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CHAPTER-0! -RADAR ADNAVIGATION AIDS

- BADAR meany Fadio Detection ard Bineme. It @ a device which can detect the presesce of Tarpet and
meamre s Barse

- Radar m 2n electromegnetic system for detection and Jocation of reflectme obpcts such a8 amcradis, ghips,
vehicles, people and natural envirooment ete.

g It oparates by transmuittme s particalar type of wave form {for & g pulse modulsted sme wave) mio space
and detects the nature of echo mgnal Teflected form an obyecty or tarpets,

- Radsr can't recogeize colour of objects but it cen recognize darimess, fop, mmoles, mim. anowr ete.
1.1. Basic Radar, advantages & applications

* Thebasic principle bohind radar & simple - oitrenely shor burses of radic energy [triveing ot the spead
of lighn) ars Trammdtad reflaciad ofF 3 tagat and then returned 34 an echo

& Radar makes wig of 3 phanamanan we haws sl obierved, that of the ECHO FRIRCIFLE

= Radss iz & detection system that uses rafo wives (o determing the rengs, angle, of velaity of ohjsdts

= Tha tarm RADAR was coined in 19240 by tha Unned States Navy 23 an acronym for "RAdIo Detection And
Ramging”,

®=  Tha term radar has since entered Engiish and other Enguages 25 & common noun, losing afl
eapetalzation '

|Advantages :

= The main advantage of RADAR, & that it provide supencor penetration capabiiny thraugh ary type of
weather condition, and can be used in the day or night time

»  Radar wses elecwomagnetc wive thet does not requsre @ s Soe 2oner [That G5es water) 5o can be
Lesgd in Epace s gir

[ mictern uses of radar ane haghty dhverse, including

= T And EerrEetrisd prafiic controd,

®  raderastronomy,

& Br-getEnse TYFIEME,

srimitesile sytEm,

marins radars to bomate ndmecks and ctbar ships,
FIRTEM F DodREIDR FEREME

SOEEN Sirneliance Sysherny

* puterapace ourveidiance snd rendenicas syzhemns

1.1 . Warking principle of Simple Radar system , its types
* A Smmpk Fadar Svelem conmisiof  Tramsmifier, Becerver and Anterma. A Tranemutier generates g
EM - Sigeal which i radiated indo spece by Tracemuting Anienng
s A parbon of the travamisted enerey 18 Extercepted b the target mmd re-radisfed m many diractions.
» The radmbon doected fowards the Bader = collecied by the recenrme Artenns and delmers mic

TECERTL
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o At the receiver the Siznal iz processed to detect the presence oftarpe and detemmines i3 Jocafion

* A Smgle Anfenns = generally nsed in & time shared basic for bofhTanmiiting and Receiving when
e radar waveform i a repetitive series ol pulses

» Tharange o7 distance to & target i found by measurms the time it takes for the rader sipnsl to trave] to
the target and return bheck to the Radar

= Fadar can abw provide mfwmateon sbout nature of target bems observed. 1ithe tarpet v im motion,
there i3 & shift m the frequency of the echo mgmal due to the Doppler Effect:

= This frequency shift i3 proporswonal to the velocty of the farget related to. the Eadar which
kmown  as Radar velocdy,

& NDTE: Deppler hoguency shill ls whdely med in Rader as the boske for scpatating desired o ing
wryni fron fiediUnwsmied) dluner echogs: refipgoed fom, pal soverpmmeis uch os see, Laks
Ex

# The wmnge of the tarpst in determned by the time Tz 16 the tme @ken by (e paha o e o e
target mit rearns Back.

F The TM Wave = the spoco travel i the speed of [gin vz 3= 107 s This the Tme when for the
gl bo el o fhe taegel ncaied o o Mampe *B el relrsed baci & (e Bador can Tosmsd o

Vel T = Teiry
| Te2hC IR-CTW2 | Vo etocrved; selhanceni: ToTanos Tyl

L TINES AT Mgy ™ 148 T (k) Ryior™ 108 Ta(jah) By = 402 Ty fjis)
Mg =1 RR R T (ginh [roemi= Mmatical MElcs] B ={1L0N | Tig ) [uimi= Seasuic Milo]

¥ Orce the sigesi is radiated eto spece by Radar, Sufficiess time pst-edspee o allow 2l echa signals i

refurn 1o he Radar before the next pules i trapemited The rate 2 which {be paxt pulse trancmited &
determmed by the kbogest ranpe at winch tergets me accepied.

¥ Hthe time between pulses Ty 21 foo short en echo aEnal from jons range tarpet mizht armee after the
tranemission of next pulze and we mistakenly associsted with thet polie rather than the actasl puke
transmitted earler. This cas result an iecomect or smbigaous messurement of Rasge

¥ Echo that smves after the fransmuien of next pulse are called second-tome around echo. Suck an echo
would Zppesr to be &t & cioser range than the actual and 1 ranpe messarement &2 called metbesdme 1f o
were 1ot known to be second-time around echo.

¥ Hence the range beyond whach the targef appears sy second-tune arowmnd echo is called
Maxirmn Unamhipuous Range,

| Aieaiu=CTo2=C2F, |

[Fdance Commurcaton Ergg [1r-LL]
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Where, T, = Palse Repetition Peniod. & Fy = Pulse Repetrbon Frequency.
# JYPES Of RADAR:-

¥ There ire basic two types of Radar Detectes

¢ Pube Radsr Syeterm
o Comtmeous Wave (CW) Rader Svtam

¥ Cophmuous Wave Fadsr Svetem apaim chissified mto twa catagories such iz

» LW Doppler Radar Frequency
& Migdnisted CW Fadsr (FM.CW Radar

|L.3 . Radar range equation & Performance factor of radar

*  Padar Equation relates the Bange of Radar to the characienstic of Transputter, Recever, Antenna Targst,
and Errmromment stc.

o [t®used not just as 8 man for deSermmies the mawemum distance from Pader to o Targer. But it can serve
Toth a5 & tool for usderstandme Radar Opsration and 4 Basic form of Fadar Design.

& Tni thes sechon the simple form of Fadar Equation 1s demved

* For mm motropic sntenna; If the Power of Radar Tmosmetter i dencted by Py then the Povwer Dennty
{warts per umit arag) af y-distance "R iz equal to the Tramsmirted Power Dividad by 1he Surface
ArealdzRe) of an Imagmary Sphere vath Badvs ‘E". Where Py = Power Devaty from Isotropse Anterma

fcncrally Hacar vsos Lhroctove satcnmss to chamncls. Bnothes casc thc radizica FE™eT 1% &= o
i o ar Jirection, 17 0he maln (G of mnopntenng Igo0 memice of nerenosd power mdisied | the
pircetion of targer o epenporedd s powes e that wouabil o e heen mebaied. Aol i detimes) o

Wb | v ivin Friwser Plenslty Fackale iy eest e Anbemma

- Povret raglatis] by & lass exs Dsosraplc Ante o ma eoith siime Power Inpas

# B, The Power Denkity sl the lwrget formoen Directive Antennp with o tramsnsitting goin “Ci" i

a Pe

Pﬂ_inﬂ? i b b 113k R i 1 |

# The target intercepta o portion of mdiaied power and re-rodiated 1 in the varwas directiom. The
imeasare of the smomitt of incident peyes |n|n'|:~|:p1:d by the farget nrk me<mdinied back m the Bador
Crosg Section (m) and & defingd by the rtlation

P& g _ PEOE i My
deR®  4nR?Y [4nk¥p

P The Radar cross soctlon o) as mit of anen, it b6 the choracteristie of o particular tanget and & incasore
of its size & scen by the Radas,

#  Like target the Recenang Ancenmn imserceprs n pociion of the resmdined power wihich w propormanal
i the Cross Sectonol Arenof the Recebvimg Antenm {Ag ), The radar potenmn espiumes o portion of the
ccho pinwer, I the eMective arca of the cross sectiomial arsa of receiving amenna is denoted is A, The
prower receiving by the Rodor is

Power Denarty of the eclso mgnal o1 Rachr

Advance Dommuonicaton Enge (Th-01)
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I?'I; l.’J it G Ae
- v vy Bl
Pr= T THE W
# The Muoximuam R Runge Le. Ry 16 e distance beyanid wldicly the furget cannol he detecied. I
oooum when the received cche sagmnl powver H Jund qqlnl io the Minmuem Beteptnble !ilgm| § Sink
x PFEG o An i FtGoAe
S A mas® P | (Row) (4m)*Emin
= PtGa e L %)
- 1 ¥ i T e I
(Ree) lr.h}imln]
= Thist is the Fupdamssiital of the Ralnr Equatin
MOTE: - The unpoetimesd anteii pavnssiers are Tramamilting Cain & the Recervaing B Tective Area.
=  Antonnm thoory give the relobon betwean |1=rnrn.|.1rir15 l.llr! & recerving nfterive aren of antennn 1.9,

G B mAr & A., e

# Since the Radar generally use 1he same antenm both for Transmizsion asd Recepticn, So we use b
wiikioes 1 Nmclurmental equasion of Rudur,

Pran e Al 1 Prhel o 2
= = e 3
Ros A3 [4m)?Smin & [ Rom [*11 F.’imi-n] M
pu-—11u : R =l—"'“11=" |i
Ru=[ =11 |& gl L T 8

# These sumplified versions of Radar cquation don't edequatcly descnbe the performance of actunl

1.4. Working principle of Pulsed Radar system

Ratrs, us miony vnportand acioes dre o ncladed, Also Rdealizcd condstions have beor eosploved i.e
neilhier the Fllact of Groneid snor Alsaapinm and Tnierlereice is taken inlo sceount. Hepce, (e
Akl fangs in practice & ofien ks tun that of indicsted by the Radar Rangs Equation

« Antenne -
- Ponwidd |, Pulas g Wavg Form
) | Amghiflar | Plodulatar | EmnerEier

y
RE Pulen IE Puloe WD Pl
& MAR FAVATATAY F A “
Lawas P0G ¥ Bt chad ol Wik Thirmshoid
Innn.mnrivh-f|'| Mty |' Arnpiliar,  Frer "|n-:nc|u-"' Acwpiifior [*] Dacieinn [* VUL
Local
_Osciilans:

| BLCHCK LA GRANM OF A FULSE MODULATED RADAR SYETEHM |

» The operstion of 2 typical Pulse Radar Syatem 1 described by the help of block dmgram.

Advance Dommuonicaton Enge (Th-01)
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#  Oencrlly 2 comsists of Antenca, Transmotter and Becencer whach are explamed below

L ANTENNA: -

¥ The function of antenns during transmission i5 10 concentrate the radisted energy info’ 2 shaped
beamwhich pomts in the desmed direction m the space.

¥ Ooreception the antenna collects ensepy coctaimed in the echo signal end deliverias it to the receiver

# The two mportant mpat parameters of Antenm 1o Trmmitme Gam () nd Effectree Recermme
Ares {Aq) are propamonal 1o each other,

# Anpantenns with brge effectmve recenvme aperture imphes o brge ammting gam

# Different type of mtenna can be nsed m Rader such as mechanicatly steered parabohe reflactar,
electrically steered plasmed srray antesma or electrically sivered phase array anfenea gtc.

2. TRANSMITTER: -

¥ The Transtutter may be an cacillator suck s 3 Magoetron 2. pulsed [tirmed O and OFF] by the
modulator 1o generate a repettnre tram of pulse.

¥ The Magnatrop most widely used for & virious microwave peperator for Radar
»  ATwpecal Radar for the detection of mircraft has the following pets: -
®  Facgss nearly equal to 100 to 200anm

B Trenemettine povwer m the order of megs watt & Averaze power morder of several kot
m  Pulia Width m ths order of mero sacoed
B Pulwe repetibion frequency m the order of several 100 palses per sec.

¥ Transsting section comsists of Wiveform Generator, Pulse Modulater, Power Amplifier & Duaplexes

# Thewaveform penerstor penerates repetitice fram of palee & 1 fd fo pulse modulstor for modulstion:

¥ The pulie modulaser madulates the train of putias and gives t™he pulre modudisied signs 10 the powsr
r empiher for armoliicstion,

¥ The powses gmphfier amplifies the palze modolsied ngnal asd fod to the duplexer. Geperally sudie
frequency amplifier & wsed By this pupese.

¥ The duplexer allows a smgle antsnss 1o be used on 4 iimne sharmg bans o irssmitting and eosning

¥ The duplexer is generally a gas2ous device that produces & shon circued at mpot 10 {be antenra
Druring Trasemizsion 5o that the high power iz fowe (2 the anfenns sof 1o the raeefver.

¥  The duplexer profects from damages cansed by the lngh power of the transmitter. It also serves to
charme] that the retamed echo signsl 1o the recerver mnd mot 1o the fTemematar,

¥ The doplexer miphd comsest of bovo passed discharzed devices one knonn as TR (Tramsmdt Becemer)
and ATR (Asti-Transmx Pecener),

» The TR protects the recerver during transmitting and the ATR directs the scho s5znal to the recerver
durmg reception

Advance Dommuonicaton Enge (Th-01))
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g, RECEIVER SECTION: -
* The recemver is umnally super heterodyne trpe. It consists of different parf a5 explamed bellow: -

» The 1" stage of the recerver & bow noiee B.F. transistor amphifier which reduces the nose leval

¥ The mixsy and Jocal secillator copveris the BT signal to iplermedisie frequency where #f is amplifisd
by the IF amplifier

¥ The signal Bandwadib of 1 super beterodyne recelver is determened by the bandwidth ofthe TF stage

¥ TheIF amplifier is denzned a5 4 Matched Filter that 1 one winch maximeres the outpat peak-stenal-
bo- e dn-sise 1280,

* Thus the bane fumcton of mafched filber m to maximme the detectabibdy of weak eche szmal

p  tieoates the umwanted signal

¥ The IF amplifier iz followed by a critical diods which 15 cafled fhe second detecior or demadulater. Tis
purpose = to assmt extracting the modulstmg sigmal from the modulated signal

¥ The combiration of TF zmplifier, 2 detector and video smplifier oot 2= an emvelope detector to pas
pulve modulahon {eovelop) and repect the carmer Fequency.

¥ To detect the Doppler shift ofthe echo upmal the enveloped detector replaced by phase detectar which
3 differest fom the envelope debecior.

¥ Theoombination of the IF amphfier and video amplifier i designed 1o provids sufficient smplification
o7 pam to rzime the level of the meat mzral to 8 mappinde where § can be 2een m & dimplay,

¥ At the end of the receiver a decizion iz made whether 2 target i preseqt of oot The decizion & besed
on the maenrhude of the recerver output

¥ Ifke output 8 karge enough to excesd o pre-determinad threcheld the decrion @ that the terget
present. If i does not croas the threshold only noise 1 2ssumed o0 present.

#  The depley unn & usnslly & Cribods Fay Tubs; the mest common form of the CET & Plane Pozition
Indwcator (FP[) which maps location of the tegel 1 o Aziomth ansle & Banze m polar co-ordmaies.

¥ Bescope dizpley o winilar io the PPL except that if uiilizas the rectaneular co-ordinage rather than the

polar co-ordmates to display Range Vs Apsle.
¥ Amother for display i A-scope which plote tmgel Amplsude Ve Range for some fixed directon
. F i radar in ion and Worki incipl movi
indi i

¥ Thes Badar uses Doppler Effect for #n operston miany tomes o o sot possible f2 detmpunk 2 movine
terget m the presence of sfafic or permanent echoes of comparable appearance on the Fadar screen,
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* We bave seey thai i a PPI display, there js o
It of chatter due o this stinnary g
echocd. When it iy desired 80 femove the
clumer duc 1o the souonary @rget an MTI
Radsr i« employed.

# The hasic peinciple of MI1 Mader & 1
compare 3 sct:of Tocovad ocho with those
reeeived dunng the proviows. Beocp oo
Canczifing oul those whose phase lias ramam
inehanged.

# Moving rarget will gree change of phase and
we oot cancelled thes clukier duc o the
stutinary fargel wre weomove from daplsy amd

Antenmng

this allows casicr desection of moving mrger. Phase Seference Signa
7 The side block dagram s ke simple block iy

dingram of simple MT1 Rade Fa
* The Tramsmitter frequency m the MT Radur "ﬂm

Swten o the mmm of e o of tw i
ot latpry prostuced m miner 3 | BLOCK DMAGRAM OF A MTI RATDAR BYSTTM |
# The First oscillamr s the Stibo (Stble Cwailsios and the Seeonid oog (s Coho (Colierenl Ongillagor)
whach opermting same fraquency an the Inennedinte frequency & provading eoherent ignal
# The Caho is used For gemernting (he B.F sigmal ua well as relorenee slgual for the phass detecion,
#  The output of the dupleser iy the conshivation of transmimed fraguemcy and Doppler dhift freqaency.
* A the mixer-l the Smdo freguency (1) cancels out asdl feeds a sagnal of frequeney =4, w LF
aengilifier for smplification.
¥ The reference signil from the Coho eed the 1LF echo signal are both feod mio the miver called phase
detector, The phine detector differs lrom the normal aniplilide desector, wince Hn outpit
proporiional o the phase difference between the two mput signale
= Sunge the ourput of thes denecior 1s phae sersitive and ouipan will obeain for all fixed or moving myger,
# The phase dufferemes between transmaiter & raddiver signal will be conslant fer f fised @rger when =
it will vary for & moving mrgel. This varaison of moving fargsl & doe w-the Doppler fregomcy: shift
# The delay line canceller not only climisate the DC compoment comsed by clomer bui also 0
unfirtimately repects the any movieg target whose Doppler froqueney happens 1o be seme s the MRF
(Pulse Repetsfion Frajoeney) or miliple of PRF. (= ni)

#  Thase relioted tarper velocimes wiich resudt s zeeo MTE responso are called bisd speed ond & given by

Vo anMaTE R | Wheren=1,2.3.,,.
& An MT] RADAR operwian at fregwency 3GHs with @ PRE of $oipps. Caleulate the fowest three hiind
speedy of Hifs RADAR
o Grenthe f=SGHr=S+|0'Hz,  PRF=SiXipps

Ax = 0= (30 10% /(S0 [0°) = 3050 = .0
V™ mA, I | D O b 2 3hm s W g = (2O RN dmdRon's B ¥ = | Balh O MDY 2= 3mi

Advance Communeatan Erge 00|



# The aperant frequency of eléctromagnetic or sound waves depends an the relative mdial mation of the
soimge of observer, I the source and ohserver ope moving mway from cach ofher then the aperint
frequeiey will decresse and when they meving towards cach other thea the aparant frequency will
increase, This phenomenon was postulsted by C. Doppler. 56 1 15 known as Doppler Effect.

F TR 15 the dintance from the Radar to target then the total mimber of wavelength {5) contained m the
two way path berween the Radar and target Is 2R

# Ench wavelengih comesponds 1o g phase change of Ix radian ten e total phase change in the mwo
way propagation path is cqusl 1o (217 % 2B/0) Le, B=4lIR/L,

# Ilbe wrget s m moton wrl te Rodar then K and @ ore continuously champes, A chunge m @ werl
timie % equat 1o frequeney and this s known as Doppler Angular Frequency (W)

Wy=dnl=—=— —)=— —=—V,

Where El = Doppler Frequeney Shill & V, = Radial Velogity of the Turet worl Radar
# From ihe ahove expression, L= 2V /4, Pu =0/ We ger [=2V L,

Where {=Hadar frequency or Transmitted fragueacy.
P INE eV, inoomi & & in meter then [p=1.03V,0
& Witk a CW Tramsmit frequency of 50Hz, Cofeulate the Doppler freguency reen by the Stationery

Rarddiar when the Targer radiol velogity & (t8mHr
Given that =3 Gz = Sx10° Hz s V, =1 00Kmbe = 100x 0003600 = 27 8mis ¢ ¢ = In10 s
As k== (3x10Y ¢ (3x10°) = 0.06m

® 1. CW Doppler RADAR: -

Circulator

cw

Transmitted |
Oscillator |t s F2Fy
Transrmitted
Loakage Signal  ECho Signal F
Detector| | Audie | | Doppler | 9| Frequency e
{Mixer) Amplifier Filter Counter

| BLOCK DIAGRAM OF A CW DOPPLER RADAR |

Advance Dommuonicaton Enge (Th-01))
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The W Transmiler genesies & conbinaes sine wave rsiber tan palse Onmodolosly of Fregoeey
Ty which iz rudfaned by the ameana, Since, hare the wansmicsion 13 comimme< the Crenlanr iz ussid o
provide isalation fepsoon fransmimer & seooner, For eontiviegs wave the use of dapienr is poinriess,
A V'ortion of redisred energy is interceptod by the miget and scartered. Some of 1t i the disoction of
W aclur vz i i eol leclied by receving aneni

If1he targes s in marion with 8 vekeiry of Vi relatve 14 the Radas, the reeeived eigesl vall be shified
in Frggqueangy from the srangmitied Fequeney 1§ by an amcunt of 2

The plus {+) sign associated with the Doppler fiequency applied, it e distance betwaoen the aeget and
the Hadar 13 decrezsing (whet they meving fowaeds. sach athee) e when fla receivad zignal
frogueney = preatzt chan the frarsmted ssopral Frequeney. | mmimos {-) sing applicd if tie distance is
itereasmg e rarget s away 2oing from the Redar,

Henice 1he receivad ache signal an e frequewey [=0 enters 1o 18 Radar viaanteona.

This aigresl a5 belerodyne m the dedector {rmiserd with o portien o imnsmiied simal 6 o producs o
Doppler hic of freguency I, The sign of the f; 17 Inaszs in this process %o we connot predics wheshes
e et i poingg ey Croan (e Rander ar coming lowirds e B

The: purpuosie o the Toppler soplifier is i elimingte echoes (e sttioniny argel und 1 anplify e
Lnppler echasignal i 2 [evel wher iz con aparmne an indicaring device Hke fraquency entmmze.

The counter i & narmal ong sxcept that the mupar i shewn 25 kmeor miles hoor rather than the scnaal
(g y i [l

The memn drsadvantage of smple CW svstans i its ke of sansitivine The type of dinde detector thine
i s v ageompiesdngg e Digh ingoming Froquency and o mar a gond device for tig pudee antpar
frequeney. Thus an increwend i i the following ways,

® (W Doppler RADAR With IF AMPLIFTER -

A small portion of o mmsmEier
OuspE = mixed with pwipur af
local oecillator snd the. sum = fod
i the receiver miver by ihe help ol
sideham] e

IThe receiver mitzr alio recsives
the Doppler shifled signnl o
eecewing anieana and prodices an
omtpet  difference. frequency e
fvpucally 30MHr (Generased byt
1T il bt} 2.

Ihe owipat of this mixer ©
amplifed. by e ampliles &)
demaduluies agein by the desboion
The sigral from the 3% dezeror &
just she Diopper frequency gl | Block Dizgram of 8 CW Dappler Radar with LF Amplifier|

sudin Ampl fier or

Advance Communeaton Erge [TH-001]
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This sigmal & agvin amplifiad by the Doppler amplifier %0 a8 i mise the signal level such ag in maa
il Tripadncy comber o indiculor, By s is losl so thel i mol possible 6wl whether the e bs
appraaching of receiving,

# Separmee recaiving and tranemitting antenan have been mied, A Cireelator conld be used a8 shown in
simple CW Radnr svstem, Separate anfenns 8 used to iberease the isolation: between tramsmiticr. and
reveiver section of the Risdur,

B ADVANTAGES: -

# CW Badir 13 copable of pving secumbe measuremient of nelabve velocily using bow innsmiling
power, stimple circuitry low power comumption sl squipment whose size i much smaller than hat
of pritleesd Hadar equipment,

F 1k unsfiecied by the presence of stabonary Bnge,

7 With some additional crgiliny CW Badar com messome the direction of the nnpd sheog with iis spesl,
M LIMITATION: -

F 1t limived 1o the measinmmny poswer it s and dis satorally places i Limit on s moximan amge,

P00 is easily confisad by ihe prosence of u binge nuember of angets AT gh 1 s capuble of deliving

with more than eoe rget if special filters are included ).

B/ AMLICATION:-
w0 isused in pireralt nevigaion for spoed imensurement.
F Anolher application is in g rule of clmmb meter for vertival e of plusss such s Huamier,
¥ ltis most commondy used in Radar spoed meter used by police.

® 2. FM CW RADAR: - Transmitting Astenna

P The gresest limitabm of Bappler
raddur e, it s umable t messure the FM 1] LANTOOTH
TAREE {5 Vel eama if the tansmired TRANSMITTER MODULATCR GENERATOR
caarier & {requency modulaie. -

# Ifthiz 1= done it would be possible
eliminase difficulty with C'W Haodar
ig i imabidty o Estingeish o

cycle fwom other m
r The papular method in CW Ralar ks MIER s o

i lingirly frequency mislulited the Amplfer _+ L Tﬁ'ﬂf

wivglorm the  oelolslion EMIH‘H m—--—l cator

manglar wheeh gives up eventually Recelvin

s somast thovw, | Block Diagram of s FM-CW Radar]
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o The mansmiited sigmal is shivaen by ibe solisl (nemguber wayveform i the receiver simal o shown by
ashed lne. Delay time, T=2R/C , AF= Frequency deviation , Fy = Muodulation fraquency.

#  The torget o stationary wirt, tho plane. A
frequency dilference proportonal o ihe

hedght of the plane will exist benween the A .
receiver il trassmiter digeal Bopow £ " /
# F % ransm wvd r
besnmg recelved wis senl af o hme when E // .,} kli_ﬂn T ftted
The instominseos Trequency wis (Hifferent a1 ! \ o * Time
# The rate of chonge of frequency with time 1E" : e : ya o
ibue v the FM progess s known the 1me. .}

differeice betaesn the Seit anid recesved
signnl may be cofeulated.

The above diagram js the block dingram i L
of i gornmien ppplication of the W CW

Raber svaberm, 1t & glwa knows aa wir IEAWMMEF&RL‘H{FMCWMAR]
hame zltimeter 85 it & emploved for measurctaeet of altsfode (e aw craft. Here we nse @ saw tooth
genieralor us we anmpknang saw looth Inguency moduliison for smphcty,

o

oA FW rrkenitier 16 pied mowhich frequency moshitlation of the signal can be done and ifs oatpet
wiven i the mixer, The ouipul of the miges which produces the freguency dillerenos (beal frequency)
a5 amplified by nenplifier and Hmited oo remeve any amplinide fuctuntion by lmiter,

# This signal 12 fod 1o a frequency counter ad €0 an. indscator whoss awipart e calibrated 1m-meter of foet.
B APPLICATION:-

# FM CW Eadar is mestly s in pltimens in gigcraf doe 1o shorer range & lower power requirement
ascompared 10 pulse Radar, Smalier size tor s craft insallaton & smaller icmsmiser power.

1.7 . Radar aids te Navigation

AL LA LLF WHAARLHLLLEAL =

# The pasttion nf oir cratt or & ahip can be thand by e of radio nevigntion aida, s o6 achieved by
mstallatan of radn cranserter sd recoiver at ke kecatiain an b earth surfnee as well as at opie
wrall ueshipy which works in comspumction with g on aarl

#  The rech fmanr ritpeal i aml ywabimt m:hl;ll:.- nrl:l-n:lr.;|m.|_|.5r||:|'|c waves beld s sukl=m i |'rn:|'ruk
navigstion paramotyr like diustance, direetion, eo, by dimort and indirecr meosurement of delay
pecirting hetween trarsmissmn gnd reaeption of fisso wavea.

¥ e measuiement of derestion, distance and the differerce bebieen tha tenRsmitens give an indication
of 1he posivion of anair ceaft or g Bzading o eorreet naviganon

7 Darecbon Hodme through osdio 4s one of ibe very earbies] methods ol elecironse mivigalivns] wds
wilely useal ir sbilp and wir crull even Woday.

1.9. Aircraft landing system
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PW|Fage

=
-

-

-

-

e
-

Ciengrally theee are 1w fypes of landing svstem ire daad.
1. LL& {Instrumenis| Landing Syateii)

L MES (Micnpwave Landing Sysiem)

|msirament landmg system s wsed for mnway noagation in [FRt conditon in which by ssing some

specifind component the landing can be made.

If this type of system thery ere two category. In frst category it gueded on airerafl up 10 20061 In

second cabogory it gusded dn prmerit up o s Jevel of 1004 below which it cannot paided,

LLS, svstem contmirs following Comparnents: -

t)  Localzer - In front the pilot with aero plane harizostal pesition w.rt naneay centre line,

it} Cilizle $I-up|:' = Iy fromt the pilot sero plang vertical position wrt. ground,

i) Ohuter Marker; = It stands i the wme Fme with. localizer snd the ruswuy centér fme four 1o
erven miles before the narasy, When the sero plane spproaches the nmmesy from the right
direction it gives 8 sigral by blinking the outer marker fine,

wi)  Middle Marker « It is posationed (L8 miles before the runway when the sgro plang s sbove the
midldlle. marker the recerver blinks grving a chance o the pilot weather land or nat,

vil  Inmer Marker - It ik predent in the rosway when the seo plane woches the - runway and sands
over it The secever blinks the hight of imner marker

vl  Approdeh Light - It includes meditm or bigh intensity systern loe both inslde snd outside 1he
aero filime.

