, cars and portable radios. i

1 G Terrestrial repeaters throughout the country also receive the signal and help ensure that it's trangmitte
f receivers, especially in areas with tall buildings that might block the signal f

il U There are twdig pluses for satellite radio listeners. i

i G First, every channel, whether it's on XM or Sirius, is largely commefha@al which should appeal th

i radio listeners tired of having advertisements screamed into their ears while they sit in traffic. i

1 0 Most must channels have no advertising at 8kcond no matter where you are in the continerf:al
United States, you get the same reception as long as the skies are relatively clear.

i G Unlike traditionalradio, which loses reception once you're too far away from a certain station, safzllites
i ensure you receive a signal no matter where you are in America. i

1 G A driver could trek all the way from New York City to Los Ange&sever have to change the channj:l.

i G Butthere are some notable differences between the two services, too. I

1 x GLOBAL POSITIONING SYSTEM

| U Global Positioning SystefGPS)is a navigation system based on satellite.

i U It has created the revolution in navigation and position location.

i U Itis mainlyused in positioning, navigation, monitoring and surveying applications.

1 U The majoradvantagesf satellite navigation are real time positioning and timing synchronization. ||
1 That és why satellite navigati on sy sfpleataens, Wheng e
I mobility is the key parameter. I

1 G A complete operational GPS space segment contains tigmntgatellites in MEO.

il 0 These satellites are made into six groups so that each group contains four satellites.

i G The group of four satellites is ¢adl as oneonstellation

i G Anytwo adjacent constellations are separated by 60 degrees in longitude. i
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U Theorbital period of each satellite is approximately equatwelve hours

U Hence, all satellites revolve around the earth two times on every day.

U At any time, the GPS receivers will get the signals from at least four satellites.
Y GPS Codes and Services

Each GPS satellite transmits two signalsand L, are of different frequencies.

Y GPS CODES -Following are the two types of GPS codes.
1 Coarse Acquisition code or C/A code  * Precise code or P code
The signal, L is modulated with 1.023 Mbps pseudo random bit sequence.

The signal, Ly is modulated with 10.23 Mbps pseudo random bit sequence.

Generally, this P code is transmitted in an encrypted format and it is caltecbae

et entiN ent-iN et ent i e

is greater than the bit rate of C/A code.

Y GPS Services- Following are the two types of services provided by GPS.
1 Precise Positioning Service (PPS)

PPS receiverkeep tracking of both C/A code and P coddw signals, kL and L.

The Y code is decrypted at the receiver in order to obtain P code.
SPS receiverkeep tracking of only C/A code on signal, L

Y GPS RECEIVER

There exists only onevay transmission from satellite to users in GPS system.
Hence, thendividual user does not need the transmitter, but o@¥8 receiver
It is mainly used to find the accurate location of an object.

It performs this task by using the signals received from satellites.

The block diagram of GPS receiver is shown in beldigure

cC: C:

[ eI enHiN et et enH
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Trilateration is a simple method for finding the position (Latitudenitude, Elevation) of GP¢
receiver. By this method, the position of an unknown point can be measured from three known pd;

This code is called as Coarse Acquisition cod€/é codeand it is used by the public.
This code is called d@recise code d? codeand it is used in military positioning systems.

The P code gives better measurement accuracy when compared to C/A code, since the bitaade

* Standard Positioning Service (SPS)

=
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U The function of each block present@#®S receiver is mentioned below:

1
Low Noise Amplifier (LNA) amplifies the weak received signal

IF Amplifier amplifies the Intermediate Frequency (IF) signal.

= =4 =4 =4

=

DSP (Digital Signal Processor) generates the C/A code.

==

to display it on the screen.

x TYPES OF SATELLITE ORIBITS
U Thereare 4 types of orbits, they are:

1. GEO (Geestationary earth orbit)

&

:

Hp

Receiving Antennareceives the satellite signals. It is mainly, a circularly polarized antenna.
Down converterconverts the frequency of received signal to an Intermediate Frequency (IF) s

ADC performs the conversion of analog signal, which is obtained from IF amplifier to di
Assume, the sapling & quantization blocks are also present in ADC (An&@dygital Converter).

Microprocessor performs the calculation of position and provides the timing signals in ords
control the operationf other digital blocks. It sends the useful information to Display unit in o

gnal.

gital.

ir to
;jer

iop

TG0
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2. MEO (medium earth orbit)
3. LEO (Low earth orbit) and
4. HEO (Highly elliptical orbit)

: Y Geo-Stationary Earth Orbit

1 U Thesesatellites have almost a distance of 36,000 km to the earth.

1 0 E.g.All radio and TV, whether satellite etc, are launched in this orbit.

i Advantages ofGeo-Stationary Orbit

It is possible to cover almost all parts of the earth with just 3 geo satellites.
Antennas need not be adjusted every now and then but can be fixed permanently.
The life-time of a GEO satellite is quite high usualtpand 15 years.

Disadvantages of Geéstationary Earth Orbit

Larger antennas are required for northern/southern regions of the earth.

High buildings in a city limit the transmission quality.

High transmission power is required.

Thesesatellites cannot be used for small mobile phones.

Fixing a satellite at Geo stationary orbit is very expensive.

Y Medium Earth Orbit

Satelliteat different orbits operates at different heights.

I The MEO satellite operates at about 5000 to 12000 kay &wm the earth's surface.

il 0 These orbits have moderate number of satellites.

| Advantages of Medium Earth Orbit

1. Compared to LEO system, MEO requires only a dozen satellites.

2. Simple in design. 3. Requires very few handovers.
| Disadvantages of Medium Earth Orbit

1. Satellites require higher transmission power. 2. Special antennas are required.
! Y Low Earth Orbit

il 0 LEO satellites operate at a distance of about 5800 km.

Advantages of Low Earth Orbit

The antennas cdrmave low transmission power of about 1 watt.

The delay of packets is relatively low. 3. Useful for smaller foot prints.
Disadvantages of Low Earth Orbit

If global coverage is required, it requires at leas280 satellites in thisrbit.

Special handover mechanisms are required.

These satellites involve complex design. i
Very short life: Time of 88 years. Assuming 48 satellites with aifme of 8 years each, a nejv
satellite is needed every 2 montts. Data packets should be routed from satellite to satellite.
Y Highly Elliptical Orbit

| u This orbit is made for satellites that do not revolve in circular orbits, only a very few satellif; are
i operating in this orbit. i
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INTRODUCTION : -

Fiber optics is a branch of science which deals w
the study of propagation of light through
transparent dielectric medium such as optical fibe Optical fiber cable v
Fiber optics is a relative new technology that us As transmission medium
to transmit television, voice and digital data sigr ¥
by light waves over flexible hair like threads ( [Photodetector |—{ Electrical stage |——{ Destination |
glass and plastic
Optlcal -ﬁber iS the medium in Wthh th( Figure: Basic Block Diagram of Optical Communication Syste
communication signals are transmitted from one location to another in the form of guided light.

Source of Electrical
information transmit

emede| Optical Source

This signal can be voice information, data information, video information and any other informatigh.

The process ofanmunicating using fiber optics involves the following basic steps.
1. Creating the optical signal along the fiber.
2. Relaying the signal along the fiber.
3. Ensuring that the signal does not become to distort or weak.
4. Receiving the optical signal.
5. Converting it n to electrical signal.
ADVANTAGE

Attenuationin a fiber is lower than that of coaxial cable or twisted pair and is constant over a verj

range. So transmission within wide range distance is possible without use of repeaters.

Smaller size and lighteraight So that it occupy much less space.

Due toElectromagnetic Isolatiothe system is not risk to interference, impulse noise or-tatlss
Fiber optical cable has mugneater band widtlthan copper wire.

Fiber optic cable itess susceptibl® signa degradation that copper wire.

Data can be transmittatigitally and Data rate is much higher. As for example the data rate is 2

Lower power transnitter can be used instead of high voltage electrical transmitterinsegper wire.
Because of no electricity is passed through optical fibemibiglammable and immune light.

No crosstalk in optical fibers hence transmissiommsre securé& privateas it difficult to tap into fiber.

DISADVANTAGE

Fiber optics is the cables which are expensive to installation.

The termination of fiber cable is complex and requires special tools.

They are more fragile (easily broken) tharacaal cable.

APPLICATIONS

Used in Voice Communication@inter-Office, Intercity, Intercontinental links etc

Video Communicationg. TV Broadcast, Cable Television, Remote Monitoring, Wired City

Data TransfefInter Office Data Link, Local Area Network, Satellitedand Stations, Computers gtc

Internet(Email, Access to remote information, Video Conferenciny etc
Sensor SysterfiPoint Sensor, Distributed Sensor, Smart Structure, Robotics etc

Also it used in other indirect fields like Entertainment (HDTV), Powest&y, Transportations, Healf:
Care (Endoscope)Military Defense (Guided Missile), Business Developments (CAD/CAN

Educations (CCTV) etc.

BLOCK DIAGRAM OF FIBER OPTIC COMMUNICATION SYSTEM
In fiber optic communication, visible light (optical) waves represent the signal to be transmitted.
These visible light waves are transmitted through glass fiber.

