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[CHAPTER-I]
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RADAR means Radio Detection and Ranging. It is a device which can detect the presence of Target
and measure its Range.

Radar is an electromagnetic system for detection and location of reflecting objects such as aircrafts,
ships, vehicles, people and natural environment etc.

It operates by transmitting a particular type of waveform (for e.g. pulse modulated sine wave)into
space and detects the nature of echo signal reflected for man objects or targets.
Radarcan’trecognizecolourofobjectsbutitcanrecognizedarkness,fog,smoke,rain,snowetc.

@SIMPLE RADAR SYSTEM:-

>

>

A Simple Radar System consists of

Transmitter, Receiver and Antenna.

A Transmitter generates an EM

Signal which is radiated into space

by Transmitting Antenna. A portion

of the transmitted energy is

intercepted by the target and re-

radiated in many directions. The

radiation directed towards the Radar

is collected by the receiving

Antenna and delivers into receiver.

At the receiver the Signal is

processed to detect the presence of

target and determines its location.

A Single Antenna is generally used

in a time shared basic for both

Transmitting and Receiving when the radar wave form is a repetitive series of pulses.

The range or distance to a target is found by measuring the time it takes for the radar signal to travel to
the target and return back to the Radar.

Radar can also provide information about nature of target being observed.

If the target is in motion, there is a shift in the frequency of the echo signal due to the Doppler Effect.
This frequency shift is proportional to the velocity of the target related to the Radar which is known as
Radar velocity.

QNOTE: Doppler frequency shift is widely used in Radar as the basic for separating desired moving

target from fixed(Unwanted)clutter echoes reflected from natural environments such as see, Lake Etc.

The range o fthe target is determined by the time Tr; It is the time taken by the pulse to travels to the

target and returns back.

The EM Wave in the space travel in the speed of light i.e. 3x108 m/s. Thus the time taken for the

signal to travel to the target located at a Range ‘R’ and returned back to the Radar can found as: -
V=S/T=>T=SIV
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[V=Velocity=C;S=Distance=R; T=Time=TRg]

Tr=2R/C>R=CTRr/2

Rkm =0.15Tr(ps) Rmer=150 Tr(lS) Ryara= 164Tr(lS) Rreet= 492 Tr(US)
Rnmi=0.081Tr(us)[nmi=NauticalMiles] Rsmi =0.081Tr(us)[smi=StatuteMiles]

NOTE:-
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[ BLOCK DIAGRAM OF A SIMPLE RADAR SYSTEM |
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@Un-Ambiguous Range:-

» Once the signal is radiatedintospace byRadar, Sufficienttimemustelapse to allow allechosignals to
returntothe Radar beforethe next pulse is transmitted. The rateat whichthe next pulse transmitted is
determined bythe longest range at which targets are accepted.

Ifthe time between pulses Tr is too short an echo signal from long range target might arrive after the
transmission of next pulse and we mistakenly associated with that pulse rather than the actual pulse
transmitted earlier. This can result an incorrect or ambiguous measurement ofRange.

Echo that arrives after the transmission of next pulse are called second-time around echo.Such an echo
would appear to be at a closer range than the actual and its range measurement is called misleading, if
it were not knownto be second-time around echo.

Hence the range beyond which the target appears as second-time around echo is called Maximum
Unambiguous Range.

RUnamb:CTP/ZZC/Z FP
Where, Ty=PulseRepetitionPeriod. &Fp=PulseRepetitionFrequency.

BIYPES Of RADAR:-
» TherearebasictwotypesofRadarDetecter
EPulseRadar System
E ContineousWave(CW) RadarSystem
» ContinuousWaveRadarSystemagainclassifiedintotwocategoriessuchas: -
@ CWDopplerRadar
@ FrequencyModulatedCWRadar(FM-CWRadar).
BAPPLICATIONS Of RADAR:-
» Radarused inDifferentFieldslike:-
% Military HighwaySafety
% RemoteSensing AircraftSafetyand Navigation
¢ AirTrafficControl ShipSafety
% LawEnforcement % SpaceVehiclesControletc.

Environment etc.

It is used not just as a man fordetermining the maximum distance from Radar to a Target. But it can
serve both as atool for understanding Radar Operation and a Basic formofRadar Design.

Inthis sectionthesimpleformofRadarEquationisderived.

For an isotropic antenna; If the Power of Radar Transmitter is denoted by Pt then the Power Density
(watts per unit area) at a distance ‘R’ is equal to the Transmitted Power Divided by the Surface Area
(4nR?) ofan ImaginarySphere with Radius ‘R’. Where P;= Power Densityfromlsotropic Antenna.

Generally Radar uses Directive antennas to channels. In this case the radiated power Pt is in some
particular direction. If the gain (G) of an antenna is a measure of increased power radiated in the
direction oftarget as compared withpower that would have beenradiated. And is defined as,

Maximum Power Density Radiated by Directive Antenna
Powerradiated byalosslessIsotropicAntennawithsamePowerlnput




So,ThePowerDensityatthetargetformanDirective Antennawithatransmittinggain‘G’ is

PtG
Po=""C
4R

The target intercepts a portion of radiated power and re-radiated it in the various directions. The
measure of the amount of incident power intercepted by the target and re-radiated back in the Radar
Cross Section (o) and is defined by the relation.

PTG 7] PtGo
4R27GRT (4RD)?
The Radar cross section (o) as unit of area, itis the characteristic of a particular target and a measure of
its size as seen by the Radar.

Like target the Receiving Antenna intercepts a portion ofthe re-radiated power which is
proportionaltothe Cross Sectional Area ofthe Receiving Antenna (Ae). The radar antenna captures a
portionofthe echo power. If the effective area of the cross sectional area of receiving antenna is

denoted as Ae. The power receiving by the Radar is
PtG > XAc=> P=
Pr: X -
4R4 4R~ (4)2R4

PowerDensityoftheechosignalatRadar=

PtGoAe

The Maximum RadarRangei.e.Rmax is thedistancebeyondwhich the targetcannotbe detected. It occurs
whenthe received echo signal power P; just equalto the Minimum Detectable Signal (Smin),

5 = PtG gAe -5 (R X) 4_PtGoAe
i Z 4 - =
™ (4)*Rmax ma (4)2Smin

=

L4

(R —[PtGoAe =
mesd | ;

(4) 2Smin

Thatisthe FundamentaloftheRadarEquation.
NOTE:-Theimportmentantennaparametersare TransmittingGain&theReceivingEffectiveArea.

»  AntennatheorygivetherelationbetweenTransmittinggain&receivingaffectiveareaofantennai.e.,
Z

- 4Ae &A=Gh
6 e o

Sincethe Radar generallyuse the sameantenna bothfor TransmissionandReception, So weusethese
values in fundamental equation of Radar.

A

tA—Ae < A€o = RmaX:[PtABZO' ]:1} (D)

2 (4)%Smin 4h2Smin

GA — PtG414g
Pt(  )p04 Rmax=1L
Rmax=[ I# &

212Smin

These simplified versions of Radar equation don’t adequately describe the performance of actual
Radars, as manyimportant factorsarenot included. Also Idealized conditions have beenemployed i.e.
neither the Effect of Ground nor Absorption and Interference is taken into account. Hence, the
maximumrange in practice is often less than that of indicated bythe Radar Range Equation.




@& Important Problems:-

@ WhatisthedutycycleofRadarwithapulsewidthof3usecandaPRTof6ms?

ASDutyCycle=PW= PULSEWIDTH

PRT PULSEREPETATIONTIME

PW 3x10 °
Dutycycle= =
PRT 6x1073

EDutycyclealsoisexpressed asratioofaveragepowertothat ofpeak power.

=0.5x10° -0 0005

Averagepower=PeakPowerxDutyCycle
@CalcuIatetheaveragepower\wg[bpeakpowenswwwwnn PWof3psandPRToféms?
PW_ =0.5x103=0.0005

Duty cycle =

PRT 6x1073
PeakPower=100kw =100x103Watt

AveragePower=PeakPowerxDutyCycle =100x10°x0.5x10-3=50watt

@Calculate the maximum range of a Radar system which operates at 3cm wave length with a peak
pulse power of 500kw and its minimum detectable signal Smin is 10™watt, the aperture area of its
antenna is 5m? and the Radar cross sectional area of the target is 20m>.

Given:Wavelength,A=3cm=0.03m
PeakPower,Pt=500kw=500x10%wat
Smin=10"W, ApertureArea(Ae) =5m?&c=20m?

= lPtAe 20
2 4

max

R =[500x10%k25x20114 S0 ™" gekm=370nmi

E:> max 2 —13
A 0-03yxH——
QA Radar operating at 10GHz with the peak power of 500kW, the power gain of antenna is 5000 and
the minimum power at the receiver is 10™*W. Calculate the maximum range of Radar if the
affective area of antenna is 10m? and RADAR cross sectional area is 4m??

Given:f=10Ghz=10x10°Hz,Pt=500kw= 500x103watt
G=5000,Smin=10"1*W,ApertureArea(As)=10m?&oc= 4m?

PtGoA®e

Rom)=l 7™ Tt
@ysmim

3
|:> RmaX:[500><10 ><5000><10x4]1/4
4x10 —14

=501643.359m=501.643km
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@PULSE RADAR SYSTEM:-

Antenna

Power Pulse Wave Form
Amplifier Modulator Generator

. Duplexer

Vi P
RF Pulse IF Pulse e Rl e

)ﬂuﬁ\lﬂ\ [\ /\/\/\/\ /\

LowNoliS.e P [— IF §Ma‘tched ol 2w L) Video || Threshold
RF Amplifier Amplifier: Filter Detector Amplifier Decision

A

Local
Oscillator

_ [BLOCK DIAGRAM OF A PULSE MODULATED RADAR SYSTEM ]
» TheoperationofatypicalPulseRadarSystemisdescribedbythehelpofblockdiagram.
» GenerallyitconsistsofAntenna, TransmitterandReceiverwhichareexplainedbelow.

1. ANTENNA:-
» The functionofantenna during transmission is toconcentratethe radiated energyinto ashaped beam
which points in the desired direction in the space.
» Onreceptiontheantennacollectsenergycontainedintheechosignalanddeliveriesittothereceiver.
» Thetwo important input parametersofAntenna i.e. TransmittingGain(G)andEffectiveReceiving Area

(Ae) are proportional to each other.

» Anantennawithlargeeffectivereceivingapertureimpliesalargetransmittinggain.

> DifferenttypeofantennacanbeusedinRadarsuchasmechanicallysteeredparabolicreflector, electrically
steered planned arrayantenna or electrically steered phase arrayantenna etc.

2. TRANSMITTER:-
» The Transmittermay bean oscillatorsuch as aMagnetron i.e.pulsed [turned ONand OFF]by the
modulator to generate a repetitive train of pulse.
» TheMagnetronmostwidelyusedforavarious microwavegeneratorforRadar.
» ATypicalRadarforthedetectionofaircrafthasthefollowingpoints:-

ERanges nearlyequalto100to200nmi.

ETransmittingpowerinthe orderofmegawatt&Averagepowerinorderofseveralkilowatt;

EPulseWidthintheorderofmicrosecond.

EPulserepetition frequencyintheorderofseveral100 pulsespersec.
TransmittingsectionconsistsofWaveformGenerator,PulseModulator,PowerAmplifier&Duplexer.
Thewaveformgeneratorgeneratesrepetitive trainofpulse&isfedtopulsemodulatorformodulation.
The pulse modulator modulates the train ofpulses and gives the pulse modulated signalto the power
amplifier for amplification.

The poweramplifieramplifies the pulsemodulatedsignal andfedto the duplexer.Generally audio
frequency amplifier is used for this purpose.
Theduplexerallowsasingleantennatobeusedonatimesharingbasisfortransmittingandreceiving.
Theduplexerisgenerallyagaseousdevicethatproducesashortcircuitedatinputtotheantenna During
Transmission. Sothat the high power is flows to the antenna not to the receiver.
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Theduplexerprotectsfrom damagescausedbythehighpowerof thetransmitter.ltalsoservesto channelthat
the returned echo signal to the receiver and not to the transmitter.
The duplexer mightconsist oftwo gassed discharged devices one known as TR (TransmitReceiver) and
ATR (Anti-Transmit Receiver).
The TR protects the receiver during transmittingand the ATR directs the echosignalto the receiver
during reception.

. RECEIVER SECTION: -

Thereceiverisusuallysuperheterodynetype.ltconsistsofdifferentpartasexplainedbellow:-
Thel%stageofthereceiveris low noiseR.F.transistoramplifierwhichreducesthenoiselevel.

The mixer and localoscillator convertsthe R.F. signalto intermediate frequencywhere itis amplified by
the IF amplifier.

ThesignalBandwidthofasuperheterodyne receiverisdeterminedbythebandwidthofthelFstage.

The IFamplifier is designed as a Matched Filter that is one which maximizes the output peak-signal-
to-mean-noise ratio.
Thusthebasicfunctionofmatchedfilteristomaximizethedetectabilityofweakechosignal& attenuates the
unwanted signal.

ThelFamplifier is followed byacriticaldiode which iscalled thesecond detectorordemodulator. Its
purpose is to assist extracting the modulating signal fromthe modulated signal.

The combination oflIF amplifier, 2™ detector and video amplifier act as an envelope detectorto pass
pulse modulation (envelop) and reject the carrier frequency.

Todetectthe Dopplershift ofthe echo signaltheenvelopeddetector replaced byphasedetector which is
different from the envelope detector.

ThecombinationofthelFamplifierand video amplifier isdesignedtoprovidesufficient amplification or
gainto raise the levelofthe input signalto a magnitude where it canbe seen ina display.

At the end ofthe receiver a decision is made whether a target is present or not. The decision is based
on the magnitude of the receiver output.

Iftheoutput islargeenoughto exceedapre-determinedthreshold, thedecisionisthatthetarget is

present. If it does not cross the threshold only noise is assumed to present.

The displayunitis usuallya Cathode RayTube; the most common formofthe CRT is Plane Position
Indicator (PPI) which maps location ofthe target is inAzimuthangle &Range inpolar co-ordinates.
B-scope display is similar to the PPI except that it utilizes the rectangular co-ordinate rather than the
polar co-ordinates to display Range Vs Angle.

Anotherfordisplayis A-scopewhichplotstargetAmplitudeVsRangeforsomefixed direction.

®CONTINUOUS WAVERADAR(CWRADARY):-

>

Pulse Radar is used for detectionofStationaryObjects;Where asto detect a Moving Target,
continuous wave type of Radar is used.

CWRadarisofTwo type:-
(1) CWDoppler Radar (2)FMCWRadar

CWDopplerRadarusestheDopplerEffectfortheTarget SpeedMeasurement.
FMCWRadarisused tomeasureRangeaswellasVelocityofthe Target.

DOPPLEREFFECT:-

The aperant frequency ofelectromagnetic or sound waves depends on the relative radial motion ofthe
source or observer. If the source and observer one moving away from each other then the aperant
frequency will decrease and when they moving towards each other then the aperant frequency will
increase. This phenomenon was postulated byC. Doppler. So it is knownas DopplerEffect.
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A\

waypath between the Radar and target is 2R/A.

A\

A\

Wg=2afg= —=— —)= —

_Vr

Wherefi=RadarfrequencyorTransmittedfrequency.
> IffginHz,Viinnmi&Ainmeterthenfg=1.03V/A.

Target radial velocity is 100km/hr.

As A= c/f= (3x10%) / (5x10°) = 0.06m
fa=2V/A=(2x27.8) /0.06=926Hz.

@1.CW Doppler RADAR:-
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If'R’ is the distance fromthe Radar to target then thetotalnumber ofwavelength()\) contained in the two
Each wavelengthcorrespondstoa phase changeof 2w radian then the total phasechangein the two
waypropagation path is equal to (2IT x 2R/A) i.e. ®=4IIR/A.

Ifthe target is in motionw.r.t.the RadarthenRand @ arecontinuouslychanges. Achange in ® w.r.t. time
is equal to frequencyand this is known as Doppler Angular Frequency(Wa).

Where fg=DopplerFrequencyShift&V,= RadialVelocityofthe Targetw.r.t. Radar
> Fromtheaboveexpression, fg=2V/\.PutA=C/ft, Wegetf4=2V f/C.

@ WithaCWTransmitfrequencyof5GHz,CalculatetheDopplerfrequencyseenbytheStationary Radar when the

Giventhatf=5GHz=5x10° Hz:V,=100Km/hr =100x1000/3600=27.8m/s;c=3x108m/s.