MAVSTA stands For Mavy-Mavigation Sdiellite Syileat. B 5 developad by USA in 1967 o meinibir
the milstary sctrities and guiding of sero plone & wanshp. Ssteflite systemn means finding oot the
posdion of an abject from different angles through saelhie placed snificially,

® Concept & Feature

NASAT uses the Doppler abift of radio signal ransfiorm satellite to measure the relative velocity
between the satellite and navigator by knawing the satelitie arbal position the ravigator pastion cin be
determined from the time tate of change of rate b the satellite.

NAVSAT conmsists ten orbat satellite and three orbitng space. A network of working station
contmussly moribars the satellite information. Each satellibe % a crcular polar orbat at an altriede of
o Usuully five satellites are operating in ihe system.

Crenerally four sateliite can meke the constellabon and enother ome i used o5 & spare to find ot the
positon of & navigator ot least information for foar sseilne taken.

Each sutaliite comtuin receiver to receive the compound from the ground well eouipped decoder and
memory, control cirewit encoder to trammit digial duls to phase modulation, ultra stable THz
osgillator ond o | 5W tansmitter o broadcast the carmer Frequency of 1 50MHz 10 J0081Hz
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Y SMACH BEGEENT
stanied in 14" Feb. 1989, : -
v A GPS sysiem has fhree segmenis, - I i ‘l
& Srdce Segment r" !
% Cootrol Segment ’

*  lser Segmeni

F In space sepmend sysiem 0 contsins 24 operntional
satelline which are revalving around the eanth in 6"
different arbit thers &ne used an spare acd there ane
wrrangesd in such & manner of least Four sateflae are
i V3w 10 -an user ot sy Trme oo 8 warkhwide fose
Clul of fomr saietlies thres are for disnensmil ons fur
I5re,

& OIS Satpllng Transmits Peeudo Tandom Nobse
{PRM) fequency with caw sequisiton and precision
code, This cm be achbeved by CDMA process 10 identily transmit a particulur providimg o wnigue
PRM mumber

i inchudes 8 master concrol sertion & number of monlwey & genend entenns pllocansd throaghour te
witld: They wee ofl snserlinked & oll the information receved b processed by mmaster control sysiens,

= After calvulabion of weourney master control system it 1s ransmitted to ihe andenna by which a position
can (denily through satellie,

User Segment:-

User segneent condubn high, medivm ind low recsiver tie user eguipimend ‘is 20 designed o thal i

recoives the signel and proceds sll of § tme or sequentially. then thee progesser convenod signel s

J-dimensaonal nasigasaal nfenmation

FOUR STEPS FIND THE POSITION:

Mpasanng tavel bme oF satellie siimsl

hensurement of distance from satellie

Mesurement of posstion of saisllsz.

Tnfazerurion.

LIMITATHIS OF GIFS

Linc-0i-5ighi Essemial — Signal cannol pass through building, 0 happers in arban anea, 1.2, Sydoey

ity eircle,

Long position timg = Amond [5 minues, depends on bow accuracy.

’  Haitery - Ram out of ihe batery in GPS receiver, since long coleulation time, 4 AA bobieros can lnst
For 4 hours omly,

# Meed miprovemani T Cellalor Mepwok!

<«

N

Vil Y oYY v

N
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Short Questions With Answers

¥ What isa r=dar’®
A&: Radar 15 @0 gleromsgnets s tor e detecoon a0l lagEtion of refecting oo uch 5§
aircraft, ahips, spacerraly, wabicles, peaale, and the ratuns envfoamSnt It operets by radiating
Sngrgy M0 soase and SMECIng e sl yignal rellact=d {roen an abjesr of 1ErpeL
Lmldﬂmmwmm“mﬂmw?
& Fenpes that srive afser e wanemisson af the nant pulses grs pslled the e and 1ime asound
echoes The range beyond which the tarpet= sppear 81 secondtime- aroand echoes & calied the
U unambipaous targs Run and is gheen by RurscTpd e/
3. What iz the fundamental ange equation®
Ar BmaweiFtEhe & Bran ' 1/4)

Pretranomithed powar , W

= Ammnna gin

hp= Antgnna effective apenture

Emén=hdinimum detectabie signal
4. What iz a PpY
Bz4 typlcal regar display for & aereeiiangg radar inohe BR or Pan Position ingicater The B9l isa
EretEntFiian Al map in pOlaT CoDrdindtas the Iocatisn of the tarpet in azimith and angs
5. What sre the #pplicarions af radar?
A: | MiiEry

f Amrgesmming

§ Bir traffic contral [&TC)

f Lok mrfariement amd beghraniy dafety

f Aaroradt sofwty ard Navigation

fShipsafery

f Sonce
&. What are the main reasons for the tallwme of the dmpls form of the mdar equaton
A:Tha fallurs of the simple toem of the radaregustan indase to
7. tha stiiticl nature of the menimum demctabie agnal
& fluchaaticers and uncerainties in the @egats rSdar cross mctan
C 1he losies Fipersnned Theoughout the Rdar Hssm
i Propagacan sHecs cavssd oy 1he eartn perface and Aimosphes
7. Define minimum detecable demal?
A:The waskesn Signal 1ran car L9 be dereciad iy 17 recshver i che misimum derscatle signsl
B. Whan is called a alss alarm?
A Ehe tarped mien= 38t oo 10w, none might exceed it snd be mistaken for & 1BrgeL This iy called the
fats sisem,
3. What is celled 8 méysed detection?
Arl the threshold wers-set 1oa Bigh , noise might pot be large encugh o
caere faize alarms, but weak target echoes might not exceed the threshold and woold not e
cetected . Thix iz calied = miised detection
10 ‘What is called threshodd detection?
Buif tha recatvar sutout kot of soffident amalitude to oross the threshald, ondy noisa i s2id o ba
present. This 1 il ed threshold detection
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11 ¥Wnat is called a thermal noiseT

A:if the radar wels 1o ppEratE in g roas fes evirpnament 15 1ha ng suternal senes of noige
IccompEty the gt aignal, and IF the recelver Imef were 50 perfe that it g nas gansras any
SRIEy Naie fhare wiowkd B8 be Apiss genarsted by the tharmal agitation of the oondustios
alsstraie in Eha okl partion of the seceivar inpid stepes. This i cafied & tharmval or Ihansan

B2 What is said to be the rayieigh region?

AsHndar cross section depends on the characterishic demeniors of the shiect cormpared E5 the radar
wavelength. Wihen the wavslength i large comoared 1o the chjects dimension:, scatterng is said o
be raylaigh scattering.

11 Eve come auamiples of imple targets®

Afome axamples of simpis Targets are sphere, oyinder, Hatolats, rod, cgive and cone.

14 Dwfine the term fecuations?

Hschamgs in the esultant phase and amplitucs of the compoilta echo pigral which results in @rgst
cries secton fluctuatians

15 WWnat i called frequency dversont

B meEENT ThEL MOFE Than ane UIEnEmumen, each 31 3 different freguency s urlzad In peraliet with
SN IFRCEMITEET CNANRS| DPSTELNG &8 3 LEIATEIE MR0E

e Weman iy called Fregueney agillty®

AsPulse b Pulye chanps in fragosney i callsd fragusncy splity.

7. ‘What i called as reyiad Yine?

A:itis the thme that 2n srtssns tekes (3 return ba wisw the same ragion o spece |Eis sl calisd 2
en bme

15, ‘What iz a mdome?

Atk typical ground besed metal spece frame radome might Bave 3 twooway tramamission los of 1.2
dib st freguency gan from L fo X band

19, Dfime 3 ccan io scan fluchuation?

&:Tra echo pulses received fram 3 TargsT on any ona 5030 38 of constant amalituds Trooghout tha
snfiics soan, but @fF independent from soan 0 soan. A fErgst soho luonastion of this Typs Is iied
Ton 1o 5030 or siow Huctuations

20 'Wihat are com phey targes?

B:Thg 1adar Coss BECTan of complex (IS BCh 38 AIroraft, misslies. EepE, pround eenkiss
febrcaesd sUuures buildings and tsrraing m@n vary considerably depending on tha viewing angis
and frequency.
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Lons Ouesticas

What ko riedas? Derivie tha exprewion for Rade rRngo eguazion fustify that
shorterthe wawe length, range will be highar.{5-24)

For magimum wnambiguous range of 1000 KW, calcuiste the FRF required for rader?
What is the effect of noise in Rader Recedar Signal? How doss i effect radar
Fangaaguatian?

4. What bs meant by redar crocs soction of Targets? What ane tha differences
bebeeentempie targets & Complex targets?

D thie block diagram of MTI radzr and explain the working of s each block.(5-24)
&, What is meant by blind speed? An MTI Radar i operating a1 10 GH with & PRF
of1D00HE Calculats the lowatl thezs Blind spaedsy

L

izl B
v H

n
b
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The e af amadlitos na pleefao for rovmts eendEng i@ besad o0ame vy fundamental phywioe
Sentors Laws of haton ¢ Gaanvitation | [B85)

— Thiz bl o plasshen! meebaniey
Larwes ol Mutiam

(1% Every body comtimucs in e sz of vt or of dndlfcee’ meiton 8 scnight i wnicsks i s ooimpfad o
ol e i mlane by o Boree lpesaed Gy i

(20 The rave of chanpe of Mo enmum (5 propenuena. e e impeesrad foece and 19 o the sume direeion &
that frece  Momemtom = masa B vebnd iy, @ Law 02 § bec omes
I L] P S
o a
L b For evers g thers o poqal ied opposte matinn

Law af Crravitaibon: The force of aftraction Sefwesn a0y o part.cles s

* [Frmportinral 1o the t medes
= |picgraey P pocthonal 5 The square Al the dsamce baryesn ke
P o Sy

i TIMF'H: th e ie r-nlr & |

Whgig 14 = s ilaleas Capinklaand = 73w 011 Hlu_,".i.E:

These lowy explaln haw & uatellite stass in orbid,
Liw (L) A salelliby woould terd bo po orf o3 st 27 e I oo Joece weie spphied fo il
Law (21 An alsmctive lores makes e sarddle dovate Com g sough lipe sl orbik Eadh,

Lew of Gravitatior. Thiv sttractive fore b ihe grovitatiseal farce berwesn Eend and the satell e Gruvity
prosdes the inward poll st beeps the satedlive in orbit, Asauming a cocular arbin, e mcatonal foce

st aqumd ihe cenmipetal fonoe we? B

When ! "
i = el welocity
1= orbil radiie = B — b {ie, non e dnwde of the arkin
B-= mudicg af Eusth

b gltace of wrbil = heighd above Esth’s surface
= kst ol saelide
iy = s of Barth

“II!IH’J«IE[E TOMMUSICA&FION SHNRINEESIE@GIITENTY)
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= n
L ¥ depends only on the altiteds of Se arba (naf ca the saizllite’s massi
The perind o7 tha satefline's oebit is

rals
T

My, N,

Agiin, = i-only dépended oc e abiiud? tnoress g as #he odbi 8 Suce o

kepler's Laws for Orhits
S0 B, e e e that nelines tuvel i cloular crbits, ul this b ool meceany tus in practice,
Newior s Laws com be wed to derve tne evact forrn of o satelline’s ordh

However, o simpler apocoech (8 W botk of Kepler's Liws which sunemnis the resulls oo the full
Jenvation. Kepler's Laws (160% Tor 1.2 1605 D 35 weve based ou ohservations of the oo of alinss,

1) ALl paasets trave] m elliptizal oshits witk the Sun o oae facus.
= defimes the shape of rats

a0 [hw rado froen cow S o the plomet sweeps oul ogml oo mugl b
=+ desprrrs how = posmnm e 10 fime

33 The squise of the periad o o planzt’s revalutian is proporiona b the cube a7 it Semi majir axis.
= suggedts that there s some syshematic factar ot work
Frrr agtz lhes. sustinee “saaellite™ for planzy and “Eank™ for Sus

“:I!IHJ«'IEI.E TOMMUSICA&FION SHNRINEESIE@GIITEDTY)




ki3

2.2,

|Pegn

Crbital 5 and elevation[LEQ. MEQ & GEQ

catagories

LED

! 1

Wil Low: Tarth Cirir exiemiding frrm 2060 ke b 200 K i) e sl 0 a reladively Liw inauhide, lihooggs wedl
ahove emahing far g oonvenneas] sireraf] can nesgh,

However LECH s stfll wery close 10 the Earth, especially when commpured i ither firms of satelliie orbis
¢ hadiitg yeostaticnany orbi

Thee |ow crhit altitede of leads 1 4 susiber of charsctenstics:

hebin imis are much less fean for many ofser foems of arhic. The lower altiude means kigher velocies ane
requined &5 halence the sardy gravimnesal fekd, Tymenl selngites ars very appronsmaizly arouni £ =,
with oehit timed somenimes of the onler of 90 minite, albough hese fgurs viey cooshdersbly migh e
et ditmls af e akee

The Inwer ot oess e ssetine and 2 arg closer tngether and therefnre parh oaaes @ boa ifan for
ather e sucl s GED

The round trip e, RTT Tor the mdio ugnals w comsiderabey s fam ! expenenced by geostabomry
s wiedlives, The acuml fime will depend upon faoors sush a5 the orhil dtinds aml the posites of Be
user nelitive bo the smelite

Rachitbon keveds irg looer (ham expesionced ol higher shinides.

Less enerpy o expended placing the sateilites in LED than kpgher orfits

Some specd mducrinn may be exporienced a5 8 result of furen from e low, but measorabie levels of

ey, mspetally o bwer plfmalen As ghitnde of 300 bk by normally sccepied o the mimesm for an
arkt 48 0 ressibt of the increasing drag Froes the presmce of pusss & iow ltiudes,

Applicatians for LED Satellies

A varigty of differsnt types of satellie use the LED ot Evels These include different types and
apphicanions wchuding:

Communicatons giellies - s comemnicatsons saielliies inchadiag te Iridum phane sysicm wie LEC.

Eanfi monigoring sielliies use LED as they are able to see the wrfice of e Earth more Clearty e they pen
st it far ey, They ae alse able to traverse the furfice of the Earth.

The Imernational Space Station s i a LED ta varies between 120 km {159 mi5s) and 200 ko (249
indles) above Be Earfls durfsee. 1t cin oBen-he eees From (e Eartis surfoce wigh ehe neked éve
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MEQ Busies (Middle Earth Orhit)

A mielium earth orbit {MEC) aatellie & one with an eehit witlsin the range from a few handred miles o
few thousard miles above the euni's sarface. Sasellites of thas type orbit lijgher than low earth sehit (LED)
satellites, bul lower than gecstalionary satellites.

The orbitad perods-of MED satellstes mange from showt two o |2 howrs, Some MEC sstellites orbil in near
perlect sircles, and therefors have constant altituds and trivel o o constint speed.

Ciher MEQ ieliiies revolve In elongaied orbiis, The perigeeflowest altimude) of an elliptical-orbit
sabellite is smuch less than its aposee {reatest altnudel, The orbisal speed is much grester near perigee
than ne& apoge.

As seen from @ poml oo the susfice, s stellie in un elongited orbt crosses the sky m just o few misbes
whin i i near perigee, &5 companed 1o severnd hours when it 18 near apogee

Elfsptical-orbit sateliites nro eusiest to access near opogee, hecause the eanth-hased antenna ocventation
does ot have 1o be changed afien, and the satellite is ahove the horon for & fairty long time.

A feet of severl MEO satellites, with orbis propedy coordingted, can provide ghobal wirsless
communication coverage. Because MED saeilites are closer 1o the cath (han geostationsry satelivies,
enrti-hosed transmitters with relatively low power and modest-sized antenns can sccess the system.
Because MED satellites orbit o higher altitudes than LEC smellises, the unefil footprin (coverage ares o
the eanb's surfiice) is grester for ench satellie. Thus o globakcoverage fleet of MEC) satehlites can have
fewer members 1han 4 global-coverage fleet of LEC) sutellites,

Oine very popular orbil format s the goostabanary sakellite orbit. The geostationary ackit is used by many
applications including direct broadcast as well e commanications o reley systems.

The geostatiomary orbit hay the advantage thar the satedlite remsing in (he sume position throughout the
day, and antenmas can be diracied wwards the satellite md remain o track.

Thas factar s of particular importance for eppiications ssch os direct broudcast TV where changing
directians foe the antenmn would not be practicable,

It 15 recessery o take came gver the use of the sbbreviations for peostationary orbet. Both (GED and GS)
are seen, und both also wsed for geosynehranous orbit
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GEO iGeo stationary Earth Orbi)
The idea of  geostationary arhit has been postuluted for many years. One of the possible onginators of
the bl idea was o Russian theoris and aevnice fiction wazer, Konstantin Tsiolkowiky.

However & wes Herman Oberth and Horman Potecrik who wrote shout orbiting stibions & an alisude of
35 900 ko shove the Earth thal had o rotational pernod of 24 hoars making it dppear to hover over a fived
poini on The equatar,

The next masor gep forsands occurmed when Anthir C Clarke, the science fiction wie, published a
serioes article in Wirelss World, & magor UK electromcs and radio publscation, in Octaber [543, The
article was entitled *E xira- Terrestrial Relays: Can Rocke Stutions Give World Covernge?™

Clarke extrapolated what could be dane with the German rockst techmodogy of the day and looked st what
might be possible in the future. He postalated that it would be possible to provide complece global
coverage wih just thee geostationary saletlites

Come of heam
Tor breadeast Services

Earth

e sato il o
ragio Nnks

Etatiom 2

2.3, Concept of Gegstationary Satellite, caleulats its height velocity &
reund g de gir adva g sadvantage

Grenstatinmury Orbit busics

As (he height of & satellite increses, s the teme fior the sstellite 1 orbwt incresses, A1 o height of 357%0
iom, 1t takes 24 hours for the safellite toorbit. Thes bype of orbit |8 keown a8 & peosynohronows arkit, Le. i
v synchevndged with the Earth.
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e particular form of geosynchionous orbit 15 known ux o geostabonary orbw, In this type of arba the
saiellife romies m the same direction a5 the rotabon of the Earth and bas an appronimiie 24 hoor perod.
This mesns thal it revolves at the same sngulsr vedocity & the Farth and = the same direction and
{harefoee rermaina in (he sane posdtion relative to the Eanh,

In order b ensure that the sabellsie retates ol exactly the same spend as the Eanth, # 1s necessdry 1o clarifs
euactly what the time i for the rotstion of the Earth. For most timekeoping appiications, the Eartis
rotatien 1 messired relatve o the Sun's mesn positson, and the rotmtion of the earth combmad with the
rotaticen areend the Sun provide the Jength of time for o day. However this is not the exact rotation that we
are migresied m b0 pve @ geostatonary orhit - the time requied 1 just that for one motation. Thes fime
period is keawn s a sidersal day and it bs 23 Toars 56 misuies and 4 seconds fong,

Creometry' dictates that the only way in which an orbit that rotates once per doy can remain aver exactly
e same spot an the Eartiy's surfice is that if moves in the same direction aé the earth’s rotitoi. Also it
renusd et e noeth or south for uny of ms arhit, Thas cas only oo i it remams over the equator,

Bl ol
migtion
i

Cowyenhranens

ﬂ:-rillililllﬂ!!

Creostatlionary orhil can snly be sver the Equatr

[ifTerent orbits can he sesa frimm the diagram. As sl orbial planes nesd b pas through e geo-centes af
fhe Earth, 1he twn cplions svailable gee shown, Even if both orbss rukste & the same spesd as the Earth,
ihe one Libelled geoivnchronaus will move nurth of ihe equatar for past of thiz day, ead bélwe for the
iotbest hal¥ < i will st be visthonary, For o wibsllite b be stationary, i mist be shove the Equuiar,

Genntutiomiry Satellite Deifl

Even when satellites are placed into o geostationary arbi, there ure several forces that can act on o to
change its position slowly over tme.

Factors inclisding the sarth's elflipncal shape, the pall of the Sun and Moon and others act 10 increase the
satel e ortariad mclenaton.
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bn pacbouder e zomecrcuker shepe of the of the Bark aroind the Bquesor tends o draw the szielines
tewcamts twm wtmhln sqifirnms points, one shioes the indiin Cieenn and the arses ey poghty nemmd the
piher wide af the Wor'd. This =mils o what b0 emed a0 a0 ees-wee! libmelon or mevement maek oed
forth.

Te guvsranme Thess mavernents, foel 14 cerriod by the welics o conk's e o cory ol "akifion-
keeping'’ whene i sadlise & reiumed B is desired posiiion. The period Barsepy siafien- caming
munosmvres I8 detorinad By 150 allownkic iolerance gn e sotellae which is maisly determmed by the
ground amenns besrrwidsh, Thos wi ! menn 521 oo re adustment of the sntmnas 15 requaned.

CrPen the smefi] Bie of o selBee i@ deterniesd by the time for which Fuel wiTl aliow the stion-keeping o
be urdernken, Citer this will bie severnl woars, Afber thin e satelhite can diefy fowends one of the wo
gepriliksiiom. poists, maid pomibly ri-onter the Earh's stmnsphore. The prefemad option (o for e saclins
o itilise some lnw flaal e Bl taorm Inin o ighes el inerensing ashitm prevent them from interfodng with

Lreoalnflnnary bt Caverage

A wangio geowiatorry satelivie obvicaaly wemnal provide compleie globe covamge |lowever, s mngle
geostinionary seiellite con g dpprosimiply 42 of tbe oy suface with covgrage Melling off owands
e satellibe o mot able fo "see” the mrface. The occurs around the equeter pac also sowardy e polar
PR,

formsiut jmnary wabillliie v irage

For & conseilstion of three wnllses wpaadly spaced srend e ghobe, it & pesashie s provides comples
covernge afmind the eguaior and up o lntiodes ol 81 both s s sxdh

The lack of palar cnvernge s sl @ poabbem for s s, althowgh whess polas coverage iy sesded,
wated ity wnam g wriber frerma ol oebal gre mesded,

Haelghe, veluglty £ reund trip e dulay
H:‘unfﬂfﬂ made|liter i Ifl'lhu:-
t forkil pubies = Myl Andivs of the Essthi=h

Round rip teme delay b given m following

il
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A the velocsty can ala b grven as
" = Giam il
IFemasmuwr
SAmR = mowfl = m TR

GMA* = (2 TR

SUDRITUTE,

G= 5,673 E-11 Nm¥ kg
T & BEa0) ssconds
M= 5.9736 E2d kg

A w gat.

R = 4 2241TIT48E0840TERDN ET meters

if mdive of sarth s 8371 kim, haight of statloner 5 422342 - BAT| =
28871 um from surface

Ve EMITIR = (In786400) 4 224 17ITA88054STE300 ET

¥= 307181 mis

& Compieta Sammliite conssts of several subsmtems, out the Mo impartsnt of tham are = follow:

1} Power Supply Syatem.

1) Atrrode snd Orbet Controd Sretem

3) Telemetry, Tracking and Command System
4j Commumication Subrsiem.

Telemetry. Tracking and Command 3vsiem

Dt recerved from the Smellice sbout stanm of sttmede, orbit and other imoive parameters iz
processed af the ground satn Telemetry, Trackng and Commuand Subsiztem 13 2 part of
exteflite mansgement task and it 1 mvolves 5n Earth S1shon. The mam fimeton of the TT&EC
Subsvster are as Bllow,

a) Meananng of angle and ranpe forthe localization of the wtefite:

b} Transmission of honsekespmg ndbrmation

£} Statun of & salellse fo the ground contol stafion.

d) Receiving command angnals fior the station keepmg oparenon: of the on-board equpmenrs
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Following diagram typical arrangement of a Telameltry, Tracking and
Command System,

Talemalry, Tracking and Command Systam Block Diagram

Telemstry: Telemetry svtem coflects the data from many sensor and sends this dita to the
controlling Esrth stations The sensors ere motmted on the satalite snd they monttor

The pressure im foel tanks,

Viokages and cuoremis mthe commumicstion electiones.
Temperature of other submysiems.

Posgion of sntiches and sitiods.

Typically 100 sensors are requmed to mondor these data. When the satellfte is m transfer
orhat, the telemeter transmtter iz commected to @ TWTA i the satelite repeater The
telemetry dita b digrized o pature and fransmitied & frequency or phase shifl keving of a
low power telemetrs carmer wme tmme drvisior teckmiqnes

Mogitorige: The sabsystem deals with the montonisg of the mamt=nance and workmg of
the oomponexty soldered with the Satell=e Lie Jresyure pensor meanmes the pressre on the

fizz] tank of the satsllits and z=ndx tbe information to The moitoring miksysiem on 1he Earih
Statim.

Tt decermines the slant range for accurate determination of 3 satellite orbit. It can be
dene in following ways:

1) By transmifting & command carrier modulated by mualbipk tones Bom the Essth Stabion to
the satellte The carmer i recesved by the command recencer i the satelise demodulated
and then goes o the telametry or bescon frapemittey for the re-ranamesion jowsrd the Exih
Statwon where the piase difference of the Tecerved nznal 13 measured with respect fo the
trEnemaiied sigeal

2} Velooey ond acceleration semors that can be weed m the satelhibe fo semse the chanee
observed in the orbit The data can be pent to e Eanth Statin through telemetry, where
commands are generated and then waf to the satellibe for the orbit comection

Command: In command subsyatem the earth station deals with the problem and zends back
the command to the satellite throuzh an electncal signal on ar. If it wanbs to fumn off the
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transponders f can easily send the commiand and 1he respective operation will be doas at the
satellte mde:

Thn swbsysiem tses many sensors which ssgiss tbe siushon and sends data #o the sankb

Every thmg heppenme i space & controlled by subiywtem whach is estabhsiied on the eanth

station. [t belpe in reducme the cost of the mambenance by controlling everythmg fom earth
station.

What Is Frequescy Mansgemeni

* Comhington of sdimmisamtive, scientific and 1echnical proceduses 10 emsure efficten opermion of the

vanoes ndiocomnuricabon services without  causmg harmful imerference. [t has mational and
mierrtional aspects,

Allscation {of a Froquency band): Estry ir the Table of Frequency Allacations of s given frequency hand
fiar the purpose of it =2 by one ar mare E2rrestrial or space mdsocommmunication senvices or 1he radio
stroaomy serviee under specified condibons. This term shall alsa be applied %o the frequency band
cangemed,

Kadio Froguomes Speetrum

» Radwo Freqoency Spectrum (RFS) md msocimed satellite arbats, meluding Geostationary-Suellie Orbn
(GS0) are lamted nutaral ressurces. Radio waves are defined a5 electromagnit:c waves of froquencies
whitrarily frum 3 kHa o 3000 GHa, propagaicd in space withoul antificel guide.

Ridio frequecy watés do not néspect ographical beundary, aad thes canncd be confined Lo national
boundariss, Radio waves are suscepeble 1o hermiul interference and requires application of comple
engmeering tools 1o ensure mberference-free operation of varous wireiss networks

The uttlisartion of radio frequency spectnum is govemed by imternational ireatisy, namety, the Coestitution,
the Convention and the Radu

Regulstions of the Imemations] elecommenicaton Lmee {ITU) & well o by the bilateral agreements
DETWEET IWO COuNtnes,
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'I.hll.ﬁ'qumn::, bands mre mmllshle for i = &l doumiries, ||:|r_l'|.|d:|.n:! Imelin, if | sccordmnce widh
intsrnmbaonal wbis af Fréquandy  aflocabims End assocsated nalio regulaiory  rovisione.  SNabonal
Froguiency Allocutsin Plan foms the busis G devolopment, pesufitienng and spectruem wlifeaston
activersm e tho coomry

i i Fur i F e Serviee (FS&%6 i H

SG1E.pd0 8 M= FOR UP-LINK (C-HAND)
A0 MHz POR DEMCNLINK (© Baslly
ATI5-TOTS Wiz FOR DPLINE (DPPER EXT O
S400-d801 MHz FOR DOMNLINK (LUPFER EXT )
S4I5-6725 M FOR LPLINK (LOWER EXT-0)
EA0- 3700 MMz FOR XYW NLINE (LOWER EXT-L)
HES - 0 1T GHe o links)

1149 - 117 GHe (dowe-|inks)

117 = 123 {aHx | down-links) | Rogon 2 ankyj

125 - 12,738 GHe qdawm-lmb) (Region | only)

14,8 - [ 4.5 TGl (up-links)

177 - 0.2 GHe idown:-limks)

I75 - K00 GiFR Lupelimksh

. General of satellite Link system Dawn
JTransponder, Crosslink;
DIGITAL SATELLITE UPLINK CHAIN

I, Dhgitel dan is sem w0 D modulnsor wieeh ukey the See oad comem it ime o midules:d wgmal in B
nfcrmecime Froquency rangs (70=140 Mhzl (he modulaes we simdeds such as Dl Froes
M et o oryaniag com = imdralion ot b mmemave link

4. The Jaiermsfiute Fioibag: B plpsd 1o 30 e coavener” (usualty via shieided couxlal cablz] winch muixes
U inermeciae rogeeng wilh o b Inngency o modior 8 fingd (ragumcy wioch mmes S
rasiinlaspd qaen

Y Noze b mmoved from the siznsl vieeitter & band pess e or ofher mears ard then o1 b aompltfied
Kivaron, Toavelficg Wave Tube or Sold Su'c amplifier.