Thus the fiber optic cable transmits light signals from one place to another just likkcragta carries

an electric current. A generalized fiber optic communications system is shown in Fig. below

The block diagram of FOCS contair@léwing components. Light Signal, Transmitter, Optical Fib;

Photo Detecting Receiver, Cable Splices, Cotorge®egenerators, Beam Splitt&©ptical Amplifier.
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MESSAGE ORIGIN

Generally message origin is from a transducer that converts-aleatrical message into an electrig

Al

signal.Ex- Microphonedor converting sound waves into curretssideo (TV) cameras for convertinf
images into currentFor data transfer between computers, the message is already in electrical forry.
: TRANSMITTER SECTION i
+ MODULATOR
U The modulator has two main functions.
1) It converts the electrical message intophaper format.
2) It impresses this signal onto the wave generated by the carrier source.
U Two distinct categories of modulation are used i.e. analog and digital.
+ CARRIER SOURCE f
U Carrier source generates the wave on which the information is transmitiedwave is called thei
carrier. For fiber optic system, a Laser Diode (LD) or a Light Emitting Diode (LED) is used. i
i They can be called as optic oscillators; they provide stable, single frequency waves with sufficierny pow
for long distance propagation. i
: TRANSMITTING CHANNEL SECTION
+ INFORMATION CHANNEL i
U The information channel is the path between the transmitter and receiver. In fiber optic communifiatior
a glass or plastic fiber is the channel. i
i Optical fiber cables are the medium for the transmission gifakilt carries dataaudio or videol
information in the form of optical signal i
U Desirable characteristics of the channel include low attenuation and large light acceptance cone §ngle
U Optical amplifiers boost the power levels of weak signals. Amplifiers are needed in very long liiks t
provide sufficient power to the receiver. I
U Repeaters can be used only for digital systems. They convert weak and distorted optical sifjnals
electricalones and then regenerate the original digital pulse trains for further transmission. i
U Another important property of the channel is the propagation time of the waves traveling along it. [
U A signal propagating along a fiber normally contains a range of apticiéncies and divides its powpr
along several ray paths. This results in a distortion of the propagating signal. i
& Prepared byDEP. PATNAIK & P. N, GEMDAETC, G|
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In a digital system, this distortion appears as a spreading and deforming of the pulses.
Cable Splicesare used to joint between the twodilpptical cables. i
Connectorsare connected just the end of the transmitter and receiver to connect with fiber opticg
Its construction is more complex than that of splices.
Beam Splitter or Optical Couplers are used to split the optical signal different parts for different;
communication system. i
Different type ofOptical Amplifier is there to amplify the optical signal. :
Regeneratorsare used for restoring the signal shape characteristic. In a long distance transmistii

cabl

ont

degradation of optidasignal takes place so to restore the signal shape characteristic over a long djstan

regenerators are used. This is mainly used under sea where the longest cables are employed.
RECEIVER SECTION

DETECTOR i
The information being transmitted is detected by deteétnroptical receiver is used to recover tfi
signal as an electrical signélerethe optic wave is converted into electric current by a ptetector.
The current developed by the detectgorigportional to the power in the incident optic wave. :
In the receiver section a photo diode is there which treated the weakened optical signal and corf
electrical current referred to as photo current. i
This photo current in the form of electricagjnal is amplified by the amplifier.

This detector output is then filtered to remove the constant bias and then amplified.
The signal restored will produce the required form of the signal at the output.

The important properties of photietectors are sniaize, economy, long life, low power consumptiah,

high sensitivity to optic signals and fast response to quick variations in the optic power.
SIGNAL PROCESSING Secondary
Signal processing includes filtering, amplification. Prop iass cladding

filtering maximizes the ratio of signal to unwanted power.
For a digital system decision circuit is an additional block. T

bit error rate should be very small for quality communications
MESSAGE OUTPUT

The electricalform of the message emerging from the sigt
processor isransformed into a sound wave or visual image. Simary
Sometimes these signals are directly usable when compute buffer
other machines are connected through a fiber system.
OPTICAL FI BER CABLE CONSTRUCTION : -

Optical fiber may be produced with good stable transmiss
characteristic in long lengths at a minimum cost and w
maximum reproducibility.
The range of optical fiber type with regards to size, refract
indices, operating wavlength, material etc is available in ord|
to fulfill many different system applications.
The fiber may be converted into practical cable which can
handled in a similar manner to a electrical transmission ¢
without any problem.

For transmission point of view it is clear that a variation
refractive index inside the optical fiber (Ca&eCladding) is the
fundamental necessity in fabrication of fiber for transmission.
Hence at least two difference materials which are transptare
light over the current operating wave length range are requireg
In practice these material must exhibit relatively low practi
attenuation and they must therefore have low intrinsic absorption and scattering losses.
A number of organic and inorgarircsulating substances are used to meet these conditions.

Glass core

erti

We chose suitable material for the fabrication of optical fibers to either glasses or glass like mmerial

mono crystalline structure.
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suitable doping with another compactable material.

This is only achieved in glasses or glass like mat&idaherefore mono crystalline material are ry
suitable for the fabricationf@raded index fiber buhay be used for step index fiber.

Glasses exhibit the best overall low loss optical fiber.

Therefore it is used almost exclusively in the preparation of fibers for telecommunication applicati;

STRUCTURE OF OPTICAL FIBER : -

The working of optical fibeis based on the principal of total internal reflection of light.

@ A Hand Note on ADVANCED COMMUNICATION ENGINEERING  [ETT 601] I
U Itis used full in the case of graded index fiber that tfieic@ve index of the material may be varied py

[Page -39] |

The possible of light being guided through narrow jet o
communication system based on the propagation of light v
in a cylindrical wave guided called optical fiber.

The light enteringat one end of the fiber has to travels throu
the entire length and energy at the other end without much

Tension Fibres
aramid yarn
(optional)
Core
pure silica
(200 microns)

+ OUTDOOR CABLES: -

Optical fiber consists of three section such as

(A) CORE (B) CLADDING (C) JACKET
The Core is a hair thin cylindrical fiber of glass an
transparent dielectric material like plastic.
The Core is coated with a layer of material with lower refractive index this layer is Cédléding.
TheCoreand cladding together guide optical energy alomgatkis of fiber.
The core diameter generallyl®0 micron while the cladding diameter is around 125 micron. i
For greater strength and protection of fiber a soft plastic coating or outer cover which is primary
diameter is around 250 micron is usedexllacketor Primary Jacket. f
This is often followed by another layer of hard protective material which is kno&acndaryJacket

The entire unit is remaining flexible for use. @

TYPES OF OPTICAL FIBER : -

ETFE Resin
(500 microns)

Cladding
hard polymer
(225 microns)

In most applications, optical fiber must peotected
from the environment using a variety different
cabling types based on the type of environment
which the fiber will be used. =
Cabling provides the fiber with protection from th&=—5_2
elements, added tensile strength for pullingidity
for bendng, and durability.

In general, fiber optic cable can be separated into
two types:- INDOOR & OUTDOOR.

Zipcord

a) Indoor simplex and duplex cable (Courtesy of General Photonics)

INDOOR CABLES: - AN

Simplex Cable: - Contains a single lfier for one bost s Py O )
way communication. \ ez 2 fbers
Duplex Cable - Containstwo fibers for tweway o 0 D
communication. {éﬁfﬁzﬁé gﬁg g’.g
Multi -Fiber Cable - Containsmore than two fibers. e G, &

Fibers are usually in pairs for duplegeration. A
tenfiber cablepermits five duplex circuits. I
Breakout Cable - Typically has several individual simplex cablénside an outer jackeThe outer|
jacket ncludes &ip cordto allow easy access I
Heavy-Duty Cableshave thicker jackets than ligduty cable, for rougher handling.
Plenum Cablesare jacketed with lovemoke and fire
retardant materials.

Riser Cablesrun vertically between floors and mumt
engineered to prevent firé®m spreading between floors.

b) Outdoor loose buffer cable (Courtesy of Siecor)

Outer sheath

. Yarn strength member

Buffered strength member

~— Paper/plastic binding tape

Basic fiber building block i
b i
Insulated copper conductors ||[]

& Prepared by
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equivalent to the reciprocal of the ratio of the indices of ratmact sinf;, v, AN 7o
nSi m=8,Si nCa;Sin (90dy) = n,Sin (90dx) CnCo s=mCo s, §ha, v, A n |
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Outdoor cables must withstand harsher environmental conditions than indoor cables.
OutdoorCablesare used in applications such as:
AOverhead- Cablesstrung fromtelephone lines
ADirect Burial - Cablesplaced directly in trenches
Alndirect Burial - Cablesplaced in conduits
ASubmarine - Underwatercables, inalding transoceanic applications
Sketches ofndoorandOutdoorcables are shown in Figure above.
FIBER OPTIC CONNECTOR: -
A wide variety of optical fiber connectors has evolved for numerous different applications.
Some of the principal requirements of a good connector design are as fellows:

! Low Coupling Losses ! Low Environmental sensitivity

! Interchangeability ! Low-cost and reliable construction

! Ease of assembly ! Ease oftonnection
A number of Fiber optical connectors have been developed. These are grouped in three categori
That are = (1) Butt-Jointed Connectorg2) Expanded Beam Connectd® Multi fiber Connectors
FIBER OPTIC SPLICES: -
A fiber splices is a permanent joint formed between two optical cdblesequired whetength of the
system span is more thananufactured cable lengbin whenthe cable is broke& needs to be repaired
Theprimary objective of splicing is to establish transmission continuity in the-dipec link.
This can balone in two ways, namely, through

! Fusion splices

| Mechanical Splices

| Multiple Splices.
PROPAGATION OF LIGHT IN OPTICAL FIBER :- i
In free space thdight wave travels at speed C=3XMNds upon entering to a dielectric and nf
conducting medium the wave now travels at af
The ratio of speed o light in vacuum to that of in a metal is knovRefmctive Index of the materialll
and is given by U= AR ]

Typical values of Refractive Indefn) aregiven by - Air

A 1, WaterA 1.33 GlassA 1.5Q0 DiamondA 2.42
SiIOA 1.46; Al,O03 A 1.8; GaAsA 3.35 InGaAsPA
3.51; SiA 3.48and GeA 4.0etc

When a light rayencounters a boundary separating tv
different media, part of the ray has reflected back into| =
1*' medium. Then the remainder is bending or refractec
it enters to the second material.