Target

. ey [,
Circulator
o MM
Transmitted
Oscillator
. F.xF,
Transmitted _ /\/\/\/\
Leakage Signal Echo Signal F
- d
Detector| || Audio [ | Doppler | Jf Frequency
(Mixer) Amplifier Filter Counter

Radar where it is collected byreceiving antenna.

i.e. target is away going from the Radar.

L
|
|
|
|
|
|
|
|
|
|
|

» HencethereceivedechosignalatthefrequencyfitfqenterstotheRadar viaantenna.

| BLOCK DIAGRAM OF A CW DOPPLER RADAR |

> The CW Transmittergenerates a continuous sine wave rather than pulse (Unmodulated) of frequencyft
which is radiated bythe antenna. Since, here the transmission is continuous the Circulator is used to
provide isolationbetweentransmitter &receiver. Forcontinuous wave theuseofduplexer ispointless.

» A Portion of radiated energy is intercepted by the target and scattered. Some of it in the direction of

> Ifthe target is in motion with a velocity ofVVrrelative to the Radar, the received signal will be shifted in
frequency fromthe transmitted frequency fibyan amount of£fy.
» The plus (+) signassociated withthe Doppler frequencyapplied, ifthe distance betweenthetarget and the
Radar is decreasing (when they moving towards each other) i.e. when the receivedsignal frequency is
greater than the transmitted signal frequency. The minus (-) sine applied if the distance is increasing

|
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This signal is heterodyne in the detector (mixer) with a portion of transmitted signal f; to produce a
Doppler bit of frequency fq. The sign of the fq is losses in this process. So we cannot predict whether
the target is going away fromthe Radar or coming towards the Radar.
The purpose of the Doppler amplifier is to eliminate echoes from stationary target and to amplify the
Doppler echo signalto a levelwhere it canoperatean indicating device like frequencycounter.
The counter is a normal one except that the output is shown as km or miles/hour rather than the actual
frequency in Hz.
Themain disadvantage ofsimple CW system isitslake ofsensitivity.The type ofdiode detector that is
used to accommodate the high incoming frequency and is not a good device for the audio output
frequency. Thus an increment is in the following ways.

@CW Doppler RADAR With IF AMPLIFIER:-

» A small portion of a transmitter
output is mixed withoutputof local W
oscillator and the sum isfed to the u| —— -
receiver mixer by the help of Oscillator
sideband filter. " Fod
The receiver mixer alsoreceives the o Teansritted i IF
Doppler  shifted signal from Mixer Oscillator
receiving antenna and produces an FeFi, ) Fe, FetFy
output difference frequency i.e. Side Band
typicallyQ30MHz (Generated bythe Filter
IF oscillator) +fq. @ FetFy |
The output of this mixer is
amplified by the amplifier and
demodulates again bythe detector.
The signal from the 2" detector is
just the Doppler frequency (fa). [ Block Diagram of a CW Doppler Radar with IF Amplifier]
This signal is again amplified by the Doppler amplifier so as to raise the signal level such as to meet
the frequency counter or indicator. Its sine is lost so that it not possible to tell whether the target is
approaching or receiving.
Separate receiving and transmitting antenna have been used. A Circulator could be used as shown in
simple CW Radar system. Separate antenna is used to increase the isolation between transmitter and
receiver section of the Radar.
EADVANTAGES:-
CW Radar is capable of giving accurate measurement of relative velocity using low transmitting
power, simple circuitry low power consumption and equipmentwhose sizeis much smaller than that of
pulsed Radar equipment.
Itisunaffectedbythe presenceofstationarytarget.
WithsomeadditionalcircuitryCWRadarcanmeasurethedirectionofthetargetalongwith itsspeed.
ELIMITATION:-
Itislimitedtothemaximumpowerittransmitsandthisnaturallyplacesalimitonits maximumrange.
Itis easily confusedbythe presence ofalarge number oftargets (Although itis capable of delaying with
more than one target if special filters are included).
It is capable of indicating the range ofthetarget. It canonlyshow its velocitybecause the transmitted
signal is Unmodulated.

Fy O/P to
3 Frequency
Counter Or
Indicator

Receiver
Mixer

DETECTOR

AMPLIFIER

Audio Amplifier or
Doppler Amplifier
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The receiver cannot sense which particular cycle of oscillation being received at that moment and
therefore cannot tell how long ago this particular cycle was transmitted, so that the range cannot be
measured.
EAPPLICATION:-
Itisusedinaircraftnavigationforspeedmeasurement.
Anotherapplicationisina rateofclimbmeterforverticaltakeofplanessuchasHarrier.
ItismostcommonlyusedinRadarspeedmeterusedbypolice.

&2.FMCW RADAR:- TransmittingAntenna

>

The greatest limitation of Doppler
radar i.e. it is unable to measure the FM e FM SAWTQOOTH
range is over come if the transmitted TRANSMITTER MODULATOR ) GENERATOR
carrier is frequency modulate.

Ifthis isdone it wouldbepossibleto
eliminatedifficulty with CW Radar
i.e. its inability to distinguish one
cycle from other. W

The popular method in CW Radar is - B
3
to linearly frequency modulated the MIXER Amplifier | Limiter — Counter Or

waveform  the  modulation s N Indicator
triangular which gives up eventually Receiving Antenna

and comes down. [ Block Diagram of a FM-CW Radar]

The transmitted signal is shown by the solid triangular waveform and the receiver signal is shown by
dashed line. Delaytime, T=2R/C , Af=Frequency deviation , Fn= Modulation frequency.

The target is stationary w.r.t. the plane. A j
frequency difference proportional to the
height of the plane will exist between the
receiver and transmitter signal is now
being received was sentata time when the
instantaneous frequencywas different.

The rateofchange of frequency with time
due to the FM process is known the time
difference between the sent and received
signal may be calculated.

The above diagram isthe block diagram of
a common application of the FM CW
Radar system. It is alsoknown as air [ SAW TOOTH WAVE FORM IN FMCW RADAR |
borne altimeter as it is employed for measurement of altitude in air craft. Here we use a saw tooth
generator as we employing saw tooth frequency modulation for simplicity.

A FM transmitter is used in which frequency modulation of the signal can be done and its output is
given to the mixer. The output ofthe mixer which produces the frequencydifference (beat frequency)
as amplified byamplifier and limited to remove anyamplitude fluctuation by limiter.

Thissignalisfed toafrequencycounterandtoanindicatorwhoseoutputiscalibratedinmeterorfeet.
EAPPLICATION:-

FM CW Radar is mostlyused in altimeter in aircraft due to shorter range & lower power requirement
ascompared to pulse Radar. Smaller size for air craft installation &smaller transmitter power.

Frequency
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@Moving Tar Indi rR r(MTI):-

» This Radar uses Doppler Effect for its operation manytimes it is not possible to distinguish a moving
target in the presence ofstatic or permanent echoesofcomparable appearance on the Radar screen.

> We have seen that in a PPI display, there is a
lot of clutter due to this stationary target
echoes. When it is desired to remove the
clutter due to the stationary target an MTI \ l

|

Pulse
Antenna Modulator

Radar is employed. FerFe [ power
» The basic principle of MTI Radar is to : B ey — Amplifier
compare a set of received echo with those / + F+F_+F, F+F.
received during the previous. Sweep and F, = F,
Cancelling out those whose phase has remain MIXER 1 |(— (F) =P MIXER2
unchanged. * F+F,
» Moving target will give change of phase and IF E F,
are not cancelled thus clutter due to the Amplifier c | Coho
stationary target are remove from display and + (F)
this al_lows easier (_Jletectlor_\ of m0\_/|ng target. Phase Refererse Bikng]
» The side block diagram is the simple block Detector
diagram of simple MTI1 Radar. ‘ Fy
» The Transmitter frequency in the MTI Radar To Delay-Line
System is the sum of the o/p oftwooscillators Canceller
produced in mixer 2. | BLOCK DIAGRAM OF A MTI RADAR SYSTEM |

» The First oscillator is the Stalo (Stable Oscillator) and the Second one is Coho (Coherent Oscillator)
which operating same frequencyas the intermediate frequency & providing coherent signal.

» TheCohoisusedfor generatingtheR.F. signalaswellasreferencesignalforthephase detector.

» TheoutputoftheduplexeristhecombinationoftransmittedfrequencyandDopplershiftfrequency.

> At the mixer-1 the Stalo frequency (f.) cancels out and feeds a signal of frequency fctfstol.F amplifier
for amplification.

» The reference signal from the Coho and the I.F echo signal are both feed into the mixer called phase
detector. The phase detector differs from the normal amplitude detector, since its outputis proportional
to the phase difference between the two input signals.

» Sincetheoutput ofthisdetectorisphasesensitiveandoutputwillobtainforall fixedormoving target.

» The phase difference betweentransmitter &receiver signalwillbe constant for a fixed target whereas it
will varyfor a moving target. This variationofmoving target is due tothe Doppler frequencyshift.

» The delay line canceller not only eliminate the DC component caused by clutter but also it
unfortunately rejects the any moving target whose Doppler frequency happens to be same as the PRF
(Pulse Repetition Frequency) or multiple of PRF. (f¢= nfp)

» ThoserelatedtargetvelocitieswhichresultiszeroMT Iresponsearecalledblindspeedandisgiven by

Vn=nA/2T=nAf,/2

Wheren=1,23......

@ An MTI RADAR operates at frequency 5GHz with a PRF of 800pps. Calculate the lowest three blind
speeds of this RADAR.
» Given that : f =5GHz = 5x10°Hz , PRF =800pps
Ash=c/f=(3x10®) /(5x10°)=3/50=0.06m
Vn1=nAfp/2=(1x0.06x800)/2=24m/s,Vn2=(2x0.06x800)/2=48m/s&V n3=(3x0.06x800)/2=72m/s

——————————————————————————————————————————@

i

i
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@Radar Aids to Navigation:-

» The position of air craft or a ship can be found by use of radio navigation aids. This is achieved by
installation of radio transmitter and receiver at known location on the earth surface as well as at air
craft or ship which works in conjunction with those on earth.

The rectilinear propagationand constant velocityofelectromagnetic waves held this systemto provide

navigation parameter like distance, direction, etc. by direct and indirect measurement of delay

occurring between transmission and reception of these waves.

The measurement ofdirection, distance and the difference betweentwo transmittersgive an indication

ofthe position ofan air craft or ship leading to correct navigation.

» Direction finding through radio is one of the very earliest methods of electronic navigational aids
widelyused in ship and air craft even today.

@BAircraft Landing System:-

» Generallytherearetwotypesoflandingsystemare used.

1. L.L.S.(InstrumentalLandingSystem)

2. M.L.S.(MicrowaveLandingSystem)

Instrumentlandingsystem isusedforrunway navigationin IFRconditionin which by usingsome specified

component the landing can be made.

If thistypeofsystemtherearetwocategory. Infirstcategoryitguidedonaircraftupto200ft.In second

categoryit guided anaircraft upto a levelof100ft below which it cannot guided.

I.L.S.systemcontains followingComponents:-

i) Localizer:- Infrontthepilotwithaeroplanehorizontalpositionw.r.t.runwaycentreline.

ii.)  GlideSlope:-Infront thepilotaeroplaneverticalpositionw.r.t. ground.

iii.) Outer Marker: - It stands in the same line with localizer and the runway center line four to
seven miles before the runway. When the aero plane approaches the runway from the right
direction it gives a signal by blinking the outer marker line.

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

v.) Inner Marker: - It is present in the runway when the aero plane touches the runway and stands
over it. The receiver blinks the light of inner marker.

vi.) Approach Light: - It includes medium or high intensity system for both inside and outside the
aero plane.

@NAVSAT:-

» NAVSTA stands for Navy-Navigation Satellite System. Itis developedby USA in 1967 to monitor the
military activities and guiding of aero plane & warship. Satellite system means finding out the position
ofan object fromdifferent angles through satellite placed artificially.

B Concept&Feature

NASAT uses the Doppler shift of radio signal transform satellite to measure the relative velocity

betweenthesatelliteand navigatorbyknowingthe satelliteorbit positionthe navigatorpositioncanbe

determined from the time rate of change of rate to the satellite.

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 operating in the system.

Generally four satellite can make the constellation and another one is used as a spare to find out the

position ofa navigator at least information for four satellite taken.

Each satellite contain receiver to receive the compound from the ground well equipped decoder and

memory, control circuit encoder to transmit digital data to phase modulation, ultra stableSHzoscillator
and a 1.5W transmitter to broadcast the carrier frequencyofl50MHz to 400MHz.




@GPS(Global Positioning System):-
» GPSstandsforglobal positioningsystem whichis
started in 14™ Feb. 1989.
» AGPSsystemhas threesegments.
= SpaceSegment
= ControlSegment
= UserSegment
Space segment:-
In space segment system it contains 24 operational
satellite which are revolving around the earth in 6"
different orbit there are used an spare and there are
arranged in such a manner at leastfour satellite are in
view to an user at anytime on a worldwide base.
Out of four satellites three are for dimension one for
time.
GPS Satellite Transmits Pseudo Random Noise CONTROL SEGMENT USER SEGMENT
(PRM) frequencywithcars acquisitionand precision
code.ThiscanbeachievedbyCDMA processtoidentify transmitaparticularprovidingaunique PRM
number.
Control segment:-
It includes a master controlstation & number ofmonitory& generalantenna allocated throughout the
world. Theyare all interlinked & allthe information received is processed bymaster controlsystem.
After calculationofaccuracymaster controlsystemit istransmittedto theantenna bywhichaposition can
identify through satellite.
User Segment:-
User segment contain high, medium and low receiver the user equipment is so designed so that it
receives the signal and process allat a time or sequentiallythen the processer converted signal into 3-
dimensaonal navigational information.
@FOUR STEPS FIND THE POSITION:
» Measuringtraveltime ofsatellitesignal.
» Measurementofdistancefromsatellite.
» Measurementofpositionofsatellite.
> Trilateration.

QLIMITATION OF GPS
Line-Of-Sight Essential — Signal cannot pass through building, it happens in urban area, i.e. Sydney
citycircle.
Longpositiontime—Around15minutes, dependsonhowaccuracy.
Battery- Run out ofthe battery in GPS receiver,sincelong calculation time,4 AA batteries can last for 4
hours only.
Needimprovement?CellularNetwork!
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[CHAPTER-III]
~o--w-0-FIBER OPTICS COMMUNICATION SYSTEM- o8-

Fiberopticsisabranchofsciencewhichdealswiththestudyofpropagationoflightthroughtransparent dielectric
medium such as optical fibers.
Fiberoptics is a relative new technology that used to transmit television,voiceand digital data signal by light
waves over flexible hair like threads of glass and plastic.
Opticalfiber is themediumin whichthecommunicationsignals aretransmittedfromonelocationtoanother in the
form of guided light.
Thissignalcanbevoiceinformation,datainformation, videoinformationandanyother information.
Theprocessofcommunicatingusingfiberopticsinvolvesthefollowingbasicsteps.
I.  Creatingtheopticalsignalalongthefiber.
Il.  Relayingthesignalalongthefiber.
1. Ensuringthatthesignaldoesnot becometodistortorweak.
IV.  Receivingtheopticalsignal.
V.  Convertingitintoelectricalsignal.

@
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[ Simple Block Diagramof a FOCS ]

EADVANTAGE

» Attenuationina fiber is lower thanthat of coaxialcableor twistedpair andis constant over a very widerange. So
transmission within wide range distance is possible without use of repeaters.
Smallersizeandlighterweight.Sothatitoccupymuchlessspace.
DuetoElectromagneticlsolationthesystemisnotvulnerable(risk)tointerference,impulsenoiseorcross-talk.
Fiberopticalcablehasmuchgreaterbandwidththancopperwire.
Fiberopticcableislesssusceptibletosignaldegradationthatcopper wire.
Datacanbe transmitteddigitallyandDatarate ismuchhigher.Asforexample the datarate is2Gbpsover
somekilometers incaseoffiber optics whereasfor coaxial/twistedcableit isaboutlMbpsover onekilometer.
Lowerpowertransmittercanbeusedinsteadofthehighvoltageelectricaltransmitterusedforthecopperwire.
Becauseofnoelectricityispassedthroughopticalfiberitisnonflammableandimmunetolight.
Nocross-talkinopticalfibers andhencetransmissionismoresecureandprivateasitdifficulttotapintofiber.

EDISADVANTAGE

» Fiberopticsisthecableswhichareexpensivetoinstallation.

» Theterminationoffibercableiscomplexandrequiresspecialtools.

» Theyaremorefragile(easilybroken)thanco-axialcable.