& The fima cleaned simal i rewemimed down the wave puide 12 the dish

5 The faed bhorn g the focal poeod of the diey e s the b2l Sequency mdio oumarcission, which the dish
fing ot dnty & dirmenicnal teow misslon af tee wrellise

6. Comzuler dita ool through o semil it in 8 modu mor. Th mocobalue lioes the Zet and prodeces o
rid: o fregeney fram it Thin frequency i woally in witat i called the T-bond renge (701400, The
iredulitor pamss the Informmion oves cedilal 226 o Up fomiener, whish comvems e melle
ey ey Tromm 'L -l oy oo orzcroweve (raroies in e O 5 X Ka, gl By un g |Tneyaemne
phows 100G M) Owes the fine? siewal fea =eon peoduopd, Pe amplified o incseaer =2 el efferae
gzzpur peree. Toe signad 13 then seor our 3 dish van doe feod hom.
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DOWNLINK CHAIN

Dhcrenlink 1% & tcccommumicticn form partnining @ dew whee & sent out or dowmwands om o bgher
lewe] ox poetion of u network,

Teaditionally. it refoms bo u satellie communications process wheése dala is sent from a smellits dowe lo m
earthboumd ermoal or device, Seme: the werd "down,”

It = alee used 1n other ieids of retworkang ke cellular snd compuier sstworking, where 1 = wsad ma
sm: lar mannar bol may of ma ot ealve the dirachc nal megnmg ol up or down,

In soclne comrimentions, downbmk smphy rifers 1o the process when 3 smieling bewrs down
ieformmnon Sowerd camhboumd derminals or devices. Tae opoosite of this s uplink, whera the aiellie
recerves dee fror an ear-bound termmal

In ce v networsing, chewnlies can be seen frum the sser pepeitive & recerving some s of mossage
or e, A (efluda” device or phote receves dired! com nuniearion T a cellolar bise station.

Ar oxampls of thed % riaving b X1 Mevaiie of an e Mo soeote—thn message 18 received (e
throwgzh o dovnink eomrmiention froces,
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The earn ia sed o the same way neom poics rervorking. Edge tonnimals or mades reccive date from the
mervwrrk core o ftomm higher lme! nerweek moles such morminers and sevens and s soemandy bros s o

doemlvading. Thevefon, the covwndond g 0f Emoeges oo widgos (& dowe S gl e downdink proces,

TRANSPONDER

An vamh st1mien transais infermotion fo the soeell te. The saiallite coriaine & reerlver. which prde us the
syl woocal, wopifes § wod Duosdses 0w oaedien fGegusscy, This vew Degueocy s 1len
vttt ek i Ll reven ving alal o Biscl o earith

Tl v woal semiil lecig bansmitied. oo tee garit stabon do Ve sabellivg o called g wgplok. 1he
vy marr il 1.-51u| Parirn ibes ambelliep i fke reeEia g sttt virm el e dlmk | wnally 1o drn ink
Frovjuemey dn Inwecr than fap aplinl freamerey. A npinal up Bas iequeney 8 8GH e and 8 aoeanin dmam

link fregqusrey a4 Gl

Input frequency Ciutput fragusncy

Fregquahcy covara
limit&d ta ill‘lﬂlﬂ.‘l'?h‘
required to be recel/ed

e trussmalter - rederver combination o the sstellite s known as iramsponder. The bas funeticn of
a ransponder = |1q:||‘|ﬁ|:uhnr|. arul 'I'r::qumpf translaniom

The reason for freguency Transhbon & that ibe wurspondsr casnol irasimil and receive on the
safme frequency, Trasspandens are wile bamdwidth wnits so tlat ey may reeeive and retransmil mae
thas pisd wignal. An amplified, mendbited add regeaver’s bandwidsh will beamplified, mislated wd
rettansmstied an & diffievenl frequeney,

A lypical coenmunichlioes satefie has 12 2 o mord asspondes. Foch bumsponider pesindsons s
indivadua] communicatin chanmel,

CROSSLINK

A croasdink i when sazellives communicute direclly with eachether, imted of commuanicaiing with o
igroweal station which, mn tum, commusicatzs wilh other amellites, Freguencies thal are gaickly anesiiated
in the ubmonphiers ane Lommonly ussd, muking the link widseciably and unjamsble from the grousd
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7. Workin ncipie of H

Systems: for trnsmitting television and other progam magerial vin satellite dmectly 1o individual homes
and businesses, Darect hroadcasting satelliie (DAS) sysiems operate ot microwave fequencies, in 2
portian of the Ku band; in North and South America thise systems aperate in the fregquency mnge 2.2~
[LTGHz

Although direct broadeusting satellfies had been operating in Europe and lspan for @ sumber of vears, the
first United Stntes direct brosdeasting swielliee was faunched on Decernber 17, 1993, and the sceond in
luly 1934, fnllowed by sdifmonal sarellites in subsagquem years.

DES sysoms wia o safellie in goostationary orbit to rocedve televismon signals sont up from the Eanh's
varface, mmphify them, and tninsmit them bock down o the surface. The satellite also shafts the signal
frequency, s that & signal seat up W the saseline w the 17.3=178-0He uplink bhand is weesmtied back
down in the 122-12.7.GHz downlink band The Jownlink signal i picked sp by 2 receive antenns
located stop an individual home or office; (hese antenmos are wually in the form of o pambolie dish, but
flat sguure phrsed-anny antennas sro sometimnes used, and may eventually hecome commonplae.

o (—
A e e Bl e el y swilliF e Fap fla
—_—

ll:IiHHA'IDIH TOMMUSICA&FION SHRINEESIEGIITEDTY)




| Pegn

The iecerve arbemna ml?-hmu;l' Fﬂm‘ﬂnl il the anbellas h:h:ll]l.l]:l.fu.pd.puh'l.lm (1311 ﬂ}-., ma
genstntinrany o,

I s difficult 1o buld receiven 1o cpentte at the mcrowave dounimk foquencies, sa the signal from the
dish antermy Is first passsd o o dowessomvener, usunlly monted ousdoors an he anigrna, that shifts i@
(typocally) the 0951 42-CHe band.

This sigaal is then conductd by cable o (b receiver atop the feleyvision s, The receiver contains the
channed selector, s well as @ decoder 1o penmif the wser 0 view mithorized channels, The recelver is
pommected by an stdiional cable i the eevision se

A typecal direct broadcsstimg ateflie contaiss (6 transpooderi. or emphber, the maximem pesmtted
under present regulmons. ooch with a mdio-frequancy power owipst i the mege 130-240 W, Two or
more diméct broadeastmg saielliies may be located ot amy of ke orbital locatives wsigned (o (he Lnited
Stwtas, for i manimmem of 32 mansposdins.

DNBS satelitzs m the Unded States typucally wie digitsl ssgealss @ single 24-3400 satellite transposuler can
carry an errorcomected digdal sipnnl of 30 megabits per second of preater, A widie variety of
commmunications Services can be converted fo digital form ond carmed a8 pant of s digiel ignal,
mckidmg tolevision, high-dofinition  felevision [HDTVE stereo audio, osewoy videocooference,
imformation services [soch a8 mews retrieval servaces ], and dipul data.

Miodern digaal signal compression In,-.l;hunhﬂ preatly incresses the copacity i spbelline 1:m~.|nr|1|.|-|:r. I
o pesalble w0 compress up o pethaps 10 ekvision signals ime the bandwih of o DES camsposder,
depending on the emoust of moetion in the picture wod e emoust of screen resolution requited. Since
sl gomnsan  peogrammang (e example, spors) comming 8 2oodl desl of metion, the avemgs
commprgikion factor for o DBS sysiem will ropleally be lower than 10, See Dis compepssion

DIBS systems, like all saielbie s ysigma operaimg im the K, baml, are subject o aftenusiion of ther signaly
by min. The enmbination of Tt power and réceive-dish anienns sz & chasen to onable moeption for
ol bt 1lee heavicst painfall perisdy of ihe year, corrmsponding (0 an Gulage penod of perhaps T b pet year
of any partoular location. The X5 cusiomer con further fedece ibis expecied ooinpe penod by

purchasing a slighly lurger dssh sntenna,

2.8. Working principle of VSAT system

& very amall aperture (sreminal (VSAT) i small selecommumication earth ssanon vhat receives and
iransitits meal-ine dats vis ssellive, A VEAT mamimits narow snd brosdbaml signals 1o ovbial ssiellines,
The duta From the satelfitos b shen rmmamitied 1o Gffeent hubi o olher loestions arand the @obeT.

VSAT end usems have a box that sty s an inserfice betwesn (Be compuler and the external snienna or
suigdlile dish irupsceiver, The saleflte iransceiver sends datd o and receives daln fhim the geostationany
st fite i orbal,

The sastefling sends and seevivis symale from ae erth station, aiech ses e the e for the sysiam. Each
end s b donmeciel W this bub stsion duough e saellie in s star dipology, For one VEAT user i
commviumicate with inother, the dala his i be seal s e sabellite
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Theeri the saselite sends the data to-the Bub statoa Jor ke procesaing. The @ 15 S refremitied ©
ihe aithier aiser v saselbine, The majierity of VSAT anteonos ranps from 30 imches o 4% inches. Dt s

tvpcally mngs from 56 Ky wp o 4 Meps

LARGE NUMBER OF
4 _ REMOTE SITES
e
w  Ufa OMTEED
L i[:s =
IL"‘-.. R
L

V%A In et mont cormmanty wied §o trenemet:

o Marrombund dits. The includes poiinl of sale iinseciions sk o cfedit gand, pollise o sadio-Eageency
idineiMieatioe {RFID dura, o sopervinory oitml end dits sequiation {SCADA} dars

&  Broddand date, for the provismn of sgielllis Inierel socoss o eosde oo, Yilce ove lnssme
Protecol | Vol or vides

VhATS e oo cesd fov tranopeerahle, os-teommve comesescetions [usng phaes) orey amewiai] e Eoils
A EIME ST g i Gris.

VUL TIPLE-ACCESS TECHNIQUES

Cillular sysioms divide o geogmphic region o eells where o mebiks unet m aich eoll eomumcates it
i base weation, The goal in the destgn of cellufar systoms is 0 be able to harsdle ns many colls 3% possible
(this v called cupucity in cellular termmodogy) m & gven bandwidih with some relability, There are
several differenl wuys W0 alkw sccess W the clarmmel. These include the fallowing,

o Freyuency Diviales Multigple-Avcess (FIMA)
¢ Time Devision Multple-Aocess (TDMA)
»  TimeFrequency Maltiple- Aocess
»  Hamdom Access
¢ Code Drvision Moltphe-Acces (CDMA)
Frequency-Hop COMA
= Diseat-Soquerce CORA
= Ml Carree COMA (FH o DS)
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Time Division Mulliple Accessing (TDMA) & bs pdvantopes & Dis-gdvapiages,

Time divishon multiple sce (TOMA 5 & channel aocess methiod (CAM) used 19 Taciliiaie charnel
sharing withew imerference, TDMA allows molbople stion (o dharg and @2 the same trsmisaon
channigl by dividing signald it differend time i

Ukers: bramuni) i rpod secosison, and such one pies il ows time alol. This, muliiple staions (ke
mobtles) may share the same frequency channel but only wse pan of s caparity Examples of TDAMA
inclide 15136, personul digital cellubur (POCY, miegrated dipntal enbomoed ek (IDEN) and the
secord penenstion (261 Global System for Mobile Communicutions (GEM)

TDAA gllows @ mobile suibon's adio componend o Uﬂuﬂhﬂ!ﬂﬂm]}'mﬂsujgmdﬂm it
During the remaining tme period, the mobile station may spply network messurements by detecting
surroanding tramsmiters in different frequenczes.

This fealure allcws inferirequency bandover, which dilfers from code division mubiiple access (CDMAL
where freugncy handover i difficalt 10 achigve, However, CDMA allows handofT, whick enable mobile
stutioms 0 stnultsneoushy commonisate with up o s base siabions

TOMA is used tn most 26 collular systeme whale 36 systierns are based on COMA. However, TDMA
remaind fefevant W modem sysieme For example, combined TDMA, CDMA and time division dupley
(T are imversal wemesiral Tadio secess (UTRA) svstems that allow midltiple isers to share gne ime
alot.

1

e

]

- L L]

Seccaiery il e i
L Modclmyg
sk |
—{M+— Pamy bl
Lk} LA O
Bucnsciury il
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Advaniages of TDMA:

o TOAA cam esily sslapl 4 raswrmsiiem of Sate i well s ovaice comsnunicalsm

& TEMUA has ai abiliy foogarry &2 Ebp o 120 Mbps ol latd mis

#  TDMA allows the operstor o do services like faa, voics band daa, und SM5 s well &
bl adii-intersive applcamon such s multimedio snd videoconfersecing.

+ Bince TOMA bcbnology separsins Gierm acconling B0 fime, o essured shai ther will he ro
interference froen wimalEsooun transmissions.

v TOMA provides ssem with an extendad hatiery bfe, snce |t insmits ondy pertlon of the thme
UG Comvemation.

#  TIWIA s the mos) cos effective echaology w cosvem an analog syt o digsal,

DHisady antages of THVIA:

»  Diyadvastags simg TDMA chnology o (it the ssers hes 5 peédafined tme alot, When movisg
from cme ool 1ie to othar, iFoll the e sl in 1hes colf are full the user maght bo disconmected.

= Another problem in TDMA & that it is subyected W multipath distortien, To evercome this
distortsan, @ time [ can be used on the system, Onoe (he tema fiomd 18 expired the siyral i

kgnoned
s Code Divison Muluple Acosising

CDMA) & ITS ADVANTAGES & DIS-ADVANTAGES,

Code divasion multiple scoess (CDMA) 8 o digetal eeflular notwork standuord that wtslzes sproad-spectnam
lechealigy. This technology does not constrict basdwidib’s digital signals or frequencies hut speeads it
over o fully-available sectrum or across multipie chasmels via division,

Thes, there bs Emproved voice and dutn commsmication capability und o more secure and private line. The
COMA digital stundard i3 a leading communizations setwork stindund m Nonh Amenca and parts of
Anin, Qualcomm, o L'S-based wireless commumications compasy, patented COMA and commenulaed
thas tachnology.

COMA technology was initially wsed m World War 1] miliary operstions fo thwart casmy atienipls o
ncciss radio eommanication signals. In the early | %30, Qualcomm introducad the possibility ol using 1he
sare comoepl with publicty-malable cellular netwark technalvgy,

Dz 1o frme; a5 aliermatnve mokale nitworking arena diginl standard grined traghion. provieg & boa
chirllenge 10 COMA proponenes, Despite sdamam negativity and decounigenent from prominent mdusiry
Migares, COMA"s supports successfully convined these leaders o comider, use and eventually accept the
newly imtroduced COMA stanclard,

ﬁ:l!.ﬂi'll.'rl.ﬂ TOMEMUSICA&FION SHRINEESIE@GIITERTY)




M®|Pe

Simplified Block Diagram for COMA System

RS2

= o e o =0

* tonwrn] Lisk = Grgesl (nde
Hewwrus link = iong FH Cerds
Lo
(=]

Eanemizally, CINA aflets moes airspece capncity thae the fsme deymion rialfpie socees | TIEBAA) s
Cilebal System for Mobile Communicanons (G8M0 standesd. Fanthmpare, COMWA als was bess power.
Anmber whomegs Brmsled hy CUA fechmology 18 ity skaldy lee soft semdofTs betoreen boee sinfmes,
o lowd hkebhhogul of cutoof¥ ealls, The wyual anaibgy goeen m cempareng DI widh oihes cliamnnes]
sccess mEbods ke FIM A or TOALUA & chai of peasple gach carrpiag oul 8 conversasion will @ Friend ina
e o, The renim;, 0 iRis ces, Tepreseris A onEnned Ja ke n oo Treguencyl

TI¥AA s lfkenad 1 the method By which commumicaton s camisd oot by aenbing one o @ time dhence
the nmme "o divison . FOMA, on b other hamd, s lkened e the mothod wheren commumisoison is
el My spreaking al JiFeront pluches (o, haparey dllvisions

Eipally, COMA s likesdd o people spankmg sonmiltanasasky bul o daffenenl languoges. Becauss only
fhorie wh speak e wune longuage caf usderstand sach oilver, #§ b possiile oy malliple conyversatioe 1o
ke plece m the moam et the same fime, The beue comoopt o COMA is thel wess who wash 1o
camimiccale Uheoagh i o ghen o shared code

Wihile muliinle codes may ococupy the same chonsel, only thoss men having the seme code can
cummsieats with ench other, Hessime CRMA sl G55 stundends sch huye isngua pros ped gons, (b
preferma] lechnology sandand chedee i3 now in the hands of polsetial sibscaiben,

Addvaniages of CIN AL

v Ul of 16 man sdvontagis of CTOAA b thet dropoute ocenr enly shen the phane Bt leasl Twice
i P ooy (b s wttbom, Theus, 05 used in U rurml aoes wisse (OS5 camnol cose.

= Another advamtige is b capacity, 11 has & very high speciml capacity that 18 on scommodats
more waers por M Hr ef handwidsk

Iy winkages of O A

e Chamngl pullwion, where signals oo wo many ¢ell sies are pressng in the sufseribers phone bui
otie of them s dominant. When isls stiwstion arises, the quality of the audio deprades

« Whan compared i G508 m thp lack of mizrnasncnal FOnnLng -pql.uhilﬂh:l.

e The shifity 1o opgrade of changs io unolher handiel & ot eawy with ihis technology begause the
notwork senvice informanon for the phone s pet m e oeres] phone wnbike GSM which wses SIM
cand fur ihis

- L‘ITI:ﬂ.tﬂ'd\-'ﬂ.FLﬂ:f of the hands=, becamse #f present ihe mugar mobdl® cempamiss der Cahh
lechinishigy,
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Communbeation Satellite

It s difficlt o go through o day withowt usng & communications satellne o lesst poce. Do you know
when vou wsed 4 communications satelfire today? Did you watch T.V.7 Did you make a long distance
phone call, use a cellular phooe, o fax machane, a pager, or even ten 10 the radio? Well, if you did. you
probably e a commuications suiellite, gither direcily or indiracily,

Communications satetiites allow redic, i2levidon, and telephonz tramsmesions 1o be semt live anvwhere in
the workd. Before satednes, erarsmissions were difficalt ar impossible i long destances.

The signals, which travel m stright bnes, could not bead arounsd the round Earh o rench a destmatson far
wway. Because satellites ane i ocbil, the sigaly cun be send instastanetenly into space and then rediectad
i umaither safeliste or directly io their destmation,

Ihe sateliite con have o passive role @ commumscations like bowncing signals from the Esnh back to
meather Jocation oo the Farth, on the other hand, some sateflites cory eloctome devices called
Transpanders for recetvmng, amplifymg, and re-brondeasting signals i the Earth

Commumestions saiellfies are often m peosinbionary orbit A the hgh orbial elitude of 35800
ilometers, o peostatonary satellite crbits the Farth in the same smount of time it takes the Edeth 10

revolve onoe

Frem Easth, therefore, the satellfe appetn lo be staticaary, always above the same area of the Eanth. The
area 1o which 1f can transmit  called o swellite’s footprint. For example, many Caradinn communications
sailelliles have o footprind which eovers most of Canads.

Comnmninsations sateliives can a0 be m highly ellipticel o, This type of ocbnt i roughly ege-shaped.
wilh the Earth near the top of the egg. In o highly elliptical orbit, the sellse's velocry changes depanding
on where £ 1 m ity ocbital path.

When the sateliite & m the part of its orhal that's close 1o the Eank, it moves faster because the Earth’s
gravitational pall is simnger. This means that & communicaians salellite can he over the reghon af the
Earth that it & communicatg with for the long parl of its ocbrt. It wall caly be out of contact with that
regian when it quickly zips close by the Earh.
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Divital Satellite Radio.

Swiellite rudeo |8 just what 158 name sugesis: & radio servios that use sisellives circling Earth 1o beeadeast
its programming.-In 1993, the Federal Commumicatons Comitnssion (FUC) allocated & sateling spectrim

(il "% bamd, 2.3 GaHz) for the broadeasting of saiellibe-hased digeinl sedio radio servige (DARS|

It cvenmally gramed wwo hoenses, one- o Serius Soteflite Radio (ommerly €O Rodio) and one 10 XM
saelhlz Rmdio (loemerly Amecean Mobile Radio Comporationl The world's higpest satellite mda

provides, Twoeldpace, i available in Europe snd several ofher coustries hut not in the Tniidd Sues.

As the satellites orbit the earth, programs are beamed to them from broadesst stations. The satellites then
ErafiiE tha “'E-"": |74} 'rl"-rr:.|| ANIBATEN. an Boimes, cEw and [ '-‘-'I‘.‘:d |.u,|!|"1 r-,_-1!¢1.:||.|| |1_'|h;'HIE|'-| 1|"r-|.|:;|,|'..'l|I
thy country also recerve the signal and help emsure that it's transmatted 1o recevers, especially in anems
wiith tadl Burldings tha tight hiock the sigrial

Thene-are-two big ploses for saiellse radso Hstensrs, Firsl, every chamed, whether i's on XM of Sirms, 15

-'-“I"'lf" comeercial-free, which showld ippeal 1o rudio Hsleners bred of aving sdvertsements sorenmid

ritt their ears while tey it in traffs
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Mot musie charmels have no adverising at all. Socond, no matier where you are m the contmental Lnried
Stales, voi get the same receptaon as long as the skiss are relatively clear. Unlike waditional rmdio, which
loses recepbion ance vou're too far away from o cerlom Qatron, satellites exsure vou meceive a sinal no
matier where you are in America. A driver could trek all the wary Troen New Yok City to Los Angeles and
mever have 1o change the channel,

For about §13 o momh, plus the cost of equapment and a smull activation fee, both Sinus and XM histieners
cnn recerve more ten 100 channals of satellste mdio, including mesic ngny from clisaol to ey

metal, plus pews, spons, talk and entertmnment, Bul there wre some notable differences between the wo
RETVICES, 1K),

The type of techemloges wsed by XM and Sirian delfers shightly, and the specific programming offeved by
both companizs can vary, especiolly when il comes 1o neas, sports dnd celabninies with contracts for their
own shaws. O the next two pages we'll nike a look ar those differences.

2.12. Worki ncipie of GPS Recelver & Transmitter & applications.

There are two range-type measurements that can be made on the GPS sigals:
w Picuda-ranges, 4nd
- (irrier phase observations.

Both are a product of the operation of the G necetver [that &, the scquusition und maintenance of
stemal tracking), hoth are used for GI'S navigation (position, velovity ond time = PYT = determinstion),
e Btk have arole in the specivbised dots processing thal chamcierses (7S surveying
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Hefore stishang these measarements 18 wieful to consder e overall GRS handware imcking operation
(i n much obbreviated form! ), The rooerved satellite signal level i sctunlfy less than the hockznound
noise level, hence correlation technigues are used 1o obtain the satollite signals.

A typleal sstellite tracking sequence beging with the recelver determining wingh sabellites ure visible
shove the hargon. Setellite vinbility o estimasted from predictions. of present VT, and oo the stared
katelivte almanse information residing within the reeemvers (I no stored abmanac information exisis, or
oty u vory poar estimute of PV'T o ovaloble, the recerver will carry out o “sky sgorch”, sttempting o
ranadomly bocare aind lock onto o gl

The recerver will then decode the Mavigation Messsge and resd the aleanse infonnstion about all the
other satellies 1 the constollation. | A camer-tracking loop iv weed fo track the camer frequency while o
eode-tracking loop 1= used {0 track the A and'or P oode wigrads. The twe imeking loops kave fo0 work
together i an iterative manner, siding oach other in-order 10 acquine and track s satellity sipnals.

The receivers carrier irscking loap will locally yererate an L1 camer frequesey (ar L2 if (b véceives s
capable of trackng the frequency) wisich differs Fram the recerved carmer wgnal due 1 & Doppler offset
iof the cirmer frequensy.

This Doppler offset is proportiomal to the nelative veloeity along the line-of*sight to the safefline. In arder
to mudntain lock on the carsier, the carmertracking loop must, in effect. adiust the froquency of the
pocervir-generited carmar unti} it mutches the incomang carrier freguency,

The amount of 1his offset is the "beat” freguency which can be processad 1o give o perindic carrier phase
messuremenl. The derivative of this phase mensurement is the "Doppler® measurement, which & used 1o
determine {he recerver's velocry.

What rale does the codedrackmg loop play m this process? In osder for the camerdracking loop
13 sequire the incomeng seeliite spnad in the (irst place the camier signal must be made visible ghove the

hackground noise.

Thas 18 generally done By the code-trackeng loop usmg the code-carrelating technigue 1o “recosstnct”
the carner wave (see hisoassion below under "Carrler Phase Messurements™), A by-product of code-

tracking are the pseudo-range measurements,
GPS Transmitter

Phase locked loaps (PLLs) are cormmon lo many convmimeations systems, mcluding i WiMAX Acces
Paimts (A", By performing an analysis of the phase-noise contmibutions of the PLLs within § WiMAX AP
frequency chain, which is essentially the siring of PLLs i the syitem starting with the frequency
relerence 10 the comiroller and ending with the marmisier local oscilluor (LO) in the RF head, o s
possable 10 better understand the mpact that each PLL has on averall svstem performance,
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All seven PLLs i this example comtribute o the witinste signal snd soise performance af the outmat of te
chain, Fuor practical amalysie purposes the chaen begins with the seference oselliator in the site oontnolier.

This spegial loog i locksd bo the Ciubal Pusitioning Sysiem (G50 repsiver, but the loop bandwidili is s
levw that ibe cnly noiie ol the she conmalle refemenes ML aumput e the phise polse aff the oven-
ciinipol e crvainl osgillubor [DHCXEN,

To review the essentinle of FLL desigh, 133 PLL & 3 conirol Joop thal typically locks. the phase ded
fresjusncy of & tunshle sigral source, such o & voliage-controllsd oscillidor (YO, ol the petput of the
kaop o the fregeency ued phise of a predumebly stable sigral sl (e nput oF the loop. Fiune 3 shes the
major ekements of 8 PLL

The freguency of the Teop catpul (TOUT) 5 relaied jo ke leqoency ui he Loog input {FTN) by

Fﬂ-"l"hF:l'l

| =

L
P

N = the kop Frequency maltiplleation factar,

R = the relmence oscillaor divider, and

P = the output divader, winch s opticnal

amem
:IiT.—-—-i-

= esiE

. This hicck dingrom of itve clifferand functiom blosks of
WTRAAE Py e Pl 1 17 R il e Tpemimii Ll ok,

Desagning for a higher-than-nesded Trequesey and then dividing the mepen to meach the desirad frequency
i i appinach e cen be el W mprive nikse performines.

Post-loop treguency divizon can alio be wied 1o |ower e tutput freguency thal & sonetimes peeded by
the reference divider of @ subsequend simge. Mos, of moi all, PLLs oot as phase-nome filses io the ioput
wiigrml (with anch PLL exhibsting o ushgie kiwpess reaporad] and abso ds phise-nodss gémnmaio, soms
ErEpclang pains W note abayt PLL noiss Denry are that

1. Each FLL has o cigue - owpass resporas, mos ofien chancenaed by the cloued-loop 3-d8 - bamwadhb
2. Al fogoencied shove the loop aestuidth, the laap stseuaies. the phase saise of the impot signal and
ubsp attenuuids 1he phoie neise of the pheso deector wnd charge pamp ieslde the loop
3. Ap frequencies below the loop bandwidih, ihe |oop atenuates the plass none of the VOO or other
valtage-contlled elament in the loap,
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1130 Satellite Link transmitter & Receiver

orm s i g wans s Beprraieg naieiiiie

=] (=]
— [Fe]
= ===

(s [

Fig. Block diagram of aptical satellite crosslink

L I akey mpadienn 2rE, Winslsay o Tei2oammonizanan Baye BRIsme A IREEEIS Bz B earh othes
£5 prowids winsieas tammusiceben B comman man that helps people locsted in gny part of the
worid communizste exsily

® preies cammuniGITon IRChRiegy FRNANME INfarmation cvEr (e & uEnf Eecromagretc
wives (s 15 {Imirared), AF (Redio Frequency], sam=Stes, ste For exemple, 575 \WI-Fi, sapeiits
t&levaion, wireles: pompoter pamts wireless ghomes that cluds 35 s 40 retwocks, and
Ehamtoctn

. This wilsTe pEpET SUMmMaines he impor@nce of Wirslas gng Telsram municatian, 1har
afyaEntages end fHadvantEges

. Teiecomusication thess days i momily wirsi=ss rinvalyds sransmission of infarmation withowt
wirea, Tabies or oy othar eectrical conductar wRhin a shorter distenoe or acraas the gicha.