The bending or refraction of light ray at the interface a
resut of difference in the speed of light in two materials that have different refractive indices. i
The relationship at the interface is knownSas e | | Gasdis Stateg that the ratio of tilsenesof the ||
angles of incidence and refraction is equivalent to the ratghafe velocities1 the two media, offi

| Normal
|line

Refracted

ny <n [

Material i
boundary | |

Reflected
ray

Incident
ray

Where eachli as the angle measured from the normal of the y
boundaryy as the velocity of light in the respective medium (SI units
are meters per second, or m&sgs the wavelength of light in the

. i
WAL [No Refracted Ray] (|1

respective medium andas the refractive index (which usit lesg of n, @, = 90°
the respective medium.

T h e anbegtween tite incident ray and the normal to the surfage 81 _ <&y 9, '%,7
known as Angle of Incident. ™ e e

W)
oS0 D
i 2
&
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According to the Laws of Rlection the incident angléd 0 at which the incident ray strikes to tie

i

c:

Wh e g=9€° then Sin 99=n/n; = 1C =, :
So we must choose t he aWehteeamwgl ofincidencel i grecttean thaegs S

ACCEPTANCE ANGLE :-

=

interface is exactly equal to the angle that the reflected ray makes with the same interface. ]
In addition the incident rayshe normal to the interface and the reflected ray all liheisame plane. [
As ny is greater thangthe angle of refraction is always greater than that of angle of incident.

| f the angle of incident % is increased a ploi

to the glass surface. This pbis known a<ritical Angle (W) of the incident.
The value oCritical Angleis given by Si p=ng/ N, ¢ d.= Sin'l(nzl Ny

of the critical anglelight is reflected back into the medium and is knowi @l Internal Reflection.

Any

Total internal
reflection
|

Critical angle

T~ Refracted Ray
Refracted .-~ - - n | .7 Cladding n;
Eventually Lost n i
Ray. by Radiation 2 Cladding 1
A B o Reflcted Ray
y e
A . @ i " 2 Reflected Ray
P : ~
0, ;;/ 0 . Core ni
n, Core
n, Cladding '
7
: . . . I Claddin,
[Propagation Mechanism for in an Ideal Step-Index Fiber] sim

c:

From the above figure the i nisfefiactedintothacaddngand|s t

eventually loosed by the radiation.

ray which are incidence i nt o etrdnsmitted tdteercortc o

cladding interfacé wtlhnnahgbe tesalthahnedotial
Air i

Thus for rays to be transmitted by total internal reflection within the fiber core, they must be incident o

the fiber core with in an acceptance angle and is also defin€drigal Half Angle ( 4.

He n ¢ & thel maximum angle to the axis at which light may enter to the fiber in order to promgagat'

fully and is refer as acceptance angle for the fiber.

d i s s o me maimura or total hceaptangesangle

It may be noted thahe output angle to the axis will be equal to the input angle for the ray assumi
ray emerges in to a medium o the same refractive index from which it was input.
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=

Acceptance A camiacins

Refracted _
Cladding ( n2) N, - Ra_\;.7 ’_-\'

yVal

Cone Acceptanc
An l(e,a_

Core ( m1)

7 Cladding (n2) n1> n2

AO= Incident Light ray at an angle (¢) BO= Incident Light ray at an angle (ct1)
CO= Incident Light ray at an angle (o) COC= Acceptance Cone

c:

Thus,NA = nMZ». This relationship is very use full measure of light collective ability of the fiber.

NUMERICAL APERTURE :-

It is possible to continue the ray theory analysis to obtagteéion between the acceptance angle andithe

refractive indices of the three medium involve such as core, cladding and air. i
This leads to the definition of a more generally used term that the Numerical Aperture of the fiber}|
The figure of the next pagshows a light ray :
i ncident on the flitottmer,ocore at an an ¢ ®addidg
fiber axis which is less than the acceptance anglg
for the fiber d
The ray enters to the fiber from a medium (Ai
t hat t he r epor aacntd vtedres
refr act i, Gwhichiisrslijielyxgreater than -
the cladding 6efractive index 0n n, Cladding
Now applying Snell,dse || aw| at the interface
nNSi Fwd1Si nd [Propagation Mechanism for Numerical Aperture]

CSip=dSinWf F2@ds= Wik)2C So,nSi FdhCo s-—W-(1)
C noSi yrai (1- Sin*d 2 - @)

cl addi ng (i ndlegd aicre,b(d¥a smd s nti t @ nagg) toiethe fibemm c e  a rf
Combining these limiting casthe aboveequatiorbecomes,( i . e . BW Wp W&t diA dy W[
nSi g=ndl-Sif% )" € nSi a=ndl-(/n)J*? { As ~Siim} W i

1/2

No Sin da= (n:%- n,?)

This equation relates the acceptance angle to the refractive indices serves for the basic defifiition

optical fiber parameter i.e. Numeriggberture NA = (% n,2)Y2
Hence theexpression oNumerical Apertures given byA Ve I
Since R is often used for air whose value is unity. So the Numefipatturei s si mpl y £ d

When | imiting case for the total internal rfef]|

ua

NumericalAperturemay also be giveninterm§ Be |l ati ve refractive infde

core and cladding which is denotedias =1% ;W2 € 2’ p = LhE n2p = (M n2)Y?

MODES OF PROPAGATION :-

waves called théMlodes Each guided mode corresponids a patternof electric and magnetic fielg

Propagation of light along an optical fiber can be described in terms of a set of guided electrorréagne

i i

distribution that is repeated along the fiber at ragirtervals.
Only a certain discrete number of modes or patterns are capable of propagating along the fiber.
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=

U For monochromic light the amplitude of a mode traveling along the fiber axis (say thedireetion) is [
represented as q )z Ae!P2) ]
Wher e w=2" v -campdner of prgpaghatiorevecar= 2 ~ / -airectiom. z f
0 For guided modes, b ¢ satueshhat\saisftioeMla x w edguatios and thqy i
boundary conditions. I
U These modes are identified by solvinta x w eBEM wawe equation under the boundary conditionf|of
the wave guide surfac&éhe modes can also be visualized by ray tracing method. i
U A guided mode travelling along the fiber can be regarded to be assembly of a group of plang wav
along the axisvith a common wave front. i
U Since with any plane wave can associate a light ray that is normal to the wave front of the wavg], gro
of waves corresponding to a particular mode from a set of ray cadRagt &ongruence i
U Each ray of this particular group iscident at the core cladding interface at the same angle. f
U Noteasany ray that sat icgscénibetsansinitied in thefibe yet theawanstantchiase
condition is satisfied only in limited cases. ileere will be limited number of ray congruence or modgs.
U The order of the mode m, is linked to the angle that the ray congruence makes with the fiber axs at
point of incidence. I n order t handalso toeerganioidthell r a
same phase, t he pWhele mdsiad ifteger eathed thtodepRumber. m o i
0 Note that the phase change on reflection shfou
U Through the path difference between meridional ray and skew rays is &rtgeyphase should be tlfie
same for transmission to be possible.
it The angle W which a mode ray makes with thelj w

N

Sin %y/!)<¢, where { d+# %) Wav®ed ength of i ghty u
U Throughadisttt mode is available with any integel|f
cannot exceed unity for | ow value of m, valjue
0t On the other hand the value of ¥ is more foff
U What happens for % = 90e the wave front boynl

along the axis.

Core /LowerOrderMode N/~ N/T S\ /-7 Core
m= m= m=1
[ Mode Informationin Step Index Fiber ] [ Mode Informationin Graded Index Fiber ]
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i Index oI refraction Input pulse Output pulse
i | 3s0um 200pum A n / \ |E !; ; :; ::/ ||
I Step index fiber
i Graded index fiber
g — -10pm
125um _L -ﬂ—-” -
i !
f - Singlemode fiber f
10 When the fiber is very thin, the ray with g s
i fiber the steeperraywithi gh val ue of W wi | | not enter injto
| u This is a monanode transmission if the core diameter is large, angle of incidence can change|over
i range and as such multimode transmission is possible as shown in figure above. i
1 x MERIDIONAL RAYS AND SKEW RAY_S:-
il U The rays propagating through an optical fiber can be divided into two groups. They are
i I Meridinal Rays
i ! Skew Rays
i1 Y MERIDINOL RAYS : - i
i U The rays said to be Meridinal if all of them comprising a mode pass through the longitudireadi®foZ]
i the fiber core, they are confined tsiagle planewhich contain the axisf symmetry in below figure
i and therefore it is easy to trace its path mfther. i
1Y SKEW RAYS: - i
| U The skew rays can propagate without passing through the axis of the fiber they are not contaiped t
I single planebut fallow a spiral or helical path due to reflection in different segment down to theffiber
I core in figure below It is I
1 difficult to track the path of Cladding 1
i skew rays in the fiber. |/ ~ N N\~ /T =TT T i
1 0 The point of emergency of N [ Core /N CoreAxis |l
i the skew rays from the fibe I
] in air depends on the numbe \ /~—%-—/------ L2 -5 e TR S W e ]
|  of reflection they undergo Claddirg i
H rather than the input [ Helical Path Followed by a skew ray in an Optical Fiber ]
I condition of the optical fiber. i
1 G Some mode of propagation involgirskew rays produces loss due to leakage and radiation. But ff has
f certain advantage too. I
i U Even when the light input to the fiber is not uniform the output will be quite uniform because thg; ske\
i rays will have a smoothing effect on the distribution of tmaitted light. f
i U Another advantage feature of the transmission of the skgw rinat the
f effect numerical aperture will be greater than that for Meridinal rays.
1 x CLASSIFICATION OF OPTICAL FIBER _:- -
il U There are two methods of classification Cone
i 1. According to ModeCapacity » :
§ & Prepared byDEP. PATNAIK na-Codding|
i Shool E
::I‘: == e e ‘L ““““
Cladding Radius=b a=Core Radius
[ Refractive Index of a Step Index Fiber]
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i 2. According to Core Refractive Index

i CLASSIFICATION ON THE BASIS OF MODE : - i
1Y MONO MODE FIBER: - The Monomode fiber allows only one mode to propagate and hencethis
i name fiber of this type have very small core diameter ~ 2 to 10 micron. i
1Y MULTI MODE FIBER: - The core diameter is more than 50micron. Because of large diartefer,
I allows many modes to transmit through the fiber. I
CLASSIFICATION ON THE BASIS OF CORE REFRACTIVE INDEX :-
STEP INDEX FIBER: -