EAPPLICATIONS
UsedinVoiceCommunications. (Inter-Office, Intercity, Intercontinentallinks etc)
VideoCommunications.(TVBroadcast,CableTelevision,RemoteMonitoring, WiredCity, Videophonesetc)
DataTransfer(InterOfficeDataLink,Local AreaNetwork,SatelliteGroundStations, Computersetc)
Internet(Email, Accesstoremoteinformation,VVideoConferencingetc)
SensorSystem(PointSensor, DistributedSensor,SmartStructure,Roboticsetc)
Also it used in other indirect fields like Entertainment(HDTV), Power System, Transportations, Health Care
(Endoscope),MilitaryDefence(GuidedMissile),BusinessDevelopments(CAD/CAM), Educations(CCTV)etc.
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[ Block Diagram ol a Fiber Optics Comm. System ]

The block diagram of FOCS contains fallowing components. Light Signal, Transmitter, Optical Fiber, Photo
DetectingReceiver, CableSplices, Connector, Regenerators, BeamSplitters andOptical Amplifier etc.

Modern fiber optics communication system general includes an optical transmitter to convertanelectrical signal
to an optical signal to send into the optical fiber.

In this section the electrical signal is converted into optical signal with the help of light source and associated
circuit. We use light sources like semiconductor LED or LASER diodes since their light output can be
modulated rapidly by simply varying the bias current at the desired transmission rate.

Opticalfiber cables arethemediumfor thetransmission ofsignal. It carries thedata,audio or video information in
the form of optical signal. The cable containing bundles of multiple optical fiber that is routed through
underground and buildings.

An optical receiver is used to recover the signal as anelectrical signal. The information transmitted in typically
digital information generated by Computer, Telephone System or Television Company.

In the receiver section a photo diode is there which treated the weakened optical signal and convert it to
electrical current referred to as photo current. This photo current in the form of electrical signal is amplified by
theamplifier.

The signal restored will produce the required form of the signal at the output. Cable splices are used to joint
between the two fiber optical cables.

Connectors are connected just the end of the transmitter and receiver to connect with fiber optics cable. Its
construction is more complex than that of splices. Beam splitter or optical couplers are used to split the optical
signal into different parts for different communication system.

Different type of optical amplifier is there to amplify the optical signal. Regenerators are used for restoring the
signal shape characteristic.

In a long distance transmission the degradation of optical signal takes place so to restore the signal shape
characteristic over a longdistanceregenerators areused. This is mainlyusedunder sea where thelongest cables
areemployed.
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Optical Fiber Cable Construction:-

Optical fibermay be produce with good stable transmission characteristic in long lengths at a minimum cost
and with maximum reproducibility.

The range ofoptical fibertype with regards to size,refractive indices,operatingwave length,materialetcis
available in order to fulfill many different system applications.
Thefibermaybeconvertedintopracticalcablewhichcanbehandledinasimilarmannertoaelectrical transmission cable
without any problem.

For transmission pointof view itis clearthat a variation of refractive index inside the optical fiber(Core and
Cladding) is thefundamental necessity in thefabrication of fiber for light transmission.

Hence atleasttwo differencematerialswhich are transparentto lightoverthe currentoperating wave length range
are required.

In practice thesematerialmustexhibitrelatively low practical attenuation and theymusttherefore have low
intrinsic absorption and scattering losses.

A number of organic andinorganic insulating substances areusedto meet these conditions. Wechose suitable
materialfor thefabricationof opticalfibers toeither glasses or glass likematerial& monocrystallinestructure.

It is usedfullinthecaseofgradedindex fiber that therefractiveindex ofthematerial maybevariedbysuitable doping
with another compactable material.

This is only achieved in glasses orglass like material and therefore mono crystalline material are not suitable
for thefabrication o graded index fiber but may beused for step index fiber.

It is clear that glasses exhibit thebest overall low lossoptical fiber. Therefore it is used almostexclusively in the
preparation of fibers for telecommunication application.

Structure of Optical Fiber:-
Theworkingofopticalfiberisbasedontheprincipaloftotalinternalreflectionoflight.

Thepossible of light being guided through narrowjet of a communication systembased on the propagation of
light with in a cylindrical wave guided called optical fiber.

The lightentering atone endofthe fiberhasto travelsthrough theentire length andenergy atthe otherend without
much loss.

Jacket Cladding ‘ Core )
fm—

Opticalfiberconsistsofthreesectionsuctlajructure of Optical Fiber]

. CORE :
Il.  CLADDING Secondary Jacket

Im.  JACKET
The CORE of an optical fiber is a hair thin
cylindrical fiber of glass any transparent dielectric
material like plastic. The Core is coated with a
layer of material with lower refractive index this
layer is called CLADDING.
The coreandcladdingtogetherguideoptical
energy along the axis of fiber.
The corediametergenerally5-100micronwhile the
cladding diameter is around 125 micron.
Forgreaterstrength and protection of fibera soft
plastic coatingorouter cover whichis primary
whichdiameterisaround250micronisusedcalled]JACKETol KRiRBarSepideeat View of Optical Fiber]
This is oftenfollowedbyanother layer of hardprotective material whichis knownasSECONDARYJACKET. The
entire unit is remaining flexible for use.
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Propagation of Light in Optical Fiber:-
InfreespacethelightwavetravelsatspeedC=3x10®N/suponenteringtoadielectricandnonconducting mediumthe
wave nowtravels at a speed ‘V’ and is less than that of ‘C’.
Theratio of speed o light in vacuumto thatof in ametal is known asRefractive Index of the material and is
given by

TypicalvaluesofRefractivelndexisgivenby
n=1forAir,n=1.33forWater,n=1.50forGlass,n=2.42foeDiamondetc.

When a light ray encounters a boundary separating A
twodifferent media, part of therayhas reflectedback in
to the 1% medium. Then the remainderis bending or
refracted as it enters to the second material.
The bending or refraction of light ray at the interface
as a result of difference in the speed of light in two
materials that have different refractive indices.
The relationship at the interface is known as Snell’s 0
Law and is given by

N
NS
y

n1Sin®1=n; Sin®;

=>n1 Sin(90-61)=n2 Sin(90-6>)

= | n1CosH1=n, CosO,

\ 4

Theanglegbetweentheincident rayandthenormal to
the surface is known as Angle of Incident.
According to theLaws of Refraction theincident angle “0” at which the incident ray strikes to the interface is
exactly equal to the angle that the reflected ray makes with the same interface.
Inadditiontheincidentraysthenormaltotheinterface andthereflectedrayallliesonthesameplane.
Asniisgreaterthannstheangleofrefractionisalwaysgreaterthanthatofangleofincident.

If theangleof incident ¢ is increaseda point will eventuallyreached wherethelight rayinair is paralleltothe glass
surface. This point is known as Critical Angle(¢.) of the incident.

Thevalueofcriticalisgivenby

Sinfc=N2/N1=»0c=Sin"}(N2/N1)

N,<ny

When0:=90°thenSin90°= na/ni=1=»nz=n;.
Sowemustchoosetheangleofincidencelessthan90°.

When the angle of incidence is greater than that of the
critical angle. The light is reflected back into the medium <
and is known as Total Internal Reflection. n,

[No Refracted Ray]
P, = 90°

\ 4

Acceptance Angle:-

Any ray which areincidenceinto thefiber coreat anangle
greater than Oa will be transmitted to the core cladding
interfaceat anangleless than‘d.’ will not betotal internal
reflection. v

\Y
S
k D,>D_

[ Total Internal Reflection of Light; When ®,>®_]

[Light Propagation in Optical Fiber]

|
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[ Light Propagation in Optical Fiber when ®,> @] [Propagation Mcchanism for in an Ideal Step-Index Fiber] -§

Fromtheabovefiguretheincidentray‘B’atananglegreaterthanfaisrefractedintothecladdingandis eventually loosed
by the radiation.

Thusforraysto be transmitted by total internalreflectionwithin the fibercore,theymustbe incidenton the fiber
corewith in an acceptanceangle and is also defined by Conical Half Angle (6a).

Hencefais the maximumangletotheaxisat whichlightmay entertothefiberin ordertopropagatefullyand is refer as
acceptance angle for the fiber.

Bissometimereferasmaximumortotalacceptanceangle.

Itmay be noted thattheoutputangle to the axiswillbeequaltothe inputangle forthe ray assuming the ray emerges
in to a medium o the same refractive index from which it was input.

NUMERICAL APERTURE:-

Itispossibletocontinuetheraytheoryanalysistoobtainarelationbetweentheacceptanceangleandthe refractive
indices of the three medium involve such as core, cladding and air.
Thisleadstothedefinitionofamoregenerallyusedtermthat theNumerical Apertureofthefiber.

Thefigure of the next pageshows alight rayincidenton thefibercoreat ananglef:to thefiberaxiswhich is less than
the acceptance angle for the fiber 0a.

Theray enters to thefiber froma medium(Air) that therefractive index ‘no’ andthefiber refractive index ‘ny’
which is slightly greater than the cladding refractive index ‘nz’.
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» NowapplyingSnell’slawattheinterface
soorony " o S
=> Sin6,=Sin(1/2—})=Cosd

S0,neSinf:1=n1Cosdp 1)
>noSinf1=ny(1- Sin?gp)"2 3
» When limiting case for the total internal

reflection is consider ¢ becomes to the
critical angle for the core cladding interface

(dbc) also in this limiting 61 becomes the n, Cladding
acceptance angle (6¢) for the fiber.
» Combining these limiting case, equation(2) [Propagation Mechanism for Numerical Aperture]
becomes,
NoSinBa=n1(1-Sin?dy)*? 2>  noSinBa=n1[1-(n2/n1)?]Y? {AsSindc=ns/n:}

NoSinBa= (ny?-n?)%2
» This equationrelates theacceptanceangletotherefractiveindices serves for thebasicdefinitionof opticalfiber

parameter i.e. Numerical Aperature.
» HencetheNumerical Aperatureis givenby NA=(n:2-n,2)2

» Sincenoisoftenusedforairwhosevalueisunity.SotheNumerical AperatureissimplyequalstoSin©..
» Numerical Aperaturemay also be givenin termso Relative refractive indexdifference (A) between the core and
cladding which is denoted as

A =(n?- n?)/2n? > 2n?A=(n?-n?)
1 2 1 1

1

2 17

1 2

Thus, NA=N;
ThisrelationshipfortheNAisveryusefullmeasureoflightcollectiveabilityofthefiber.
MODES OF PROPAGATION:-
Propagation of light along an optical fiber can be described in terms of a set of guided electromagnetic waves
called the MODES.
» Eachguided modecorresponds toa patterns of electric andmagnetic fielddistributionthat is repeatedalongthe fiber

at regular intervals. Only a certain discrete number of modes or patterns are capable of propagating along
thefiber.
» For monochromic light the amplitude of a mode traveling along the fiber axis (say the +ve z-direction) is
represented as
¥(z,H)=A™P? Wherew=2nvandpisthez-componentofpropagationvectork=2m/Ainz-direction.

Y & V

» For guided modes, B can have only certain discrete values that satisfies the maxwell’s equationand the boundary
conditions. These modes are identified by solving maxwell’s EM wave equation under the boundary condition
of the wave guide surface.

» Themodescanalsobevisualizedbyraytracingmethod.

» A guided mode travelling along the fiber can be regarded to be assembly of a group of plane waves along the
axis with a common wave front.

» Sincewithanyplanewavecanassociatea light raythatis normalto thewavefront ofthewave, group of waves
corresponding to a particular modefroma set of raycalled a Ray Congruence.

» Each ray of this particular group is incident at the core cladding interface at the same angle. Note that any ray
that satisfies the condition (6 > 6c) can be transmitted in the fiber yet the constant phase condition is satisfied
only in limited cases. i.e. therewill belimited number of ray congruence or modes.

|
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Theorder of the mode m, is linked to theanglethat the ray congruence makes with thefiber axis at thepoint of
incidence. In order that the mode rays satisfy the condition, 6 > 0c¢ and also converge is in the same phase, the
path difference AP = mA

Where m is an integercalled the Mode Number. Note that the phase change on reflection should be included
in compating AP.
Through thepath differencebetween meridional rayand skewrays is largeyet thephaseshould bethesamefor
transmission to be possible.
Theangledpwhichamoderaymakeswiththewallofthefiberisgivenby

Sin(bz(mllz/d) <1,where(6+d)=90°, A=Wavelengthoflightused&d=FiberDiameter.

Through a distinct mode is available with any integer value of m, number of modes are limited as Sin 6 cannot
exceed unity for low value of m, value of ¢ is low.

On the other hand the value of ¢ is more for higher order modes are due to steeper incident ray. What happens
for ¢ = 90°the wavefront bounles back andforth fromboththe walls without advancing alongtheaxis.

Core

m=1

Claeieling

[ Mode Informationin Step Index Fiber ]

ClaeelinE

[ Mode Informationin Graded Index Fiber ]

When the fiber is very thin, the ray with a single low value of ¢ i.e.grazing incidence can enter into the fiber
thesteeper ray with high value of ¢ will not enter into thefiber.

This is a monomode transmission if the core diameteris large, angle of incidence can change over a range and as
such multimode transmission is possible as shown in figure above.
Meridional Rays and Skew Rays:-

Therayspropagatingthroughanopticalfibercanbedividedintotwogroups. Theyare
a) MeridinalRays
b) SkewRays




Page-22-

MeridinolRays:-

The rays said to be Meridinal if all of them comprising amode pass through the longitudinal of z-axis o the
fibercore,they are confined to asingleplanewhich contain theaxiso symmetry in below figureand therefore it is
easy to trace its path in the fiber.

SkewRays:-

The skew rays can propagate without passing through the axis of the fiber they are not contained to asingle
plane but fallow a spiral or helical path due to reflection in different segment down to the fiber core in figure
below. It is difficult to track the pathof skew rays in the fiber.

Cladding

Cladding
[ Helical Path Followed by a skew ray in an Optical Fiber ]

The point of emergency of the skew rays from the fiber in air \
depends on the number of reflection they undergo rather than the
input condition of the optical fiber.
Somemode ofpropagationinvolvingskewraysproduces lossdue to
leakage and radiation. But it has certain advantage too.
Even when the light input to the fiber is not uniform the output
will be quite uniform because the skew rays will havea smoothing "
effect on the distribution of transmitted light. n2-Cladding
Another advantage feature of the transmission of the skew rats in
that the effect numerical aperture will be greater than that for
Meridinal rays. € . _
ClassificationofOpticalFiber:- Cladding Radiusf =h a=Core Racliius
Therearetwomethodsofclassification [ Refactive Index of  Sicp i Fiber]
1. AccordingtoModeCapacity r
2. AccordingtoCoreRefractivelndex

ClassificationontheBasisofMode:- : n1-Core

A. MONOMODEFIBER:-TheMonomodefiberallows  only
one mode to propagate and hence this name fiber of this
type have very small core diameter ~ 2 to 10 micron. “

MULTIMODE FIBER : - The core diameter is more than n2-Cladding
50micron. Because of large diameter, It allows many
modes to transmit through the fiber.

Classification on the Basis of <

CoreRefractive Index:- Cladding Radius=b T a=Core Radius
. . . [ Relraclive Index ol & Graded Index 1'1ber]
A. STEP INDEXFIBER: -Instep index fiber thecorehas unifornuernacuvenuex i, unougnns curesecuun anu

the cladding also has slightly less but uniform refractive index nithrough its cross section. The refractive
index profile, the figure shows a step like structure.

. GRADED INDEX FIBER:-Refractiveindex ofthecoreis non-uniformbeingmaximumalongtheaxialand
gradually decreases towards the core-cladding interface. The cladding refractive index np, however is
uniformthe variation of refractive indexof thecoren with distance‘x’ measurefromtheaxis.




% Advantage and Disadvantage of Optical Fiber:-
» Communicationthroughplasticfiberorglassfiberhasseveral Advantagesovermetallicconductor.
1. ADVANTAGES:-

4 Ithaswiderbandwidth(10000-40000 GHz).

4 Ithashigherinformationcapacityhavinglessresistance. It

4 can transmit several G byte/sec with less resistance.

4 Iteliminatescrossfalk.

4 Iteliminatesstaticinterference.

4 Iteliminates environmentalresistanceanditisnot effectofweatherchanges. It

4 can be operated at thin temperature.

4 Opticalfibercablesaresaferandeasiertoinstall. It is

L easy to storage due to flexibility in nature.

4 Iltislowertransmissionloss.

4 Itismoresecurethenmetalliccable. It

4 has higher durability.

4 Theseareeconomicinnature. It

4 s easy to transport.

4 Thesearecompactinsize.

2. DISADVANTAGES:-

4+ Opticalfiber cablerequires specializetoolandtest equipment.