®  \Wirsigss COmMUNICRIONS 3r% Erawing 10 neo hesghts Decicss of T8 hujs Dusingss benafits
Wireless technology offers spesd, fexBilty, sod network efficiency.

® |: hax becoma 3 powarhs ok dar teche favvy penerstion a1 it basitstes aasy infarmation znanng
and bocsts productivity. Ona gets thae freadoi ta rncem angund frealy without worrying saout the
INEErRE] Conpacran and mill sray connened

Advmitmgey

WIrsigss neTWoria 3rF chaaper 10 ins2all #nd mairtain

Dt (s tranaminied fudper and 52 o Migh spesd.

Raducad maintenanos and instalartion 0258 comparsd fo osher form of netegne

WiFsinan mapwnti tan bs goceated frarm ampeihers anytima

Wodarg profestiorals these Seys can sooen Internet amywihese and anptima wthoot
earrying cablss of wires. This also pereits srofessianaly commeets thair work Fam ramots
loctiore.
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o Medisl professlonaly working in remote sress can be in touch with medics] canter lecated
elsdwyihire throngh winzl=a commuficeton,

#  Throughwirstess ommaonisation, smengenoy situstons gat immedats neip ans sipaort

Disadvamtages

Wirehess commmmcation bas 1y own drssdvantases as s adveantazes.

* It leads o securiry threzts and dats exploitation of not secured approprigealy,

#® An anmAborized person can edsily capime wirelsss signals that spreads through ik
or snd misase information that i fransmatted over the wireless network

o To wecure wireles: mignals bie WPA snd WPAD one moit use mrong secumiy
protocels. Akernatively, vou can als e wireless infrusion prevention system fo
secaxre the wredess nefwork.
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Short Questions With Answers

1, Whet b DBS?

Sateilites afe used 1o provide the brosdeast traremissions. It B wmed 19 provide divsct
tramamiszions into the home The forvice provided b known 24 Dirgct Brosdiast Satelig
SErvicas

Example - Audio, TV and intarnet servicsa

2. What s GPS?

In the GPFS systzm, 3 constellation of 24 =atelstes circles the earth in near- croukfar mchined
orbite. By receiving signals Trom at Seast four of these satelfites, the receiver position
{latituce, longitude, and sitituds] can be detarmined stcurately In aWect, the satslites
pubgtitute for the geadetic pocitlon markers used In termestrisl surveyng. In tarradtrial tha
GPE oystem uLes one-wiy TTANSMSIonG fron dafedes 1o wserd, £0 That the user doed not

require a transmitter, only 8 GFS receiver.

1. What & SatelBe?

&n grtificial body that is profected from earth to it sither sarth (or] another body of sodar
SYSIEME.

Types: Informaton setellites and Communication Satelines

2, Define Satediite Commamicatan.

It ft chbfinged a5 the use of orbiting catefites 1o receiva, amplify and retrarsmit data 1o earth

stations.

3. State Kepler's first law,

It sraeoes ohat the patk folowed by the satallieg arovnd the prirany will be an allipse.
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B allipee bas twe Tocal paints FY and FZ. Tho centar of mass af the Two body system,
termied the barycenter & ahways centered on one of the focl.

@ = [bguare root of {a2- 63} ] /o
4, S1ate Kepler's second Ew.

1T §12125 that for aqual time infzrvals, the satelile will swesd ot sgusd aresd i its orbinal
pland, facwied at the banyeenar

5. S1ate Kepler's thind law,

It states thad the squars of the periedic time of orbit is perpendiclar to the tubs of the
fgan dialancg Bebwasn the tah bodiss,

6. Define spogee.

The point farthest from the earth.

7. Define Periges.

The point closest from the carth.

B, What K line of apsides?

Tha ting |oining the pasiges and spoges through the center ol the garth

9. Define ascending node,

The point where the orbit crosses the equatonsl plare going from south to Rorth,
10, Define descending node.

The potnt where the orbit crosses the eguataral plane going from noith tosouth

11. Define inclinaton.
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Thi angla Betwaon the orbital plang and the aarth's equatenial plang. 1t ke mestured ot the

ascending node from the equator fo the orbit poing from east o north.
12 Define mean anmmalby.

it givas am averagé byvalue of thé amgular position of the fateiiite with reférence fo thé
pefiged

13, Defie e anomaly.
i1 & the angle from periges 1o the f1alite postion, maasirsd 51 the aafn's Cantsr
14, What is meant by atemuth sngle?

Itis defined 23 the angle produced by intersection of local honizontsd pians and the plane
passing throagh the earth station, the satellite and center of earth.

15. Give the 3 different types of applications with respect to satefite systems.
& T largest Biternationad system [Inteliat)

& Thie Sommast catefime syatem [Dom sathin s

® U5, Natipha ocasnagraphic and atrmdspharic sdministrations [NOAA)

16 Mention the 3 regions to allocate the frequency for sateliite services.

= Regionl W covers Europe, Africa and Mangolia

& Ragiond: It covers horth & South Amerisdcs ard Gresnind,

= fegiond; It covers Asia, Australia and South Wast Bacific.
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Long Questions

Explain Working pinciple of VAT srslem
Wrile shord node on Time Division Mulliple Accesaing(TDMA) (5-24)

Explan about Code Division Multple ccessmg COMA

Discuss Working principiz of GPE Recalver & Transmifizrd applicaions
Witz Sharl nobe on Oplical Slelte Link ansmitter & Raceier
Explain Geperal structure of salolite Link sysdem, (5-24)

B oLh B Ll Rl o=
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CHAPTER-03 : OPTICAL FIBER COMMUNICATION
1. Basic Principle of optical communication

# Fiher oplles bs & beanch of scienoe which deals with the study of propagation of [kght through tramsparent

*

inkortriation Transmittar | | Transmitter Recever Amplifier

dielectric medium sach a8 optical fihers,
Fitier opoas & & relative sew sechnotogy @an usad 0 i ilevision, visce and digml da signal by light
waves v Neuhis her le theeads of glass aml plids
Opizcal fibes is the medvan m which the cosrmeicetion sinals i Banimiind fiom me location in saither i
ithe oo of giced liphs
This mignal con be vesor Bforewtion, dais imdormaison, video information and anmy ofser infonestion,
Thae prisoess ol coemmunicating using fber opliic mveves the fallowing ke stem.
I Creatisg the spilcal syl along the fiser
L Relong the mpmal abmeg the fiber
[  Ensotag thai e signad does sof become fo distort or wiak
IV, Recaiviag the optical signal.
Y. Coaveting o 3o @ectricdl s,

b B A

ﬂﬂﬁm*w*ml_’ﬂm_}mm

| Simple Block Diagramof a FOCS |
3.2, Compare the advantage and disadvantage of optical fiber
metallic cables

H AVANTAGE

-

WoOW W W W

oW gy Y W

Adtiprnution i & fihes w Imuet than thal of cosvial sabie or pwimed palr sod & condlesd oves & very wide ringe
50 Ieinimission withid wids rings Seince i powihle withoul ued of repsiseri.

Sl nee amd dpirar wiekpht 5o fral £ ocoupy mueh [aa space

Pue w0 Eleciramayuerds Lodading the vysiem i oo valserable iriskh o i=sterierence, pube nose on cross-alk
Filier optical cabls heiomuch graar hang wadil (hin copper wine

Filter opiic cabls |6 fexn muecepdihle o sl degradation tal topper wire

D can he trasmicsed gy mmd Twitd eite i much higher, Ak for example the dut raig ie 3 Chps i
iz klloamsesees in case of Mher optics whese is fof comlad ‘medsmal cablz @ s abouil | Wbys ever cee Tilersier
Linine pargr prasioitier col be peed inateud of the high voltage elecricel eransmitier used for e copper wire,
Beewag of o eloctriciy iv passed though opfical Fber # s noTawmlile o immae 6 Light

K eroma-isli i optcal fiheos e benee rmramsinn |4 weee sevue md provaie os i BiTienli o pp i (Ser
MSADVANTAGE

Fiher nptics i 1he cables which are expensive fo installstin

T tenmmation of fber cobie o ommplex aad requines apeaial ool

Thay are moete Srple | castly bokes§ (e eo-aie! cable.
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3.3. Electromagnetic Frequency and wave line spectrum

*  Thi elecoremagnetic spectrum iz tha ranga of fragquandes |the spectrum) of
eleciromagnetic Rdistion and their iespective wavalengths and photon ensrgiss,

& The electromagnetic spectium covers slectromaznatic waves with freglences
rangmg from below one heriz to shove 10°F hertz, comesponding to waselengths
from thowsands of kilermeters down te a fraction of the sie of an atomdé nucleus.

&  This freguincy range s dhdded Into separate bands, and tFe dactromagnetic waes
within aach fréquency band 298 called by differant names; beginning 3t th low
Fraguency (hong waveiength] end of the spactrum thess sre radio weves,
microwewes, infrased, visiple light, ultravialet, X-rays, and gammz rays 8t the hizhe
frequency {short wavelength) end

®  Thi Emit for long wavekengths i The size of the universe tself, while i & thought
trear the shiort wavelength imit Is in the vicinity of the Manch length. Gamma rays, -
tas, and high ultravioks! sre clasiifiad as oansng ragiation & thesf pholani hava
enolgh energy 10 lonkie stoms, (susing chemical reactions.

= |nmost of the frequency bands sbove, a bechnigues called spectroscopy can be wsed
to physicaily separate waves of different freguenties, producing & spectrum shawing
i consHiiuent Troquencias Spoctroscody i wed 1o sudy the intersctions of
slactramagnetic wavas with maftar

= Electromagnetic wavas are tyoically described by any of the following three ply sics
progerties: the frequency £ wawelzngth & or photon energy £

= Freguencies observed in astronomy range From 2.4=107F Hz {1 GeV gamma rays)
dosarn o the kocs| plasma frequency of the lonized mterstellar medum {*1 lidz).

& Wavglength b inversely proportiona to tha wave frequaney o gamma rays hawe
yely shoet wavslargthis thal are fractipnt oF tha s00 of Jromss, wharess wavabengthd
on the sppodits end of the spedirum can be &5 long a5 the miverns

=  Fhaton ensrgy is directly proportionsd to the wave frequency, 30 gemma ray photons
Rave the highest energy (around 3 bilkon electron woits|, while radio wave photons
P very how enelgy (anound o femtoelactrommeot]

&  Thieseredations are Ulustrated by the following equations;

ko B b
ol = o T8
Frepeiti g 5

FLIE [

# 0~ PTHY VA ERR e el e o Bl mrawscuenn
# N&0E25 (T S ai0r™ a2 (25007 100505 5100 gl s Is Fianci's £ pnsterd

Hmsmi:g’nn in a fibre using Ray e-uu |

&
3.6, Define terms. Velocity of propagation, Critical angle,
cceptance angle & numerical re
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F In fee space the dght wave mavels @ speed O3 )0"N s upos emerag o @ dstlecmic and zon conducing
mediim the wave now mvels it & speed 'V wad s Jeas than that ol *C’
# The ratho of spaed o Sghi i vaguus 0 thal of i & metdl {8 known a5 Refractlve Index of the mierial e &

Topical valace of Refractive lndet is piven by

= | for A, 11,33 foe Waker, 5=1.80 fur Gilass, n=2.43 for Dizmond et

= When & Tpht ry eacouniens & boundary scpessting &

tw eferen madia, pirt of the mey ha reflacted back

i s e 1% mallin, Thea the mminde & bending
af refracied a8 | et i the sesond mnenal

# The beiding o reftaciaos of ligh my ai e sterfice

nxmlnf.ﬁﬁmz‘m'ﬂ:nlpuddhgﬂmm
nerabe thn R diffenen refnctive indicen

# The molabeaship o fhe inderfeoe o knovwn ol Saell™s

b nd 8 gven by
fip Sin @ = g, Sin dy

= m; Sin (904, ) = nz Sin (90-45)

* | 0 Cosl, = Coe B

F b G R e [Light Propagation in Optical Fiber]
o the surfice iv known as Asglo o Ingidem.

#  Agoonding w the Lowd of Redaciion the iacklem angle =8 u) whscl ihe meldent ry airikes i the imerfice i
exzctly poual to e angle e the reflecred rase makes with the s inmefbee.

i nddksion the teiden my the nonen 10 the dsverfies and the refleciod rey 2l ey om the sz pling.

Asny i gremer than e ihe angle of mEmction walways greater fue s of angie of indsdom

I the diegle of Inddent g & incréased & pocil will sventeally reacked whene tie hght em m air b ponilled oo 82
gl warfce, Thom pois % koo d Critcal Angle ihy ) of The meident

# Thevalie of erovical & g by

oW

‘_I-

Sin = my/m < 0,=Sin" (0 0 1
3
o Wies 0, = 90" then Sin 0" = ol = (B ng= Lo [Na Relracied Hay]
b S we must el the anghe o incidesce ek tan 01, N, q,zﬁw
# Wi the angle of inculeies m greeter tiin that o the . ' .
citedl angle. The light Is seflecind back lnfo e midiom =
g it known a3 Total Interasd Reeetion ny ot %
% Acceptance Angle: N
# Any ey which are Incidange e the Tiber toer 8 an gl ""{i Ll 8 H‘\\
grewer than e will B rasmited o ihe core clodding \\ﬁ-
interiace ot mm mogle Texs than 'y, wall nee be el imisrral

peflection.
[ Frotoal Irsfrrmindl Hoe Povibom af Lighi; When @@, |
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| it Prmpnpaiion i plisal bilr whom @@, | | Light Progagstio in Opticsd Eiber whes ©,- 8, |

L 3

Iyt

Ny

ny @-
.f'ﬁ%"

Vight Praspagmsion in Chptival Vibar mhes @1, 8, ]

1M o e
e
hy Core

n, Cladding

[ Propapssm Mockamsm o e sl Step- ke Friee

# From (e above figee the incidend my ' ol e angie preater than ¥ {5 refiacied (nto the cladling e s

eventun I Joosad by the rdition.

# Thui for ravs ba be tranemilied by tatal intermal refiaction uithen the Bher cone, they must be incilent oa the
fiber core with 1n an acoeptance aegie mnd & also-defined by Coniced Hadf Angle (%)
# Henee On i the manimes angle o the s 3t which ght reay enter o the S5er in onder o propagete fully snd

15 nefer ms ncveptanics sagle for the fiber,

# s some time refer o manimum or fotal scospiance mgle
# 1 muy be poted thet the et angle 1o e axis will be aqual w the inpu angle for the ray ssaning e my
emezges in 0 a medwm o the same refractive mdex from whach o was st

+ NUMERICAL APERTURE:

# It s possiblz tn continug the ray thoery anehvss %o cbeain & rebinon between the accipance angle and the
refractive ndices of the thiee modies isvolve weh as cone, éladding md aie.

#  This leads to the defimition af » mone genernily used temm th the Memencal Apermee of the fiber.

# The figure of the sext page shows & lighl ray incdern on the fher cote 1 an angle §l, o Be fher s which &

less than the acooptunce- angle fiur the fiker fie.

# The ray entem o B fiber fom & medium (Air) fat e refrictive mdex "o’ and the fiber refimctive index e’
which s slightiy greacer than the cladling refrcrive mde 'n,”.
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3.5. Describe the optical fiber constructien

#  Opical fiher iy be prodoced with poad sichle ressmission charmcseristic in loes fenpshs o 8 minimum cos
and with masimum reproducsbeliy,

# The range of aptical fher type widh sogeeds w0 v, reffictive mdices, operatg wavt lesgd, matenal o i
miilable in order fo fedfill masy diffenent svsiem applications,

F The fiter may be ¢onvened ino precical coble whizh coe be handlad i o simiiar miner © & ecinol
ienarminon ca bl wiihoed any poohies

* For tramsatsission poirs of view & & ciar dal o vestatlom of refiuctive ndax inekds the optical fiber {Core and
Chathding |5 vhe Tundamental necoisity in the Shrcatios of fiker R hght thansmission,

#  Hesoe o feasl twd differscce matarals which ane Svsdparend o [ight ouer B2 comen aperating wing 2hph
funge i gl

F ju practice fhese maierial st el relitively bow practicel aftesustion and ey must hesefore have low
auizinklc absception amd scatienng iees

# A number of orgesic and organic imuliong ssbeances are ssed to meet these condmions. We cGhose surizk{n
e geid for the fubncahion of optical fbers t 2ither glasses or glass like materisl & mono ervetallise stictors

# s used Full iy the case of greded indey fiber gl he refiwe v indox, of the matersl oy be viried by suilabia
doping Witk ancther eorpastitls manral

# This b ealy acheeved m glasscs or glew |ike matenal and therefore menn crmtalling matenal ars nol sifablz
for 1B fabrication o gaded wdex Tiber bt may ke ssed for wop index Bher,

# |t s clesr thal glasaes exliihii the Beat pverall low nss optical fiber, Therefore o |8 e alimes exclusively in
the preparating of fhem fir relecommranication appheaten

Thg ssking ol optical fier s Basedd on dhe principe] of total imtemed eeflection nf Tight

T pogsikin of light being guided themugy nurow o of 8 commumiction syrem femad on the propagrhon of
light with ina syl wave guided call el optical fiter

* The light entéring m one sod of the Mhet had (i trvels thnngh the eetiee fength esd meng ol the other énd

v v

wiime euch Ings.
| Jacert | Claddng || Core |
[Seructere of Optical Fiber|
F Opical fibher congam af three sectios weh
L CORE
N, CLADDENG
M IACKET

# The CORE of wn opical Gher i @ falr 1hen
cxlindrival fiber ol glass any tunimoead didecsic
mabernil [ho plastic. The Cone i costed woh &
laver of maiieisl with lower refraciivg (nden il
layer i el CEATITING

* The core mnd cladding sopsther guide opice]

enargy whisg the aiis of fTher

Tne core imneiet generally 1) menm while

i lmddiong dlinrsnie |y mtoareld [1¥ piucring,

v
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# lor gresiet srenpts and proestion of [Ber @ soll .
plamic enating of faber sover which & privany | Cross-Sectional View ﬂfﬂpﬂﬂl Hhﬂli
Il (S riener i i 250 ot B geod el JACKET or PRIMARY JACKET

*  This s edien fullowed by annlher lyer o hed protesins maserul mhich m ksewn aa SECOSDARY JIACRET
The evife unll (8 remaning Mol fd U

3.7, Optical fibre communication system- block diagram & working
i

| Block Diagimaesl 8 Filker Oplics Comam, Syslem |

7 The Mook disgram of FOCS contains Tllowing components. Light Sial, Trnumitter, Optical Fiber, Photo
Detecting Recever, Cable Splices, Comnector, Regen sranors, Beamn Sphiners and Opticel Ampiifies o,

» Moden (Ther optics commumcation Tvsient gesenal aciudes an Opfical Eangminer 5 cosves an el
mgeal toan opssenl supal o send oo e opneal fiker:

# In chis soction the dectrical wamal is comened mio optical sugaal with the help of il souroe and psociaid
ool We e beh pourees lke semacondostne LED or LASER diodss sinee e Lahi outnet can be
medilmed mpidiy by simply varymg the bia cument at the desired traviision mie.

# Opfizal fiber cables are the medinm for te transmissicn of signal. B camies the dm, sudio or video informanion
in ihe form of cpiical signal The cable containing bundles of multiple izl Goer dai i mouled through
niderpround and baildagy.

# - An optical mecerver 1§ used o roover the signal a3 an clecncal sgnal. The information mansmined i ypcatly
digital mformatsee geoensed I Cimputer, Teiephane Sysem or Televivion Crpany,

# In e recerver section & phoso disde 18 thene which tremted She weskenad apieal signal and coevest 1 1o
ehectrical curmend refemed fo s photts curtem. Thes phioto corremt In the form of elecerical wynal i puplified by
The eplifier,

# The agnal restored will produce the required fonm of the 1igsal ar the oueput. Ciable spfices ars used o joim
betw et the o (Eher optical cables.
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iconpaiom o conooed e dw end of the masmimer wnd reesives o connecy wan fiker opnes: cable. In
consructon B mone oompley (hee Sl of spiices. Bean sphiner or optical ¢oaplern ary used o splie the optical
mignal e differan parts for differest eomminizetion gyaiem

IMhifemmt sype of opticad amplifler w there o amgiity te omieal dgnal. Reganeramn ant used Tor reuneing the
ipnal shape charscierteic,

In u doog dismane tranamikios B degradation of optiedl dgel e place w0t ek e egnel dhape
characteriaiz over @ lomg dasance segese om irg ol This i malily ussd pnder seq whers the in gl pabiles

ire enploved.

B OAPFLIC ATHONS

W N WY W W

=

F

1I'

L

ez b= Voter Comommescasinae. {Inrer-Oitice, hmfr.lmﬂﬂ:hﬂl

¥idee Communicatons, | T Broadest, Cahle Televison, Remots Mosiionzg, Wised Gy, Videophonss e}
Tinaa Trualier finter OFce Dute ik, Locsl Ares Nevwork, Sapdlite iround Seatfins, Tompssers #i)

Internct {Email Avoen o emoie infimsaiio, Video Coalerencing i

Senaar Syaten | Paint Sercr, Duanbated Senor, S mars Stroctore. Roliotles ste)

Alsn i ursd in ofer indined feldd |iln Emeainment (HEOTV), Pooir Syvamem, Trevporatioss, Heskh Cant
i Endeacope UM ey Defiencel Craded bissllcl, Busingsa Developrmsnis [CADT AN, Bducation iCCTY) g,

Tropagaiion of Gl dlong n ofical fTher can be deacrhdd in iermi ol 5 8l of guided élecrramagetic wanied
callal the MODES.
Each guided mode coeresponds to a pamens of ehoclriz ol mupsetic field disriasos Sar b repeniad slosg te
fiber armguler moervaly Oy 3 cerlam dinsrers sursher of mosdkes or prcer are capabie of propegramg along
e fEer
For ssoctmomic High ne amplioade of @ mode oveling wlonz 0 Tiber KUS (REy e =ve directiion i
sepememial

Wi m ae " Where walay anid 1 is the -component of peopugation rcine ke2a in pedirection
For gulded modes, B can have only cenidn discreie viliss thai miledles e ménwel's egation and e
boundery conditicns. These modss dre ienfified By solving miavwels TN wave souation unider the houndary
cungtiinn of the wave gunle serface.
The s coe afsn Bo visualized by sy recing msihod,
A guided mode tzavelfing alony She Ber can b myaeded w0 be sssmbly of s grmp cf plaoerves wlong S
xin with 4 common wave Front.
Hince with amy pang wave a6 @ssociane & Higm ray Tt b sl 1o the wass et of the wive. groep of waves
eirresmnding in o particadar muds Troes & esl of g called @ Ry Conpruesce
Tach my of féx particetar group is bheident ar the gore cladding ierface o1 e wote angle. Mol it dny ray
what satisdics the conditinn |12 i) cas he semeniied m tie fiber vel the conmtait phase condition & ki
ity i Eimited Cuses. L there will be limited sunther al tey congraence of maded.

Tkt onder-of the mode m, i linkad to the angle tet the my congraomee makey Wit the finer mcly 4t S poat of
inzidence. In ardsr that the mods myy el te poadives, & > fe and aleo posnveros B I e s phise, e
path diffesence AP = mi

Whete m is-an infeger callod the Mode Neober. Nolr that the phase chaage on refiection shodd he
inchuded in commansg AF
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o Thpesgh the pail differenng herwpen monfonal my and shew ress s bege vt the phav shoold he the same foe
irarmEsgiin b be pussible

#  The engle 4 which a mode my makes wilh B wall of the her is give by

Sin =|;j,fn";1: L, whnmarq:'|='?.l". L= Wavalpagrh of light sed & d = Fiber. Dsorgtur

# Thergh & distines meks s pvaifabls with sny ot valuz of s memher of modes we fmitad w5 0 cannm
exceel urity ot hovw valise of my, valie of i 8 ow

# O the other fand the valug of o (s mone for lsgier erder mades wm dag 10 steeper inciden ray, What happeni
Fobr oo = S0° the wanbee Froni boanded back and Ford Bty borh e walls withom sduindiig aboog (e ausy

E —

[ Mode Information n Graded Index Fiber |

# When the fiher bs very thin, the roy with o single Jow value of § 12 manng inciilénos can ke into the fher
The steeperray with high valug of ¢ will not ez inio the fiber.

# Th i§ o mosomode mansnistion if ke oore dumeser i3 Brge, anglé of meidnes can chenge aver & rnge ind
24 fisch miultimods sastmicen 8 passible o2 shown o fee dhave,
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r ﬂwwmu m*-dmf.a—:llwm 4

&5 optical fiber configuration: Single-mode step index

| Befract ive ke i Sy e Filkn

1. Acoonding in Mode Capsciy
2, Acoording o Core Refraciive [ade

1-Cors
¢ Classification on the Basis of Mode : - -

A, MONOMOCE FIER : - Tre Monomodz fiber allows ooy

ome mode to propaale and heack this same fher of s .
fpd bve: viry small come Samiter = 2 o 1) micron.

8. MULTIMODE FIBER : - The ooy diamettr i mere than
Simieroe. Beomise of lrpe dameter, 1t sllows ey
rnude- 10 thiien Sraugh B2 fhe

3 Qasding

-

e T
| Renctroc o of v fney |

A. ETEP [NDEX FIBER! + In ntmpindex fber the pore has oncfons refractree indes ny, thepugh s core section

and B cladding dlwo hds aligiy les bul (rifons pafmetbe index e through i crosk section, The
refrRciive indes prd e, (e figum shows § aep i mincnn

8. GRADED INDEX FIBER:- Refactive mdex ol the cors [+ son-anifimas Being saximum aloag the axial and

prudually doceemios sowards the core-cladding interface. The eladding rmfisctive index . Powever
urfoem the varmiien of refmctive mdey of the pore o wed distince "o mewiue from e axn,

2.10. Munuauun in optical fibers —~ Absorption lﬂssns mnng‘

When light propagates through an optical fiber, a small percentage of light is
lost through differant mechanisms. The loes of optical power k& measurad in
terms of decibels per km for attenuation losses,

Itis defined as the ratio of optical power output (Pau) from a fiber of length ‘L'
to the powsr autput (Pin) and s given by,

10 1o P yntgm
'E' Pfllﬂ
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Shnce attenuation plays 3 major role in determiming the transsudsskon
distance, the following attenuation mechanisms sre to be considered in

designing an optical fiber,
1. Absorption:

Usually absorption of light occurs due to imperfections of the atomic structure
such 3 missing malecules, (OH-), hydrowyl Tons, high density cluster of atoms
etc., which absorbs light.

2 Scattering:

Scattering is aleo 3 wavelength dependent loss, which occurs inside the fibers.
Since the glass is used in fabrication of fibers, the disorderad structure of glass
will make some variations in the refractive index inside the fiber. As a result, if
light is passed through the atoms in the fiber, a portion of light is scattered
{elastic scattering) . this type of scattering is called Rzleigh scattering.

1
Kaleipgh scattering loss % 24

3. Radiative loss:
Radiative lass occurs In fibers due to bending of finite radius of curvature in
optical fibers. The types of bends are

& Macrescopic bends
b. Microscopic bends

&. Macroscopic bends:

If the radius of the core is farge compared to fiber diameter, It may cause
large-curvature at the position where the fiber cable turns at the corper. At
these carners the light will nat satisty the condition for tosl internal reflection
and henoe it escapes out from the fiber. Thiz is called as macroccopic [ maco
bending losses. Also note that this loss & negligible for small bends.

' ladlling 8 o el

bunda
Tl i 7

ANV

I

|
e

A ——

T

1o ncmparg may
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b. Microscopic bends;

Micro-bends losses are caused due o non-uniformities of mioro bends inside

the fiber as shown, This micro bends in fiber appears due to non uniform
pressures created during the cabling of the fiber or even during the
manufacturing itself, This lead to loss of fight by leakage through the fiber.

Remedy:
Micro-bend losses ¢an be minimized by extruding {squeeling out] a
comprassible jackst over the fiber. In such cases, even when the exiermal

forces are applied, the jacket will be deformed but the fiber will tend to stay
relatively straight and safe, without causing more loss,

The optical signaj becomes increasingly distorted as it travels along a fiber. This
distortion is due to dispersion effect.

it

When an optical signal or pulse is sent into the fiber the pulse spreads
foroadens as it propagates through the fiber, This phenomenon & called

dispersion as shown in the figure.