In step index fiber the core has uniforefractive index i through its
core section and the cladding also has slightly less but uniform refra
index np through its cross section.
The refractive index profile, the figure shows a step like structure. . f
GRADED INDEX FIBER: - w-cadeivg |
Refractive indexof the core is nomniform being maximum along the I

X

< X

< n1-Core

(s G =]

i axial and gradually decreases towards the-clar@ding interface.
| U The cladding refractive indexpnhowever is uniform the variation 0 qugngragus=b ~ a=Core Radius I
r e f ract | vV e | n d e X 0 f t h e cCo aXB_ n [ Refractive Index of a Graded Index Fiber] e ‘

1 x ADVANTAGE AND DISADVANTAGE OF OPTICAL FIBER :- i

Communication through plastic fiber or glass fiber has several Advantages over metallic conductgir.

1Y ADVANTAGES: - i

| = It has wider band width (1000040000 GHz).

+ It has higher information capacity

+ It can transmit several G byte/sec

+ It eliminates cross falk.

+ |t eliminates static interference.

+ It eliminates environmental resistance and it i
not effect of weather changes.

| = It can be operated at thimt@erature.

1Y DISADVANTAGES: -

| < Optical fiber cable requires specialize tool and test equipment.

il < The repairing cost of optical fiber is higher than metallic cable.

1 x ELECTROMAGNETIC FREQUENCY AND SPECTRUM :- i

| u The electromagnetic frequency spectrum contains subsonic frequency to cosmic ray freqi#8ncy (10

| U The light frequency spectrum is divided into three bands: i

| 1) Intra Red: - These are the light which to have lengtb@ween Optical fiber system generally operajed

i in the entire range or band. :

| 2) Visible Light: - The wave length between 390x10n to 770x1G m is known as visible light which if

f visible to human being. f

i 3) Ultra Violet: - Wave length 10nmio 390nmiwhich are not visible human being. When detailing wjith

high frequency the calculation are mode by the equétian ;::

SIGNAL DEGRADATION IN OPTICAL FIBERS :-

Signalattenuation (fiber loss or Signal loss) is one of the most important properéieopfical fiber. [
As it largely determines the maximum unamplified or repeater less between a transmitter and a rgiceive
Since amplifiers and repeaters are expensive to fabricate, install and maintain, the degree of atfznua
i in a fiber has a largafluences on system cost. i
i 0 If these pulses travel sufficiently far, they will eventually overlap with neighboring pulses, thereby
f creating errors in the receiver output. i
i The basic attenuation mechanisms in a fibed®orption, Scattering & Radiation of optical energy. |
il i Signal attenuation is defined as the ratio of the optical output poyeirdm a fiber length L to the
i optical input Power R i

c:

Optical fiber cables are saf&reasier to install.|
It is easy to storage due to flexibility in nature;
It is lower transmission loss. 1
It is more secure then metallic cable.
It has higher durability.

These are economic in nature.

It is easy tdransport.

These are compact in size.

FEFFEFFF
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c:
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The symbolis commonly used to express attenuation in Decibels per kilometer and is expressed
ABSORPTION LOSS: - B I
Absorption is caused by three different mechanisms: U= = U H-—
| Absorption by atomic defects in the glass composition.
! Intrinsic absorption by the basic constituent atoms of the fiber material.
! Extrinsicabsorption by the impurities atoms in the glass material. i
Atomic defects are imperfections of the atomic structure of the fiber materials such as rf
molecules, high density clusters of atom groups or oxygen defects in the glass structure. i
Usually abseption losses arising from these defects are negligible as compared to intrinsic and im

¥

as .

issin

purit

absorption effects. However, they can be significant if the fiber is exposed to intense nuclear rgidiati
levels asmight occurs in a nuclear reactor duringalnecar expl osi on or i n [th

SCATTERING LOSS: -

Scattering losses in glass arises from microscopic variations in the material density from compgsitior

fluctuations and from structural in homogeneities or defects occurring durimgrfédorifactures.

As glassis composed of a randomly connected network of molecules. Such a structure naturally gontai
regions in which the molecular density is either higher or lower than the average density in the gl¢iss.

In additionthis, since glass isnadeglass is made up of several oxides, such as, $@©Q and RBOs, [
compositional fluctuations can occurs. These two effects give rise to refractive index variationg|
occur within the glass over distance that are small compared to the wavelength. i

Theses index variation causes a Rayleigh type scattering of light. Rasteitiéring in glass is the sanje

phenomenon that scatters light from the Sun in the atmosphere, thereby giving rise to a blue sky
The expression for scatteriigduced attenuatiois fairly complex due to the random molecular nat
and the various oxide constituents of glass. 3
For single component glass the scattering loss at a waveken
resulting from density fluctuations can be approximate#, by
BENDING LOSS: -

Radiation losss occumwhenever an optical fiber undergoes a bend of finite radius of curvature.
Fiber can be subjected to two types of bends:

i Macroscopic bends having radii that re large compared to the fiber diameter and i
! Randommicroscopic bends of the fiber axis that arises when the fibers are incorporated into cfi

¥

seat — )8

2 i
(n* - 1) kﬂ?}ﬁT

ire
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Let us first examindarge curvature radiation losses, which are known as Macro bending Losfes ¢

simply Bending Losses.
For slight bends the excess loss ig@axiely small & is essentially unobservable

As radius of curvature decreases, the loss increagasnentially until at a certain critical radius tfje

curvature loss becomes observable.

If the bend radius is made a bit smaller once this threshold pointelkeasréached, the losses suddeélly

becomes extremely large.

Microbends .,
K Core Cladding

Power loss from highcr—ordcr modes
(Microscopic Bend)

External force

Power lost
thigugh -
radiation

Field distribution

Fiber

SIITIIIIY, i
Curved fiber ( LELLL LIS SILS SIS S L b g isr gl LT T T 777) :

Compressible jacket

(Macroscopic Bend) (Compressible Jacket over the fiber) |

U Another form of radiation loss is optical waveguides caused by random micro bends of the opticalf
& Prepared byDER. PATNAIK & P. N, GOptDAETC BgRhool |
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Micro bends are repetitive smaitale fluctuations in the radius of curvature of the fiber axis.
An increase in attenuation results from micro bending because of the fiber curvature.
One method of minimizing, micro bending losses is by covering a conipegjseket over the fiber.

When external forces are applied to this configuration, the jacket will be deformed but the fiber wyl

to stay relativelystraight as show in figure abave

CORE AND CLADDING LOSS

Upon measuring the propagation losses ima@nal fiber, all the dissipative and scattering losses wi
manifested simultaneously.

Since the core and cladding have different indices of refraction and therefore differ in composit
core and cladding generally have different attenuatioh doé c i e n t;8 n d,eekpedively. U

If the influence of modal coupling is ignored, the loss for mode of ondem) for a stepindex [

waveguide i), = 1lﬁfi+ zﬂ%‘f ButPcore + Piag=1 € Um= 19 - I["A)HEE

The total loss of the wave guitesumof overallmodel weighted by the fractional power in that mod¢..

SIGNAL DISTORTION IN OPTICAL WAVEGUIDES
An optical signal becomes increasingly distorted as it travels along a fiber.
This distortion is a consequenceimiamodaldispersion and intermodal delay effect.

These distortion effects can be explained by examining the behavior of group velocities of guidedé

Where the group velocity is the speed at which energy in aplartimode travels along the fiber.
Intramodal dispersion is pulse spreading that occurs within a single mode.
It is a result of the group velocity being

Since intramodal dispersion on the wavelength, its effect on sifistaltion increase with the spectr:

width of the optical source.
This spectral width is the band of wavelengths over which the source emits light.

It is normally characterized by the rameans quar e (r ms). spectral wid
Forlight-emitting diodegLEDSs) the rms spectral width would be 40rtimt is,the source emits most ¢

its optical power in the 83@o 87Gnm wavelength band.

Laser diode optical sources have much narrow spectral widths, typical values being 1 to 2 nm.