4 Therepairingcostofopticalfiber ishigher thanmetalliccable.
Electromagnetic Frequency and Spectrum:-
Theelectromagneticfrequencyspectrumcontainssubsonicfrequencytocosmicrayfrequency(10%).
Thelightfrequencyspectrumisdivided intothreebands:-

INTRARED:

These arethelight which to have length in between Optical fibersystem generally operated inthe entire range or
band.

VISIBLELIGHT:

Thewavelengthbetween390x10°m-770x10°mis knownasvisiblelightwhichisvisibletohumanbeing.
ULTRAVIOLET:

WavelengthlONMtt390NMtwhicharenotvisiblehumanbeing.Whendetailingwithhighfrequency the calculation are
mode by the equation

\=C -
1 Where?»zwavelength, C=velocityoflight, f=frequency

LED(LIGHT EMITTING DIODE):-

LED stands for Light Emitting Diode. These types of diodes are created by combination of a trivalent or
pentavalent material withsome othermaterial to producelight in different colour.

WORKINGPRINCIPLE:-

When these diodes are forward biased there is a process of recombination takes place due to which the free
electrons release some energy in the form of light. The materials are so chosen that it creates a proton which is
radiated by changing the energy gap and by adding some other materials different visibleand invisiblelight are
produced.

LEDsaretwotypes.HomojunctionLED,HetrojunctioLED.

INJECTION LASER DIODE(ILD):-

It is constructed from either gases, liquid or solid. It is similar to the LED but at a specific threshold current it
gives oscillations.

As current passes inforwardbiasedPM junction light emitted inspontaneous formwitha determinedfrequency but
wherethethresholdcurrent reaches the minority carries dueto whichan oppositetype of carrier is produced
therefore these two different type of protons are stimulated by each other creating a huge light withhuge current.
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Theconstructionis sameas LEDbutthesearepolished attheend. Inthis process twoprotons arecreated oneis
stimulated by other which creates more protons.

Thepolished ends behavelike mirror andtrap theprotons andstimulatefree electrons torecombine with holes at
higher energy level which is known as Lasing.
Afterthethresholdcurrenttheenergyincreasessuddenlyduetolasing&itis dependentuponthetemperature.

PIN Diode:-

ItisadepletionlayerphotodiodePIMstandsforP-typeintrinsicN-typediode.
Itisusedtodefectlightenergyinopticalfibercommunicationsystem.

AverylightlydoppedN-typesemiconductor is sandwichedbetween twoPandNtypeheavily dopped
semiconductor.

There is a small window over the  pathwhichreceivesthelight or protonenergy. Thisis modesothickthatit can
observe all the proton energy.
TheProtonenergyisobservedbythevalanybandelectronsofintrinsicsemiconductorandmakeitafree electron
allowing current to flow through it.

The currentdepends upon the numberof photon energy.Generally silicon materialsare used forthistype of diode
construction.

LASER:-

LaserstandsforLightAmplificationStimulatedEmissionofRadiation.
Itdealswiththetechnicalconcentrationoflightintoaverysmallandpowerfulbeam.
ItwasdevelopedbyH.Maiman.
Therearefourtypesof LASER.
I.  GAS
1. LIQUID
I, SOLID
IV.  SEMICONDUCTOR
A active medium is taken from which laser is emitted. The active medium is polished for 100% internal
reflectionexceed oneside. Apower source is connectedover the medium. Aflashtube witha trigger is usedto brust

light. Due to continuous flashes the ionization increasing creating lasing and after some period again they are
grounded releasing protons.

The protons strike other electrons and atoms creating a numberof proton packs by which they try to escape
fromthe material and they escape fromthe material and escaped fromunfinished part.

Wave Length Division Multiplexing(WLDM):-

Wavelengthdivisionmultiplexingissimplyknownwavedivisionmultiplexing(W.D.M).
Inthistypeoftechnologytransmissionofmultipledigitalsignalscanbemadeindifferencewavelength without any
interference.

Using W.D.M anumberof optical signal can be transmitted at atime by asignal fibercable at the same time with
different wave length or frequencies.
Transmittedinthesamemediumindifferentpathsonlyandatthereceivingsection. Theyarereachedat different time
interval.

Thewavelengths arecreateddependinguponthecolarandcombinationofthesecanbetransmittedby multimode step
index profile creating paths for individual colour.

"
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[CHAPTER-II]
...... oo DA TELLITE  COMMUNICATION -t

Satellite Orbital patterns and Elevation(LEO,MEO&GEO)Categories

Theuseofsatellitesasplatforms forremotesounding is basedonsome veryfundamentalphysics. Newton's
Laws of Motion and Gravitation (1686)

—Thebasis for classicalmechanics
Laws of Motion:

(1) Everybodycontinues initsstateofrestorofuniformmotioninastraight lineunless it iscompelledto change
that state bya force impressed upon it.

(2) The rateofchange ofmomentumis proportionaltothe impressed forceand is inthe samedirection as that
force. Momentum = mass x velocity, so Law (2) becomes

F-:d(mv) dv 3

m— =
dt dt
(3) Foreveryaction,thereisanequalandoppositereaction.
Law of Gravitation: Theforceofattractionbetweenanytwoparticlesis
* Proportionaltotheirmasses

» Inverselyproportionaltothesquareofthe distancebetweenthem

_ Gm,m,

r2

F

(Treatingthemassesaspoints)
WhereG=gravitationalconstant=6.673x10-11Nm2/kg?2

These laws explain how a satellite stays in orbit.
Law (1): A satellite would tend to go off in a straight line if no force were applied to it.
Law(2):Anattractive force makesthesatellite deviatefromastraight lineand orbit Earth.

Law of Gravitation: This attractive force is the gravitational force between Earth and the satellite.Gravity
provides the inward pull that keeps the satellite in orbit. Assuming a circular orbit, the gravitational force
must equal the centripetal force. 5

mv® Gmmg

2

Where r r

v=tangential velocity

r=orbitradius= Re+h(i.e.notthe altitudeoftheorbit)
Re=radius ofEarth

h=altitudeoforbit =height aboveEarth’ssurface m =
mass of satellite

me=massofEarth
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|Gme
Voo Sovdependsonlyonthe altitudeoftheorbit(notonthe satellite’smass).
Theperiodofthesatellite’sorbitis

SV =

S P S S L
v \ Gm, | Gme

Again,thisisonlydependentonthealtitude,increasingastheorbit’saltitudeincreases.

AV / V2

v r oo At

Theaccelerationofthesatelliteisdeterminedusing

( Vv
m

Kepler's Laws for Orbits

So far, we have assumed that satellites travel incircular orbits, but this is not necessarilytrue inpractice.
Newton’s Laws can be used to derive the exact formofa satellite’s orbit.

However,asimplerapproachistolookatKepler’sLaws,whichsummarizetheresultsofthefull
derivation.Kepler’sLaws(1609for1,2;1619 for3)werebasedonobservationsofthe motionsofplanets.

(1) Allplanetstravelinellipticalorbits withtheSunatonefocus.

—definestheshapeoforbits

(2) TheradiusfromtheSuntothe planetsweepsoutequalareasinequaltimes.
—determineshoworbitalpositionvariesintime

(3) Thesquareoftheperiodofaplanet’srevolution isproportionaltothe cubeofitssemimajoraxis.
—suggeststhatthereissomesystematicfactoratwork

Forsatellites, substitute“satellite”forplanet,and“Earth”forSun.

ORBITAL ELEVATION(LEO,MEO&GEO)CATEGORIES

LEO Basics (L ower Earth Orbit)

WithLowEarthOrbitextendingfrom200 kmto1200 kmit means that it is relativelylowinaltitude, althoughwell above
anything that a conventional aircraft can reach.

However LEO is still veryclose to the Earth,especially when compared to other forms of satelliteorbit
including geostationary orbit.
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Theloworbitaltitudeofleadstoanumberofcharacteristics:

Orbittimes aremuchless thanfor manyother forms of orbit. Thelower altitudemeans higher velocities are
required to balance the earth's gravitational field. Typical velocities are very approximately around 8 km/s,
with orbit times sometimes of the order of 90 minutes, although these figures vary considerably with the
exact details of the orbit.

The lower orbitmeans the satellite and user are closer together and therefore path losses a less than for other
orbits such as GEO

The round trip time, RTT for the radio signals is considerably less than that experienced by geostationary
orbit satellites. The actual time will depend upon factors such as the orbit altitude and the position of the
user relative to the satellite.

Radiationlevelsarelowerthanexperiencedathigheraltitudes.
Less energyisexpendedplacingthesatellitesinLEOthanhigherorbits.

Some speed reduction may be experienced as a result of friction from the low, but measurable levels of
gasses, especially at lower altitudes. An altitude of 300 km is normally accepted as the minimum foran orbit
as a result of theincreasing drag fromthepresence of gasses at lowaltitudes.

Applications for LEO Satellites

A variety of different types of satellite use the LEO orbit levels. These include different types and
applications including:

Communicationssatellites-somecommunications satellitesincludingthelridiumphonesystemuseLEO.

Earth monitoring satellites use LEO as they are able to see the surface of the Earth more clearly as they are
not so far away. They are also able to traverse the surface of the Earth.

The International Space Station is in an LEO that varies between 320 km (199 miles) and 400 km (249
miles) abovetheEarth's surface. It can often beseen fromtheEarth's surfacewiththe naked eye.

ics(Midd] h Orbit

A medium earth orbit (MEO) satellite is one with an orbit within the range froma few hundred miles to a
fewthousand milesabovetheearth'ssurface. Satellitesofthistypeorbit higherthan lowearthorbit (LEO)
satellites, but lower than geostationary satellites.

TheorbitalperiodsofMEOsatellitesrange fromabouttwoto12hours. SomeMEOsatellitesorbit innear perfect
circles, and therefore have constant altitude and travelat a constant speed.

Other MEO satellites revolve in elongated orbits. The perigee(lowest altitude) of anelliptical-orbit satellite
is much less than its apogee (greatest altitude). The orbital speedis much greater near perigeethan near
apogee.

As seen from a point on the surface, a satellite in an elongated orbit crosses the sky in just a few minutes
when it is near perigee, as compared to severalhours when it is near apogee.

Elliptical-orbit satellites are easiestto access near apogee, because the earth-based antenna orientation
doesnot have to be changed often, and the satellite is above the horizon for a fairly long time.
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A fleet of several MEO satellites, with orbits properly coordinated, can provide global wireless
communication coverage. Because MEO satellites are closer to the earth than geostationary satellites,
earth-based transmitters with relatively low power and modest-sized antennas can access the system.

Because MEO satellitesorbit at higher altitudesthan LEO satellites, the usefulfootprint (coverage area on
the earth's surface) is greater for each satellite. Thus a global-coverage fleet of MEO satellites can have
fewer members than a global-coverage fleet of LEO satellites.

One verypopular orbit format is the geostationary satellite orbit. The geostationaryorbit is used by many
applications including direct broadcast as wellas communications or relay systems.

The geostationary orbit has the advantage that the satellite remains in the same position throughout the
day, and antennas can be directed towards the satellite and remain on track.

This factor is of particular importance for applications such as direct broadcast TV where changing
directions for the antenna would not be practicable.

It is necessary to take care over the use of the abbreviations for geostationary orbit. Both GEO and GSO
are seen, and both also used for geosynchronous orbit.

GEO (Geostationary Earth Orbit)

The idea of a geostationary orbithas been postulated for many years.One of thepossible originators of the
basic idea was a Russiantheorist and science fictionwriter, Konstantin Tsiolkovsky.

However it was Herman Oberth and Herman Potocnik who wrote about orbiting stations at an altitude of
35 900 kmabove the Earth that had a rotational period 0f24 hours making it appear to hover over a fixed
point on the equator.

The next major step forwards occurred whenArthur C Clarke, the science fiction write, published a serious
article in Wireless World, a major UK electronics and radio publication, in October 1945. The article was
entitled "Extra-Terrestrial Relays: Can Rocket Stations Give World Coverage?"

Clarke extrapolated what could be done withthe Germanrocket technologyofthe dayand looked at what
might be possible in the future. He postulated that it would be possible to provide complete global
coverage with just three geostationary satellites.
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The Concept of Geostationary Satellite , calculate its height, velocity &round trip
time delay & their advantage & disadvantage over other system

Geostationary Orbit basics

As the height of a satellite increases, so the time for the satellite to orbit increases. At a height of 35790
km, it takes 24 hoursfor the satellite toorbit. This type oforbit is knownas a geosynchronous orbit, i.e. it is
synchronized with the Earth.

One particular form of geosynchronous orbit is known as a geostationary orbit. In this type of orbit the
satellite rotates in the same direction as the rotation of the Earth and has an approximate 24 hour period.
This means that it revolves at the same angular velocity as the Earth and in the same direction and
therefore remains in the same position relative to the Earth.

In order to ensure that the satellite rotates at exactly the same speed as the Earth, it is necessary to clarify
exactly what the time is for the rotation of the Earth. For most timekeeping applications, the Earth's
rotation is measured relative to the Sun's mean position, and the rotation of the earth combined with the
rotationaround the Sunprovide the lengthoftime for a day. Howeverthis is notthe exact rotationthat we are
interested in to give a geostationary orbit - the time required is just that for one rotation. This time period
is knownas a siderealdayand itis 23 hours 56 minutes and 4 seconds long.

Geometry dictates thatthe only way in which an orbitthatrotates once perday can remain overexactly the
same spot on the Earth's surface is that it moves in the same direction as the earth's rotation. Also it must
not move northor southfor anyofits orbit. This canonlyoccur if it remains over the equator.

s of
rotation

¥

Ceoasync hronou s

Zenctatienary

Geostationaryorbitcanonly beovertheEquator

Different orbits can be seen fromthe diagram. As all orbital planes need to pass through the geo-centreof
the Earth, the two options available are shown.Even if both orbits rotate at the same speed as theEarth, the
one labelled geosynchronous will move north of the equator for part of the day,and below for the other
half- it will not be stationary. For asatellite to be stationary, itmust be above theEquator.

Geostationary Satellite Drift

Even when satellites are placed into a geostationary orbit, there are several forces that can act on it to
change its position slowly over time.

Factors including the earth's elliptical shape, the pull of the Sun and Moon and others act to increase the
satellite orbital inclination.
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In particular the non-circular shape of the of the Earth around the Equator tends to draw the satellites
towards two stable equilibrium points, one above the Indian Ocean and the other very roughly around the

other side of the World.. This results in what is termed as an east-west libration or movement back and
forth.

To overcome these movements, fuel is carried by the satellites to enable them to carry out "station-
keeping" where the satellite is returned to its desired position. The period between station-keeping
manoeuvres is determined by the allowable tolerance on the satellite which is mainly determined by the
ground antenna beamwidth. This will mean that no re-adjustment ofthe antennas is required.

Oftentheusefullifeofa satellite isdetermined by thetime for which fuelwillallowthestation-keeping to be
undertaken. Often this will be several years. After this the satellite can drift towards one of the two
equilibrium points, and possiblyre-enter the Earth's atmosphere. The preferred option is for the satellitesto
utilisesome last fuelto lift theminto ahigherand increasingorbit to preventthemfrominterferingwith other
satellites.

Geostationary Orbit Coverage

A single geostationary satellite obviously cannot provide complete global coverage. However, a single
geostationarysatellite can see approximately42% of the Earth's surface with coverage falling off towards
the satellite is not able to “see™ the surface. This occurs around the equator and also towards the polar
regions.
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Geostationarysatellitecoverage

For a constellation of three satellites equally spaced around the globe, it is possible to provide complete
coverage around the equator and up to latitudes of81° both north and south.

The lack of polar coverage is not a problem for most users, although where polar coverage is needed,
satellites using other forms of orbit are needed.

Height, velocity & round tript ime delay
HeightofGEOsatellitecanbegivenas
r(orbit radius)=Re(RadiusoftheEarth)+h

Round trip time delay is given as following
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Andthevelocitycanalsobegivenas

F = GMWMm/R=2
ZF=ma=m wR
GMmM/RZ=m wR=m (2TTI/TFR

GM/R? = (211/ TR

substitute;

G= 6.673 E-11 Nm#*kg?
T = 86400 seconds
M= 5.9736 E24 kg

and we get.

R = 4.2241727486054976303 E7 meters

If radius of earth Is 6371 km, helght of statloner Is 42242 - 6371 =
35871 km from surface.

v= (2m/T)R = (2m/86400) 4.2241727486054976303 E7

v=3071.91 m/s
Satellite frequency allocation and frequency bands.

What is Frequency Management

« Combination of administrative, scientific and technical procedures to ensure efficient operation of the
various radiocommunication services without causing harmful interference. It has national and
internationalaspects.

Allocation (of a frequency band): Entry in the Table of Frequency Allocations of a given frequency band
for the purpose of its use by one or more terrestrial or space radiocommunication services or the radio
astronomy service under specified conditions. This term shall also be applied to the frequency band
concerned.