[RITETRIT LM LITRETS

v hagrpinid

From figure we can see that the pulss received at the output is wider
than the input pulse, Hence the output puise is said to be distorted, due to

dispersion affect.

The pulte broadening or dispersion will oocur in three ways, viz,,
L Inter-modal dispardon
2. Material dispersion or chromatic dispersion

3. Waveguide dispersion
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When more than one mode is propagating through the fiber, then the inter
modal dispersion will occur. Since, many modes are propagating; they will have
different wavelengths and will take different time to propagate through the
fibar, which leads to intermadal dispersion.

E lpndchlirgg

When a ray of fight is lsunched into the fiber, the pubse is dispersed in all
possible paths through the core, so called different modes.

Each mode will be different wavelength and has different velocity a5 shown in
the figure. Hence, they reach the end of the fibér at différent time. This results
in the slongation or stretching of data in the polse. Thus causes the distorted
pulse, This is called intermodal dispersion,

Material dispersion:

In material dispersion, the dispersion occurs due to different wavelength
travelling at different speed inside the fibers shown in the figure.

Cladding

A Coare
———— A3

Remedy:

The material dispersion can be minimized ar cértain wavelengths say 870nm,
1300 nm and 1550 nm; these wavelengths are termed _

Whether light wavelength & lesser  than RSO

B . it 15cls slower and when it is higher than ZDW it travels faster,
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Thus the speed is altered and adjusted in such a way that all the waves passing
throwgh the fiber will move with constant speed and hence the material
dicpersion s minimided

Mote. this dispersion will not ocour in single mode fibers
Wave guide dispersion:

The wave guide dipersion anses due to the guiding property of the fiber and
dug to their different angles at which they incident at the core-cladding
Interface of the fiber.

el clir g

In general

Inter-modal dispersion > Material Dispersion> Waveguide disparsion

Iulr:hndls N &

3.12. LASER-its working Principle, Block Diagram using Laser

feedback control system
+ [EDILIGHT EMITTING DIODE:

F Lol mind R gl bmiting Diecs. [BSe 0o dl Ciods e draiad by sombBwited Of & el of
pestuvalens taeri” with see odher mugzril o produes fight i fifferew oo o

& BURKNG SRINCITLE-

o Wher e diedes are Firwamd Wased them 15 ¢ poocess’ of -stom3inetion mi pleee due o which e free
oo el voms snergy in e o o Hight. The meserials e o clise (e n el @ proo wlieh is
radimed by changing the eactav pap ind by iddmg some ofbe® miccants dfioron vimiblz ead ikl light i
produesd

# LEDswe bwo e Home pinclicn LED, Heiro junesie LED,

# LASER

# Luserwmnds for Lozt A mplificarce Sainw abed Foimeoe of S adingor

# Trdeals oith e vechice! concetration v iph int 4 very 2" e powerful heam
# Trwas developed by H Maiman

# Theot are Fur ymes o LARER,
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L. A%
I Liguin
. SOLD
1Y, SEMICONDUCTOR
F 4 active medium s ke from winch e o comed. The acnve mo@an & polished for 1004 intermal
reflection exsend cus sale. A power source & comectad pver the madiem. A fliesh tabe with o tigger b sal 10
brust light. Due o costmmus Tashes the soiztion increasing ereatrng lnsisy and affer some perad apain they
ey groended e leasing proions
#  The pevions ke other clecorons and giomm cresting 4 sumber of peotos packs by which they try 1o escape
from the mueril mil they escape fram t5¢ matenial and escaped from unfintshad pan

v |vis o deplesian ayer photit diods PIM sta for P-ype intmnsz: My diode.

b 1o osed o defect light energy i eptical fiber commication yysan

# A vy lighly dopped Mefime semaconducior & @adwiched Berween o P oand N type hevily dopped
snioauctor,

¢ Therr tnaanall window oserthe  path which recenes the light or proton energy. This s mode s thick that 1
cam ohaerve il the proton energy

# The Prosom eneegy & obmerved by the valany hand clecmons of smane semiconductor and maks I 8 free
electron allowiag cuerent fo flow theugh it

w The curent depenids cpon the number of paofon anzrpy. Genentlly silicon maberaly are used for this type of
dieda consimaction,

APD Diode ;

* inavalasnche photodiode (APD) i 3 highly senditive semiconductor photodiods thar
exalolts the photdelactric et o convert light ing slactricity

®  Froma functional stardpoint, they can be regarded as the semiconductor ansfog of
phatomuitpliers.

* The smalanche pholodiode (APD] was ented by lspanese enginéer Jum-ichi
Nierlzawas n 1952

Principle of operation

® By appdying @ high raverss biss vellage (typically J00-200 Y in sllicon), APDS show an
intarmal current gasn eMect (araund 100} dug 1o Impact ienlzation {Feslanchs &lfact)

& Hipgwoves, same sileon APDL employ alternativg doprg and bavaling technlgees
cosvpared o trafmional APD that allow greater valtsge 1o be spplied (> 1500 V)
befere broakdown i reschad and herce 9 groator operating gain (> 100AL in
geraral, tha highet the reversa valtags, the highsr tha gam
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®  Amang The variows expresssons for the ARD multipticatton factor (M, an instructve
eipression 5 given by the formula

. . T
- !'," T

o yharg [ b the space-charge boundary Tor elactrong, and ‘3" B the multipication
teefficient for elactrons fand holas)

= This cosffitent has g strong dependsnce on the appied electre fizld strangth,
temparaturs, and doping profile.

= Singe APD gain veries strongly with the spplied réverss bias and temperature, it i
racessary toconthal the reverse valtage to keep 2 stable gam

= Ayslanche phatodiedss therefare are mare sensitive compared to other
semiconductor photodindes.

114, Optical repeater & Single Channel system

® | the world of electronic communications the use of digiad transmessian
revolitionised the techralogy becsuss we werd now alle to sand infarmation 25 far
g3 we llked without lazs of distortion of amy kind

®  Thik comes sbout becsuss of the naturs of the digital signsl Tha form, of the signal i
predetermingd and predictabls

& Therefore we can regenerate it whenens needed and reconstitute it axactly £ Ints
s ornginad farm.

& What we oo is extract the digital information streem fram the old snad and then
buifd & new signal contaming the onginal sformation This-function is perfommed by
& FEJEQLEr,
Py dlaws odll dapiapeilFfipee

- i} [T |
_I I_ - _J‘_'_t":- . L\'\— =
T T = ] R s
= prETeEn o Sy md

I I = 1)

———UETE e LR o e

Amplified Sngle-Channel Systems
L= i f] L5 ] -
] e
bl P o A%t:_ Flma 1wy s

The wavelangth used i now 1550 nm. This ik done for beo réasons

1. Toespioit the low attenuation window of fiare in the 1500 nm “window”™

4. Toallow the use of Erbium Doped Fibre Amplifiers (EDFAs}

o The distance betwedn amplifiers i row Increased 5o batweah 110 and 150 km,
[On lorg distanca Iinks This 2 vary Sgaflcant oodl sving &5 the oot of maintsinng
repeater af amphifier "huts” song the route i vary high }

» The spesd & generzlly mereased to efther 1.2 Ghps or 2.4 Ghes.
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While the overall architecturg of the systam |ooks much the same af befare thare ame three
significant changzs

1. Since we are soll using standard fare which has s lange amoant of disperseon in
the 1550 nm hand wi nead to ghad soma decten conuderation 4 thi contral of
diparsion. nokder systermy, 1he fbrg didn"t dipares 103 Fignal by very much
becauss we werz using the 1310 nm band The rapesters removed the smal
dispersion created amyway. Row, by moving to the 1550 nm band, we have brought
ona dispersian groblem. The amplifiers will cause dispersion to acoamulate over the
whold length of the link.
2, The nk b no'w both modulation Format and tpaed Trardparent [T may be
upsraded to use higher speeds and the modulation format may be charged (far
gxample froen 00K to duobinary or temary coding) withowt changing equpmeant in
the fiebd. You ondy have to change the ¢ guipmant ot each endl
3. Prosdded tha ok has beon planned proparly it can now b upgraded to wie WD
technalagy 35ain without changa to the sulsioe planl. Some foredight B naedad hare
in panning the #mplfier capacity (powsr) 25 the addition of WDM will demand
sigreficantly higher kevels of power. However, it 5 possible to plan the fink insuch a
WY 95 T enabie o gra ding 1o WD 3T 2 future Time without change 1o outiida
Squipmmang

3.15. Applications of optical fibres — civil, Industry and Military

application

B OAPPLICATIONS

* Usd a Vo Comearigaions | |nteed s, Inetaty, bosed-ema | i =)

w yitkeo Corzmmigarost, | TV Broadossr, Coblz Tokoiion, Bamoiz Monnonng, Wieed Ciy, Viceaphoses 22

w  [ham Tifnee latey Ciffice Dme ek [och Anes domk Seee i Ctind Shemotn . Criealze &4

w |atraed [Ermd Avess o remed vl nuiiot, Vides Corferme g oo

& o A yemm i Paus Seseor, i e Saomon Sead Soeles Rosulics sl

# Al it wed in odbe india folds Bhe Ever s CIDTVL Poner Sosom, Temsoeeatins, Bieal D Cors
Tl et M Sy Tl Al Wity Mmbesss T elopenenes [TADC AW, Fitnoilrn T T e

3.18. Concept of Wave Length Division Multiplexing (WLDM)

¥ Wave length dovetion mulipkexing & simply known wave divisso mubiplexing (W.DM),

# In this tvpe of mohnology rwamissinn of maltiple diginl sigral can be =ade in Giffermice wive length

mithout amy migrinence

# LUsing W.D.M o number of oplical signa cus be tramsmeried of & time by o egnal fiber cabie ot e me

with diferem wavs fengd of fraquisia

# Transmitied i the wme madiom o different pace only and m the meeiving saemon. They are senched =

SifTpeen tims imerval.

# The wave knghe we creited depending upoo the colar and cosbingwa of e e be masmiiied by

midtvmade siew indes profile cnestieg paths for sdividual eolour,
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Short Questions with answers
1. Give four applicatrons of fiber optic sensors.
#) Fiber optic sensors are used 25 optical displacement sensors, which 15 used
to find the displacement of a target along with s position
b) Tt s used as fluid level detector.
€) Tt used 1o sense the pressure, lemperature 3t any envaonment
d) Itz also used 1o measure the number of rotations of the fiber coil using the
inctrument called a gyroscope
2 Explain the basic principle of fiber oplic commumscation.
Total infernal reflection i the principle of fiber optic communication
Principle:When light travels from a denser to rarer medium, at a
pamicular angle of incidence called the critical angle. the rav emerges

mngﬂrmﬁmnfsepxnmn‘ﬁﬂmﬂm&ﬂ[mc:mmm
critical anglz. the incident ray is reflected in the same medium and this

phmamemnﬁ called the total miernal reflection:
3. Give the application of fiber optical system.
7 It can be used for long distance communication m tmnk lines

b} A large oo of ielephone signals pearly 13000 can be passed through the
optical fibers in a particular tyme without any interference

¢} It s nsed in compiner nerworks especially m LAN.

d) Ttis also used as optical sensor

4 Mention any four advantapes of LED mn electronic display.
a) Very small in size.

b) Dufferent colours of display.

) Works under a wide range of temperature

d} 1t = a very wide range of cperation.

5. Mention any four advantages of fiber optec sensars

2} Tthas no external interference
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b) Itis used in remote sensing.
¢) Safetv of data transfer.
d) It small m 3ize.

& Mention any two fiber optic sourcas.

3} Light enuttng diode (LED) i LED we have two types |.planar 2 dome
shaped LED

b) Laser diodes (LD). In laser diodes we have homomunction [faser
heterojonction laser injection laser dinde etc.

7. What 15 meant by imjection lnnunescence? Give examples.
When the majority careers are mjected from P to W and N 10 P region, they
become excess muinority carriers. Then this excess minority camer diffoses
away from the junction and recombines with the majonty camiers in P and N
region and emits Hght This phenomenon s known a3 mjection luminescence.

8. What 15 meant by LEDT Give its principle.

An LED 13 the abbreviation of lght emuthng diode. It 5 3 semiconductor P N
junction dode which converts electncal energy to light energy under forward
biasmg

0. What 15 the principle used 1n PIN photodiode?

This diode works mn reverse baas. Under reverse bias when heht = made to fall
on the peutral or mirnsic region electron hole pairs are generated. These
glectroms and koles are accelerated by the external electrec field, which resuliz in
photo corrent. Thus heht is converted mto electrical sipnal
16, Give any four examples of intrinsic sensor
z) Pressare sensor
b) Lagquid level sensor
c) Phaze and polarization semsor.

d) Creptical fiber flow sensor.
11 10. Give any four examples of extrinsic sensor.
a)} Dusplacement sensor
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b) Laser Doppler velocimiter sensor

¢} Flwor optic temperature sensor

d) Current measurement semsor

12 State the applications of optical fibers in medical field.
3} Fiber optics endoscopes are us2d in medical diagnosis

by It 15 used 1o visualize the inner organs of the body
¢) Fibers as endoscopes are used m vanous medical fields such as cardsoscopy,
laparoscopy, cryoscopy elc.

“:IFHHA'HI:IH TOMEMUSICA&FION SHRINEESIE@GIITERTY)




&7 |Pegn

Long Questions

1. Descrioe the oplical iber constructon.

4. Define terms. Veloclty of propzgation, Crilical angle, Acceplance angle &
numencal aperiure

3, Explain Oplical fibre communication system- block dagram & working
principle with advantages and application (5-24)

4, Explain aboul ihe Altenuation in oglical fibers.

&, Wrile sharl nole on [he Concepl ol Waxe Lengih Divisian Mulfiplexing
(WLDN) principles.

6. Explain aboul LED in fbes opfics

7. Explain LASER diode in fiber oplics.(S-24)

8. Wrile sharl nade an APD
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CHAPTER-4 : TELECOMMUNICATION SYSTEM

4.1 The operation of Electronic Telephone System. (Telephone Set]

e i Tckphone St Fundangital Funcions

@ The bk telsphone set connected 10 £ telephome patwizk we are all very comifortubla with wing,
hies 4 Basxe functeny:

§ Toprovide s ssgmal i the ielephoee compasy that & call 15 tn be made (off-book) o2 & call = complee
fion-hook .

@ To provade the telephine oampuny wish the nusher the caller wishes to call

@ Toprovide s way fot the 1efephoas pmrpany to mdicate that o call s ¢comimg in o ringmg,

@ Tocomvert voive frequencies to ebectrical signals thas can be tremsmitiod st thi trarsmitier and conven
theme elertrical sigrals hack to vicee Freguencies mi the racerver,

TheFedemn! Comemmahioes Commuupe (FOC) has sef standards for the shove feabures and . all
manufacturers selling telephones i thes coumiry must malch these standerds or the phone will not work
property.

In adifition many modem telephoney aso come with features ke speed dial, redil, memary, aaller (10,
volce mail, ele, These me all addriivea| fsstures that are 20 ne¢essary b make or regerie calls

Let's ook o1 Telephoee Set Fesetion 12 To provade & signal 1o the seepbonie company that & cifl 1 105
made foff o0k or & cull is comglete foo-hook ).

The switchbook pets ity name fram the old ielephones gt had a hook on the de. On modem phanes the
switchhook in o buthin tha is depeessed when the hindset w put on fhe cradls of e tehephion:

According 1o Telephane Company specifications individual telephone set BC resistunce should be 200 £}
bl in remlity most Lélephones mnge hetween 150 and (0000 of DO retiitance.

Wiser & user peckes up @ coonecsed welephone handser s make o ol the v hools m the figure below
15 aed 5z} close {off-hook conditaon) asd the lneal loap cacuit (s complets,

~

barad bommp E B e R R A I

Fa

Az

Tolepimis
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Whoen a handset = picked up, o BC curnest e between 20 and 120 mA flows om the pair of wies:
coamecting the telephone 1o the 00, Thes current flow causes & rlay 2ol 0 mognetive nd it's coniuces
eluse.

e the OO grarrent fhows fhmough & rebay ool mioched o e locad foap wine parr. The coll eoerpizes, t's
coatmcis chose und B OO swich keems & piane b ol Too k sceaewhene,

A line Teedes in the CO switch looks for the off-hook signal, finds 4 and seis up 2 connectioe. bs the OO
wwitch o dinl-inne. genertne is conrecied to the Bin s (ke calicr kmows thoy cen dud & rember

4.1 The function of Switching System & Call Procedures
Swilching system

Waen there are many deviges, if (s neoesany 1o deveiop surtable mechamss for commmmmication between
any fwo devices, Ose alterative -0 sabisk poont-o-poim. communicatian betwoen . esch pair of
devioes wsng mesh iopology.

Hewever, mesh topaloys & Irmpractice! for Lege nusber of device, because the mimbser of ke Incnsmes
e pamentially (nin-1 )2, whene 1 5 the mumber of devices) with the number of devices. A betver aliernative
vty uee st hing techmiges teading o swasched comenumcation setwork.

in the smitched oetwork methodelogy, e nefwork consists of 2 s of miercoonecied nodes, aivong
which [nformmice. is transimiited foom saunce 1 destination vis dierent routes, whech i contrulled by the
wwitching imechanisan. A baiic model of o swiched communication = shows m Fig4.1.1

The ond devica tat wish 1o commemicale wilh gack otber are called siiowi. The swilching devices a2
called mrdle, Some nodes conmert 1 other rodes and wome are 10 cnnpected 10 §ome Qati

e Toatures of a swisched comirmication network are gwven bebom:

o Network Topology i mol regulor,
& Uas FIM o TIM for node-1o-node commmuniatan,
o There exist multiple paths hetwoem & wure-destination paor for hetter network nebiabiliny.
» The seiiching oodes ane pot concerned wish the contests of dots,
s Ther purpose is b provide & senchng fecility that will move data from node 1o node wntil they
ieach e destinatvan,
The switching pesformei by diffesent nades can be categonized into the following thres npes:

- Cirostt Swincving
+  Pucket Switching

% Mowsage Switching
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[ End station

Cormemunication

Mebwork node

Hasie Call Proeedure

Fig. Shows o mmphiitation dwgram llusirsting how two Telephooe seta isubscribeni erc
miercuemecied thrgugh o central offioe dial switch. Eaeh sshsonber i conmecied bt sasih thnough
a fecal loomg, The swiich = oo ELEI‘:.' wome icnt of an elecfronic |w1kl"_1'ng svidem {ESS muchica|.
The Socal loop are Ermenaied st the calling and culled stution  in wlephing seis and ot the cenfral
alfice exds o wwicheg machines

Called party's
telephione sef

-
‘_:_" *

Callsd pariy s

2 wire Inn-p-kl D #—i rECL P

by

w4

A

Tgnd /7

Calling ."I
party's 2
wire loop

local telephone
office switching
maching
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When thecallang parmy's telephoms se goes off hook (L, (nng #0 handses off the cradigl, de ik beak in the
izlephune e & relzaal, compisting o de path between the tip and e sing of e ke iragh Se mophoee .

The ESS machine-saties 4 de cumeal m i Toop and mcopsiees S @ en of-hook posditin, Completing 1 ol
elephone cll Betresn fun sibserBer canneesed 10 fhe sane t2feshore swih is aconmpEeied deongh & sandanl
st of proscpdire T imcludes the |0 siepa fiated net

|, Calling gatron goes off hook

2, Afor delecitng 0 e carverm Bow on Be Inop, the swiiching saching seiuns an eabible dil 1062 & the caliing
W, e iedneg Gl (e ol fes acesa o Be swirching maching

% The calles dials the destinebon wanbone nomber using one of the v methody Mechesical died pulsing o, mors
likehy, shoctronic dush-tone el frequency {7 mach-Teone) slp=als.

& When the ewiciing sachine deosts the fest dialied aumber, i removes the Sal tome froen e bnop.

£, The owsich imderprets i el phone pumber il ihen incahes ehe asp for the deatination sl epiione memher

1 Bt rinpag the destieating slophuns , the e aching sachine oo the destiniton Lo for de dumenl (o sec o
it = idle Cion heok or in v foiT hoaki, A2 the same tne. ihe pwiiching machine fcefes o sgmal path threugh fhe
mich Remren 1he ton Ingel lpom

T. (3} I fe deshinerien telephone i off baok, the wwtiching machine wends o siation boey sgmal back in the caling
Wl

i 1F the destination teleptone i on bok, e switchaig machme ieads & nngsg ilgal 10 the defrination ielephnns
om i |oce! Joop e the same mmp sencs w tng back nignal o the colSeyg ot io g She enller some svvumece

that senmething &5 kppiening.
& Winen che dhoscmat o sieery dhe-tebephore. i completen the lop, camimgp de cursel w fow,

% The sedich meoghiies (he daurrem b e stanin airsvering e ielephome. A this B, e sieh femives e
ringing amd tmg-fack sipali and complees the path throsgh the swilch, slowing the oalling el colied parties o
Begn conversaion

1 When siter el goes om hook; ihe aiching mochoe desects @ npen zirai s thad loop el then Emps e
cmeeciaas timmgh e swich,

4.3 Lhe principle of space and time switching.
Space Swliehing

Clreun witaching wees amy of the dures iechmologies Spage-Diviben smichss, Tlme-Divisien wniickes o §
imitil nmrian ol bl

In Spapealivisien ywiwhing, the parhs in e cincull e sepamesd ol sach orher speadly, Le difTerem ongmng
pufrw e, B skma mstied of me, uees bt setching paths, which an siparsal spasally

Thiw was arigimally develnped fioe the anelog evwirneseni, sil bes been camrsed ever o e digrad demein, Snme of
Ehee st Ewilehes any growetet lickes, Maln-mage swincted L g Omegs Saimhes)

A Cweashar swinch e thaws in Fig. Basie bullding Klock of the swich s el orospoier of sesviconduome_
e thed cmn b eriahlod oo divabled by o contnd unir.
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Croea bor pwilsh

1 2 3 4# 5 § 7 #
Chulipil Linis

|Figuie Sebemathe iHayram ol 8 criodion vikiel)
Limitatlnms of crosshar eaicnes wee s follows

= The nunber of cross poinii grows will e s al' the number of mtacked simions
= Cioly fior o large swich,

* The fuilee of & eross polm prevgsns coemaciion hawsen tha nwe deviees wiosp lines imerwe = tha

Ty podn.
* The orms poisda wne efTiienily glitingd

= Ohnly g wmall Factios of coss poinis an engoped evin of all of the aimched devices are acbve. Sema of

that aheve prohlemm mun be wverpomg with the Relp af suirtonge oraoe divirian avisches.

= Py splifiing the ermabsr wadich intn soralles ynite and (nderoonnecting them, it s possible 1 huild

vl sty wudichus with fiwes coss ponis.

7 7

4 42 22 24 5

5 =T 5

4 4

3 472 | F 24 3

1 1
[Flg= A thee-stage space divisben swiieh|

Figune shows a three-singe space division swiich, In this case tha mumbey af crasspaine nesded oo
down lmen 64 o 3% Thre = more than ane path throagh the nevawrk to comect two endponts, therery

inctensing rebiahilny, Malimings swilches ray lad v bioekng,

The |'u'|.'h||:|11 may P tuchled I'I':f |rll.;|:~pu-'m|| the moeher or s of the mismediioie swilches, which olsa
itcignsey the cumt, The blockmyg Geanire s (ustrabdd in Fig, 4,06, As showe in Fig. £.].6, after senting up

conneetans for | -o-3 and 2-we-4 the switel: cannot esabhsh consecioes for 3-ao-b pad 4403,
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Time Division Switching

Beth voice and data can be trazsmined using diginl signals through the same swiches, Al modern cireun
pwitches wve digical fieme-dv sion mafiphes g TTOM | echnigue for extublshiing and eamiimn g cimiis
Syncheenous TN alkws swliinle low-speod bil sirenms 10 sane a rgh-spesd ling,

A et of mputs & ommpksd mog round b mmnner, The mmples me orpmized senally imo shots
[eltanmalsl to formm o secutng Eame of sbobs.

Dunng successive time slots, diffszen) 10 puormgs are enabled, allowsg 2 number of connechons i e
carrigd pver (e shaved bes. To ksep up with the inpul limes. the dara mse on the lus must be high enough
win fh the aloti peeur aslTicient®y frequently.

For |00 Mull-duples Times ar 19200 Khes, the dite rate oo the bus mnust be greater than 192 Mbps. The
sonsree-desbingtion pasts coerespondeg 1 ol scrive cuneeotions ar siofed 2 the control memory.

Thus the slots eeed sor specidy the source and destimarion addresses, Schemme diagram of 1ime diveon
avwidelin 1a shown in Fig.

B W

Tir-divsim warching wss smadivision pailiptenng o achive swilching, 6 differsmé ongong
Exmney e San wss sung iwciching nath bt b iTenmt imadaeed tme memals

There are mwa papular methods of tme-divissn swriching nemely, Time-Slat Ineechange (TS0 and the
TOM ks

T51 changes the ondening of the slots hased on dewmed conmection and it b 4 modem-acces memory
steee dutn and Tip the times dlots as sherars in Fig, 2.1 8,

The sperben of a TSl & depiciad @ Fig.l As shisssi in the Dgune, waring can be peilomssd o the
mairsy seijueniially, bul dais (s el slesivaly,

Bn TTYM bridw whsere ey soryernl diipud amd outpuis sosmecied o o high-spesd bos. During o ime slol ondy one
petrticuler ouemal switeh is closed, 40 oaly one corsertios at d purilcular msiant of Beoe ds shown (s Fig 3
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4.4, Numbering plan of telephone networks (National Schemes &
International Numbering)

(LR TTR S EA

he Fertire=al "\-i-—lhrms e wvm e r=weed ".'-—lir 1 ke :I1|n1' Frrreresl s an well = iclbee
servives ke awliuber moole, pugieg e Teough ihe 1993 %umboring Fles oould pater i e aseds off
puiiliig sl aowl services SoF anoflien lee vedr Vel 1 was lel L nilketalier ol mevicw e daslng
Mmioeal Numbering Tan bedouss ¢7 inreducrion of 3 e sman~er af’ ne'w tebovrm sorvivs md opeting
iap o1 e emtme L=levom sector for prvate sarissraton

The eaniing Mumberng Flan pus foralied o1 ¢ dme whes therd wan 20 cmpotttion in 25 teale
ielecom sevvices sl e ccempetibion - cellula necdbile seovmes Lad fal stained peging sevvioes wise i a
wap of Infer ey snd Dot servicen wens nol 5y o bible in tl eounmry.

The main abpectives of the plan fic =
| T plae dncundimmiey wigh swlerant pnd spplicabls TTU ssmdands withe suient poadida,
j Tos e e challer prs ol dlie g, ng I Ao e nonmminenl
10 T sesrrre mi S g Sy W mset P kel vl Bineee neals:

+ | Ty suppos effecive comgeniibon my S Jopss L e e resaurEk.

o) Ti mes sodniries nowds e g meining U] md cee-friendy schems Oy e decim < e wi =
¥ min brer omed for ul| mumoer alicmcane, Lerwrs and oty non-degmal @mmowms shall o fiam pen of
the Matioral 4Sigmilzam| Smaba (2] Gl op proveden = per ITU Becomennclasion EoLéd hee
B Tlo's e

The Shor Distanee Clurgieg s (3068035 heed lnked moode oy soheme wiili (E-aligi 50508 s b
“ollerved, This wiveld sxpoand b sulsing sembening eepaaivy w ey ddmes,
AATIONAL MUMBERING SCHEME

Linvg] "7

Suls lewel = S0

Vi pee= i SR aliv | b neid Wik o oe Comaley e e pvscs § O Dmiers p amid o ermstiime | bl liee ssivme
Hillemalf “Bes Swnm el w0 CTHEE = P 1§ l‘l]h‘.'m{'ﬂﬂ " le” #ared STHHATE" wowel) s fin
I lubednl s stbonal o0f Dee oo

Soli bewel "00L0° - INTERSATIONAL CARNIER ACCESS (Mefiap COMAE The juelia MK shall le
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Prefin | International Carrier  Counbry | Mabional Significan iNumber |
lasntification Cads  Code
N3N

| e ice ee

loitially O sledl be & teoadigit oods, TEi will Ge solli et foe aliotuenc o 200 oyt hug
divanee service provelers comsidering e maxitmum o oy wodes maty s sl o vk servee
il Feponiding wpon Wl guslity g0l noe-tnl] gualily vovoos. How ever, 1o talic g 5T 67 possibis

. T st e, =g st i Ty e B asla tLE T rh-rﬁrﬂ fr b ﬂ1:i' cnide an wd whpr e
The al enmesm o P00 ey s Gown (6 and codes 007 o 09 say bz Lo mamy el

Rub luviel 007 - INTERNATIONAL PFREFIX:

Thw et O W all e awrzl bare Enfere st il drall ng. [ TRTRRLE S [ [ :l'l:r crmntey ke i the M SN
il W Cisan iyt a el el Gall m aieEmpved, T el o d6 5 TTLD [Esgamamswler an 1,10

Prufiz Country Code | Matiomna ntikambar
[ cc NS

Sub beve! 00" = A TN AL C&RIEER ACCTSS ¢ Prefivg OO0

The preda 013" s%all 'sa vsed for srloetien off neeloral ong divencs castlar. 1t willl he fallewed by
(M wtmnal] O b Mt © pn €5l B85 M The Guenal s al] b i v,

Prefix | Carrer identification Code  MNaticnallSignificantiNumber
010 cic K[5IN

nitiells CIC shall be & two-d gil code This will be sufflicizni G alknionit w 20 NLDWs | ogkadiag
NLEIW)s Hoomsod for Bisic servicesd md 10 BEO: liemmced only fiv basic serviced coedidérng thai
ranemen of two coden moe: b slioed s eact e proidae: ;er:rlii.q oo il iy aml ol
iy retwrrl. Biverser b e e oF all posaible fubores respaeemends, begdh ol U0 —ay e oevicwesl
and ;.'|'I.r.|.'uud u]-tEHiJ. ixade it fhituire.