The two main causes oftramodal dispersion are:

1) Material Dispersion: - It arises from the variation of the refractive index of the core material
function of wavelengthThis causes a wavelength dependence of the group velocity of any

the optical power to the core. Dispersion thus arises,
Since the20 percent of the light propagating in the cladding travels faster than light confined to thq
The amount of waveguide dispersion depends on the fiber design, since the modal propagation

The other factor giving rise to pulse spreagliis intermodal delay, which is a result of each havin
different value of the group velocity at a single frequency.
The Losses due to Material Dispersion and Waveguide Dispersion is given below:
] PR

_1%s_ P )

- d u,
B . o=ty =
OPTICAL SOURCES

In fiber optic system, electrical signals (Current or Voltage) at the transmitter end have to be cdg
into optical signals as efficiently as possible. This function is performed by an Optoelecioumicss.

=

gbe

There are two types of sources which to a large extents, fulfill these requirements, these are

! Incoherent Optoelectronics Sources (ED) |
! Coherent Optoelectronics Sources (PASER) N
LED <Light Emitting Diode (LED> ” ‘
& Prepared byDER. PATN ‘ I
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mode; that is, pulse spreadingcars even when different wavelength follow the same faighalso |
referred asChromatic Dispersionasthis is the same effect by which a prism spreads out a sped:
2) Wavegquide Dispersion - It occurs because a singigode fiber only confines about 8@ngent of |
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LEDs are the most widelysedsemiconductor diodemmong all the different types of semiconduc
diodes available today. i
LEDs emit eithervisible lightor invisibleinfrared lightwhen forward biased. The LEDs which ery
invisible infrared light are used for remote controls. i
A LED is an optical semicondumt device that emits light wheuoltageis applied. f
In other words, LED is an optical semiconductor device that converts electrical enteriight energy. |1
When LED is forward biasedtee electrongn the conduction band recombines with ktmdesin the |
valence band and releases energy in the form of light. The process of emitting light in respong:
strongelectric fieldor flow of electric currents calledelectroluminescence i
A normalp-n junction diodeallows electric current only in one direction. i
It allows electric current when forward biased and does not allow electric current when reverse bik
Thus, normal g junction diode operates lgrin forward bias condition. f
Like the normal g junction diodes, LEDs also operates only in forward bias condition.

To create an LED, the-type material should be connected to the negative terminal of the battery
type material should be connectedhe positive terminal of the battery. i
The construction of LED is similar to the normahgunction diode except thagallium, phosphorus |
andarsenicmaterials are used for constructiostead of silicon or germanium materials. :
In normal pn junctiondiodes, silicon is most widely used as it is less sensitive to the temperature
it allows electric current efficiently without any damage. In some cases, germanium is also used. ||
However, silicon or germanium diodes do not emit energy in the folightf Instead, they emit enerdj,
in the form of heat. Thus, silicon or germanium is not used for constructing LEDs. f

Layers of LED

A LED consists of three layerp:type semiconducton-type semiconductand depletion layer.

P-type semiconductor & Nype semiconductor are separated lojepletion regioror depletion layer.
P-type semiconductor:- When trivalent impurities are added to the intrinsic or pure semiconduc
p-type semiconductor is formed. Irtygpe semiconductor, ihes are majority charge carriers & electrd|s
are minority charge carriers. Thus, holes carry most of electric currettyjpe semiconductor. i
N-type semiconductor:-When pentavalent impurities are added to the intrinsic semiconductof, |;
type semiconduor is formed. In ftype semiconductor, free electrons are the majority & holeg
minority charge carriers. Thus, free electrons carry most of electric curreitype semiconductor. i
Depletion layer or region: - Depletion region is present betwegtype & ntype semiconductor wherg
no mobile charge carriers are present. This region acts as barrier to electric current. It opposeg§
electrons from fiype semiconductor & flow of holes fromtppe semiconductor. To overcome barr
of depletion &yer, we need to apply voltage which is greater than barrier potential of depletion Ig
applied voltage is greater than barrier potential of the depletion layer, the electric current starts flg

How Light Emitting Diode (LED) works? i
LED works ony in forward bias condition. When LED is forward biased, free electrons freiden& ||
holes from pside are pushed towards junction. I
When free electrons reach the junction or depletion region, some of the free electrons recomb

Therefore, they are ready to accept electrons. Emitted photons
Thus, free electrons recombine with holes in depletion regi E""“E“"g“t

In the similar way, holes from-gide recombine with electren|q..omoimation (H] ;‘1 ;‘1 jj jj

of free electrons

in the depletion region. & holes Cree eleatrons
Because of the recombination of free electrons and holg rowes”—> @\’.,, <
the depletion region, th&idth of depletion regiodecreases. o . . @

As a result, more charge carriers will crossghrejunction P ._,__, T

Some of the chge carriers from side and rside will cross region

the pn junction before they recombine in the depletion regi I

For example, some free electrons frortype semiconductor +17-

cross the m junction and recombines with holes wiype semiconductor. f
In the simiar way, holes from fdype semiconductor cross thengunction and recombines with frg:
electrons in the-type semiconductor.

& Prepared byDEP. PATNAIK & P. N, GOuDAETC Fog@Rhool |
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the holes in the pasie ions. We know that positive ions have less number of electrons than protors.
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Thus, recombination takes place in depletion region as well atypepand rype semiconductor.

The free electrons in the conduction band releases energy in the form of light before they req

with holes in the valence band.

In silicon and germanium diodes, most of the energy is released i
form of heat and emitted light is too small.

Howewer, in materials like gallium arsenide & gallium phosphi
emitted photons have sufficient energy to produce intense visible li
Light Emitting Diode (LED) symbol

The symbol of LED is similar to the normalnpjunction diode excep

that it contains arms pointing away from the diode indicating that light is being emitted by the diog
LEDs are available in different colors. Most common colors of LEDs are Orange, Yellow, Green &
The schematic symbol of LED does not represent the color of lightsdifematic symbol is same fq

72

Anode | > I Cathode

LED symbol

all colors of LEDs. Hence, it is not possible to identify the color of LED by seeing its symbol.

LED Construction

One of the methods used to construct LED is to deposit t
semiconductor layers on the substrate.

The three smiconductor layers deposited on substrate atgp@
semiconductor, lype semiconductor and active region.

Active region is present in between théype & ptype layers.

When LED is forward biased, free electrons froatype and holes
from p-type semtonductor are pushed towards the active region.
When free electrons fromside and holes from-pide recombine with

Emitted light
@

L

ol

al

P-type

J 2 ]

4@ 9 @ Ll
@ @ o

ve region

N-type
Ll

Free electron @ Substrate

Hole
Photon @

the opposite charge carriers in active region, an invisible or visible light is emitted.

In LED, most of the charge carriers recombine at active region.

Thus, most of the light is emitted by active region. The active region is

called as depletion region.
Biasing of LED

The safe forwardoltage ratings of most LEDs are 1V to 3 V aondrrent -

ratings is 200 mA to 100 mA.

If the voltage applied to LED is in between 1V to 3V, LED works perfec
if the applied voltage greater than 3 volts, depletion region in the LED br

down and the electric current suddenly rises.
This sudden rise in current may destroy the device.
To avoid this we need to placeesistor(Rs) in series with the LB.

Resistor (R) must be placed in between voltage source (Vs) & LED.
The resistor placed between LED and voltage source is called current lin
resistor. This resistor restricts extra current which may destroy the LED. | ¢

Current limiting resistor prects LED from damage.
Output characteristics of LED

The amount of output light emitted by the LED is directly proportional to the amount of forward ¢

flowing through the LED.
More the forward current, the greater is the emitted output light.
The gaph of forward current vs output light is shown in the figure.

Visible LEDs and invisible LEDs

Rs

W
R |
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r
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| 1 1 1 .
20 40 60 80

Forward current

“lremay |1

LEDs are mainly classified into two type¥isible & Invisible
LEDs.

Visible LED is a type of LED that emits visible light. These LEI
are mainly used for dispfaor illumination where LEDs are use
individually without photosensors.

Invisible LED is a type of LED that emits invisible light (infrare
light).

These LEDs are mainly used with photosensors such as photodig

& Prepared byDER. PATNAIK ¢
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What determines the color of an LED?

The material used for constructing LED determines its color.

In other words, the wavelength or color of the emitted light depends on the forbidden gap or ens
of the material.

Different materials emit different colors of light.

Gallium Arsenide LED&mitRed andInfrared light.

Gallium Nitride LEDs emiBright Blue light.

Yttrium Aluminium Garnet LEDs emiVhite light.

Gallium Phosphide LEDs enfred, Yellow andGreen light.

Aluminium Gallium Nitride LEDs emitltraviolet light.

Aluminum GalliumPhosphide LEDs em{reen light.

Advantages of LED i
The brightness of light emitted by LED is depends on the current flowing through the LED. Hen}
brightness of LED can be easily controlled by varying the current. i
5. Smaller size.

<K<K

Light emitting diodes consuniew energy.
LEDs are very cheap and readily available. 6. LEDs have longer lifetime.

LEDs are light in weight. 7. LEDs can emit different colors of light.
LEDs operate very fast. They cha turned on and off in very less time.

LEDs do not contain toxic material like mercury which is used in fluorescent lamps.

Disadvantages of LED
LEDs need more power to operate than normaljynction diodes.
Luminous efficiency of LEDs is low.

Applications of LED: - The various applications of LEDs are as follows

=

rgy g
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1. Burglar alarms systems
2. Calculators

3. Picture phones

4. Traffic signals

LASER: -

Laseris the abbreviation df ight Amplification by theStimulatedEmission ofRadiation. I
It is a device that creates a narrow and-tivergent beanof coherent light, while most other liglf
sources emit incoherent light, which has a phase that varies randomly with time and position.
Most lasers emit nearly "monochromatic” light with a narmawvelength spectrum.