Radio Frequency Spectrum

* Radio FrequencySpectrum(RFS) and associated satellite orbits, including Geostationary-Satellite Orbit
(GSO) are limited natural resources. Radio waves are defined as electromagnetic waves of frequencies
arbitrarily from3 kHz to 3000 GHz, propagated in space without artificial guide.

Radio frequency waves do not respect geographical boundary, and these cannot be confined to national
boundaries. Radio waves are susceptible to harmful interference and requires application of complex
engineering tools to ensure interference-free operation of various wireless networks.

The utilisationofradio frequencyspectrumisgoverned byinternationaltreaties, namely, the Constitution, the
Convention and the Radio
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Regulationsofthe Internationalelecommunication Union(ITU)aswellas bythe bilateralagreements between
two countries.

» All frequency bands are available for use in all countries, including India, in accordance with
international table of Frequency allocations and associated radio regulatory provisions.National Frequency
Allocation Plan forms the basis for development, manufacturing and spectrum utilisation activities in the
country.

Er ncyv All ions For 1i rvi r Fix

5925-6425MHzFORUP-LINK(C-BAND)
3700-4200 MHzFORDOWNLINK(CBAND)
6725-7075MHz FORUPLINK(UPPEREXTC)
4500-4800 MHz FORDOWNLINK(UPPER EXTC)
6425-6725MHzFORUPLINK(LOWEREXT-C)
3400-3700MHzFORDOWNLINK(LOWEREXT-C)
10.95- 11.2GHz(down-links)

11.45- 11.7GHz(down-links)
11.7-12.2GHz(down-links)(Region2only)
12.5-12.75GHz(down-links) (Regionlonly)
14.0-14.5GHz (up-links)

17.7-21.2GHz(down-links)

27.5-31.0GHz (up-links)

General structure of satellite Link system(Uplink,Downlink, Transponder, Crosslink)

DIGITA LSATELLITE UPLINK CHAIN

Digital data is sent to the modulator which takes the data and converts it into a modulated signal in the
Intermediate Frequency range (70-140 Mhz). The modulators use standards such as DigitalVideo Broadcast
to organize communication over the microwave link.

The Intermediate Frequency is piped to an "up converter" (usually via shielded coaxial cable) which mixes
the intermediate frequency with a higher frequency to produce a final frequency which carriesthe modulated
data.

Noise is removed from the signal via either a band pass filter or other means and then it is amplified in a
Klystron, Travelling Wave Tube or Solid State amplifier.

Thefinalcleanedsignalistransmitteddownthewaveguidetothedish.
The feed horn at the focal point of the dish emits the high frequency radio transmission, which the dish

focuses into a directional transmission at the satellite.

Computer data is sent through a serial cable to a modulator. The modulator takes the data and produces a
radio fregency from it. This frequency is usually in what is called the 'L-band' range (70-140Mhz). The
modulator passes the information over coaxial cable to an 'up converter', which convertstheradio frequency
from 'L-band’ up to microwave fregencies in the C, S, X, Ka, and Ku band ranges (frequencies above 1,000
Mhz). Once the final signal has been produced, it's amplified to increase its total effective output power.
Thesignal is thensent out a dish via thefeed horn.
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DOWNLINK CHAIN

Downlink is a telecommunication term pertaining to data which is sent out or downwards from a higher
level or portion of a network.

Traditionally, it refers to a satellite communications process where data is sent froma satellite down to an
earthbound terminal or device, hence the word "down."

It is also used in other fields of networking like cellular and computer networking, where it is used in a
similar manner but mayor may not involve the directional meaning ofup or down.

In satellite communications, downlink simply refers to the process when a satellite beams down
information toward earthbound terminals or devices. The opposite of this is uplink, where the satellite
receives data from an earthbound terminal.

Incellular networking, downlink can be seen fromthe user perspective as receiving some sort of message
or data. Acellular device or phone receives direct communication froma cellular base station.

An example of this is receiving a text message or an image from someone—that message is received the
through a downlink communication process.

The term is used in the same way in computer networking. Edgeterminals or nodes receive data fromthe
network core or from higher-level network nodes such as routers and servers, and is commonly known as
downloading. Therefore, the downloading of images and videos is done throughthe downlink process.
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TRANSPONDER

An earth station transmits information to the satellite. The satellite contains a receiver, which picks up the
transmitted signal, amplifies it and translates it to another frequency. This new frequency is then
retransmitted to the receiving stations back on earth.

The original signal being transmitted from the earth station to the satellite is called the uplink. The
retransmitted signal from the satellite to the receiving stations is called downlink. Usually the down link
frequency is lower than the uplink frequency. A typical up link frequency is 6GHz and a common down
link frequency is 4 GHz.

Input frequency Output frequency

Low noise Power
amplifier amplifier
Frequency coverage

limited to bandwidth
required to be received Local
oscillator

The transmitter—receiver combination in the satellite is knownas transponder. The basicfunction ofa
transponder is amplification and frequency translation.

The reason for frequency translation is that the transponder cannot transmit and receive onthe same
frequency. Transponders are wide bandwidth units so that they may receiveand retransmitmore than one
signal. An amplified, translated and receiver’s bandwidth will be amplified, translated and retransmitted
on a different frequency.

Eventhough the typical transponder has a wide bandwidth, it is only used with a single signal to
minimize interference and improve communications reliability. Most satellites contain multiple
transponders, each operating at a different frequency.

A typical communications satellite has 12, 2 or more transponders. Each transponder represents an
individual communications channel.

CROSS LINK

A crosslink is when satellites communicate directly with eachother, instead of communicating with a
ground stationwhich, inturn, communicates withother satellites. Frequencies that are quicklyattenutated
inthe atmosphere are commonlyused, making the link undetectable and unjamable fromthe ground.
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The operation of Direct Broadcast System(DBS)

Systems for transmitting television and other program material via satellite directly to individual homes
and businesses. Direct broadcasting satellite (DBS) systems operate at microwave frequencies,ina portion
of theKuband;in North andSouth Americathesesystemsoperate in thefrequencyrangel2.2—

12.7GHz.

Although direct broadcasting satellites had been operating in Europe and Japan for a number of years, the
first United States direct broadcasting satellite waslaunched on December 17, 1993, and the second in
July1994, followed byadditional satellites in subsequentyears.

DBS systems use a satellite in geostationary orbit to receive television signals sent up from the Earth's
surface, amplify them, and transmit them back down to the surface. The satellite also shifts the signal
frequency, so that a signal sent up to the satellite in the 17.3-17.8-GHz uplink band is transmitted back
down in the 12.2-12.7-GHz downlink band. The downlink signal is pickedup by a receive antenna located
atop an individual home or office; these antennas are usually in the form of a parabolic dish, but flat
square phased-arrayantennas are sometimes used, and mayeventually become commonplace.

AZ110 Broadcast Mndu!iﬁtor 7 ‘:‘ :
Wultiplexers i e —
AZZ10 Modulator Redundancy switch Set Top Box




Page-36-
The receive antenna may be permanently pointed at the satellite, which is at a fixed point in the sky, in a
geostationaryorbit.

It is difficult to build receivers to operate at the microwave downlink frequencies, so the signal from the
dish antenna is first passed to a downconverter, usually mounted outdoors on the antenna, that shifts it to
(typically) the 0.95-1.45-GHz band.

This signal is then conducted by cable to the receiver atop the television set. The receiver contains the
channel selector, as well as a decoder to permit the user to view authorized channels. The receiver is
connected byan additional cable to the television set

A typical direct broadcasting satellite contains 16 transponders, or amplifiers, the maximum permitted
under present regulations, each with a radio-frequency power output in the range 120-240 W. Twoor more
direct broadcasting satellites may be located at any of the orbital locations assigned to the United States,
for a maximum of 32 transponders.

DBS satellites in the United States typically use digital signals; a single 24-MHz satellite transponder can
carry an error-corrected digital signal of 30 megabits per second or greater. A wide variety of
communications services can be converted to digital form and carried as part of this digital signal,
including television, high-definition television (HDTV), stereo audio, one-way videoconference,
information services (such as news retrieval services), and digital data.

Modern digital signal compression technology greatly increases the capacity of a satellitetransponder.It is
possible to compress up to perhaps 10 television signals into the bandwidth of a DBS transponder,
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 average compression
factor for a DBS systemwilltypically be lower than 10. See Data compression

DBS systems, like all satellite systems operating in the Ky band, are subject to attenuation of their signals
byrain. The combinationofsatellite power and receive-dishantenna size is chosento enable receptionfor all
butthe heaviestrainfall periods oftheyear,corresponding to anoutage period ofperhaps 7h peryear at any
particular location. The DBS customer can further reduce this expected outageperiodby purchasing a
slightly larger dish antenna.

The operation of VSAT system.

VSATSystem

A very small aperture terminal (VSAT) is a small telecommunication earth station that receives and
transmits real-time data via satellite. AVSAT transmits narrow and broadband signals toorbitalsatellites.
The data fromthe satellites is thentransmitted to different hubs inother locations around the globeT.

VSAT end users have a box that acts as an interface between the computer and the external antenna 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 system. Each
end user is connected to this hub station through the satellite in a star topology. For one VSAT user to
communicate with another, the data has to be sent to the satellite.
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Then the satellite sends the data to the hub station for further processing. The data is then retransmitted to
theother user viaasatellite. The majorityofVSAT antennasrange from30 inchesto48inches. Datarates
typicallyrange from 56 Kbps up to 4 Mbps.
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VSATsaremost commonlyusedtotransmit:

Narrowband data. This includespoint of sale transactionssuch as creditcard, polling orradio-frequency
identification (RFID) data, or supervisory control and data acquisition (SCADA) data
Broadbanddata,fortheprovisionofsatellitel nternetaccesstoremotelocations, VoiceoverInternet Protocol
(VolP) or video

VSATSs are also used for transportable, on-the-move communications (using phased array antennas) and mobile
maritime communications.

Define multiple accessing & name various types.

MULTIPLE-ACCESSTE CHNIQUES

Cellular systemsdivide a geographic region into cellswhere a mobile unit ineachcellcommunicateswith a
base station. The goal in the design of cellular systems is to be able to handle as many calls as possible
(this is called capacity in cellular terminology) in a given bandwidth with some reliability. There are
severaldifferent ways to allow access to the channel. These include the following.

FrequencyDivisionMultiple-Access(FDMA)
TimeDivisionMultiple-Access(TDMA)
Time/FrequencyMultiple-Access
RandomAccess
CodeDivisionMultiple-Access(CDMA)

o Frequency-HopCDMA
o Direct-SequenceCDMA
Multi-CarrierCDMA(FHorDS)

As mentioned earlier, FDMA was the initial multiple-access technique for cellular systems. In this
technique a user is assigned a pair of frequencies whenplacing or receiving a call.
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One frequency isused for downlink (base stationto mobile) and one pair for uplink (mobile to base). This
is called frequency division duplexing. That frequency pair is not used in the same cell or adjacent cells
during the call. Even though the user may not be talking, the spectrum cannot be reassigned as long as a
call is in place.

Two second generation cellular systems (1S-54, GSM) use time/frequency multiple-access whereby the
available spectrum is divided into frequency slots (e.g., 30 kHz bands) but then each frequency slot is
divided intotime slots. Eachuser is thengivena pair offrequencies (uplink and downlink) and a time slot
during a frame. Different users canuse the same frequencyinthe same cellexcept thattheymust transmit at
different times. This technique is also being used inthird generationwireless systems (e.g., EDGE).

Code division multiple-access techniques allow many users to simultaneously access a given frequency
allocation. User separation at the receiver is possible because each user spreads the modulated waveform
over a wide bandwidth using unique spreading codes. There are two basic types of CDMA. Direct-
sequence CDMA (DS-CDMA) spreads the signal directly by multiplying the data waveform with a user-
unique high bandwidth pseudo-noise binary sequence.

The resulting signal is then mixed up to a carrier frequency and transmitted. The receiver mixes down to
baseband and then re-multiplies with the binary {+ 1} pseudo-noise sequence. This effectively (assuming
perfect synchronization) removes the pseudo-noise signal and what remains (of the desired signal) is just
the transmitted data waveform. After removing the pseudo-noise signal, a filter with bandwidth
proportionaltothe datarate is applied to the signal. Because other users do not use completelyorthogonal
spreading codes, there is residual multiple-access interference present at the filter output.

This multiple-access interference canpresent a significant problem if the power levelofthe desired signal is
significantly lower (due to distance) thanthe power levelofthe interfering user. This is called the near- far
problem. Over the last 15 years there has been considerable theoretical research on solutions to the near-
far problem beginning with the derivation of the optimal multiuser receiver and now with many
companies (e.g., Fujitsu, NTT DoCoMo, NEC) building suboptimal reduced complexity multiuser
receivers. The approach being considered by companies is either successive interference cancellation or
parallel interference cancellation.

One advantage of these techniques is that theygenerallydo not require spreading codes with period equal
to the bit duration. Another advantage is that they do not require significant complexity (compared to a
minimum mean square error-MMSE-detector or a decorrelating detector). These interference cancellation
detectors can also easily be improved by cascading severalstages together.

Time Division MultipleAccessing(TDMA) & its advantages & Dis-advantages.

Time division multiple access (TDMA) is a channel access method (CAM) used to facilitate channel
sharing without interference. TDMA allows multiple stations to share and use the same transmission
channel bydividing signals into different time slots.

Users transmit in rapid succession, and each one uses its own time slot. Thus, multiple stations (like
mobiles) may share the same frequency channel but only use part of its capacity.Examples of TDMA
include 1S-136, personal digital cellular (PDC), integrated digital enhancednetwork (iDEN) and the second
generation (2G) Global System for Mobile Communications (GSM).
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TDMA allows a mobile station's radio component to listen and broadcast only in its assigned time slot.

During the remaining time period, the mobile station may apply network measurements by detecting
surrounding transmitters in different frequencies.

This feature allows interfrequency handover, which differs from code division multiple access (CDMA),
where frequencyhandover isdifficult to achieve. However, CDMAallowshandoffs, whichenable mobile
stations to simultaneously communicate with up to six base stations.

TDMA is used in most 2G cellular systems, while 3G systems are based on CDMA. However, TDMA
remains relevant to modern systems. For example, combined TDMA, CDMA and time division duplex
(TDD) are universal terrestrial radio access (UTRA) systems that allow multiple users to share one time
slot.
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Advantages of TDMA:

TDMAcaneasilyadapttotransmissionofdata aswellasvoicecommunication.
TDMAhasanabilitytocarry64kbps to120Mbpsofdata rates.

TDMAallows the operator to do services like fax, voice band data, and SMS as wellas
bandwidth-intensive application such as multimedia and videoconferencing.
SinceTDMAtechnologyseparatesusersaccordingtotime, it ensuresthattherewillbeno
interference from simultaneous transmissions.

TDMA providesuserswithan extendedbattery life,sinceittransmitsonly portionof thetime during
conversations.

TDMAisthemostcosteffectivetechnologytoconvertananalogsystemtodigital.

Disadvantages of TDMA:

Disadvantage using TDMA technology is that the users has a predefined time slot. When moving
fromone cellsite to other, ifallthe time slots inthis cellare fullthe usermight be disconnected.
Another problem in TDMA is that it is subjected to multipath distortion. To overcome this
distortion, a time limit can be used on the system. Once the time limit is expired the signal is
ignored

CodeDivisionMultiple Accessing
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(CDMA) & ITS ADVANTAGES & DIS-ADVANTAGES.

Code division multiple access (CDMA) is a digitalcellular network standard that utilizes spread-spectrum
technology. This technology does not constrict bandwidth’s digital signals or frequencies but spreads it
over a fully-available spectrum or across multiple channels via division.

Thus, there is improved voice and data communication capabilityand a more secure and private line. The
CDMA digital standard is a leading communications network standard in North America andparts of Asia.
Qualcomm, a US-based wireless communications company, patented CDMA and commercialized this
technology.

CDMA technology was initially used in World War Il military operations to thwart enemy attempts to
access radio communicationsignals. Inthe early1990s, Qualcommintroduced the possibilityofusing the
same concept with publicly-available cellular network technology.

During this time, an alternative mobile networking arena digital standard gained traction, proving to be a
challenge to CDMAproponents.Despite adamant negativityand discouragement fromprominent industry
figures, CDMA’s supports successfullyconvinced these leaders to consider, use and eventuallyaccept the
newly introduced CDMA standard.