The slicenem of CIL mey san crom 10" end codes fO0° = VWS e e wept isservpd. bor imeg cungae
long distmsoe vervics, the vamie meew onde sha'l be the wme & applicable T WL darvice. The €50
Bivmny 00" o TR lall b albotisd v NLDY sz vicg puovidess o coe BELY sevs cjovalsion olw are dlwe
Huxie Spraee Usenten | B5Ca), same U0 shall be fﬁimﬁ! linf 10 momala iesde o] oadls. €10
from 801 o 09" ghull be alopsed 1o the BEOs wibo sre not Heenswl o prosdde L0 sarvice,

4.5. Working Principle of PEX and Digital EPABX

[ 158

Whal s 5 FBX Phane §ystem’]

FHEX staiis for Private Boisls Excliange, ehiel 5 4 pvovate giepaom pelwalk used within @ cosnppiny ai
orgamizition, The users of e PRX phoae opsism can communicile wil 2 theil compamy of argeniation
amd the outside world, wsing diTre commnkinon Surmds o Yobea mor [P, 150N e ans g A
PEX alep slloas you & hove sece plores (hun physce paooe s [PTSS) and oliows free cals
betwzen ueeis, Boalio piodides feaess like ta sl voresmal, call ceomding. leiaciive wike maea
[TVTeb wind AL call yususs
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FEX phone ssiemes mme vielble 15 Hos'ed or Vool sciutions isomelimes alsa colled Lecil, and o5
mhos4 selitions & be ssed on your um handware.

PEX rhoes svoers e wsmlly roch more feckle this proprieary systers, as ey an2 using open
simndands and migrfecek. Modem PEX phone wvibems sop baded 0 slandery hundiware, whacli o cieiper
and con esier be replaced ther a closed sydem

Swidehing fuan [P PEY offers mamy Senefies

Wik as I phone sytem 03 vour intemal L ephony | roalsd theoug e editing LAN (loce! computer
nerwork). This way o sopomaie newk for telaphosy 15 nor requeod

Even thowst the tinmal tebephorry i rocied Crougd e LAY, f s alo prssibie 10 connect your [PPHX
vib gutevs b the PSTN. Of course, Voll' Veacs over I, telephomy via the inter ot s alsn pogaile.

Steez [P iefepbosy o el (aing the apes SIP andind, on P phion senien glves you o ol =oee
C ooy b yom Cimive o] phane,

Basically sy SIP comsatihle phose (VoI phoseh wil work wsth an [P PEX. Furthermore as [P PHY
doesn | |t the prenwts of o oo pany
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Suoce Yedl' plam don’t lave o e oumiocted plyssally fw the poons syeen (@ doso oguuy a (oo
past m tha phone st e nosed £ he wvth mad o) phers ssems

M phones 281 vt oy be commeaned v the LAN 2t oo v the intemet, wing for xoople ¢ VPR
et on, Becmeie ol thee milli 2 bocsbsons and olicey cimes |y be nnesiad

Thire is & hoge varety of Vall' providens on (Fe memacwhich provic S munkisg (lephory srvices)
forr cheager eall ety they ‘meiinenl selepheny prondden, Intetan. cally v an IP phine opcem ard foe
pensal,

Praclical uchyvastages ol 1F teleghory

[reoreonmerimg toams end mokbrlo workizgis one of t=0 fu ge rdvirmgss oF 1P phooe syszme No maner
A bean members are gu (e roed, ave [pcuced b ¢ SifTeenl oty o wenk Bom Lo, Ser Con cannee
wit [P dessi phioie, snear; phoce of Liptop iz the PAX ot offies

Thow way ol calls witain the cormpmr ae Pee and diews il a0t mebve T en eplimpe (500 1 afftes o
jorrewhene sist mound the uorkl The seme abic mppliss o cosfesmess, thewe con be hosted dirsoily oo
(g v 1 PPN o o ooy ot om s dquiness Thie s Do b g b el iy

Digital EPABY

Ad ghova b o Boure FPABCPEY fisliwies e of one S2becral delephiong e by misy [niemal paen
b e w00 podmmies, i Ui ollice euch wopoyver m puoinded we teldphoce set ol ol Un ehrdlivees ae
s with PR

Al the eaplwyees within tha affie: wemicl er arirmions wing -digh or gl simber
pragrarened o EPABXTHY withsr any chatge
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EFARNTAR w connecis] 10 PRTH iPullie o liohed Teispnone semat ) vig ruik Vs, henes al can
Ul e external vacte Hne g e dhaesd bosin.

Falt o comiddet e M (Mabile  swiifeng cemiie) 07 estlifse offwdriie sl as

CENCOMAUMIE. By chp cobile sell phaone o dmo comnect 2 sty Wwephcow s i e vffce
primiegu uzing evamekan oumier,

Siminr 0 veee fns TPALRNTDX o be wsed [0 Dore opye cctome. As o= i Gpee Do poo af
FliR o srwcesd Br 0 &R whime s mumy e e eoTes i s o it aEme rwiemniel it
renraies ik P S1Y vin Modemomsiber The sase Tl o of FIK o evwndnl e W1 LG ams i

4.6. Units Of Power Measurements

Tha wa goyrdbed W) o deminnd wml of poawer s O | nlermsomal i.}rl.—::d'l_'uu:{h.p.i.ﬂ-n-rﬂr!i:umm
sngineay lames Wall | T30 1919}, The el # idwfined o joult per seend[ 1] sl e b usi® ik eipiem. e i
AT essergy aomveTelon or e with regpasl o dine. i e dimensions of

LIAFTS

Whem mn abjeers velocily s hell conlanl a8 one mets et socohd Bpainet voostas) appossag foess il
ima nrihn Vhe rte o e h vioni o dowes o | il
Wel Nm kgwt
=g W
In terrea of eloctomagnetzim, me wail w e raie 6L -uihich work i done when one s (A of
currenl Mo teough im sleciionl potemint difTerence pf” ang bl (Y

W=V-A
Trov wilafitiesns] pinl oosvershing fis sl don be B osing e above supaiion and Ofen's s

,_
W-—=a"DN
k! Wvre=e ot | 1 1s the 57 dlestvedd unit of eleetrioed resistance.

Femtawart

The femtvealt & equal 1w one guadnllionts (10=13) ol 2 wiie Technobegically msportant powers: that dre
mesiured b Femioagits we bypcally found 0 orefesmee) 10 mdio md e recsivers. For exuirple,
imeasngful FM niner perfimmancs Agures for sensstivity, quisting ased signakto-soive sequere that the RF

energy applied to the smenn input be specifisd

These npul evels ore often nued in BT (decihels referenced 1 | Seopwamp. This 1 02739 pucrovol
pcranh 8 7 5=phm |oad o 05T mcrovelt sor 4 HN) ohm load: k= specification ke mio accoumd the

RF mpst tmpedance of the funer.
Pleowan

The pacowat! s equal i one nllkesth (10=12} of § watt, Technologicelly impuriant powes the are
inessared in pierwats gre Wypeally used b referesce to mdio e podar recevers, soowsioes and i the

e of radiis istronanay.
Namowan

The munooart i egual 1 one hilliomth (107" of  wan. importust powers fhat are measured in nanowats
are dhao Iypically ueed in referenia o cadio and raday receivern
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Megawall

The megmean 1 aqual i one mllian (106) watis, Many events or machnes prodwe or mustain the
canversion of energy on this scale, including lightning strikes; lrge slbectric motors; large wasships sach
maironfl carriers, cruisers, and sibmariness lage sever farwor defa coviers and some scientific
research squipment, such a4 soperaltiders, and the ootput pulses of very large lasen

A largs rexidzntial or commercial bailding may e sevemi msgawatls in elecril power and heat On
mitwaya, modérn hgh-powered elecine locomolives typically have o peak power output of § or & MW,
although some praduce much more.

The Eurostar, for ceample, ses more tme 12 MW, while heavy diesel-eleciric locomatives typically
prudoceruse 3 005 MW, US. nuclear power plunis have nel vamser capacities betweer: sboul S} und
L300 MW,

The efient citing of the megawalt m the Oxfond English Dicvonary (DED) & » reference in ihe
1900 Webster's nternational Dictionary of Enghsh Langoage The OFED slss states that megowstt
appeared in i 28 November 1947 aticle in the juema? Science

Gigawati
The gawwaiz o equal to one hillion | 10%) wans or | ggawas = 100 megawstts. Thay unit o ofien wsed
for lerge powes plants or pewer grids, For example, by the end of 2000 power shonages m China's Shamc
pravince were xpecied to morease o 3-8 (W and the msialled capacity of wind power in Germany wis
258 GW. The Largest unit (ot af four) of the Belgian Nuclear Plant Doel bas o peak output of 104 GW,
HVDX converiers have been buil with power mtings of up 0 2 GW.11] The London Amay, the warkdy
furgest effshore wind (e, fs oagned 1o produce & gigswatl of powa

Terawan

The denwalt s equal o ooe mllan (1013) waits, The wial power used by humus worldwide
{aboust i6 TW 1= 2006) 15 comemonly mensured mn the onit. The most powerful lisers from e md- 1060
wothe mid-1%0s produced power o temwans, bur ooly for ranosecoed tme  femes.  The
averzge ightning strke peaks at | termwan, but these srikes naly fast for 30 mocroseconds.

Petawatt

The pétawats I8 equal b ane quadriltion (1015) watts und can be produced by the current gensration of
lpsers Tor timesales on the onder of pecoveonds (10-124) Ome such bser w0 the Lawrence
Livermore’s Novn biser, which achieved 2 power owput of 123PW (1252 10I5W) by 2 process
culled chirped pulse amplification. The duration of the pulse was about (L5 pa i¥ = 10-135), pvimg 2 fotad
anergy of 8K J, ar enough energy ta paveer & 100 W Kight Sulb for siv seconds
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4.7. Working principle of Internat Protocol Telephone

berngt Prosocal Telephony (TP Titephoery ) i the use of TP-hased setworks w baild, provide and stoess vonte, dat
or ather forms of 1clephonic commumentons. [ selephomy provides iraditional telephonic communication o1 an
IPbarsee] netwrrk, the Iniernet - vig an lniesmet servace provader ([5P) - or Greatly frmi o Selegommmnicatons
SEricE provider

1P telephomy 1 designed 1o replace the telecomsmumications’ infrastructure of circuit switched public data
netowwks (CEPDN) mod peblic swiiched telephone setworks (PSTN) with pachet swiched [P

commuscation fetwarks, in o poosemer [P ieiephomy solotion, u soft I phone spplication and hackend
Intesnet connction enable vaice and dit communicution, sech us calfing and faxing

A uier may call other sofl phane users, send or receive foues and evem communicale with ciroud swiiched
and cellular comemunacation services. bn an entetprise envienmnent, (1 delephony is impiemented theagh
physical 1P phomesy that work on top of mn 1P setwerk mfrastrocture. An [P phone's fuilt-in fimmare
provides the camiplete fnctionakity for initlatmg and managing 1eisphoni commuticatian

How di 1P phone vysters work?

The “TF in IP phione sywtem sefendo Voiod over 1P, or having your phone calls routed over the intermet or
worur |ocal netwark {LAN), This s great for many ressons. First of ll, you don’l have 1o ese the 1elephone
netwark of your sedephdny sevvice provider for making calls, whach will redoce vour costs for phane calis.

™ e

oo
£ =
S
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At the seme Hme ¥om are geeing mamy sechaicl acdvantages by anng [ sechnolopy for your eiephany,
Users of an Vol phose system simply plig thes [P phone into the nesrest LAN pont, Then, the [P phone
reyaters ouivmatkally ol the Vo' phone syaler.

The I* phites shvids keeps (i nutnber, und behmees exsctly the sieng way, ho naster whens vou plig it
= i voill ek, b the office nexd dour of o0 8 opicel slaml AN of this works becaise of the SEP
prajecol,

0o standard wodely osed By [5Ps, VolP prone syssemns and Vol phones wodld-wide, 11 maliss
expeniive proprietary phoses uhadete, and hizlps tha all devicss can mlk w each osher

IP phang sysleiss are ustally biile oo stendend PCor embedded hardware which ure mane gond-efTeciive
and powierdul than the kanbware af the traditional phone manslhcires.

Al the mime fime, ip phene syviems o scalable, e ey are ol limised o conain number of physical
placeie poite. Thil maehi oo doit't nesd o replace’ vour phoce sistem when yols company grows.

4.8. Working principle of Internet Telephone

For a business appHeation; Vol i3 an Meal solution o pronde empiyees relsble phone
SRTVICE, and It won't cost you sl that much.

Ome of the top reasons VolF has far outpaced tradithonal phone service is the fledibity and
professional calling features for one bow peice.

Instead of having & server rogm with an on-premizes PR (Private Branch Exchargel, sl we
need are configured Yol desk phores,

Hosted VolP Network Infrastructure

Desktop  Deshiop Analogus ottt on
i Phoee Phone with ATA or  desktop computsr

e .0

R .
EEENEEEEEREE

BEoutsr Wvednel Wil P P5TH
Probder [ Telephons
Pdaspwernrk)
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This approsch s known a8 2 cloud phone system of a "cioud PBY. " Adminkitrators can
manags the permissions and features for ach amployes slong with morg sophisticatad
WalP features with-an onbne interface

Whan af ernployes callt & curtodmgr, they plel up tha handeet 2nd dial thirm judt ag they
netmaily would, The 1P phoag jar app] travals through the Lol Arga Natwork [LAN] pwitch
and business rovder befiors reaching the ViolP service provides. From therg, the Val?
prowider establishes the call

ITthg network path o the called party suppons 3 digasl voics tignal then tha call quality i3
upgraded to high definition. Otherwise, a VolP provider connatts the call over the Public
Switched Telephons Network [PSTH].

Using  hosted ValP system i the butingst ks that simple. Howear, for established
butinssses with & more sophiticated phone westam_ there sz different nazds,

Ifthe office wies o PEY, they prodably also pay for trunked telephone lines These trunked
iimas handle vodtd calls from the PEX 1o the phane compary—and they're nor cheop!
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Ehort Questions with answsars
1. Dafine COMA and TOMA.

Ans — TDMA- Trme:division muitiple acoess |TOMA] is 3 channei access rmrathod for shamds
madium nafworks. it allows several users o share the sama fregeancy channai by dreding tha signal
Irg ditferent time st The usess ransmit in mped successian, ors after the oohvar, sach wsing iis
O T ot

FOMA- FOMA 5 the process of dieding ans channed or gandwidty mtm muipie indwidus ends,
gach for wse by & gl aser [Fig 1) Sach individise! Band or chaningl 5 wide ancugh o
accommodats 10 SRl sectra of 1he IrasEmissions 1o be propagaed

1, What ks & PAX phone system 7

A% - A Dusiness TESEnhonE Fyftem 1§ 3 mudiline reiaphanz Fyanee Bypically uaed o Busingss

BTl renmEnT. SNOpEEInE 3yS1EmE TEAgIng In 1echrolagy Fram the key telephans Byitem to the
privats Brandh sechanpe.

3. What is Digital EPABX 7

Ans - MD-50 Digits) EPARX. BPL MOS0 i used to foem private netwarks or PLOC type of
eturaties with similtar type of eechanges This system comes with a proven digital non-biocting
technology. The MOX-5000 oot sffeclive high performancs ommunicaton fysem,

4, Define Internet Telephone

AN - Internet Telephary rafers 1o 8l tyass of velephony 1eivitas (Indoding phone calls, Fix,
wrFommail, vices cally and other forme of communicatiza| whars cell gnd dets s et cegitaily ower
the |ntemet using the lmternet Fromoeol [P, rether than being tansmatted over raditions! snséogue

landlimes.

5. What is Picowatt and NancWatt 7
BnT=

PMieowstr

The picowun s equal o one trillionth |10-13) of 4 wutt. Technologically imporusnt powers thas are
msnsured = piowasis are iypically used in referince to mdo ad mder receiven, acoustes dand m the
science of tadic astranoay,

Nanowalt

The nanpwal! = egeil b aneg billisnth (D™ f & it [nportaiE povwens thal are messured in nanirais
e also Dypically wsed i relerenca o radio md reder reesivin,
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B, What & Intermet Protoool Telephony 7

“—

Imernet Pririocol Telephony (T Telephosy ) is the use of TP-based nerworks 10 build, provide md acoess voloe, din
or e formi of ieleponic commmxitions. 1P wlephany provides maditions! telephoniz commanicabon pver

1Pdmsed nevwnik; the Inteengt - vie an Intener serviee prewider (189} - ar drectly from & telecomeunications
service providder
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Long Questions
1. Explain Te working of bawic elgctronic Telephons fyklam,
4. Euplalr badic call Procediarg
3 Wit shart nota on COMA, snd TOKMA,
3 Explain the warking principls of P2X iystem.
5. BExptain working prinonle of Digital ERARY system.(3-24)
6. Explain | detall the worong princiale of interret Telephone
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CHAPTER-05 : DATA COMMUICATION

5.1 Basicco of Data Communication

i Dita Commahecations, date genarally are delined ¢ Information thar i stored In

dightal lorm. Dale cormmapeations s the process of translening digital inlos mation between
twe or morm points. informotion (s defined e the knowledge or inteligence. [bta
remmankations can be summarized as the tmnsmission, reception, and processing of
digital information. For data communications to occur, the communicating dovices must bo
part af & communication system imade op of a combination of hardware [physical
ecquipment] and software [programsl, The offectiveness of a dara commiinication s system
deperds on four fundaments charsttenistics: delivery, aoouracy, timeliness, and jittes.

A data cormenunicalbons spaem bas T componenis:;

1. Message: The mesage is (be wmation (daa) to be commmumicaded. Fopubsr fonzs of
infarmatien inglode toxt, Pmmbers, pichires, midiey, and viden,

2. Semder: The seérkler s the device that ssnils the déin mewsags. 1 can b= & compitst,
wesketntlon, falephong handset, viden cemem. and s,

3. Revelver: The receaver 1s the devios thal mecedves the uvessape. 1f cm be n coapuder,
wielar o, telephong hadset. talévision, and s en,

1. Transmision mediom: The bansmosson medinm i the phyadoal peth by which o messaze

tmvels o sender o mecelver Same sxanples of transmission medin nchide twisted-pair
wing, coaxind cable, fher-optic cable, and mdio waves,

5 Protecol: A profoecel 6 @ et oof oles thal povem dals conmmumications, T reprsssis an
ngresment between the commmmicating devices.

2.2 Architecture, Protocols and Standards

Architecture :

| reducs the design compledty, most of the networks are onganized 35 a3 senes of
layers wi lewels, cach one Ludd apon o below i The Sasic idea of 2 bypee ancitectue i
tn diadoe the desipn it small pleres. [ach layer adds 1o the servioes prosidad by the bewer
frguers o sty 0 oanner thal Uie Dighest laye & peovided o (ol sob of services Lo masage
enmmamications and ran the appications, The benstits of the laysred models are
modularity and clear interfaces, Le. oper archiectura and comparability betwaer the
different providues' wigonents. & buse principhe & w o esee sdependemes of Ryeis by
cefinirg senisces proviced Dy asch laver 1o the next tigner laver without defining how the
srnyices are W be porformied. This peanils charges in g kyer withoul afTecting other lepers
The hasic dlements b 2 layared model s services, protarnls ard interferes. X sarwice i5 a
sk ol acioms el a lever ollees Woanotler thighen) lepe: Protocel & & st ol oles Lhat =
layer wises 19 eackance inbormation wirl a peer eatity. Thase riles ooncem bk the
eoerterts and the wrdar of the messazes wsed, between the laypers sonice interfaces are
drdine, The me=sages faoam ane lwyer ra aarier ame aonr thigh oo ioneifae e
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Pestcio-pess compuncaions |

Layer § Layer & protecel Layer &
Layer 47 Layer 4 profesol " Layer d
llqn“nlﬂh 1 s
Laywr 3 Layer 3 protscol Layw 3
Eu.u:&unu- i Lt 20 wderfn
Layer 2 Layer & protese] :
E Laer 112 mivlas ELJITL'I#.
Layw | Layer | protecol Layer |
Plorgical modinm

With laverad architecturas, communications betwesn two cormesponding layers
reguires d unil ol dats caled & protocod dota wnit (FDU), & PDU van by 5 besce added sl
the beginning of 2 massapge oo 2 frailer appendad o the s af & message. Nats Hows
cowrwand Through the layers inthis eeaemes syaTer are apeeancy ar thie destiration asdrass
A et passies Do v leyer Bl ancthen, heders snd eilerns we wided and rernuvad
tram tho PDU. This process ot adding or removing BDU  information s called
encopsulotlon/decopsulation. Nerween each pair ot agareer layvers there ie an fterfocs
Thee iderfocy delmes winch primitses operabios and sereces Ui lower layer o7ers o the
upper kyer adjacent 1o & et of layers and prococcls i@ known a5 netwerk architectmre. &
lisr ot protoneds wsad by a rertain system, ons protoocd per laves, s called protocol stack

Protocols and Standands :

An i kil ol qeganiaal e, gorermments, oarmbaiome s and e Tiam (e
stardards arganmations and are eesponsibln for deseloping, conrdinating ard. mainkaining
the stamdaats. Thee itont & (hal all distis commenumicilioes eouiperent oG, ami
strs cumply wnlh Uese slandads, The pomsary stardards wreanicelons o dale
comrmun eation are:
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[nternational Standard Organization (150)

1540 is the international srganzation for standordization on o wisls rangs of subjocts: itis
ermprisan mainly of membaes Fram the sterdards commitees of vadiou aovemimants
thraughaur the world, It is even responsibile for devclopirg madels which prevides high
lewed af systom compatibility, quality enhancemont, isnprowed praductsdi and reduced
Loy, The B0 o alsw vespunsilde lur endoesogs annd oocrdinatiogs U wax b wl 1l olles
stAm i ceigsrb Al s

[nternational Telecommunications Union-Telecommunieation Sector
IT-T

HU | i one of the four soemanert parts of the Imternatioral §elecommunications Unien

b v G, Swilcenlond. 1) Duss abewsthoped theew asis of speecificsiors: the ¥ soniog

fior monem imterfacing and data srarsmission oeer telephase lines, the X s2n0s for data

Lraimaiissme wwer pubifa diypilal nielooc ks, sirud dnd dinecloos veroes; Uhe | aad L sanes

ko Integratan heeuices igital Bamanrk 1518] and i merensinn Brnadihand ISR 1=
mombershio consiors of povornmont outhonoos ord roprosontoThens. from o Moy
countnes and Fistha prEsanT stamdards i.'."l'ﬂ.i1|?.=|1"h‘|r- fur tha 1 inked Matiaons

Institute of Electrical and El=ctronics Eagineers [IEEE)

BEE o intemationgl pofeasisnel argasizetior bamded] in Unieed Srates and i
enimgernmibed of alactrarics, cnmpuiter s sodo sl catinns enginesis, i1 s cerrently tha
warld's bingest  professanal  seciaty  with ewecr WHENEND wemhesss 0 dewednps
communication and information grocesing standards wih the underbeng goal of
andsnie b dheniey, creeiheloy, At prechan puislity e e Tl=ld celaissl do sl
anginepring

Anerican National Standards Tnstitute [ANSI]

A & the official wandarcs agency for che Uiniten States and s tha (05 wating
representative for the B ANSI v & completely privace, non-prefd organizasion
eornprisnrd of mouipment manufacturem and nsaes of data processing rquipmesat and
sorvices Gl membeshio o comgriced of peoole fonm profossional socicties, Industry
ssetiodors, governmental and regulstory badios and consumcr goods,

Electronice [Industry Association (ELA]

LA k3 non-profit LS trode assackation thet establishes and recomments dustrial
stardards. DA woliilivs mebode stardurds secelupmant, IETRRRE pubilic waur v,
ond fizbynz and it is responsiole for developing the BS frecomniondod standard) sories
of szard ards For data and commumications.

Telecommunications [ndustry Association (TIA)

1A iz the lcoding trade assoowtion in the communicotions ane information technolomy
incuatry. h  tecifates busmess  development cppottunities through  matkes
plapsimnl, frade promsalin, lesle s, arl slainknds developmes 0 pepnessrnis
manufacturers of commamications ard afermation techrolosy prodocts and alsa
facilimares the convergencs of new communicatias netwirks,
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{7 Architecinre Board |IAE

AR sl Bmen as Dmesen Adiiitiss Fomd = o4 ceomiliee aedwd by SBPA
[Aelvanced Revsarch Projecti Apzacy] io e to analyze the sctivitied of ARFANTT whote
purposs B 19 acceferate the sdvarcemont of tochnologies useful fer U military, 188 i a
technizal advisery grous of The liteor e sodsty and im5 responsbiitios ang,

I, Uwerseos the architesturs prodocss and proacedurss e by thi Intoract.

I Klwiagrs (e prisesses s i edle nterms) Slamtanis A Alas sy - an
.-I[l[l-.-l;-ll Iesarid i ||||:|||r.=ir||-| r--g:-u.:iuu in jiriajaed el ol sEnidanelisalicim
POCEEs,

fl.  Kesponsible for administraton of the various Is1emet assignes numbers

IV¥.  Acts asareproscnbative Tor Intemos Sodicty intorost i figison relctionships with
other orpanizations.