Principle of Lasers

The principle of a laser is based on three separate features: (a) Stimulated Emission within an ar
medium, b) Population Inversion and c) an Optical Resonator,

I Spontaneous Emission and Stimulated Emission

5. Digital computers
6. Multimeters

7. Microprocessors
8. Digital watches

9. Automotive heat lamps}
10.Camera flashes
11. Aviation lighting

T T T i o
—r

According to the quantum mechanics, an electron within an &
or lattice can have only certain values of energy, or energy ley
There are many energy levels that an electron can occupy
here we will only consider two.

SpontaneousEmission A

ﬁm

Before

Atom in excited state

During After cmission

AN
photon v

Asom in grownd state

If an electron is in the excited state with the energyt Ehay

spontaneously decay to the ground state, with energseleasing the difference in energy between

two states as a photon.

This process is callespontaneous emissigrproducing fluorescent light.
The phase & direction of photon in spontaneous emission are completely random due to Ung
Principle. The electron remains in this excited state for a period of time typically less thsecbéd.
Then it returnsd the lower state spontaneously by a phot
[Fig. Stimulated EmissiorA |

These common processes of absorption & spontanég

or a phonon.

emi ssion canot

he

artail

BExcited level

give rise

The best that can be achieved is that for every phqeames

absobed, another is emittedlternatively, if the excited
& Prepared byDER. P
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i state atom is perturbed by the electric fiqld
i of the same frequency, in phase with the first photon. i
il U The atom will again decay into the grad state. This process is known as stimulated emission.
il U The emitted photon is identical to the stimulating photon with same frequency, polarization, & digectio|
i of propagation. And there is a fixed phase relationship between light radiated from ddterest
| & The photons, as a result, are totally coherent. This is critical property that allows optical amplificftion 1
I take place. All the three processes occur simultaneously within a medium. However, in fherm:
i equilibrium, stimulated emission does notaunt to a significant extent. i
il U The reason is there are far more electrons in the ground state than in the excited states. |
il G And the rates of absorption and emission is proportional the number of electrons in ground Jate &
f excited states, respectiveyo absorption process dominates. i
I ! Population Inversion of the Gain Medium
il G If the higher energy state has a greater population than the lower energy state, then the |Ig£t in
| system undergoes a net increase in intensity. And this is galfedation inversion. |
il U But this process cannot be achieved by only two states, because the electrons will eventudly re:
i equilibrium with the deexciting processes of spontaneous and stimulated emission. i
il 0 Instead, an indirect way is adopted, with three energy deflgekE,<E3) and energy population ;N
I N2 and N; respectively. Initially, the system is at thermal equilibrium, and the majority of electrong; stay
i in the ground state. Then external energy is provided to excite them to level 3, referred as pumpifig.
| 0 The surce of pumping energy varies with different laser medium, such as electrical dischafye ar
: chemical reaction, etc. r——]cvel 4, F, N i
il 0 In a medium suitable for laser operation, we require th i
I . . . Ra (fast, radiationless transition) I
: excited atoms to quickly decay to level 2, transferring :
I energy to the phonarof the lattice of the host material. — Level 3, 3, Ny i
G This wouldndét generate a i
l radiation less. P 'r?'?”:'"f Aanvnes L (slow, laser ransition) [l
| & Then electrons on level 2 will decay by spontaneq |™""
I emission to level 1, labeled as L, meaning laser. | Level 2 Es N»
| i If the life time of L is much longethan that of R, the Rb (fast, radiationless transition)
i population of the Ewill be essentially zero and 3 i
1  population of excited state atoms will accumulate in level Level 1 (ground state), . N |1
il G When level 2 hosts over half of the total electrons, a population inversion be achieved.
il U Because half of the electronsust be excited, the pump system needs to be very strong.
il 0 This makes thretevel lasers rather inefficient. |
i| G Most of the present lasers ardetel lasers, see - i
il U The population of level 2 and 4 are 0 and electrons just accumulgs \ conduction ||
| level 3. Laser transitin takes place between level 3 and 2, so |2 band I
|  population is easily inverted. 5 oumping | light
|t In semiconductor lasers, where there are no discrete en[ T
i levels, a pump beam with energy slightly above the band =
I energy can excite electrons into a higher state in e m—
i condtction band, from where they quickly decay to states n|oume .
f the bottom of the conduction band. °
il U At the same time, the holes generated in the valence & \J\f‘
| move to the top of the valence band. It %ﬁ A
il G Electrons in conduction band can then recombine with th)rure f ‘.‘ f
1 holes, enitting photons with an energy near band gap energ
| | Summary of Principles and Modes of Operation 3@%
il U As a summaryreferdiagram of the working process of laserg - f f f;mp .
il U The output of a laser may be a continuous constamtitude T—
i output (CW or continuous wave); or pulsed, by using t[F—~—= — ] R
| techniques of &witching, modelocking, or gairswitching. 5 A"\:f\/} } T
& & Prepared byDER. PATN e N |
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0 In manyfields of pulsed lasers, one aims to deposit as much energy aslpadsébgiven place in {5
short time as possible. i
U Some dye lasers and vibronic sedithte lasers can produce light over a broad range of wavelengtHs; this
property makes them suitable for generating extremely short pulses of light, on the order g a fe
femtoseconds (18 s). i
U The peak power of pulsed laser can achievé\Matts.
i TYPES OF LASERS AND APPLICATIONS

[ETT 601]

U According to the gain material, lasers can be divided into the following types.
U Several common used lasers are listed in each type.
Y GAS LASERS

\\\\\\\\\\\\\lﬂg
[Page -52] [

laser

Laser Medium Wavelength(s) Pump Source Applications and Notes !
Heliurmeon 632.8nm Electrical dischard Interferometry,_holography,_spectroscop

laser N scanning, alignment, optical demonstrg

454.6 nm, 488.0 nn _ _ Retinal phot(_)therapy (for diabetes), I|thogz

Argon laser Electrical discharg  confocal microscopy, spectroscopy punf

514.5 nm |

other lasers i

Carbon dioxidg 10.6 &m, | Electrical discharg Material processing (cutting, welding, q

surgery

Excimer laser

193 nm (ArF), 248 n
(KrF), 308 nm (XeC

353 nm (XeF)

Excimer
recombination via
electrical discharg

Ultraviolet lithography for semiconduc
manufacturing, laser surgery

Y SOLID STATE LASERS:

Laser Medium| Wavelength(s)] Pump Source Applications and Notes
Holography, tattoo removal. The first tyy
Ruby laser 694.3nm Flash Lamp visible light laser invented; May 1960
Material processing, laser target designa
Nd:YAG laser 1. 064 Flash La_\mp, surgery, research, pumping leers. One o
(1. 32 Laser Diode :
the most common high power lasers
Erbium doped 1531 56 Laser diode | Y™ doped.f.lbers are commonly.usgd as (
glass lasers amplifiers for telecommunications.
Ecenter laser Mid mfrared to Electrical Research
far infrared current
Y METAL -VAPOR LASERS:
Laser Medium Wavelength(s) Pump Source Applications and Notes

Heliunrcadmium

(HeCd) metaapor

441.563 nm, 32

Electrical discharge
metal vapor mixed w

Printing and typesetting applicat
fluorescence excitation examine

laser nm helium buffer gas.| (ie. in U.S. paper currency print
Copper vapor lase 510.6 nm, 578. Electrical discharge Dermatological uses, high spe
nm photography, pump for dye las

Y OTHER TYPES OF LASERS:

Laser Medium

Wavelength(s)

PumpSource

Applications and Notes

Dye lasers

Depending on materials
usually a broad spectru

Other laser, flashlan

Research, spectroscopy,
birthmark removal, isotop
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separation.
Eree electron lase A broad wavelength ran¢  Relativistic electror; Atmospheric research, mate
(about 100 nnseveral mm beam science, medical applicatioj|;
P|N D|ODE Table 8-4 LED Versus Laser
PIN photodiodeis a kind of photo detector, it cal| __ Characteristic LED iC=oe
convert optical signals into electrical signals. g“;ii‘:af";":’;:] \LAC;.\;V:: :E:;:,er
This technology was invented in the latest S aperture Larger Sraaller
195006s. There are t hr e|speed Slower Faster
Those arg-region, intrinsic region andn-region. || Cost . Less More _
The pregion and Fregion are ComparativeI, Ease of operation Easier More difficult

heavily doped than theqggion and fregion of usuap-n diodes

The width of the intrinsic region should be larger than the space charge width of a norjaacpon.
ThePIN photo diodeoperates with an applied revers |
biasvoltageand when the reverse bias is applied, sp VR
charge region must cover intrinsic region completely. T
Electron hole pairs are generatedtire space charge p| i | n
region by photon absorption. I

The switching speed of frequency response of ph I w_
diode is inversely proportional to life time. we we
The switching speed can be enhanced by a small minority carrier lifetime. i
For photo detector applications whespeed of response is important, the depletion region width s
be made as large as possible for small minority carrier lifetime as a result switch speed also incr¢;
This can be achieved PIN photo diode as the insertion of intrinsic region tleectaage width larger. [
The PIN diode, p-n diode is essentially a refinement of the ordinary PN junction diode. i
Its development arose from the original PN diode development activities and applications for {i
diode were soon foundThe PIN diode differs from the basic PN junction diode in that the PIN ¢
includes a layer of intrinsic material between the P and N layers

As a result of the intrinsic layer, PIN diodes have a high breakd l H+ J
voltage and they also exhibit a low lewdljunction capacitance. —

In addition to this the larger deletion region of the PIN diode Inatrireic

ideal for applications as a photodiode. N
PIN DIODE STRUCTURE t
The PIN diode consists of a semiconductor diode with three layers. The usual P and N re
presem but between them is a layer of intrinsic material a very low level of doping.