Simplified Block Diagram for CDOMA System
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Generator ™

Essentially, CDMA offers more airspace capacity than the time division multiple access (TDMA) based
Global System for Mobile Communications (GSM) standard. Furthermore, CDMA also uses less power.
Another advantage boasted by CDMA technology is its ability for softhandoffs between base stations, i.e.,
less likelihood of cut-off calls. The usual analogy given in comparing CDMA with other channel access
methods like FDMAor TDMA is that ofpeople each carrying out a conversation with a friend in a crowded
room. The room, inthis case, represents a channel(a.k.a. carrier frequency).

TDMA is likened to the method bywhich communication is carried out byspeaking one at atime (hence
the name ‘time division’). FDMA, on the other hand, is likened to the method wherein communication is
made byspeaking at different pitches (hence, frequency division).
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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 for multiple 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 shared code.

While multiple codes may occupy the same channel, only those users having the same code can
communicate with each other. Because CDMA and GSM standards each have unique pros and cons, the
preferred technologystandard choice is now in the hands ofpotential subscribers.

Advantages of CDMA:

One ofthe main advantages ofCDMA is that dropoutsoccuronlywhenthe phone is at least twice as
far fromthe base station. Thus, it is used inthe ruralareas where GSM cannot cover.

Another advantage is its capacity; it has a very high spectral capacity thatit can accommodate more
users per MHz of bandwidth.

Disadvantages of CDMA:

Channelpollution, where signals fromtoo manycellsites are present inthe subscriber.s phone but
none ofthem is dominant. When this situation arises, the qualityofthe audio degrades.
Whencompared toGSMisthelackofinternationalroaming capabilities.

The ability to upgrade or change to another handset is not easy with this technology because the
network service information for the phone is put in the actualphone unlike GSM which uses SIM
card for this.

Limited variety of the handset, because at present the major mobile companies use GSM
technology.

Satellite Application-Communication.Satellite,Digital SatelliteRadio.

Communication Satellite

It is difficult to go through a day without using a communications satellite at leastonce. Do you know
when you used a communications satellite today? Did you watch T.V.? Did you make a long distance
phone call, use a cellular phone, a fax machine, a pager, or even listen to the radio? Well, if you did, you
probablyused a communications satellite, either directlyor indirectly.

Communicationssatellitesallowradio,television, andtelephonetransmissionsto besent liveanywherein the
world. Before satellites, transmissions were difficult or impossible at long distances.

Thesignals, whichtravelinstraight lines, could not bendaroundtheroundEarthto reachadestinationfar away.
Because satellites are inorbit,the signals canbe sent instantaneouslyinto space and thenredirected to
another satellite or directlyto their destination.

The satellite can have a passive role in communications like bouncing signals from the Earth back to
another location on the Earth; on the other hand, some satellites carry electronic devices called
Transponders for receiving, amplifying, and re-broadcasting signals to the Earth.
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Communications satellites are often in geostationary orbit. At the high orbital altitude of 35,800

kilometers, a geostationary satellite orbits the Earth in the same amount of timeittakes the Earth to revolve
once.

FromEarth, therefore, the satellite appears to be stationary, always above the same area ofthe Earth. The
area to which it cantransmit iscalled a satellite's footprint. Forexample, manyCanadiancommunications
satellites have a footprint which covers most of Canada.

Communications satellties can also be in highly elliptical orbits. This type of orbit is roughly egg-shaped,
withthe Earthnear the topofthe egg. Ina highly ellipticalorbit, the satellite's velocitychanges depending on
where it is in its orbital path.

When the satellite is in the part of its orbit that's close to the Earth, it moves faster because the Earth's
gravitational pull is stronger. This means that a communications satellite can be over the region of the
Earth that it is communicating with for the long part of its orbit. It will only be out of contact with that
region when it quickly zips close bythe Earth.

Digital Satellite Radio.

Satellite radio is just what itsname suggests: a radio service that uses satellitescircling Earthto broadcast its
programming. In 1992, the Federal Communications Commission (FCC) allocated a satellite spectrum
(the "S" band, 2.3 GHz) for the broadcasting ofsatellite-based digitalaudio radio service (DARS).

It eventually granted two licenses, one to Sirius Satellite Radio (formerly CD Radio) and one to XM
Satellite Radio (formerly American Mobile Radio Corporation). The world's biggest satellite radio
provider, 1worldspace, is available inEuropeand severalother countries but not inthe United States.
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As the satellites orbit the earth, programs are beamed to them from broadcast stations. The satellites then
transmit the signalto specialantennas onhomes, cars and portable radios. Terrestrialrepeatersthroughout the
country also receive the signal andhelp ensure that it's transmitted to receivers, especially inareas with tall
buildings that might block the signal

There are two big pluses for satellite radio listeners. First, everychannel, whether it's on XM or Sirius, is
largely commercial-free, which should appeal to radio listeners tired of having advertisements screamed
into their ears while they sitin traffic.

Most music channelshave no advertising at all. Second, no matterwhere you areinthe continentalUnited
States, you get the same reception as long as the skies are relatively clear. Unlike traditional radio, which
loses reception once you're too far away from a certain station, satellites ensure you receive a signal no
matter where you arein America. Adriver could trek alltheway fromNewYork Cityto LosAngelesand
never have to change the channel.

For about $13amonth, plusthecostofequipment andasmallactivationfee, bothSiriusandXM listeners can
receive more than 100 channels of satellite radio, including music ranging from classical to heavy metal,
plus news, sports, talk and entertainment. But there are some notable differences between the two services,
too.

The type oftechnologies used byXM and Sirius differs slightly, and the specific programming offered by
both companies can vary, especiallywhen it comes to news, sports and celebrities with contracts for their
own shows. Onthe next two pages we'll take a look at those differences.

GPS Receiver & Transmitter

Therearetworange-typemeasurementsthatcanbemadeontheGP Ssignals:
ws Pseudo-ranges,and
ws-Carrierphaseobservations.

signal tracking), both are used for GPS navigation (position, velocity and time -- PVT -- determination),
and both have a role in the specialised data processing that characterises GPS surveying.
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Before studying these measurements it is useful to consider the overall GPS hardware tracking operation

(in a much abbreviatedform!). The received satellite signal level is actually less than the backgroundnoise
level, hence correlation techniques are used to obtain the satellite signals.

A typical satellite tracking sequence begins with the receiver determining which satellites arevisible above
the horizon. Satellite visibility is estimated from predictions of present PVT, and on the stored satellite
almanac information residing within the receiver. (If no storedalmanac information exists, oronly a very
poor estimate of PVT is available, the receiver will carry out a "sky search", attempting to randomly locate
and lock onto a signal.

The receiver will then decode the Navigation Message and read the almanac information aboutall the other
satellites in the constellation.) A carrier-tracking loop is used to track the carrier frequency while a code-
tracking loop is used to track the C/A and/or P code signals. The two tracking loops have to work together
inan iterative manner, aiding eachother inorderto acquire and trackthe satellite signals.

The receiver's carrier-tracking loop will locally generate an L1 carrier frequency (or L2 if the receiver is
capable of tracking this frequency) which differsfrom the received carrier signal due to a Doppler offset of
the carrier frequency.

This Doppler offset is proportionalto the relative velocity along the line-of-sightto the satellite. In order to
maintain lock on the carrier, the carrier-tracking loop must, in effect, adjust the frequency of the receiver-
generated carrier until itmatches the incoming carrier frequency.

The amount ofthis offset is the "beat™ frequency which can be processed to give a periodic carrier phase
measurement. The derivative of this phase measurement is the "Doppler" measurement, which is used to
determine the receiver's velocity.

Whatroledoesthecode-trackingloopplayinthisprocess?Inorderforthecarrier-trackingloop to acquire the
incoming satellite signal in the first place the carrier signal must be made visible above the background
noise.

This is generally done by the code-tracking loop using the code-correlating technique to"reconstruct” the
carrier wave (see discussion below under "Carrier Phase Measurements™). A by-product of code- tracking
are the pseudo-range measurements.

GPS Transmitter

Phase locked loops (PLLs) are common to many communications systems, including in WiMAX Access
Points (AP). Byperforming ananalysis ofthe phase-noise contributions ofthe PLLs within a WiIMAX AP
frequency chain, which is essentially the string of PLLs in the system starting withthefrequency reference
in the controller and ending with the transmitter local oscillator (LO) in the RF head, it is possible to better
understand the impact that each PLL has onoverall systemperformance.

Figure 1 provides a block diagram for a hypothetical frequency chain in a WiMAX AP. Each box in the
block diagram represents a PLL that serves a unique purpose in the AP design. Since all the PLLs are
connected in series, the signal and noise at the output of each PLL feeds the input port ofthe next PLL in
the chain.
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AllsevenPLLs inthisexample contributeto the ultimatesignaland noise performance at theoutputofthe
chain. For practicalanalysis purposes, the chain begins withthe reference oscillator inthe site controller.

This special loop is locked to the GlobalPositioning System(GPS) receiver, but the loop bandwidth is so
low that the only noise at the site controller reference PLL's output is the phase noise of the oven-
controlled crystal oscillator (OCXO).

To review the essentials of PLL design,1-3 a PLL is a control loop that typically locks the phase and
frequency of a tunable signal source, such as a voltage-controlled oscillator (VCO), at the output of the
loop to the frequency and phase of a presumably stable signal at the input of the loop. Figure 2 shows the
major elements of a PLL.

Thefrequencyoftheloopoutput(FOUT)isrelatedtothefrequencyattheloopinput(FIN) by

F}) ur = Flw

N,
R

1
P
N=theloopfrequencymultiplicationfactor, R
= the reference oscillator divider, and
P=theoutput divider,whichisoptional.

Site
GPS | controller Modem

receiver reference clock PLL
PLL

v

SerDes RF head Transmit
clock refgrLeane DAC

recovery PLL

clock PLL

Transmit
RF LO
PLL

1. This block diagram shows the different function blocks of a
WiMAX Access Point (AP) transmitter frequency chain block.

Designing for a higher-than-needed frequencyand thendividing the outputto reachthe desired frequency is
an approach that can be used to improve noise performance.

Post-loop frequency division can also be used to lower the output frequency that is sometimes needed by
the reference divider of a subsequent stage. Most, if not all, PLLs act as phase-noise filters to the input
signal (with each PLL exhibiting a unique lowpass response) and also as phase-noise generators. Some
important points to note about PLL noise theoryare that:

1. EachPLLhasauniquelowpassresponse,mostoftencharacterizedbytheclosed-loop3-dBbanwidth.

2. Atfrequencies abovetheloop bandwidth, theloopattenuates the phasenoise of the inputsignal and also
attenuatesthe phase noise ofthe  phase detectorand charge pump inside the loop.

3. Atfrequenciesbelowtheloopbandwidth,theloopattenuatesthephasenoiseof the\VVCOorother voltage-

controlled element in the loop.
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The operation of Electronic Telephone System.(Telephone Set)

The Basic Telephone Set Fundamental Functions
@ The basic telephone setconnected to the telephonenetwork we areall very comfortablewith using, has 4
basic functions:

@ Toprovide a signal to the telephone companythata call is tobe made (off-hook)or a call is complete (on-
hook).

@ Toprovidethetelephonecompanywiththenumberthecallerwishestocall.
@ Toprovidea wayforthetelephone companytoindicatethatacalliscominginorringing.

@ To convert voice frequencies to electrical signals that can be transmitted at the transmitter and convert
those electrical signals back to voice frequencies at the receiver.

The Federal Communications Commission (FCC) has set standards for the above features and all
manufacturers selling telephones in this country must match these standards or the phone will not work
properly.

In addition many modern telephones also come with features like speed dial, redial, memory, caller 1D,
voice mail, etc. These are alladditional features that are not necessaryto make or receive calls.

Let's look at Telephone Set Function 1: To provide a signal to the telephone company that a call is to be
made (off-hook) or a call is complete (on-hook).

The switchhook gets its name fromthe old telephones that had a hook on the side. On modern phones the
switchhook is a buttonthat is depressed whenthe handset is put onthe cradle ofthe telephone.

According to Telephone Company specifications individual telephone set DC resistance should be 200 Q
but inreality most telephones range between 150 and 1000 Q ofDC resistance.

When a user picks up a connected telephone handset to make a call the switch hooks in the figure below
(S:1and S») close (off-hook condition) and the local loop circuit is complete.

L.ocal Loop Telephone Internal Circuit

Telephone
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When a handset is picked up, a DC current ranging between 20 and 120 mA flows on the pair of wires
connecting the telephone to the CO. This current flow causes a relay coil to magnetize and it's contacts
close.

In the CO current flows through a relay coil attached to the local loop wire pair. The coil energizes, it’s
contacts close and the CO switch knows a phone is off hook somewhere.

A line feeder in the CO switch looks for the off-hook signal, finds it and sets up a connection. In the CO
switcha dial-tone generator is connected to the line so the caller knows theycandial a number.

The function of Switching System & Call Procedures
Switching system

When there are many devices, it is necessary to develop suitable mechanism for communication between
any two devices. One alternative is to establish point-to-point communication between eachpair of devices
using mesh topology.

However,meshtopologyisimpracticalfor largenumberofdevices,because thenumberoflinksincreases
exponentially(n(n-1)/2, where nisthenumber ofdevices) withthe number ofdevices. Abetter alternative is to
use switching techniques leading to switched communication network.

In the switched network methodology, the network consists of a set of interconnected nodes, among
which information is transmitted fromsourceto destinationvia different routes, which is controlled bythe
switching mechanism. A basic modelofa switched communication is shown in Fig. 4.1.1.

The end devices that wish to communicate with each other are called stations. The switching devices are
called nodes. Some nodes connect to other nodes and some are to connected to some stations.

Keyfeaturesofaswitched communicationnetwork aregivenbelow:

NetworkTopologyisnot regular.

UsesFDMorTDMfornode-to-nodecommunication.
Thereexistmultiplepathsbetweenasource-destinationpairfor betternetworkreliability.
Theswitching nodesarenotconcernedwiththecontentsofdata.

Theirpurpose is to provide a switchingfacility thatwill move data from node to node until they
reach the destination.

Theswitchingperformedbydifferentnodescanbecategorizedintothefollowingthreetypes:

Circuit Switching
+ Packet Switching
4 MessageSwitching
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Basic Call Procedure:

End station

Communication
Network node

Fig. Shows a simplification diagram illustrating how two telephone sets (subscribers) are
interconnected through a centraloffice dial switch. Each subscriber is connected tothe switch through a
local loop. The switch is most likely some sort of an electronic switchingsystem (ESS machine).The
local loop are terminated at the calling and called station s in telephone sets and at the central office

ends to switching machines.
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FIG - Telephone Call Procedure
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When the calling party’s telephone set goes off hook (i.e., lifting the handset off the cradle), the switch hook in the
telephoneset is released, completinga dc pathbetween thetip andthering of theloop troughthe microphone.

The ESS machine senses a dc current in the loop and recognizes this as an off-hook condition. Completing a local
telephone call between two subscribers connected to the same telephone switch is accomplished through a standard
set of procedure that includes the 10 steps listed next.

1. Callingstationgoesoffhook.

2. After detecting a dc current flow on the loop, the switching machine returns an audible dial tone to the calling
station, acknowledging that the caller has access to the switching machine.

3. Thecaller dialsthedestinationtelephonenumber usingoneofthetwomethods:Mechanical dialpulsingor, more likely,
electronic dual-tone multi frequency (Touch-Tone) signals.

4. Whentheswitchingmachinedetects thefirst dialled number,itremoves thedialtonefromtheloop.
5. Theswitchinterpretsthetelephonenumberandthenlocatestheloopforthedestinationtelephonenumber.

6. Beforeringing the destination telephone, theswitching machinetests the destination loop for dc current to see if tt
is idle (on hook) or in use (off hook). At the same time, the switching machine locates a signal path through the
switch between the two local loops.

7. (a) If the destination telephone is off hook, the switching machine sends a station busy signal back to the calling
station.

(b)Ifthe destinationtelephoneis on hook, theswitching machinesends a ringingsignaltothedestinationtelephone on the
local loop and the same time sends a ring back signal to the calling station to give the caller some assurance that
something is happening.

8. Whenthedestinationanswersthetelephone,itcompletestheloop, causingdccurrenttoflow.

9. Theswitch recognizes the dc current as thestation answering thetelephone. At this time, theswitch removes the
ringing and ring-back signals and completes the path through the switch, allowing the calling and called parties to
begin conversation.

10. When either end goes on hook, the switching machine detects an open circuit on that loop and then drops the
connections through the switch.

The principle of space and time switching.

Space Switching

Circuitswitchingusesanyofthethreetechnologies:Space-Divisionswitches, Time-Divisionswitchesora
Combination of both.

In Space-division switching, the paths in the circuit are separated with each other spatially, i.e. different ongoing
connections, at a same instant of time, uses different switching paths, which areseparatedspatially.