V. AcEs asa sowe oF advico amd Fuidanco to tro baand of trustocs and officors of
Intemat 2oty concarmning variows aspects of internet and its techiokog e

Internet Engineering Task Force (IETF]

the =1k i1 a lage imtamational commaonity of aetwark desigoers, operators, wendor
and ressarchers conceened wath the eechitinn of the Intermat ardhiternins and smaoth
nperannn nf 1A lntarmer

[nternel Research Tagl Fores [IRTF|

The IRTF promotes rescarch of ingortance ta the ceelution of the future Internet by
oroatirg tecwsod, long torm and smal! rescorch groups working on Topice rolated to
intermet proteeols, cpplicaticns, architecture and tochnology.

ala Communica Chreuits

i data commenications cemt can b descrkad i termo af sircos configuratios and
transmissinn masha,

Clreut Canfgurations

Hnra carnmimstione netwoorks can be E-:'n:'r:ulhr -.'.7r.'hﬂr|r|r-.'|'| == oitfor pairt ar

multpoint. A fws powal confisuration irvoives anly twa oeation: oF statians, wheoreas g
il oo lipuralions ool ves Lhreg a2 mure st

LisE

‘i = _*
Pl o S 1
Bt =]
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A Pwn-paint circit inunbves the ransfer of digital infarmation berwsen 3 mainframe
campuler dantd @ pesoml  ompatsn e msileane ooinpules w0 G dals
cumemsations nelwsrks, A melti-poing mlaork is senerely vsed Lo inlecomiel @ sagle
mzirtrome computor [Rost) 1o mony porsonal CompUTe TS of T fre rconncct many perseng]
computers and capscity of she chanrel §s either Spatially shored. Devites can use the fink
sirlransiusly nr Limeshase: Lsere Taka Tums

Tranamission Modes
These are four mosdes of transmission for data communications clrouits:

\i‘ (e bign of dals g

Mairhane Mo Hen

. Sepien

Dareetion = clats af fme ©

Dhires Bl & il i o Elivie

s Haif duplen

- a, Cipection of date ol the e
= |

e Full-dupas

1

I sintpier meda3X], the communcaton i unicircctonal, ac on a ono way strost,
Diniy ore of the twa devces o a link can traremit; the other can anly recenvs. Commarcial
radio braadsasting ic an sxample. Simplex Sines are akio called receive-caly, ransmit-only or
ris=aany-nnihy fries

I felf-danlsafRIRE] mode, coct sation car bath tiansmit and recckee, but ot at
the seme fime, When ane dovics is sopding, the ether con only recoive, and wice versa. The
h-i”--dIJFI.th rrasct 05 mseset i caves whers lbees s no neesd for comemonmatieo an il
dizwe Lizms A1 The sarne Bimis; Lhis ginbive Fe e i|!|| nl tha cliamnE e=n e wlilises for pacl
dirgctian. Citizens band (08 radio & an example whers puedy so ik (P 1S to be prosed o
depressed while sending and Transmitting,

I filkduplex modefFDx] (ralled duplex), both stations can tranemin and recslve
simmsiliatsard Ooe coenman sxaenple o Toll-duples cosrmomiczariog b b 1ebephine
poetl ez k. The Jull=dlapher snode & used whisn comamusicaams i i licscions b osouived
all the time. 1R copacy of the chamned muss be divided berwenn the e dircctions,

b fulfffl] duples (EAFDK] roadi, rmsmmsian s proonsle m bolh diveclises al e
ek Dars Doul mol bslveepn Dhe cams bass stz [i.a-l. wlalion |1 .:.-Irll.;n'illi'lu lid el ¥,
while roccivirg fom station 3h HHIXis possible only on mulktiooint circuns. #ooal system
cat B given 25 2 person can be sending & Tener 1o one address and receive o letter from
erother address a2 the same timae.
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54. 7 of Transmission & Transmission M

I'he unaerying purpose of o digiol communications dncuit is to provde o transmission path
hetwasr Ineationg ans §n sansfer digital informaneon fror pee estion innde, whers
compe lers o oller digics] sguiprment aee localed) we ancdign wing slectrenic drogils, Cala
oomenications doooits utifre slactronic communications eguipment and facikies to
imernnne gl mmparer espepament, Cammanicarian facilines ame phyvical means of
Interconnecting stathors and are orowded to daka cornmunications ucers through oublic
trieprnne netwarks |#IN), public dama netenres [PIN), and a moltituee of privane das
AT A Al e,

Ihe fpilowirg fgure shewws o simple two stotion data communications drouit. |he
rdin w ey g e

Sotpes  This dowico goncrates tho ditsa to bo traremittod; exampios are mainframo

compler, perscal cornpabe, workstation wlo, The source eguipnenl prosdes @ maans e
Feanrmganis 1on ami e odal s inla sl

T i AR T
e —

i a ! ¥

Trans
M iiiers TS oy n -
- Aoy by

AR i inra) Wl (el A

Q& < T11D

Wil i

e

LRI

Pt el Flalsrcak

11 it

Transmitter: - & transmitter transhorms and ancodes the information in such a way as to
produce electromagretic signals that can be transmitted across some sort of transmission
systam, For example, 3 madem takes a digizal bit straam from an amached device such as a
personal computer and transforms that bit stream into an analog signal that can ba handled
by thee telephone network,

Transmission medium: - The transmission medium carries the encoded signals from the
tranemitter to the recehver, Diffevent types of transmission media include tree-space radio
traremission (e all forms of sareless traramission] and physical faciinies such as meeallic
and sptical fiber cables.

Receiver: - The receiver accepts the signal from the transmission mediem and oomerts i
into a form that can be handled by the destination device. For axarnple, a modem will
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accepl an analog signal coming from a network of transmession ine and cormvert it into 3
dagital bit stream.

Destination: - Takes the incoming data from the receiver and can be any kind of digizal
enquipment like the source.

Serial and Parallel Data Transmission

Them arg Gwo melhiods ol DansmiiGog digilal detd vamely poepife! ond serisl
Irumsnrissinms, FI.‘!I'I.H"H' b Lransriseiay, all s of Thie biraey slala are [Basrillsd
sirrultancoushy. For cxample, w trarsmit on B bt binary norrbes In parallel trom aoe anit m
arother, sight transmizsion lnes are required. Pach b requirss 55 nwm saparate data park,
Mlbre o a3 word zre transmirted at tre same tme. | his mathnd of transmissnn can moue 3
algmilicant srraenl ul data 0@ g panud ol Lme, L dissdvanlage © e laygs nuobse o
irterennnerting rahles hetwesn the meno uris. Ear large Binary words, cabling beromes
cormples and capeosive This b porteularly true if the distance between the two unies &
grodl. Loy nedl e cabiles are ol onby eaperagee, bul who vegquire specil faber/scmy, @
mirimize noise and diswortlor problems, Serial data ronsmisiion 5 the process of
tansmitting binary werds o bie 2t a vz Since the bits zime share the ranomission
medinm, arky nne interranaeenng fead is remired.

« Parallel Transmission = Serial Transmission

The 0t o vy Lttt :'

. — “The bty arveent
V. =4 -%u‘ o ) rl;
| I.' L 1 i 1
1 a1 oee ) M
i +— ok L
T D || f | o |y /_// g [Faeives
i = 0 E= I
— L &= &
s £} i
Ly J':.L v, Nl e T “,ff
her, o oo,
eseigeiom [ Ddeie (" sevatgantel
P

While senal data trarsmission & much smpler and less expensive because of the use
of 0 snghe irterconnecting line, it is & very sow method of data transrrission, Sedal cata
Irarearizdcn el o ovedems wieee high speed % oot o regusemeat. Baradled
commurication & wsed for shori-distance data communications and within a omputer, ard
serial transmission is used for long-distance data communications,
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5.0, Dakta Commun codes

DATA CODES

This refers to the way i which data 13 represented. The sender and receiver most use
the same code m ordar 1o communicate properly. Here, we will brigfly look at two
common codes, one which was developed esrlier on and was widely usad in early
telegraph syzteme and the other, which i= in widespread ose today.

The Baudot Code

The Baudot code was used extensively m telegraph avstems Tt 45 a five bet code
ivented by the Frencheman Emsbe Bandot in 1570, Using five bits allowed 37 different
chamcters. To accommodate all the etters of the alphabet and sumerals, two of the 32
combinations were osed o select alternafe character sets

Each character is precedad by g start it, and followed by a stop it Ttis &n
sxynchronous code, and thes suited for low speed data communacation

For mstance, lets congider coding the phase "TAMES BOND 007 SAYS HI'™ using
the Baudot code. To swatch between the LTEs and FIGs requires the use of a
LetterShifi or a FigureShift Once swntched, vou stay m that mode il Yoo want to
sonich back again 5o, here iz the phrass encoded in Bandot

4 &l

oy

8 L -

ASCIl (American Standard Code for Information

Interchange)
The ASCII code iz the most pogmiar code for serial dats commumcstions today: tana
seven bit code {128 combinations), and thos supports upper and lowercase characters,

pamens digits, puncioation symbels, and special codes. The table below lists the
1alpes for each chatacter s tha ASCI met,

g -1 aa as =51 o o ar.  cms -1 i~ =1 o< | an
s Wk — — B i BT Emeill] g =i e LR [ i L e

= Esn =z e B== (S22 % L =i wrm R = o] Erd A - = = =a

B i L] L1 " [ 3 i - a -

L L L] ' o2 w L] o i 4 = L

- - n. = L B e F = - [ | W i [
& Ll = Lad - - i

s ] = u “a T i L] L] i 4 L] L] e

218 = = Ll i L] - w . " i i
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To work ouf 3 particolar value from the table, you first determine the row valee, then
add the column value For example, the character A has a value of 41, beng a row
vales of 40 pnd & columa valne of |

ASCH 1= alao used as the dats code for kevboards tn compoters. Contral Codes have
valwes between 00 and IF (bexadecimal) Control codes are used in bipery
synchronous communication, and device control codes in communicating with devices
such a5 printers of lemmenals

A conirol code cen be generated from 2 kevboard by holdme dovm fie Ctrl ke and
preszing another key. For metance, holdmg dowm the Corl key and pressimg the A ey
generates the control code SOH

5.6. Basic idea of Error control & Errer Detection

There are many reasons such a3 noise, cross-talk atc | which may help dala to get
corruzied dummg fransmissies. The uppsr layvers work on some generahzed view of
mAbwerk are “dachi s and are nol awara of actual harmwars dala procsssing Hencs,
Wiigr ugapies g s compms ] covoni-Basey Didnenines@nn Boetw e Db syesloiees Roed of B
gppleslmns would ool Tunchion ezpecledly 0 ey ecese spionsous duals
i Bcalions such s woive dnd vidoo sy nol D Dl oo led sl sl somy enoes
ey may sl funcBon wall,

Chealaa-Bie b Feowess s soamees wnoor coeloo! rresc lwness boososare Bl Teoenes (dala Bl
streamys) afe wansmiltet with c2dain level of accuracy, But o Understasd Fow
Sors 5 Gm‘.l‘ﬁ"&ﬂ, [ i5 e=s2niial 1o know whial |'g,|'|h!5 ol efrors ey DS Ll

Types of Errors
There may be three types of emors
= Single bit errar

Received

Sen
GEEEEE ™ EEnkEE

In & frame, thera 15 anly one bit, amywhere though, whech 5 comupl.
* Multiple bits error

Sen ‘ Received
Eil-lﬂlillilﬂ'liill1

Frame & recaived with mare than ona bits in comuplad state
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o Euret emor

Sent
ESCIENENCICIENEY
Framp: rengaing rmane iand cansocnl ve Bis oomiprod
Creor control machanism may meolve two pessible ways:
& Emor dotoc non

« [Cmror rorrechoan

Emor Detection

rrews in This renscsed Tramas ara detachse iy meaans of Parily Chack and Cwrli
ey ckeaasy Ches i (02, D Bl Caraes By Bzl Diks gie senil eloeg wills sl sl
data i confirm Fhal Bite racasiead al piter and are cama ag thay ware ssnl 1T tha
coumtz—check ol reccheer cmd Falk dhe Sis are consiocied comuptod

Farity Check

Cirw gtra Rif Ie sant Akng with tha arkg nall 5its i make nombed of 12 alihar avan n
caso of owen parity, of cdd (7 cass of odd oanmy

It senden wiwe cresley s bamss Counks Bae oociber @8 7= ol Do seamply, (|
avan narity 2 usan and nomber cf 18 8 avan Then ona Bt with v2ua 18 addea
[his ey vurnbes sl 15 e oy eve | e muales o s i D, b miehe il evsn o
Bl with waliis 1 iz addss

Data Bits ‘ Even Parlt
fafefafzfalo 1] [TTelel1]olol1]E]
The recciver <imply ¢ ounts the numndser of 1 in & frame, | e oount of 99 k< owen
=il swer paEny 1 ussd, he rame s considsied [ De oooklconuplsd and s

Ancaptar T Pa coont af 15 & odd and odd farity 5 usad tha fama s &6 ane
o 2ed

I sawgles Bl g o0 B, e recene can dleul ol by cound sy i nuobe ol 15
Tl whan mioaa Ihan oos Bils ars arm nacis, “han i s ey el T ha recgivar 1o
cetoct e eror

Cyelle Redundancy Check [CRC)

CR b il ol pappoeeseschy B sbeock i e coceseeed e condigine vidiel dala Tlhe-
techrecue imwviives bonary division of the data oris beng senl. The diviscr i
prstemales ] wevony pobyammmal Tl sereks pesfsnees adansaoes apee afian o thee Lils,
Being senl 2nd czloulales e remamder. Uelore sending the aclual tels, The sender
adds Ui parngingd s il e el of e solug! Bils Sl Ceale Dils plus Brd remainnde
ks called 3 codeword The sender ransmets dala bis as codeworss.
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W b Paa Fuid ail swdip
EElo b dii [T g
-Li- - - -Luiul
1451 [ B Asful| LN I mdiah B A
Il JIOR
&0 [eana ifins i1 Prata fanEe DQ
'I.uj; kg
L1y 113
A HLLH ] LN}
L 8] 101
[ T Ly i
N

Fo B i,

A the othor ond. the roc ovor porkems dansion oporation o0 codowords wsing o
s UG diemc I hee empsemides Conluiees 60 e e deig Dy 218 stugpled
rtmarise s conmiidsred A hare enma dsra corr piinn o curracd (nieEnsit

Enrar Correchion

I thi dhggital wreld, oo coenetion ean ba Gong: o b wiy's
~ Backward Ermor Correctlon 'When the recsiver dewcls an eror in the
data receiverl, 0 reguessts bad % the sendor o remans =i the data unit

o Forward Emmor Torraction Wiien Uiz recesve delecls songe apwe in Eiz
dala meeivarl @ axaciitas s coras g encds, which hadns 0 In anin
rececr and o0 ¢ oot soms &ino s of crror.

Tre first ons, Backward Emor Comection, & simcle 2nd czn only be effciantly wead
whkary eharminlng & onol expesive, For example e oplics. Bul mocase of
i eles b stnission telransonilling vy cosd B e Il Bl case, Forwsid
Erren Conechmn o used.

To comar| B sover m el e e csoeivee st know seacily which bt i e
fame o cemmpdedd To antiahe D Bl ieace, rexdumcland Dils e sl a5 peaily Lils
T o eleteclon Fon wearpde we Deke ASCH wordks (7 Buls cdelip e Dlieas coulil
foex B e ol mo st wor s Tl s bl e el oes by ol s oo mand ome
e bt e dsll chal Uher s s no snon,

For m data bits, r redundanm bits are uzed, rbits ¢3n provide Jr combinations of
Informanon Immer bt codaword, there s possibdlity that the r bits hemselves may
gt Comucted. 50 Ne number of r DItS usad must Infor™ aboul m-r bit loc2lions phis
rouerrar information, | e m+=1

2 >=m+r+l
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5.7. MODEM & its basic block diagram& common features Voice
Band Modem

The term Modem Definition is an acronym for modolator-demodulator, The primany
mindem functkon is to corvert digita! data into-an analog form which & sultable for
fransmission on comman Camier circuits (example tefephone lines). Modulation &=
the 08 conversion i which the digital data is piaced on the Fansemsson Jme by
mdulation of 2 tane or camer. Demodulation is the reverse process.

In a data communication system, transmitting and receiving modems are necessary
a2t each end of the analog transmission line. The interfaces in the modwlator and
demodulatar sections are usually ELA RS 232 € or current loap interfaces providing
connactions for standard external devices. The output tansmitting circuits and
receiing circuits-are networks required for tranamitting and receiving analog
Information to and from the tansmisshn line.

Three modalstion techriques 10 common use are amplhinde, Fequency and phase
modulatson In s smple ampliede owedulabon system the amplifode of the modulated
carier frequency correspends 10 the valve of the dats bitls The spectnim of the
odualated waveform mehides the carmier frequency plus the cpper and kower zide
bands. The side bands are displaced from the carmer by the freqguency of the
modulateng mput The resulting band width 55 therefore twice that of the data rate

- ' g .75 D
el L dpd e Eia o~

Lihe T ] Tl sk
—— —g | - B - -
iriertnos e Ry el | | ek | | it
mexislaloy Chrait Crost
T ng, T
Ches | £ Pl
Poverntutiion Mo
Mg

Since the recerver clock is derived from the recerved dzts, those data poust contase
enough changes from 0 1o 1 {and 11ce versa) o assure that the tmmg recoveny cocutt
stavs in synchromizstion. I principle, the dats stredm provided by the associated
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terminal or buziness machine can eonsist of any arbitrary bit pattern. If the patiern
contnems long strings of the same valne the data will aot provide the recesver with
ensiigh ranshons for sinchronzation. The transmitter must prevent this condition by
changing the input bt stream in & controlled way. The part of the transmitter circuitry
that does thi ta called the scrambler. Scrambler are usually implemented 23 feedback
shuft resraters which moy be cascaded or cornected m zeries. They are desipned to
enaire that each possible value of phase angle 15 equally kikely to ocour, to provide the
receiver demodubstor with encugh phave shifis to recover the clockng sipral.

The modulator section of the transmitter comvents the bt patteras produced by the

scrambiing process into an anslog mgnal representing the dessred phase and amplitode
of the carnier sigmal. The carner frequency, baud rate, and number of bils represented

by each teud i different for modems of different rates.
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Short Questions with Answers

{X1) What do you mesn by s competer network?
Anx- Computer network i on interconnection of aatonomons computers connected together
using tranvmission media.

) What iz the naed for nstwrorking the computers?
A

L. Shaiegy ol T Ercoat i,

Z. Relinbifiny.

3 Bedooes omt

(N3] What 15 the full form of ARPANET?

Ams - Advanced Research Projects Agency Netwark

({4) What are various data transmission modes?

Ana - There are three modss of data treasmission

Gimplax

Tlalf-duplex

Tull-duplex

(Q5) What is the difference between Simplex and half duplex tmnmission?

Ane- Tn simples tranemidecion mode, the dem can be randferrad in only one direction where as
i balf

duphex transmission mode. the data can be transmitted m both divections but ome at  tme.

(Q{6) What do you mean by MODEM?

Ans- MODEM stands for MODulstorDEModumtor. 1t & a device that can convert an analog
sigoal ino

(37} Diefine the terms Bandwadth

Ans- Bandwid f6 the range of trequencies that fe availsble for the cransmizeion of dees. Wider
the

banubwid il of @ conmmepestion ciamnel, U pore s 30 v braens) m s aven pericd of e,
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CNB) What are vanomw types of tansmission media?
Ans - There are two broad categories of ransmission media
Lruidad media

Unguided Media

N9) Explain in briel the advantages and dissdvantages of Twisted pair Cablbe.
Anis;- H‘l‘lm

Inexpensive

CMten avaalable i exssting phone system

Well tested end east to get

Disadvaninges

Susceptible to nobse (sound, energy etc.)

Mot as durable as coaxial vable

Dioes oot support high speed

(Hlﬂ}mﬂdurnl MEeRn hmuhm]min:nﬂ

Anx- A protocol & @ set of mles to enable computers to connect with ooe another and o

exchange
information with minimum possible error.
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Long Questions
1. Explain the Archizoturs of Dats communicstion
4. Dgecribe about the diffarant standstds and protoccls of Data Comer wnlcstion
3 Write 2 short note on Types ol Transmission modes
4 Doieribg Dala Cofmmunicanhan oodes
5. Deseriba in-detall how error i detected and-comected.

&. Explain the besic working rinciple of MODEM with a neat block Diagram.
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CHAPTER-06 : WIRELESS COMMUNICATION

l:el Hadhml

Celhular metowork s &n underiving techaology for mebile phones, personal commnimcaticn
mystemy, wirebess natoronking etc. The technology 1s develaped for mobnle radio telephone 1o
replace high power fransmitter'receiver systems. Cellular networks wse lower powey, shorter
tange and more transmatters for data transmission.

Features of Cellular Systems

Wireless Cellular Syviems solves the problem of spectral congestion and mcreases user
cepactty. The features of cellubar rysteny are as folbows -

o CHTer very high capacity m 2 Bmred spectnum.
« Feuse of radio chanee] i differemt cells
« Enable a fieed mumther of channsls to sarve an srbirandy large mumber of usess by

repung the charmel throughout the covenge regaan
s Commumscation iz shvavy beiveen mobile and bace steiwn (ot directhy betoeen

mobiles)
a  Esch celiuiar base station 1 allocated a group ofradio channels withm a wmall
mpaphmmuﬂa:tl:ﬂ.

e bouring calls are assiguad different channe] !:r-:lg
. B!. ﬂlrm':u:apnutoniﬁmim the call, the charmeal groupa

mary be reused to cover differant cells
+ Keep misrference Tevels within tolerable Limits
: mmmﬂﬂﬁﬂmw:mmh
Cellulsr metwork 1= organszed meo multiple Jow power transmtters ssch 100w of less.
Shape of Cells

The coverage ares of cellular networks are drnded mto cells, eack cell Taving ty owm
arferna for tansmisting the signaly. Each cell hes 1tz ovm freqoencie:: Data communication
in cellalar netoorks 1 served by fts base station tramsmtter, recesver and ots conbrol uns
The shape of cells can be either square or bexagon —

Seuare

A square cefl has four neighbors ot distance d aod B ot distance Root 24

» Baturfaf admcantantennas equidtant
o Simpl¥ipe chapsing and saleching 1o pew et
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Hexagon
A hexagon cell shape i highly recommended for s sasy coverage and calculations It offers
the followmg advantages —

#  Prowides equidistant astasn
= Dissance from center 10 wertes egua’s length of sils

Frequency Rease

Frequency rensing i ke consept of using the same rado Gequenciss witkin & givety snea, that
are separated by comderable distance, with mucmmal imlerference, to establish
COMMEMICALINT.

Frequercy reuse offers the Sollowme benefits =

Alizws communications within call on 3 gheen fregqusency
Linits esca g power o adjacent oxls

Aligws re-wse ot tregoencias in naarty m=is

Linma swme fraguency for muftinie comversations

10ta 53 fraguencies per o&f

For example, when N cells are uning the same nomber of frequencies and K be the total
pumiber of fequencies used m sysiems Then sach cell Frequency 15 caleulsied by using the
formmbse KN

Ta Advanced Mobile Phors Semnces (AMPS) when K = 395 aad N =7, then Fequentes per
cefl on an average will be 3937 = 36. Here. coll frequency = 36.

Channel Assignment Technigues :

1.Fixed Channel Allocation [FCA)

Fived Channel ABocation (FCAJ, u 2 vimtegy of fived chamnels or voice channeds
allocations to be allocatad o calls. Once channels are aliocsted, they are pot changed. This

type of allocabon = wred to maommize frequency wsaze. 1f 4 user makes a call and call 12
oocupiad then call ir blocked. Borrowing channels from other cadl sohren this problem.
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L Dhvmamic Channel Allocations {DCA)

Dhvnamic Channel Allocavions (MCAY, 5 a strategy of allocation of chazneds or voice

charmels on request

basz. Whenever o e makes o call requst then Hase Station makes a

request io hfokdle Station Cerder to allocate the chumee] Allcation meregses when traffiz
imcreases.

Folknwing are the mmportan diference betwean FCA and DCA.

. Key Fixed Channel Alacatian [FCA| [ynamic Chanme Aliocations {DCA)
Pl
1 Channsl Finad pminer of cnannsly ofvaice | Channsis oo be slored are no fised
Afigmztian m—lm e :lh:tnu: |r|ﬂ::|-|'|'
i TockEgE #all channals rnucnppnld then | Ifall crannels are biscked, than Base
ezer cafl iz blodked. Statior{BZ) requests more channels from
-] o N | Maobide Sttian CasterMSC]
3 | Frequsnsy | Freguescy usage inyery Righ | Fraquersy reuse s nat mazimum pessuse
lb=ags befing ol chisnneds sre separated . | of randam channel adootion.
eI mirimum redss dislance.
1 Tangible | A& hsrdwane can be touiched being | Sfiware being digital tan be seen bot
& phiized elecrronic device. ﬁﬂ"ﬂhlﬂm
5 | Algartm o r-ruédtam'-p'lmtﬁ-um hﬁnmmhmzdﬁulmlnml
S isan: | Svallity iy s compiarin OCA.
B Cost FCAL |:hﬂnu|hlﬂﬂl:h DLA is costly 25 gl Bme computation
7 Ca Cnrg mall is compists, channel Orcg call s comalzte, channs s raturnes
AHpeation | remaine with thacall baek o Mobile Sestion Cempes
| MASC Mobis Station Certer hay leo Miobie Station Center fas high cigan
| Baang=n. igad_and hat more peporhiites
Strategic Hand-Off Technique :
Definition

In celluler communicatons, the handoff s ibe process of tramiernng am active call or data
seamion from ooe cefl = a cellular setorork or from one charmaf to msother. 1o maiethie
communications, i is the procsss of mansferring coatrol Fom one earth station 1o another
Handoff & mecessary for preventing lozs of internsption of servace to a caller o7 2 data resyon
iser: Hardaf e gleo called andorar

Bie ot ® B B iR b _.'.
Frormm Tl F o eroe eem si ol

3 " o o0 5
"I
.\-_l.— -

g
é
Wil

"::ﬂ:r >

A=

4 i L]
e a8 e e .
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Situations for friggering Handoff

Hando ffs are tnggered in any ofthe bllowing situations —

s [fa mibseriber who & in e call or 2 dafs seczion moves out of coversge of ope el and
enters coverige area ofinother cell a handeft is tnggered for & contimitm of service.
The tasiy that were beme parformed by the first cell ave daimeating to the latter cell

# Eachcell heg 2 pre-defimed capactty, L. & can bendle onhy 2 rpecific number of
subscriners. [f the mamber of nsery umze a particolar cedl reackes y maxmmum
capacity, then & handoff oceurs. Some of the cally ave transferrad to adjoimme cells,
provided that the subscriber i in the overlapping coverags area of both the cells

&  Cells ase ofben sub-draded mto mcrocells. A handodf may oocor wheathere s a
transfer of Juties Frowm ke large coll to the sealler colf and vice versa. Forsxsmple
there is 3 traveling user moving within the jurisdiction of a large cell Ti the travels
sope. then the junsdichon i transfemed to a microced] to reheve the load o the large
cell

#  Handoffs may alsa occur when there m an mterference of call usme the sams
fraquency for compmmication:

T"I.TH'."F of Handaff

There aretwo tipes of handoffs -

+ Hard Handoff - I & kard kandodf ar actual break i the conpection ocours whils
swEchme from ooe cell to apother, The radso inks from the mokale stabon to the
axigting cell ix brokes before establishing & lind: with the e call. Tt & genarslly an
imet-Eequency handoff Tt i & “break before make™ policy,

» Soft Handoff - In 10t handoff. af least ome of the bmics in bept when radio Imics are
added and removed 1o 1he mobile station. This ensures that during 1be handoff, no
beeak cocars. The i penerally adopted m co-located extes. |t 1 2 “make before break”
paey:.

Mobile Assizted Handafl

Mobils Axmsted Handoff (M AHO) = 2 technique’ mwinch the mobnle devices aimist the Base
Stanon Comtralle (B0 1o mantfer 3 call to snother BIC. T8 s ased i G5M cellub
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petworks Tn other systems, Fke AMPS, 2 Bandoff is solely the job ofthe BEC and 1he habile
Switching Centre (MSC), wathout any participation of the mobile device. However, m GSM,
utm;mhbnMnunmmqnm:hnhummuﬂm i mezsures signal quality
b nearky B3O and sends thay miformatson to the B3C. The BSC performn handoff accordmg
to thie formation

Co-Channel Interference and Cell Separation

We amume a cellukar pystem having & cell radsny "R and Cowchannal distance D" and the
cluster sge "N, Since the cell size is finad, co-chanze! interference will be independent of
power

Co-chl mberference 15 3 Bnction of "" = DR

3= Couehl meerferance redueton factor
Higher value of °q" means ks imerference.
Lower vahie of “q” means high sterference
"7 s alvo relatad fo choster pize (N s g =N
g=iN=DE

For different values of ¥, g =

H=13 475 1%
@'= L7 & 3.%E 4.E8 5.Z0:E.00

Higher values of ="
+ Feducss co-channe] imerfarence,

o Leads to mgker vaine of “N" more ceily'choter,
» Lesznumber of chanmels cells,
#  Less traffic handbng capacsy

Loves valuss of "g~
[oereasss co.charme] ipterferencs,

Leads io lower vahes of “u7 fewer cells | choster,
Mooe nummber of chaenels | cells,;

More traffic hendling capaciy,
Generally. N=4. 7. 11

System Capacity :

Channel Capacity
Wirebeas commmmcations deal with af beast two mam copoerns: coverage and cagacty.
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Cne fendamentsl concepd of nformation theory i8 oo of change] capacity, of how' misch
mftrmeiion can be tranemittad m & commumcation channel Iy the 1940°s Clende Sharmon
imvented forms] choracterization of mSmation theory and deyived the well kraun Shenon’s
capactty theorem. That theorem apphes 1o winsless compmumications. It presenis 2 conclss
dervation of the equation, =nd mohsdes a good miroduction to mportant mitrmation theary
comcepts sach as miommation and extropy

The Shameon Cepacity equation gives an upper bound for the cspacity ma non-fadad chanme]
with added whirz Ganesian nowe:

C = Wiy L+ SNV (24

where C= capacity (bils's), Webandwidth (Hz), 8N= nigml tc nowe (and imterierence) rati.

That capaciy equetion zsumes ons iransmitter and one receiver, though multiple smennas
car: be ared m dreersity scheme on the recenamp sde. The formmls will be easted for mult-
amtenmg svetems in The aquation singles out two Sdamentally important speety:
bandwidth and SNE. Bandwidth reflects bow mach speciram a wireless svstem usesr, and
explams why the spectrum considerationa are s important- they have & dwect mpact on
gvsiem capecity, SNE of course refiects the qualihy of the propagation channal, and will he
dealt with i numereas ways: modulation, coding, emor correction, and important desien
chasces such a3 cell xmes and reuse patterns.