This may be either Nype or Ptype, but with a concentration of the order of 13213 -&which gives i
a resistivity of the order of onedhm cm.The thickness of the inirsic layer is normally very narro
typically ranging from 10 to 200 microns. The outer P arAgp¢ regions are then heavily doped.
There are two ways in which the PIN diode can be realised.

One is to fabricate the-ipn diode in a planar structure, ati@ other is to use a mesa structure. :
When the planar structure is fabricated an epitaxial film is grown onto substrate nzatéfal region|]
is introduced either by diffusion or ion implantation. f
The mesa structure has layers grown onto the substtagse layers have the dopants incorporated. [
In this way it is possible to control the thickness of the layers and the level of dopants more ag
and a very thin intrinsic layer can be fabricated if required. This is ideal for high frequencyooperaf;
A further advantage of the mesa structure is that it provides a reduced level of fringing capacita
inductance as well as an improved level of surface breakdown. I
PIN diodes are widely made of silicon, and this was the semiconductor materiakvabatised;
exclusively until the 1980s when gallium arsenide was introduced. I
PIN DIODE BASICS AND OPERATION A nod e Cathod e
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The PIN diode can be shown diagrammatically as being a PN junction, but with an intrinsif;
between the PN and layers. i

laye

The intrinsic layer of the PIN diode is a layer without doping, and as a result this increases the silzée of 1

depletion region the region between the P and N layers where there are no majority carriers.
This change in the structure gives the PIN dibslenique properties.
The PIN diode operates in exactly the same way as a normal diode.

The only real difference is that the depletion region that normally exists between the P and N rg E;ions

an unbiased or reverse biased diode is larger.

In any PN jution, the P region contains holes as it has been doped to ensure that it has a predwmina

of holes. Similarly the N region has been doped to contain excess electrons. i
The region between the P and N regions contains no charge carriers as any helesomsetombing;
As the depletion region has no charge carriers it acts as an insulator. i

Within a PIN diode the depletion region exists, but if the diode is forward biased, the carriers efiter ti

depletion region (including the intrinsic region) and astwwecarrier types meet, current starts to fIO\l@
When the diode is forward biased, the carrier concentration, i.e. holes and electrons is very mu
than the intrinsic level carrier concentration.

Due to this high level injection level, electric fiedxtends deeply (almost entire length) into the regi¢n.
Hwhic

This electric field helps in speeding up of the transport of charge carriers from p to n region
results in faster operation of the diode, making it a suitable device for high frequenciooperat

PIN DIODE USES AND ADVANTAGES

The PIN diode is used in a number of areas as a result of its structure proving some properties
of particular use.

thich

N hig

T HIGH VOLTAGE RECTIFIER : The PIN diode can be used as a high voltage rectifier. gThe
intrinsic region provides a greater separation between the PN and N regions, allowing higherfrever

voltages to be tolerated.

T RE SWITCH: The PIN diode makes an ideal RF switch. The intrinsic layer between the P and |
regions increases the distance between thdms dlso decreases the capacitance between fnhem,

thereby increasinthe level of isolation when the diode is reverse biased.

17 PHOTODETECTOR: As the conversion of light into current takes place within the depl§tion

region of a phaidiode, increasing the gketion region by adding the intrinsic layer improves [the

performance by increasing he volume in which light conversion occurs.

These are three main applications for PIN diodes, although they can also be used in some ols®r garea i

The PIN diode is an &hl component to provide electronics switching in many areas of electronics;

It is particularly useful for RF design applications and for providing the switching, or atten}jating

element in RF switches and RF attenuators.
ThePIN diode is able to providauch higher levels of reliability than RF relays.

The PIN diode is widely used in a number of areas where the properties and characteristics it Ewas é

result of its intrinsic region make it uniquely applicable for a number of applications.

While the PINdiode characteristics mean that it is not suitable for many standard rectifier applicgitions

they provide some properties that can be used in a number of specific areas.

Key PIN Diode Characteristics

There are a number of PIN diode characteristics thahisediode apart from other forms of diode.
These key PIN diode characteristics include the following:

1 High breakdown voltage The wide depletion layer provided by the intrinsic layer ensures.éthat

PIN diodes have a high reverse breakdaWwaracteristic. i
1 Low capacitance Again the intrinsic layer increases the depletion region width. As the capadit

ance

of a capacitor reduces with increasing separation, this means that a PIN diode will have fa low
capacitance as the depletion region vii# wider than a conventional diode. This PIN digide

characteristic can have significant advantages in a number of RF applicatoresxample when §|
PIN diode is used as an RF switch. I
T Carrier storage: Carrier storage gives a most useful PIN diode charigtic. For small signals §t

high frequencies the stored carriers within the intrinsic layer are not completely swept by [fhe R

signal or recombination. At these frequencies there is no rectification or distortion and the PIf}
& Prepared byDEP. PATNAIK & P. N., GOutDAETC Eigiehool |
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characteristic is thatf a linear resistor which introduces no distortion or rectification. The PIN
resistance is governed by the DC bias applied. In this way it is possible to use the devi

PN junction diodes.

AVALANCHE PHOTODIODE BASICS

The avalanche photodiog@ssesses a similar structure to that of the PIN or PN photodiode.

A structure similar to that of a Schottky photodiode can also be used but this is less common.
However the structure is optimised for avalanche operation.

the more standard photodiodes.
It operates under a high reverse bias condition to enable avalanche multiplication of the h
electrons created by the initial hole electron paiested by the photon / light impact.

level of sensitivity.
AVALANCHE PHOTODIODE ADVANTAGES AND DISADVANTAGES

photodiodes, making them more suitable for use in some applications.

In view of this it is worth summarizing their advantages and disadvantages.
The mainadvantagesof the avalanche photodiode include:
T Greater level of sensitivity
Thedisadvantagesof the avalanche photodiode include:

T Much higher operating voltage may be required.

1 Avalanche photodiode produces a much higher level
noise than a4m photodiode

T Avalanche process means that the outpobtdinear

Wave Length Division Multiplexing (WLDM): -
In FOCS wavelengthdivision multiplexing(WDM) is a

different wavelength (i.e. colors) of lasegtit.
This technique enables bidirectional communications over one strand of fiber, as well as multi

demultiplexer at the receiver to split them ipa

as an optical addrop multiplexer.

The basic block diagram of WDM system is given below.

Data In Data Out

— WDM Point-to-Point = e

effective RF switch or variable resistor for an attenuator produciniggardistortion than ordinafy

The main difference of the avalehe photodiode operates under a slightly different scenario to tﬁat of

The avalanche action enables the gain of the diode to be increased many times, providing a mugh gre

The avalanche photodiode has a numberdiffierent characteristics to the normatnpor pi-n

This is often done by use of optidatelectricatto-optical (O/E/O) translation at the very edge of fhe
transport network, thus permitting interoperation with existing equipment with optical interfaces. |-

& Prepared byDEP. PATNAIK & P. N, GentDAETC FugRhool |
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1 Sensitive photo detection The sensitive area of a photodiode is the depletion region. Light stfiking
the crystal lattice can release holes and electrons which are drawn away out of the depletidn reg
by the reverse bias on the diode. By having a larger depletion regsm the case of a PIN diodi
the volume for light reception is increased. This makes PIN diodes ideal for use as photo det

ctors

¢les a

technology which multiplexes a number of optical carrier signals onto a single optical fiber by usin

ficatic

of capacity. A WDM system uses a multiplexer at the transmitter to join the signals togethefl and

With the right type of fiber it is possible to have a device that does both simultaneously, and can guncti«
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WDM systems are divided into different wavelength patterasyentional/coars€CWDM)

anddensgDWDM). WDM, DWDM and CWDM are based on the same concept of using mufi
wavelengths of light on a single fiber, but differ in the spacing of the wavelengths, number of chj

and the ability to amplify the multiplexed signals in the optical space.
Conwentional WDM systems provide up to 8 channels in the 3rd transmission windban(l} of silic

fibers around 1556m. Dense wavelength division multiplexing (DWDM) uses the same transmjs

window but with denser channel spacing.

Channel plans vary, battypical system would use 40 channels at &6z spacing or 80 channels w
50GHz spacing. Some technologies are capable of GRS spacing (sometimes called ultra de
WDM). Such spacings are today only achieved by free space optics technology.

CoaseWavelength Division MultiplexingCWDM) in contrast to conventional WDM and DWDM ug

increased channel spacing to allow less sophisticated and thus cheaper transceiver designs.

To provide 8 channels on a single fiber CWDM uses the entire freqbancdybetween second and t
transmission window (1310/15%0n respectively) including both windows (minimum disperg
window and minimum attenuation window) but also the critical area where OH scattering may
recommending the use of Gliree silicafibers in case the wavelengths between second and
transmission window should also be used
In this type of technology transmission of multiple digital signals can be made in difference wave

without any interferencdJsing W.D.M a number obptical signals can be transmitted at a time Ky,

signal fiber cable at the same time with different wave length or frequencies.
*Transmitted in the same medium in different paths only and at the receiving section.
They are reached at different time iviat

The wave lengths are created depending upon the color and combination of these can be trang
multimode step index profile creating paths for individual colour.
In wavelengthdivision multiplexing, each data channel is transmitted using ghtlfi different

wavelength (different color). With use of a different wavelength for each channel,aimamyels can by

transmitted through the same fiber without interference.
This method is used facrease the capacity of existing fiber optic systeragyntimes.