This was originallydevelopedfor theanalogenvironment, andhas beencarriedover tothe digitaldomain. Some of the
space switches are crossbar switches, Multi-stage switches (e.g. Omega Switches).

A Crossbar switch is shown in Fig. Basic building block of the switch is a metallic crosspoint or semiconductor
gate that can be enabled or disabled by a control unit.




Cross bar switch

1 2 3 4 5 6 7 8
Output Lines

[FigureSchematicdiagramofacrossbarswitch]
Limitations of crossbar switches are as follows:

» Thenumberofcrosspoints growswiththe square ofthenumberofattachedstations.

» Costlyforalargeswitch.

« Thefailureof across pointprevents connection between the twodevices whoselinesintersectat that cross
point.

« Thecrosspointsareinefficientlyutilized.

« Onlya small fraction ofcross points are engagedeven ifall ofthe attached devices are active. Some of the

above problems can be overcome with the help ofmultistage space division switches.
« Bysplittingthecrossbarswitchintosmallerunitsandinterconnectingthem,itispossibletobuild multistage
switches with fewer cross points.

4% 2% 2*4

[Fig-Athree-stagespacedivision switch]

Figureshows a three-stage space division switch. In this case the number of crosspoints needed goes down
from 64 to 40. There is more than one path through the network to connect two endpoints, thereby
increasing reliability. Multistage switches may lead to blocking.

The problem may be tackled by increasing the number or size of the intermediate switches, which also
increases the cost. The blocking feature is illustrated in Fig. 4.1.6. As shown in Fig. 4.1.6, after setting up
connections for 1-to-3 and 2-to-4, the switch cannot establish connections for 3-to-6 and 4-to-5.
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Time Division Switching

Bothvoice and data canbe transmitted using digital signals throughthe same switches. All modern circuit
switchesusedigitaltime-divisionmultiplexing(TDM)technique forestablishingand maintaining circuits.
Synchronous TDM allows multiple low-speed bit streams to share a high-speed line.

A set of inputs is sampled in a round robin manner. The samples are organized serially intoslots (channels)
to form a recurring frame of slots.

During successive time slots, different 1/O pairings are enabled, allowing a number of connections to be
carried over the shared bus. To keep up with the input lines, the data rate onthe bus must be high enough
so that the slots recur sufficiently frequently.

For 100 full-duplex lines at 19.200 Kbps, the data rate on the bus must be greater than 1.92 Mbps. The
source-destination pairs corresponding to allactive connections are stored in the control memory.

Thus the slots need not specify the source and destination addresses. Schematic diagram of time division
switching is shown in Fig.
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Time-division switching uses time-division multiplexing to achieve switching, i.e. different ongoing
connections canuse same switching path but at different interleaved time intervals.

There are two popular methods of time-division switching namely, Time-Slot Interchange (TSI) and the
TDM bus.

TSI changes the ordering ofthe slots based on desired connection and it has a random-access memoryto
store data and flip the time slots as shown in Fig. 4.1.8.

TheoperationofaT SlisdepictedinFig.1Asshowninthefigure,writingcanbeperformedinthe
memorysequentially, but data is read selectively.

INTDMbusthereareseveralinput andoutputsconnectedtoahigh-speed bus. Duringatimeslotonlyone particular
output switch is closed, so onlyone connectionat aparticular instant oftime as shown inFig.2
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FigurelOperationofaTSl Figure2TDMbusswitching
The principle of PDH and SDH modes of transmission.
ThePlesiochronousDigitalHierarchy(PDH) InaPDHnetworkyouhavedifferent levelsofMultiplexers. Figure
1 shows three levels of multiplexing:-

- 2Mbit/sto8Mbit/s
- 8MDbit/sto34Mbit/s
- 34Mbit/sto140Mbit/s

Plesiochronous Digital Hierarchy

2Mbps

5%
=
o
b=
]

8Mbps

=
o

140Mbps

Figure 1

So to carry a 2Mbit/s data stream across the 140Mbit/s trunk requires it to be multiplexed up through the
higher order multiplexers into the 140Mbit/s trunk and then to be multiplexed down through the lower
order multiplexers.

Because Plesiochronous is not quite Synchronous each ofthe multiplexers need a little bit of overhead on
their high speed trunks to cater for the slightdifferences in data rates of the streams on the low speed ports.

Some ofthe datafromlow speed ports(that arerunning too fast) canbe carried inthetrunkoverhead, and this
canhappenat all multiplexing levels. This is knownas Justification or Bit Stuffing.




Page-53-
PDH Multiplexing Hierarchy Figure 2 shows that there aretwo totallydifferent hierarchies, one forthe
US and Japan and another for the rest of the world.

PDH Multiplexing Levels

United States & Japan Europe & Australia

_— Rate Rate
Mu I{ l@puﬁgf ing Name #calls (Mbps! Nama # calls (Mbps!

1 D51 24 1.544 CEFT1 2.048
2 DS2 96 6.312 CEFT2 6.448
3 D53 44.736 CEFT3 34.368
4 D54 274176 CEFT4 139.264

Figure 2

The other thing to notice is that the different multiplexing levels are not multiples of each other. For
example CEPT2 supports 120 Calls but it requires more than 4 times the bandwidth of CEPT1 to achieve
this.

This is because PDH is not exactly synchronous and each multiplexing level requires extra bandwidth to
performBit Stuffing. SothePlesiochronousHierarchyrequires “Bit Stuffing”, at alllevels, to caterforthe
differences in clocks.

This makes it particularlydifficult to locate a particular 2Mbit/s streaminthe 140Mbit/s trunk unless you
fully de-multiplex the 140Mbit/s stream all the way down to 2Mbit/s. Drop & Insert a 2Mbit/s stream To
drop& insert a 2Mbit/s streamfroma 140Mbit/s trunk you need to break the 140Mbit/s trunk and insert a
couple of “34Mbit/s to 140Mbit/s” multiplexers.

We can then isolate the appropriate 34Mbit/s stream and multiplex the other 34Mbit/s streams back into
the 140Mbit/s trunk. Then you de-multiplex the 34Mbit/s stream, isolate the appropriate 8Mbit/s Stream
and multiplexthe other 8Mbit/s streams throughthe higher layer multiplexer, intothe 140Mbit/s trunk.

The Limitations of PDH:-
11 PD Hisnotvery flexible

As previously explained, it is not easy to identify individual channels in a higher order bit stream. You
must multiplexthe highrate channeldownthroughall multiplexing levels to find a particular lower speed
channel. This requires an expensive and complex “multiplexer mountain”.

11 Lack of Performance

It is not easy to provide good performance ifyou can’t monitor the performance in the first place. For
PDHthere is no internationalstandard for performance monitoring and no agreed management channels.

There are some spare overhead bits that are being used for management but they have limited bandwidth
and are hard to locate in a 140 Meg streamwithout de-multiplexing.




Page-54-
11 Lack of standards

Not only does PDH have two totally different multiplexing hierarchies but it is quite weak on standards.
For example there are no standards for data rates above 140Mbit/s and no standards for the line side of a
“Line Transmission Terminal”.

The Synchronous Digital Hierarchy(SDH)

SDH, like PDH is based on a hierarchy of continuously repeating, fixed length frames designed to carry
isochronous traffic channels. SDH was specifically designed in such a way thatit would preserve asmooth
interworking with existing PDH networks.

The developers of SDH also addressed the weaknesses of PDH. They recognised that it was necessary to
adopt not only a Synchronous frame structure but one that also preserves the byte boundaries inthe various
traffic bit streams.

Because SDH is synchronous it allows single stage multiplexing and de-multiplexing. This eliminates
hardware complexity. You don’t need multiplexer mountains.

SDHM ultiplexing levels
Figure4showstheSDHmultiplexinglevels.

TheUSand JapanuseSONETwhilemost oftherestoftheworlduseSDH.

SDH Multiplexing Hierarchy

Data Rate SONET SDH
(Mbps) (USA) (Europe)

51.84 5TS-1, OC-1 (not defined)
STS =

155.52 5TS-3, OG-3 STM-1 synchronous
A66.56 STS-8, OG-8 STM-3 Transport Signal
62208 STS-12, OC-12 STM-4 oc =

a33.12 8TS-18, OC-18 STM-8 Optical carrier

124416 STS-24, OC-24 STM-8 STM=
Symchronous
1866.24 STS-36, OC-36 STM-12 Transport Module
2488 32 STS-48, OC-48 STM-16

8a53.28 S5TS-192. 0OC-152 STM-B4

Figure 4

Apart from using some different terminology, thereis very little difference between SONET andSDH. You
cansee that the data rates are the same except SDH doesn’t specifya 51 Meg rate.

STM-1 forms the basis of the SDH frame structure. For example an STM-4 is a frame consisting of 4 x
STM-1s. In Sonet, the STS levels refer to the speed of the bit stream. When these bits are converted to a
train ofopticalpulses in a fibre, theyare called an Optical Carrier (OC).

You may also see “OC-3c” referred to. This is simply the same bit rate as OC-3, but interpreted as one
channel instead 0f3 multiplexed OC-1s. The “c” stands for “Concatenated”.




SDH Network Elements
Figure5showstheelementsthatmakeup anSDHnetwork.
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The operation of ATM, ISD Nnetwork.
ATM

Asynchronoustransfer mode (ATM) is one ofmany networktransmissionprotocols included in Windows
Server 2003. The most commonly used transmission protocol included in Windows Server 20003 is
TCP/IP, which is a connectionless protocol.

As such, TCP/IP cannot offer some of the advantages that a connection-oriented, virtual circuit, packet-
switching technology, such as ATM, can. Unlike most connectionless networking protocols, ATM is a
deterministic networking system— it provides predictable, guaranteed qualityofservice.

The idealenvironment in which to use ATM is one that combines computer, voice, and video networking
into a single network, and the combination ofexisting networks into asingle infrastructure.
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ATM Architecture

ATM is a combination of hardware and software that can provide either an end-to-end network or form a
high-speed backbone. The structureofATMand itssoftware componentscomprise the ATM architecture,
asthe following illustrationshows. Theprimary layersofATMarethephysical layer, theATM layer, and the
ATM Adaptation layer.

ATM Architectural Diagram

= Sublayer
SAR Sublayer

ATM Adaption Laycr

ATM Layer

TC Sublayer

Physical Layer
FMD Sublayer

Eachlayerandsublayer isdescribedbrieflyinthefollowingtable,“ATMLayers.” ATM
LAYERS

Physical Laver

The physical layer provides for the transmission and reception of ATM cells across a physical medium
betweentwo ATM devices. This canbe a transmission betweenan ATM endpoint and anATM switch, or it
canbe betweentwo ATMswitches. Thephysicallayer issubdivided into aPhysicalMediumDependent
sublayer and Transmission Convergence sublayer.

PMD Sublayer

The Physical Medium Dependent (PMD) sublayer is responsible for the transmission and reception of
individual bits on a physical medium. These responsibilities encompass bit timing, signal encoding,
interacting with the physical medium, and the cable or wire itself.

ATM does not rely on any specific bit rate, encoding scheme or medium and various specifications for
ATMexist forcoaxialcable, shieldedandunshieldedtwistedpairwire, andopticalfiberat speedsranging
from64 Kilobits per second to 9.6 gigabits per second.

Inaddition, the ATMphysicalmediumcanextend upto 60kilometersor morebyusingsingle-mode fiber and
long-reach lasers.

Thus it can readily support wide-range connectivity, including a private metropolitan area network. The
independence ofATM froma particular set ofhardware constraintshasallowed it to be implementedover
radio and satellite links.

Transmission Convergence Sublaver

The Transmission Convergence (TC) sublayer functions as a converter between the bit stream of ATM
cells and the PMD sublayer. When transmitting, the TC sublayer maps ATM cells onto the format of the
PDM sublayer, such as the DS-3 interface or Synchronous Optical Network (SONET) frames.
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Because a continuous stream of bytes is required, unused portions of the ATM cell streamare filled by idle

cells. These idlecells are identified in the ATM header and are silently discarded by the receiver. Theyare
never passed to the ATM layer for processing.

The TC sublayer also generates and verifies the Header Error Control (HEC) field for each cell. On the
transmitting side, it calculates the HEC and places it inthe header. Onthe receiving side, the TC sublayer
checks the HEC for verification.

If a single bit error can be corrected, the bitis corrected, and the results are passed to theATMlayer. If the
error cannot be corrected (as inthe case ofa multibit error)the cell is silentlydiscarded.

Finally, the TC sublayer delineates the ATM cells, marking where ATM cells begin and where they end.
The boundaries ofthe ATM cells canbe determined fromthe PMD layer formatting or fromthe incoming
byte stream using the HEC field.

The PMD performs the HEC validation per byte on the preceding 4 bytes. If it finds a match, the next
ATM cell boundary is 48 bytes away (corresponding to the ATM payload). The PMD performs this
verification severaltimes to ensure that the cell boundaries have been determined correctly.

ATM Laver

The ATM layer provides cell multiplexing, demultiplexing, and VPI/VCI routing functions. The ATM
layer also supervises the cell flow to ensure that all connections remain within their negotiated cell
throughput limits.

Ifconnectionsoperateoutsidetheir negotiatedparameters, theATM layer cantakecorrectiveactionsothe
misbehaving connections do not affect connections that are obeying their negotiated connection contract.
The ATM layer also maintains the cell sequence fromanysource.

The ATM layermultiplexes and demultiplexes and routes ATM cells, and ensures their sequencefrom end
to end. However, if a cell is dropped by a switch due to congestion or corruption, it is not the
responsibility of the ATM layer to correct the dropped cell by means of retransmission or to notify other
layers of the dropped cell. Layers above the ATM layer must detect the lost cell and decide whether to
correct it or disregard it.

In the case of interactive voice or video, a lost cell is typically disregarded because it takes too long to
resend the cell and place it in the proper sequence to reconstruct the audio or video signal. A significant
number of dropped cells in time-dependent services, such as voice or video, results in a choppy audio or
video playback, but the ATM layer cannot correct the problem unless a higher Quality of Service is
specified for the connection.

In the case of data (such as a file transfer), the upper layer application must sense the absence of the cell
and retransmit it. A file with randomly missing 48-bytes chunks is a corrupted file that is unacceptable to
the receiver. Because operations, suchas file transfers, are nottime dependent, the contentsofthe cellcan be
recovered by incurring a delay in the transmission of the file corresponding to the recovery of the lost cell.




Page-58-

ATM Laver Multiplexing and Demultiplexin

ATM layer multiplexing blends all the different input types so that theconnection parameters of each input
are preserved. This process is known as traffic shaping.

ATM layer demultiplexing takes each cell from the ATM cell stream and, based on the VPI/\V/CI, either
routes it (for an ATM switch) or passes the cell to the ATM Adaptation Layer (AAL) process that
corresponds to the cell (for an ATM endpoint).

ATM Adaptation Laver

The ATM Adaptation Layer (AAL) creates and receives 48-byte payloads through the lower layers of
ATM on behalf of different types of applications. Although there are five different types of AALS, each
providing a distinct class ofservice, Windows Server 2003 supports only AALS.

ATM Adaptation is necessary to link the cell-based technology at the ATM Layer to the bit-stream
technologyofdigital devices (such as telephones and video cameras) and the packet-streamtechnologyof
modern data networks (such as frame relay, X.25 or LAN protocols such as TCP/IP or Ethernet).

ATM Cell Str r

At either a private or a public User-Network Interface (UNI), an ATM cell always consists of a 5-byte
header followed by a 48-byte payload. The header is composed of six elements, each detailed in the
following figure, “Cell Header Structure.”

Cell Header Structure
8 7 A543 2 1Bt
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Integrated Service Digital Network, or ISDN, is the original high-speed internet service. It sparked the
high-speed internet development between service providers during the 1990's and, of course,
revolutionized internet use. Much like its predecessor, the dial-up internet service, ISDN utilizes a phone
line. In fact, it set the standard for telephone data service.

ISDN

ISDN internet service was the improvement upon dial-up, and it also paved the way for DSL and cable-
modem internet service thereafter. It can be considered the step of internet evolution that lies betweendial-
up and DSL/Cable. Modernizing internet use and bringing high-speed access inside the home, ISDN
became the standard bywhich rival broadband internet service providers competed.
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Although ISDN internet service still exists, like the dial-up connection it is being replaced by faster and

cheaper services that the broadband companies are providing. Regardless, broadband high-speed internet
service is still compared with ISDN todaysince theybothrepresent the standard oftheir times.

ISDN internet service is basically a telephone-based network system that operates by a circuit switch, or
dedicated line. It can transmit data and phone conversations digitally over normal telephone wires. This
makes it both faster and ofhigher qualitythan dial-up internet service.