Each WDM data channel mapnsist of a single data source or may be a combination of a singl

source and a TDNtime-division multiplexing) and/or FDM (frequendadivision multiplexing) signal.
Dense wavelengtdivision multiplexing (DWDM)refers to the transmission of multiple closely spa

itted

wavelengths through the same fiber. M —1 L

For any given wavelen], FOF, DR b
frequency f, the International Telecommunicatio| "2— | e, | oy
Union (I TU) defines st dai—] | Q‘ -
100 GHz, whichtansl ates i nnmo|, M
wavelength spacing. A Fber 0
This follows from the r

DWDM systems operate in the 1586 window | _

because of the low attenuation characteristics of gl8ure 7 Tuegidisionmipling

at 1550 nnm& the fact thaErbiumDoped Fiber AmplifierEDFA) operate in 1530n+1570nm range.
Commercially available systems today can multiplex up to 128 individual wavelengths at 2.5 Gb

individual wavelengths at 10 Gb/s. Although the ITU grid specifies that each transmitted wavelery)

DWDM systemis separated by 100 GHz, systems currently under development have been demc
that reduce the channel spacing to 50 GHz and below (< 0.4 nm).
As the channel spacing decreases, the number of channels that can be transmitted increases, {
increasing the transmission capacity of the system.

CONNECTORS & SPLICES

Electronicdevices are often interconnected, either to form a larger system or to exchange informjati
data. An example of this is the local telephone system, which has electronic devices (Su

telephone) connected with copper wires to large switching nkswor

The wire carries power and signals from the phone to the switching office, and electrical connegtors ¢

used to link the wire to various devices in the system.

& Prepared byDER. PATNAIK & P. N., GOuDAETC FugRhool
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In the previous module, we mentioned optical fiber, networks, transmitters and redeiness havd/
not described in detail how these elements are connected to each other. H

Fiber optic cable performs a function similar to that of copper wire, and connectors are similarly Ejsed

attach fiber to the many devices in a fiber optic system.
Fiber optic cables need to be connected and disconnected just like their copper counterparts.

In this section we will discuss several connection methods and tools used with optical fiber compgonent

Linking Optical Fibers and Deviceslin electronic systems, estrical current or energy is used eithe
transfer power or carry information among components and subsystems.

Ito

Fiber optic systems use optical energy primarily to carry information or data. Regardless of fhe da
format or transmission rate within dér optic system, three fundamental actions are performed gnong

the various components and subsystems.

A component is either emitting optical energy (LEDs and LASERS), transferring optical energylg(Fibe

optic Cables and Couplers), or receiving opticargné€Phototransistors and Photodiodes).

To link these fiber optic components so optical energy can be transferred within the system, two Earima

methods are used(1) CONNECTORS (2) SPLICES

Connectors most often are used to link fiber optic cable atoptetectors or LEDs.

The devices are packaged in a housing which accepts a connectorized fiber optic cable, p
efficient transfer of optical energy between the cable and optoelectronic component.

Splices most often are used to permanerdiynect two fiber optic cables. Whidtennectors can also tlt:e

used to attach two fibers, splices generally offer less light loss and are more permanent.
Connectors are removable and therefore more flexible when interchanging components within a
Table shows a comparison between connectors and splices.

Removable Permanent
Can be factory-installed Can be field-installed
Can be field-installed Lower attenuation/reflection

than connectors
Easy to reconfigure Strong, compact junction

Provide standard interface Lower cost per connection

Easier to fit inside conduit

o - =" <= ALL THE BEST ---U --& - ----& -t --- ALL THE BEST ---" === =2 --
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& —u ] ELECOMMUNICATION SYSTEM-g 2 5

The Operation of Electronic Telephone System. (Basic Telephone Set)

To provide a signal to the4. TELECOMMUNICATION SYSTEM 10

telephone company that a call is{ 41 Discuss the operation of Electronic Telephone System. (Telephone Set)

b q i let 4.2 Discuss the function of switching system.& Call procedures
€ made or a call Is complete. 4.3 Discuss the principle of space and time switching.

To provide the telephone 4.4 Discuss the numbering plan of telephone networks (National Schemes & International Numbering)

company with the number the 4.6 Des'cribe t_he operation of a PBX & Digital EPABX.
4.7 Define units of Power Measurement.

caller wishes to call. 4.8 Describe the operation of Internet Protocol Telephone.
To provide a way for the| 4.9 Describe the principal of Internet Telephone

telephone company to indicate that a call is coming innging.
To convert voice frequencies to electrical signals that can be transmittectraingmitter and convel
those electrical signals back toie® frequencies at the receiver. i
TheFederal Communications CommissitCC) has set standards for the above features arjd all
manufacturers selling telephones in this country m ‘ i

match these standards or the phone watlwork properly. | ----- A
In addition many modern telephones also come W
features like speed dial, redial, memory, caller ID, vo| "= *»

mail, etc. These are all additional features that are | ;s
necessary to make or receive calls. 52
Let's look afTelephone Set Funatn 1: To provide a signa Telephone

to the telephone company that a call is to be madéhafk) or a call is complef@n-hook). i
The switch hook gets its name from the old telephones that had a hook on the side. On modeth pho
the switch hook is a button thatdspressed when the handset is put on the cradle of the telephonq
According to Telephone Company specificatioins
but in reality most telephones range betwegn
When auser picks up a connected telephone handset to make a call the switch hooks in the figyie ab
(S1and S) close (offhook condition) and thiecal loopcircuit is canplete. i
When a handset is picked up, a DC current ranging between 20 and 120 mA flows on the pair|bf wir
connecting the telephone to Cthis current flow causes a relay coil to magnedizi€s contacts close.|[;
In the CO current flows through a relayilattached to the local loop wire pair. i
The coil energizes, its contacts close and the CO switch knows a phone is off hook somewnhere. |
A line feeder in the CO switch looks for the-bbok signal, finds it and sets up a connection. In thgIiCO
switch a diktone generator is connected to the line so the caller knows they can dial a number.

The Function of Switching System & Call Procedures-
SWITCHING SYSTEM i
When there are many devices, it is necessary to develop sui |
mechanism for communication beten any two devices. \
One alternative is to establish petotpoint communication betweer
each pair of devices usifdesh Topology.
However, mesh topology is impractical for large number of devig
because the number of links increases exponentiglyl)/2], where n is
the number of devices) with the number of devices. A better alternati
to use switching techniques leading to switched communication netw 4 2
In the switched network methodology, the network consists of a set of interconnecteds hadend!
which information is transmitted from source to destination via different routes, which is controfied by
the switching mechanism. A basic model of a switched caniration is shown in Fig. I
The end devices that wish to communicate with each atfeetalledstations The switching devices af2
callednodes Some nodes connect to other nodes and some are connected to some stations. I
Key features of a switched communication network are given below:

1 Network Topology is not regular.

()
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1 Uses FDM or TDM 6r nodeto-node communication. ] End station
1 There exist multiple paths between a sotdestination pair for -
better network reliability. O Communication

Network node

1 The switching nodes are not concerned with the contents of da
1 Their purpose is to provide a switching facility that will malata

from node to node until they reach the destination.
The switching performed by different nodes can be categorized
the following three types:
| Circuit Switching
Packet Switching
| Message Switching
Y BASIC CALL PROCEDURE : -
Fig. Showsa simplification diagram illustrating how two telepho
sets (subscribers) are interconnected through central office dial sw Switching System
Each subscriber is connected to the switch through a local loop. i o
The switch is most likely some sortaf electronic switchingystem. v
The local loop are terminated at the calling and called station |/ / :
telephone sets and at the central office ends to switching machines: O i

. ~ s nnection using a switching system.§||

_ When the calling partyédés telephpdrcTscr—gocl; ¢
handset off the cradle), the switblbok in the telephone set i$ i
released, completing a dc path between thé&tthe ring of the
loop trough the microphone .
The ESS machine senses a dc current in the 8oogcognizes
this as an ofhook condition.
Completing a local telephone call betweemo subscribers
connected to the same telephone switch is accomplished thrpugh
a standard set of procedure that includes the 10 steps listed pext.
Step-1 Calling station goes off hook.
Step-2 After detecting a dc current flow on the loop, the switchipg
machine returnsan audible dial tone to the calling statiof
acknowledging that the caller has access to the switch
machine.
Step-3 The caller dials the destination telephone number using jpone
of the two methods: Mechanical dial pulsing or, more likely,
electronic duatone miuti frequency (TouchTone) signals. I
Step-4 When the switching machine detects the first dialled number, it removes the dial tone from thg loop
Step-5 The switch interprets the telephone num&dhen locates the loop fakestination telephone no |
Step-6 Before ringing the démation telephone , the switching machine tests the destination loop fbr dc
current to see if tt is idle (on hook) or in use (off hook). At the same time, the switching machine|jocatt
a signal path through the switch between the two local loops. i
Step-7 (A) If the destination telephone is off hook, the switching machine sends a station busy Sig:lfdl ba

to the calling station.B) If the destination telephone is on hook, the switching machine sends a finging
signal to the destination telephone on the local loapthe same time sends a ring back signal tqjthe
calling station to give the caller some assurance that something is happening.
Step-8 When the destination answers the telephone, it completes the loop, causing dc current to floy
Step-9 The switch recognizes the dc curtes the station answering the telephone. At this time, the spvitch
removes the ringing and ridgack signals and completes the path through the switch, allowing the
calling and called parties to begin conversation. :
Step-10When either end goes on hook, #watching machine detects an open circuit on that loop andjthen
drops the connections through the switch i

x THE PRINCIPLE OF SPACE AND TIME SWITCHING : -
Y SPACE SWITCHING

—

ng
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