During the 1990's this revolutionized the way people did business. No longer wouldyou have to miss a call
in order to access your internet, or shut down the internet to make a telephone call. As such, ISDN internet
service made video teleconferencing not onlypossible, but verypopular at this time as well.

There aretwo different types, orlines, ofISDN internet service. The first isa basic rate ISDN line. Called a
Basic Rate Interface (BRI), this line has two data,or bearer, channels that operate at 64kbit/sec. Two or
more ISDN-BRI lines can be combined as well, yielding speeds 0f256 kbit/sec. Combining these lines is
common for video conferencing use or for transmitting data at higher speeds.

The second type of ISDN line is called a primary rate line, or Primary Rate Interface (PRI). This line had
23 bearer channels and has a totalspeed of 1,544 kbit/sec. It is used mostly for telephone communication
rather than data transmission, particularly within companies that have large, private telephone exchange
systems operating inside their business.

The advantages of having ISDN internet service definitely lies in the data lines themselves. Not only do
you have constant data speed via these lines, each bearer channelruns at 64 kbit/sec with the ability to be
combined to reach greater speeds. ISDN internet serviced also allows for multiple data transmission, so
telephone calls and data downloading are no longer mutually exclusive.

The disadvantages, however, is that the digital clarity of ISDN voice communication and its speedy data
transmission come at an extra cost. ISDN is billed like a phone line, but with an added cost for service.
And although its operational distance from the ISDN central office is greater than thatfor DSL, its
terminaladaptor (similar to a modem) is more expensive than DSL or cable modems.

While this equipment and service continue to remain costly, it is leaving the way open for other internet
services, like broadband, to quicklyreplace ISDN's share ofthe marketplace.

The numbering plan of telephone networks(National Schemes& International
Numbering)

INTRODUCTION

The National Numbering Plan was last reviewed during 1993. The plan covered basic as well as other
services like cellular mobile, paging etc. Though the 1993 Numbering Plan could cater to the needs of
existing and new services for another few years, yet it was felt to rationalise and review the existing
NationalNumbering Plan because of introduction of a large number of new telecomservices and opening
up ofthe entire telecom sector for private participation.

The existing Numbering Plan was formulated at a time when there was no competition inthe basic
telecomservicesand the competition incellular mobile serviceshad just started,paging serviceswere ina
stage of infancyand Internet services were not available in the country.




The main objectives of the plan are—

1) Toplaninconformitywithrelevantandapplicablel TUstandardstotheextentpossible.
i) Tomeetthe challengesofthechangingtelecomenvironment.

i) Toreservenumberingcapacitytomeet theundefined futureneeds.

Iv) Tosupporteffectivecompetitionbyfairaccesstonumberingresources.

v) To meet subscriber needs for a meaningfuland user-friendlyscheme. Onlythe decimalcharacter set 0- 9
has beenused for allnumber allocations. Letters and other non-decimalcharacters shall not formpartof the
National (Significant) Number [N(S)N]. Dialling procedure as per ITU Recommendation E.164 has been
followed.

TheShort DistanceCharging Area(SDCA) based linked numbering schemewith10-digit N(S)Nhasbeen
followed. This would expand the existing numbering capacityto ten times.

NATIONAL NUMBERING SCHEME
Level0’:
Sublevel000’:

Theprefix‘000’shall beused for homecountrydirect service(Bilateral) and internationaltollfreeservice
(Bilateral). The format used is: ‘000 + CountryCode + Operator Code’except ‘000800’which is used for
bilateral international toll free service.

Sub level ‘0010’ - INTERNATIONAL CARRIER ACCESS (Prefix) CODE: The prefix ‘0010’ shall be
used for selection of international carrier. It will be followed by International Carrier Identification Code
(ICIC), CountryCode (CC) and N(S)N. The format shall be as under:

Prefix | International Carrier | Country | National(Significant)Number
Identification Code Code
0010 ICIC cC N(S)N

Initially ICIC shall be a two-digit code. This will be sufficient for allotment to 50 international long
distance service providers considering that maximum of two codes may be allotted to eachservice provider
depending upon toll quality and non-toll quality network. However, to take care of all possible future
requirements, length of ICIC may be reviewed and changed to 3- digit code as and when required. The
allotment ofICIC maystart from‘10’ and codes ‘00’ to ‘09’ maybe kept reserved.

Sublevel‘00’-INTERNATIONALPREFIX:

The prefix ‘00’ shall be used for Internationaldialling. It will be followed bycountrycode and the N(S)N
ofthe countryto which that call is attempted. The format is as per ITU Recommendation E.164:

Prefix Country Code National(Significant)Number
00 ccC N(S)N
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Sublevel‘010°>-NATIONALCARRIERACCESS(Prefix) CODE:

The prefix ‘010’ shall be used for selection of national long distance carrier. It will be followed by
(National) Carrier Identification Code (CIC) and N(S) N. The format shall be as under:

Prefix | Carrier Identification Code | National(Significant)Number
010 CIC N(S)N

Initially CIC shall be a two-digit code. This will be sufficient for allotment to 40 NLDOs (including
NLDOs licensed for basic services) and 10 BSOs licensed only for basic services, considering that
maximum of two codes may be allotted to each service provider depending upon toll quality and non-toll
quality network. However to take care ofall possible future requirements, length ofCIC may be reviewed
and changed to 3-digit code in future.

The allotment of CIC may start from ‘10’ and codes ‘00’ to ‘09’ may be kept reserved. Forintra circle long
distance service, the carrier access code shall be the same as applicable for NLD service. The CIC
from‘10’ to ‘79’ shall be allottedto NLD service providers. Forthe NLD service providers, who are also
Basic Service Operators (BSOs), same CIC shall be applicable for intra circle (service area) calls. CIC
from‘80° to ‘99’ shallbe allocated to the BSOs who are not licensed to provide NLD service.

Operation PBX & Digital EPABX.
PBX

What is a PBX Phone System?

PBX stands for Private Branch Exchange, which is a private telephone network used within a company or
organization. The users of the PBX phone system can communicate within their companyor organization
and the outside world, using different communication channels like Voice over IP, ISDN or analog. A
PBX also allows you to have more phones than physical phone lines(PTSN) andallows free calls between
users. It also provides features like transfers, voicemail, call recording, interactive voice menus (IVRs) and
ACD call queues.

IP PBX-System

internal

external

External
SIP-Phone or
Mobile Device
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PBX phone systems are available as Hosted or Virtual solutions (sometimes also called Centrix), and as
inhouse solutions to be used on your own hardware.

PBX phone systems are usually much more flexible than proprietary systems, as they are using open
standards and interfaces. Modern PBX phone systems are based on standard hardware, which is cheaper
and can easier be replaced than a closed systems.

Switching to an IPPBX offers many benefits

With an IP phone system all your internal telephony is routed through the existing LAN (local computer
network). This waya separate network for telephony is not required.

Even thoughthe internal telephony is routed through the LAN, it is also possible to connect your IP-PBX
via gateways to the PSTN. Ofcourse, VolP(Voice over IP,telephonyvia the internet) is also possible.

Since IP telephony is mostly using the open SIP standard, an IP phone system gives you a lot more
freedom in your choice of phones.

Basically any SIP compatible phone (VolP phone) will work with an IP PBX. Furthermore an IP PBX
doesn’t limit the growth of a company.

Since VoIP phones don’t have to be connected physically to the phone system, itdoesn’t require a free port
inthe phone system like it used to be with traditionalphone systems.

IP phones can not only be connected via the LAN but also via the internet, using for example a VPN
connection. Because ofthis, multiple locations and offices can easily be connected.

There is a huge varietyofVoIP providers on the internet which provide SIP trunking (telephony services)
for cheaper call rates than traditional telephony providers. Internal calls via an IP phone system are free
general.

Practical advantages of IP telephony

Interconnecting teams andmobile working is one ofthe huge advantages ofIP phone systems.No matter if
team members are on the road, are located in a different country or work from home, they can connect via
IP desk phone, smart phone or laptopto the PBX inthe office.

Thiswayallcallswithin thecompanyare freeand clientswill not realize if enemployee is in theofficeor
somewhere else around the world. The same also applies for conferences, these can be hosted directly on
theownIP PBX withas manyparticipants as required. This safes traveling time and money.

Digital EPABX

As shown in the figure EPABX/PBX facilitates use of one external telephone line by many internalusers
inthe office premises. Inthe office eachemployee is provided onetelephone set and allthe telephones are
connected with PBX.

All the employees within the office premises can communicate using 3-digit or 4-digit number
programmed in EPABX/PBX without any charge.
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EPABX/PBX is connected to PSTN (Public switched Telephone network) via trunk lines; hence all
canuse one external voice line in time shared basis.

PSTN is connected with MSC (Mobile switching centre) of celllar networks such as
GSM/CDMA/UMTS.By thismo  t ilecellphoneusercanconnecttoanytelephonesetintheoffice
premisesusing extensionnumber.

Similar to voice line EPABX/PBX can be usedfor Data applications. As shown in figure Data port of PBX
is connected to LAN where so many PCs are connected and are usi g same external internet connection
line fromISP via Modem/router. Thesame facilityofPBXcanextended for WLAN users too.

Define units of Power Measurement.

The watt (symbol: W) is a derived unit of power in the International System of Units (SI), named after the Scottish
engineerJames Watt (1736-1819). The unit is definedas joule persecond[1] andcanbe used to express therate of
energyconversion or transfer with respect to time. It has dimensions of

L2MT-3

When an object's velocity is heldconstantat one meter per second againstcnstant opposingforce of one
newton the rate at which work is done is 1 watt.
W i _ N -m _ kg, -11'112
) 5 s
Intermsofelectromagnetism, onewattistherateatwhichwork isdonewhenoneampere (A)of current flows
through an electrical potential difference of one volt (V).

W=V-.A
TwoadditionalunitconversionsforwattcanbefoundusingtheaboveequationandOhm's Law.
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Fem to watt

The femtowatt is equal to one quadrillionth (10—15) of a watt. Technologically important powers that are
measured in femtowatts are typically found in reference(s) to radio and radar receivers. For example,
meaningful FM tuner performance figures for sensitivity, quieting and signal-to-noise require that the RF
energyapplied to the antenna input be specified.

These input levels are often stated in dBf (decibels referenced to 1 femtowatt). This is 0.2739 microvolt
across a 75-ohm load or 0.5477 microvolt across a 300 ohm load; the specification takes into account the
RF inputimpedance of the tuner.

Pico watt

The picowatt is equal to one trillionth (10—12) of a watt. Technologically important powers that are
measured in picowatts are typically used in reference to radio and radar receivers, acoustics and in the
science of radio astronomy.

Nano watt

The nanowatt is equalto one billionth (10~%) ofa watt. Important powers that are measuredin nanowatts are
also typicallyused in reference to radio and radar receivers.

Micro watt

The microwatt is equal to one millionth (10—6) of a watt. Important powers that are measured in
microwatts are typically stated in medical instrumentation systems such as the EEG and the ECG, in a
wide variety of scientific and engineering instruments and also in reference to radio and radar receivers.
Compact solar cells for devices suchas calculators and watches are typicallymeasured in microwatts.

Milli watt

Themilliwattisequaltoonethousandth(10—3)ofawatt. Atypicallaserpointeroutputsaboutfive milliwattsof light
power, whereas a typical hearing aid for people uses less thanone milliwatt.

Kilo watt

The kilowatt is equal to one thousand (103) watts, or one sthene-metre per second. This unit is typically
used to express the output power of engines and the power of electric motors,tools, machines,and heaters.
It is also a common unit used to express the electromagnetic poweroutput ofbroadcast radio and television
transmitters.

One kilowatt is approximatelyequalto 1.34horsepower. Asmallelectric heater withone heating element can
use 1.0 kilowatt, which is equivalent to the power of a household in the United States averaged over the
entire year.

Also,kilowattsoflightpowercanbemeasuredintheoutputpulsesofsomelasers.

Asurfaceareaofonesquare meter onEarthreceives typicallyabout onekilowatt ofsunlight fromthe sun (the
solar irradiance) (on a clear dayat mid day, closeto the equator).

Mega watt

The megawatt is equal to one million (106) watts. Many events or machines produce or sustain the
conversion of energy onthis scale, including lightning strikes; large electric motors; large warships such as
aircraft carriers, cruisers, and submarines; large server farms or data centers; and some scientific research
equipment, such as supercolliders, and the output pulses of verylarge lasers.
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A large residential or commercial building may use several megawatts in electric power and heat. On

railways, modern high-powered electric locomotives typically have a peak power output of 5 or 6 MW,
although some produce much more.

The Eurostar, for example, uses more than 12 MW, while heavy diesel-electric locomotives typically
produce/use 3 to 5 MW. U.S. nuclear power plants have net summer capacities between about 500 and
1300 MW.

Theearliestcitingof themegawattintheOxfordEnglishDictionary (OED)isareferenceinthe 1900 Webster's
International Dictionary of English Language. The OED also states that megawatt appeared in a 28
November 1947 article in the journal Science

Giga watt

The gigawatt is equal to one billion (109) watts or 1 gigawatt = 1000 megawatts. This unitis often used for
large power plants or power grids. For example, bythe end 0f2010 power shortages inChina's Shanxi
province were expected to increase to5-6 GWand theinstalled capacityofwind power in Germanywas

25.8 GW. The largest unit (out of four) of the Belgian Nuclear Plant Doel has a peak output of 1.04 GW.
HVDC converters have been built with power ratings of up to 2 GW.[11] The London Array, the world's
largest offshore wind farm, is designed to produce a gigawatt ofpower

Tera watt

Theterawattisequaltoonetrillion(1012)watts. Thetotalpowerusedbyhumansworldwide (about 16 TW in
2006) is commonly measured in this unit. The most powerful lasers fromthe mid-1960s tothemid-
1990sproducedpowerinterawatts,butonlyfor nanosecond timeframes.The average lightning strike peaks at
1terawatt, but these strikes only last for 30 microseconds.

Peta watt

The petawatt is equal to one quadrillion (1015) watts and can be produced by the current generation of
lasersfortime-scalesontheorderof picoseconds(10—12s).0OnesuchlaseristheLawrence Livermore's
Novalaser,which achieved a power output 0f1.25 PW(1.25 x 1015 W)byaprocess called chirped pulse
amplification. The durationofthe pulse was about 0.5ps (5x10—13 s), giving atotal energyof600 J, or
enough energyto power a 100 W light bulb for six seconds

4.90PERATION AND PRINCIPLE OF Internet Protocol Telephony(IPTelephony)

Internet Protocol Telephony(IP Telephony) is theuse of IP-basednetworks tobuild, provideandaccess voice, data or
other forms of telephonic communications. IP telephony provides traditional telephonic communication over an IP-
based network, the Internet - via an Internet service provider (ISP) - or directly from a telecommunications
serviceprovider.

IP telephony is designed to replace the telecommunications' infrastructure of circuit switched public data
networks (CSPDN) and public switched telephone networks (PSTN) with packet switched IP
communication networks. In a consumer IP telephony solution, a soft IP phone application and backend
Internet connection enable voice and data communication, suchas calling and faxing.

Auser maycallother soft phone users, send or receive faxes and evencommunicate withcircuit switched
and cellular communication services. In an enterprise environment, IP telephony is implemented through
physical IP phones that work on top of an IP network infrastructure. An IP phone's built-in firmware
provides the complete functionality for initiating and managing telephonic communications.
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Moreover, IP telephony also supports video communication between two or more users. Voice over
Internet Protocol (VVolIP), a popular IP telephony implementation, only supports voice communication over
IP.

How do IP phone systems work?

The “IP” in IP phone system refers to Voice over IP,or having your phone calls routed over the internet or
your local network(LAN). This is great form any reasons. First of all, you don’t have to use the telephone
network of your telephony service provider for making calls, which will reduce your costs for phone calls.
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At the same time you are gaining many technical advantages by using IP technology for your telephony.
Users of an VVolIP phone system simply plug their IP phone into the nearest LAN port. Then, the IP phone
registers automatically at the VVolP phone system.

The IP phone always keeps its number, and behaves exactly the same way, no matter where you plug it in
— on your desk, in the office next door or on a tropical island. All of this works because of the SIP
protocol.

It is a standard widely used by ISPs, VolIP phone systems and VolP phones world-wide. It makes
expensive proprietary phones obsolete, and helps that all devices can talk to each other.

IP phone systems are usually built on standard PC or embedded hardware which are more cost-effective
and powerful than the hardware of the traditional phone manufacturers.

At the same time, ip phone systems are scalable, as they are not limited to a certain number of physical
phone ports. That means you don’t need to replace your phone system when your company grows.
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