Cellular Capacity

Practical capacity of many wireles svstems are far from the Shannon's ot (ahboneh recent

standarda are coming close to ©); and practical capacsy i heavily dependent on
imsplementation and standard choices

Digital standards deal in their own way with bow 1o deploy and optimize capacity, Moat
sysiesn: sre imated by channe| width, timse slots, and voice coding charactenshics. CDMA
avatenn aze interfarence imitad, and bave tradeoffy between capacity, coverage, and other
perfarmance metrpss (zoch 25 dropped call rates or voice qualicyd,

Faurty strasght forwasd. every voue channal uses g 30 kHz frequency channsl, these
frequencisy may be Teusad aceordme fo a rense pattern, the-rvstem i FOAA The
overall capaciy mmply comas from the total amount of spectrom. the channe] wadth
and the remse pattern

TDMATFDOMLA ezpacibty;
i digital FORLA syzieme capariy improvements sreinly come o the voice codmg
and elaborzre sthemes {sueh 3¢ Fequeney hopmng) o decreass reuse Sacvor. The
ﬁequm:}'musé factor hides 2 Io1 of complety; s value depends grestly on the
signal to terfrence levels seceptable 4o a given cellulsr svstem TDAA sy=tems
combine muliple time sleds per channels.
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COALA capacaty

8 usal capacity equation for CORLA svstems may be fairly easily dermved o= follows
(for the reverss link) first examine & base sfabion with M mobilss, #s noze and
imerference power spectral dessdty duess bo all mobiles m tHhat same cell is Ta = (N -
135, whers 8 bs the recerved poiwer density for each mobile, ind o i the voike
activay facvor, Other coll iterfarences Toc are astipnated by 4 reuse faction f of the
same c2ll imerference level, such that Liv = Bl (usual vakaes of § are aromnd 1.3)
The total noise and interference a1 the base is therefore W = 1u (1 + ). Next assums
the mobils signal peoer depsiivreceived af ik base siytion is 5 =RE/W. Eliminstemg
lar, we derive’

W 1 1 1

e R e e |

R EfN o a 14+E°

where

o W izthe chenmel bamdwadth (m Hr),

« R E the user data by mte (symbol ratz2 m symbol per second),

¢ EoM b the ratio-of energy per bit by total nome (useally gren mdB EoN =
TdB),

+ @ s the voiee adiivity Bactor (for the reverss link), typically 0.5,

« and [} isthe mterference reuse: fracthon. typacaliv around (.3, and represents the
rati of mterference lavel from the cell in convideratinn bny imferfarences s to
ofler cells. (The number | + f & sometimes called reuse factor, and 101 ~ )
remae efficsncy)

This simple equation grves iy 8 mamber of voice chatnels m a COMA fequency
chamme] =

We can already see some hmts of COMA optimization and mveshizate certam

pozsble wmprovement for a 3G system. In parbeulsr; mproving & can be ackieved
with dim and burst capabilties, | with interference matigation and aptenna dowatilt
conssderations, B vath vocoder rate W wrth wider baed COMA. EN, with better

eoding and interforenes mitigation techmiques

Some aspects however are omited m thn equation and are requeed to quantifi- odher
capacily Emprovements mamly thoss dus to power comired, and softerealt handafd
alzortkms.

OF course other Bmistions coms Ero play fr wireless syatenss, such as base stanon (and
mobile] sensttrerty, which may be moorporated mio spmlar forprolas; end Sother
consdersnons come info plav sach av: forward power limtstions. channed element blocking,
backhaal capacity, mobility, and handoff
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£.2. Concept of im ving coverage and capacity in cellular
system (Cell Spiitting, Sectoring]
petheds for improviag coverags ared @ cellular sysisms

Cell Splinmg:

» [t mthe process of mbdividing = conzested coll mio smaller cefls, each with ity own
Baze stefion md & comespondmg rednction m apterms height and tranemgter poover
¢ Cell splitting increass the capacity of the cellular svstem simes # increases the mumber
of times that channely are remed. By definme new cells which have a spmller radms
than the oviginal cells and by installing these smaller cells (microcells) hetween the

exantme cell, capacity moreases duoe fo sddional channely’ und area.
» An example of cell splxtng & shown below the base stetion are placed m corners of
the calls, and area sarved By base slation A & assumed to be 2tasied with traflic
« New base siations are therefore needed m the rezion to mcreases the mmber of
channalz i the ares and to Tedues the ares served by the single base stafion

Cell Secoring:

¢ i 5 amethod bo meredse capacaty o to kesp the cofl radius enchanged and seck
methods to decrease DVE. raba.

+ Sactoring incregses SIR, w0 that the chusier size may be raduced. Fira the SIR 1
mmmﬂdm:gdnd:bmhmﬁmmpmhmpmmmﬂiuduﬁtﬂh
reducing 1he number of cell i the chuster. thus moveasms the Tequency rense,

o Toachieve this, it is pecEsRn {0 reduce the rt‘.‘tm mier Erence without decreasing

the transmm power.
There are two hipes of sectonng ma cell

1. 3 Seetors 12300 each
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2 3B Seidors A" achi

6.3. Wireless Systems and its Standards.

Wirebess commechon to mbernet 12 very common thess dera. Ofen an extenal modem 18
connecied io the Intemet end ather dices comect to & wireleagly, Thix elmorsied the need
fior fast mile o first mile wiring There are twe ways of conpscting to the [nternet winslessly
= WiFrand WitdAx

Wi-Fi

Wi-Fi is the acronym for wireless fideliy. WiFi technology 13 used to achieve connechion
ta the Intemnet witbout a deect cable betneen devnce mnd Internst Serace Promder. WiEi
eneblad devices and wireless router are required for settimg up @ Wi-Ficonnection. These ae
some chamacterstics of wreless Infernef coonection =

& FRamgeof 100 yards
& |pmpoome conmechon

# Throughputof 10-13 Mbps

Tfa PC or Eaptop does not kave Wi-Fi capecity, # can be added wiing a WiFieard

The phyaical area of the network which provides Infemet access through Wi-Fi 1o called Wi
Fl hotspet. Hotspots cin be sef up of home office of any' public space like amper, railna,
staticns, ebe. Hotspols themselves ars conpected b0 the nebwork theough vires

WiMax

To overcome the dranback of Wi-Fi convections, Wiklax (Worldwide Interoperability far
Microware Acoess) was developed Wih{ax 13 2 collection of nareless commumeation
standards based on [EEE §02.18, Wibiax provades multiple physical biyer and media access
eantrel (MAC) options

Wiklax Forum  establizhed in 2001, i the principal body responstble to-ensure conformity
and mteroperabality among various commercizl vendors. Thess &= some of the
haractemtics of Wibdax —

& Brosdband wireless apcess

mlll HYARGES EEMBEHNIGATIEN ERQINEENRINTIITHGEY)




11k Pzg=

e Rangzof & miles
& Mulkilsee! eacrypiian semilabie
# Throughputaof 72 Mops

The mem components of a Witex unit are —

o Wilaz Base Station = It b 2 tower simater to mobide fovvers aod comected 1o
Interret through hagh speed wired connechion.

o WiMax Subscriber Ull: (50— Tt is a Wikdax version ol wirekess modem The only
drfferance m that modem 1 connected to the Inbernet throush cable connection
wherezs Widdax U receives Infernet conmection wirsleszly through mictowsves

GEAL uaghhlﬂj.'m:éped gandsrd for digral cellular comprmimication:

(G50 uses parrowhand Tmme Dnoinon Multle Access (TDMA} for providme voice and text
based sarvices over mobile phone perworis

What is G5M?

(351 stands for Global Svetem for Mobde Commamcstion It w & digital celinlsr technology
sed for ansmitting mobils voice and dats services. Teportant Biets about the T5A are
grven belowr =

# The concept of G5M emerged from a cell-based mobile radic sistem at Bell
Laboratories 1 the ety 19701

o GEM is the name of s standerdization group esteblished m 1980 1o create 3 common
Eurcpean mobile telepbone standard,

s G5M 1 the moet widely accepted danderd m telacommunications and of 12
implemented globally.

o G5M 138 coront-rwibched rostem that dnndes sach 200 EHe chanmel mio eigit 23
kHz time.-elote. GEL opersies on the mobiks commumicstion bards 300 Mz and
1800 MHz i most parts of the world. In the US; G3M operates i the bands 850 MHz
and 1900 Mz

o G5M owns 3 mazkel share of more then 70 percent of the woeld's digite] celinlar
submcnibers

«  G5M msker ure of narrovhend Time Divszson Mnltiple Access (TDAIA) techmigue
fo1 Inessmitting signaks

=  G5M v developed wxing digital tecimology. 1t hea an sbely o carry 64 kebpa to 120
Mibpr of dats rater

#  Preseatly G3M suppocts more than one billion mobile subscribers in more than 110
countries throughout the world

o G5M provides bask fo advanced voice and dwa servicss mncluding rosming service
F.oamme & the ahility to we your GSA phone mumber m another GEA netwerk

GEN degitires and compresses data, then s2nds o down through & channel with bwo other
streams of paer date. each in ite o tmseskot.
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Why GSM?

Listed befow are the featares of GEM that accouse for gy populerity and wide acceprance.

8.4

Improved epactrues efficiency

Ieferrational roaming

Loa-oost mohede ety and baze stataors (BBs)

Compatibalety with Intezratad Services Dizital Network (TSDN) and other izlepbone
COMPATY Services

Support for new services

channel types of GSM system

Tilwre Boed i ey o iegEnmnny Sverees Theis 3SR resternik aborin w4 e s s sssrmmin -

The 245 and the B35 communseste scrom the U'm meerdfece. It & alio known 22 the oir

o7 the raio fmk The BSS communicates with the Network Service Switching

[WEE) center across the 4 interfece

G5M networl preas

1n 2 G5M network, the followng areas @e defined —

Cell - Call i the bamc servce area; one BTS covers one cell Eschcell 1= grvena
Cell Global Tdentwty (OO, & mumber that unkquedy deatifies the cell

Location Area = A sroup of cells form a Locahion Area (LAY Thas 15 the srea that i
peged when a subscriber getr o meoming call Fach LA = asigned 2 Location Areg
[Sentity (LAD), Each LA is served by ane of move BSCs

MSC/VLR Service Area — The arez covered by ooe MSC 1 called the MSCVLE
Evice TRl

PLMN = The arez covered by one petwork operator = called t5e Public Lacd Bebde
Network (PLEN). A PLMN cancontein one or mare M5Ce

The BSS is composed of two parts —

« The Baze Tranzceiver Stawon (BTS)
# The Base Station Contraller (BSCH
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The BTS and the BEC communicate scross the specified Abls interface, enabling operations
befween compenents that sre made by different mpphers. The radio components ofa BSE
may comskt of S 1o zeven or mirecells. A BSS mav kave one or more base stalions. The
BSS uses the Abis mterface betwesn the BTS and the BEC. A ssparate hish-speed bne (T1 or
E1} 15 then commecied from the B35 fo the hobile BSC

The Base Transceiver Station (BTS)

The BTS houses the radio transcervars that define a celi and handbes the radic bm protocol
with the M3 In 2 large whan mea, » birge namber o7 BT5: may be deploved

The Base Station Controller (BSC)

The BEC manages the radio resources Br one or mers BT3s Tt handles radio chanke] setup,
frequency boppmg, and handovers. The BSC 15 the comection between the mobale and the
MEC. The BEC slo transiates the 13 Kbpe voice chenne] ned pver the radio bnk to the

slandard 64 Kbps chamme] used by the Public Switched Telephone Network (PEDN) or ISDN

The Nebwork Switching Subsystam [N55]

The Network switchmg svstem (N55), the mam part of which 15 the Mobile Sumching Center
(MECY, performs the soatchms of calls between the mobile and 'other fined or mabile
eatwark nsers, s well &y the managemant of mobile zerices such 51 anthenticaton

Home Location Register (HLE)

The HLE i3 & dstybaze usad for slorage and marsgement of subserptions The HLE &
considersd the most mporiant database, as it stores permanent difa shou swbscribers,
mcinding 8 subscriber's service profile, locstion mformation, and activiy staim. When o
individaal Tuys 3 subseripiion m the form of STA then all the mforenation about ks
subscrighon i regrstered 1o the HLE of that operafor.

Alohile Services Switching Center (AMEC)

The central component of the Metwork Subsvstem o the MSC. The MEC performs the
swiching of ealls between the mebile and other fixed or mobile petwork users, as well 2o the
manazement of mobile services wach as régistration, authentication, locateon updatisg,
bsndorers, and call rontmg to & rosming sabscriver. It aho performs sch finctons as toll
ticketing, petwork nferfacing, common chenrel signabing. and othery. Every MEC iz
pdemtified by & wngue TD

The VLE. 1 & dutshase that comtam temporary mformation about subscribers that » needed
by the MEC m order to sarvice visking subscribam. The VLE 5 always itegrated with the
MSC. When 2 mobile statwon roams inte a pew MEC area, the VLE commected to that M3C
will reqoest data shout the motuls siahion from the HI R Later, f the mobsle station maker &

call, B VLR will kive the information needed for call estup withoot havirg to interrogales
the HLF esch time
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Authentication Center (AUC)

The Authenitxcation Center 1 2 protected database that stores 2 copy of the secret key stored
m each mbsrrivers SIM card whech & niad EIMMMaﬂ&m& rado
chennel The AUC profects petwork operators Bom different types of fand i todar's
cethular worid.

Equipment Identity Kegister (ETR)

The Equpment [demtay Feguter (ETR) 1= & databges that contams a bt of 2 valid mohile
equipment on the network, where fis Imermaticnal Mobile Equipsest Tdentity (IMED
wectifies sach M5, An IMED 5 marked as iovabd 1£# has besn reposted siolen o7 15 oot bype
approved.

G5M - The Operation Support Subsystem [055)

The operations and mamtenance center (OMC) » connected to all equipment m the switchng
zysiem and io the BSC. The mplementation of OXC = callad the operation and supporn
system (058)

B, Working of fo and COMA channel
frequency and channel specifications

What is COMA?

Code Drvimon Multiple Access (CDMA) = o digital celhular sechnology used for mokale
communication. CDMA is the base on which acesss metheds such as odmaCne, CDALAIDN,
and WCDMA are batit COMA celluler systems are deemed superior to FDM A and TDMA,
which is why CDLLA plavs 3 mtu:almh-mbm.’dmﬁ gfficient, robust, end sscare radio
mﬂl:ltu:t iems

CDMA channel

CDMA channels can be broadly catezormed as Forwand chanre! and Beverse charmed Thas
chopter smplams the finctional®ies of these chamnels.

Forward Chanmsl

The Forward channe] is the dmection ofthe conmunicabon or mobile-to-cell dovnbnk path
It incindes the followms chanmaly —

o Pilet Chammel - Prot chanee] & a reference channel It uses the mokibe stabon to
BCoine the tme and gz 3 phade refersnos Sr cobarent demodulston. ke
contimaotsly ransmmied by sach base station oo cach active CDRA frequ=ncy. And,
eack mokale station tracks thy signal contmupuaty.

» Syne Channel — Synchronizstion channel carries  smgle, repestmg message, which
grre the mformatsop sbout the tme eod syetem confissration to the mobile siaticn.
Likewize, the mobile station can have the exact rystem tme by the meam of
nnchronizing to the shert cods
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« Paging Channel - Paging Channel’s main obisctive i io sénd ouf pages, that s,
sotifications of incoming calby, do the mobils dations. The base station uses these
pages io ranereil avatem  averhesd information and mobile statiog sperific messIger

o Forward Traffic Channel = Forward Traffic Charmels are code channels [t is used
ta mxmizp calls, wenally voice ard sEmims traffic fo the mdnvsdual uyer

Reverss Channel

The Beverse channe] is the mobile-focell direction of compunication or the uplink path Ti
consisss of the follemwse channels -

o Access Channel = Access channe] @ esed by mobile stations fo estabhsh a
comenaniceTion wWith the base station or to erewer Paging Channel messages, The
pccess chanpe] o wsed for shart szoalog messeze exchanges such as call-ups,
Tespenses to pages and reguiTebong

+  Eeverse Traffic Chanmel — Feverse traffie chanre] m usad by the mndividual users m
thew ectial calls 1o transma traffic from a simgle mobile sfaticn to one or mers bass

FEOOTE,
[ s Csmsimn |
[ STITSSSI P
[ PRSI . -y |
Fus s FES =
| —— ] TF N T — 1P i il Wyl W B il

e B BN ST T
| dcsmss i b
[ Moo ¥oaifie Chaana |

fraquency and channel specifications

The maor capacity advantage of COMA n that if renves the zame llacated frequency m
every sector of every =il [n15-136 and analog cellular systems, there & 2 seven cell repeat
factor. wth timee sectora. This meano that only one out of every 21 channels 1 avmlsble o
each sector. COMA 1 degignad fo thare the sere Fequency iy 2ach sector of each cell For
gach user that uses cdma 000 coding rather than 15-03, the svstem is more efficient

In FDALA or TDMA radio resoures i alocated not to interfere smang neighhour cefls —

»  Neaghbour cells connot uwse the same (jdentical) frequency band (or tmeslof)
» The lefi figure shows the smple cell allbcation with weven bands of fequency.

In actual smtoation. becane of complicated radio propagation and syegular cell allocsthon.
i niot easy to llecate Bequency (or fimesiot) appropristely

S S
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i 2 COLLE systam againg this, $ince 37 users share the sams fraguednoy, the arangement of the
Frequency o nof i Eiee. This & the Sigpest sdhctags of [DMA techroiagy.

In COMA, wentical radio resounce can be used among all calls, becauss COMA channels use

+ Frequency allocation m CEMA & not necessary.
= Inthis semse, COMA cellnbar svatem 13 easy to design

8.1, Architecture and features of GPRS.

General Packet Radio Svitem o ako kmown as GPRS 12 a third. peneration step toward
ifernet access GPRS is also kmown as GEM-TP that i 3 Global-Sysiem Mobile
Commuomicatiins Inferned Protocel s f keeps the users of thes svster oaline, allows to make

woice cally, snd aoeexs interned om-tke-go. Even Time.Divizon Mobple Accese (TDAEA)
users bemefit From this svetem a5 i provides packet mdic acoss

GPRES Architectore :

GFR% archeechine works on The same procedure like GBL] netoonk, but, bas addstoral
antities that aliow paciet dets transmision. This d=ta network overlaps a second-genemation
G5k network providing peciet data transpor af e raes from 26 1o 171 kbps. Along with
the packet data transpord the G5% nebwork acconmmodates maltiple users to share the same
air tlerfece meources concurrently,

Followng 15 the GPRS Archrtectme dizzram:

- Shgralling
- Circuit Swiic e GEM
I Facket Swaiched Data and Segnalling
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GFRS sitemgts to rese the existing GEM petwork elements a5 mich a8 possible, bul fo
effactivety build a packet-tased mobibe cellolar netwosk some new network elements,

imterfaces, and protocals for handlmy packet traffic are requred.

Thereiore, GFRS mequees medifiortions io momerow GEM setwork: elements s sommerzed
halowr

G5M Network Elament Modification or Upgrade Requind for GPRS.

bobila Statian (M5 Maw Mails Station If required 1o actess GPRS panvices. Thase
e REFEFae il BE Betkwerd compatible witt GEM Rar valee
=244

o Awﬂ'nmuqﬂwutnwﬁdi;ﬁﬂ;"!mn:hﬂfmﬁmﬁr_
Statiom(BTEL

BED The Saes SE0on Controder (850 requires 3 softwars uggrace
ard the insealletien of naw hardwars pellad 1R packst controd
wmit [FCU). The PO grects tha Gata traffic to the 5PRS network
ard BN B 8 S0 ETETE Batdware BlEmEnt antacisEd ek the
L

GRS Suppart Modss |G5NE] Tha deploymant of GFRS mequires tha Instaliavion of new torg
Aatywcrk Blemants csllad the serdeg GPRS zupoart pode [SG5N)
________ and gateway EPRE suppor nods (GEEN].

r:ﬁmm.urHLﬁ; ViR sar) 2§l {he paaabatas mvalved In (e PenEETL wil rmlruél-'mﬂ
opgrades to handie tha new @il models and functiors

InToducesd by GFRS

GFRS Mobile Stations

Moewr Mobile Statiom (115} are requred to we GPRS services becanse exrtmg G5M phomes
de net handle (b enbanced air mierface or packe! data A varely of M3 can exist, includizg
2 hizh-speed version of cument phones to mupport high-speed data access, a new PDA device
Wwith ar embedded GEL phove. aed PC cards for Bptop competers. Thete mobile st=tione are
backward compatible for making voice calls using GSM

GPRS Base Station Subsystem

Esch BSC requiras the nstallstion of one or more Packet Control Unite (PCU) and 8
poftvrare upgrads. The PCU provades a phivsical #nd logical data mnferface 1o the Base Station
Subeystem (B35) for paciet dats taffic. The BTE can aho requme & 3ofwars uperade bt
typicaliy does not require hardware echeancemnents

When esther vorce or data maffic = onzmeted at the ubscriber mobibe, 2 1 trenaported oves
the air interface to the BTS, and from the BTS to the BSC i the same way a5 2 standard
GEL call Hoveever, o the cudput of the BEC, the traffic is separated: 1voice = sent to the
Mebide Switching Center (MSC) per standsrd G3M, and data iz sant to-3 new device called
the S3GEN via the PCU over 2 Frame Belay mierface

GPRS Sopport Nodes

Following nwp new componants, called Gatewny GPRS Support Nodes (GSNz) and, Serving
GPRS Support Node (SGSN) are added:
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Gateway GPRS Suppoert Node (GGEN)

The Gateway GPRS Suppart Node acts as an interiace nd 8 router to external petworio, It
contains routing misymation for GPES mobiles, which i osed to fueme] packets throngh the
1P based miernal backbone 1o the correct Berving GPRE Support Node The GGEN abo

zollecss chargieg minomation cormected te the nee of the externa] data networks snd can act

a2 a packat filter for meoming traffic

Serving GPRS Support Node (SGSN)

The Serving GPRS Suppart Node & respongible for suthenticstion of GPRS mobiles,
registration of mobales i the petwork, mobility manapement, md collecting mformation on
chargmg for the use of the air mterface.

Internal Backbone

The miernal backbone o an [F based notoork waed to carry packets between different GENn
Tumedling iz usad between 5G5Ne and GGENE, so the internal backbone does not need any
information sheut domains cutside the GPRS u.-m'nth Signalling from a GEN 10 a M3C,
HLR or EIR is dope nsmg 557

Hnullnﬂ Area

GFRS imtroduces the concept of a Boutmg Arsa. This concept & smlar to Location Area m
(FSML, emcapt that it gensrally comtamms f#wer cells. Beranzs rowting areas are smsaller than
bocaticn areas, less radio respuress are used While beoadcasting & page message

6.8. Discuss the mobile TCP, IP protocol.

Iransmiszion Control Protocol (TCP)

TCP i s commection ariented prodocol and ofers end-to-end pecket delivery, | sefz : back
boge for compechon It exhibms the Bllowing key fatures

. Lﬁ:ﬂ:m Contrad Protoce] (TCF) comesponds 1o the Trareport Laver 27081

» TCP & srehable and comnection omamted profocol
» TCP offers

¢ Stream Daiz Tramfes.

« Felahility

« Efficient Flow Cantrol

e Full-duplex operatiom.

e hulpleng
C Tﬂmmmmdm;mhdm
» TCP ensares relmhility by sequencing bytes with 8 Srerdmg ackoowledgement
pamber (het mdicaies to the destination the next byte the source expedt fo recsive

« [t retranemits the bytes not ackmowiedped with m spectfied tane pericd.
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TCP Services
TCP offers followms services to the processes at the spphcaton lver:

Stream Debvery' Savice
Sepding and Fecenmz Buffers
Bviet and Sapmanty

Full Duplex Senies
Commection Oriented Serace
Eeliabls Service

- om om W ® W

Stream Delrrer Service

TCP protocol is stream oriested becatse ot allows the sending process to send data as stream
of bries and the recenmg process to obtam dats 2z stream of bytes.

Eemadeng ariif Rermiveng Buffery

Tt may ot b posszibds for sending and receiving process to produce and obtam data at sme
epeed theredore, TCF neads buffers for storage of sendmy and receping snds

Eytes rnd Segmants

The Trensmassion Contrel Protocol (TCP), of transport lever zronpa the bytes oo = packet:
Tha packet 18 called segment: Before tranemizsion of these paciets, fhege s=gments e
ercapsalated i an [P datagram.

Fuell Duples Servce

Transmitime the data m duplex mode meaps fow of dsta m both the drechions 2t the same
fma.

Conmection Briznbed Service
TCP offers connection onismed service i the B llowmng manner
1. TCF of process-] iformss TCF of process — 2-and gets o approval
2 TCPofprocess—1 and TCP of procsss— 2 and exchange data in both the twe
dwections.
3, After comnleting the dats exchange when buffers on both sides are ematy, the twio
TCF's destroy fer buffers
Relrnbie Sarvies

For saka of refnbalsty, TCP 1z acknovledrement mechaniom
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Internet Protocol [IF)

Temerest Protocol is conmectionkess and unrellable prosecol Tr ensures oo pusrasies of
successfislly tranamutsion of data

I order to make B relighle, if mast be paired with relishle protocol suck a5 TCP 3t the
transport laver.

Irdermet protocol transmads the data m Form ofa datagram a5 shown in the blowmng diagram

i L] i 4 e
Wi ] LM T 01wy 1of meerw Torial lanrygi iy ¥ 340 dsivm
P Eada
Al e aasarel 1 ik Flgs E;;E:rl-.'! I‘-I|I|:r|\:
A bits

Tierm km live Trpampasl bipater shechsum (16 beis |

Fului® mE 1T @fEEE

TremlirisiYain i 1 dalel comnes

i ¢ Hadicdimg

Pabits 10 remember:

# The lengih of datagram is varable

#  The Datapram 13 dnided o toee parts: header and data,

«  The length of header is 20 to 60 bytes.

» Thelader contains informatnn for routing and delbrrery of'the packet

6.9. Working of Wireless Application Protocol (WAP].

WAF s the set of rokes poverning the trammizsnon and reception of data by computer
applications on o v1a wireless devices lice mobile phoner: WAP allows wireless devices o
view specifically desigred pages from the Infemel using only plain 1ext and very semple
black.-znd-white pictuzes,

WAP is Senazped m & layered fshion, 2o thet it can be extensble, flexble, md scalable Ava
resulf fie WAP protoes] steck ie dindad mfo five Byvers —

Layers of WAP Prutocal

Application Layer

Wireless Application Environment (WAE). The baver o of most wierest bo content
developers becamse 1t confame smong other thmgs, device specifications, and the comtent
Gevelopmest prograrming languages WL, and WAL Sermt.

Session Layer
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Wireless Sessien Prodccol (WP Unbiks HTTP, WSP has bees designed by the WAP Forum
to provide Sk connection suspension and reconmectson.

Transaction Laver

Wirebess Tramsaction Protocel (WTIF). The WTP nme on top of 2 detagram servace. such as
User Datagram Protocol (UDF) aad i part of the stapdard suite of TCTVTP protocols usad 1o
provide & simplifisd proescol sunable for low bandwidih wrsless stations

Security Laver

Wirekess Trapsport Laver Secursty (WTLS), WILES moorporates secummly features that ase
based upon the estabbished Transport Laver Sacunty (TLS) protocol standard. [t mehudes data
integriny checks, privacy, service denial, and sutheptication services

Transport Layer

Wirekess Datagram Protecol {WDF). The WDP allows WAP to be bearer-mdependent by

the traneport layer of the underiving bearer. The WP presests 8 consustent dats
format to the highes lavers of the WAP protocol stack, thereby offermy the advantage of
bearer independence to application developess.

Exch of thess Tayers provides a well-defined imerface io (b laver above it This means that
the mtermal workmes of any l=ver are framsparest or mvisble to the laves above 8 The
Lsvered axchriectare allowwy other applcaiions and sarmices to oiilise the features provaded by
the WAP-sgtack a5 well This makes it possible 1o use the WAP-stack for services and

The WAP protocol architecture i shovn below alongside a tvpical Intermed Protocol stack.

wiEw| e Appiic e Freins|

T i b o 7,
1 Wirsan Trmnapon Livs Secwry (TS

Note that the mobile network besrers m the lower part of the figume sbove sre not part of the
WAP protocel stack
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6.10. Features of SM5, MMS. 16.2G, 3G, 4G& 5G Wireless network.

Smee the introducton of frst commercial mobdé phone m 1983 T Motomola, mobile
tachmodogy has come & long war. Be o technology, protocols; sernces offered or speed, the
changes i mobile telephony have besn recorded a5 generation of mobile conununication
Here we will discuas the basic features of these penerabions that deffererénte # from the

previous gensratipne
SM5 And MMS

(GRS han opened 2 wide mope of uminne services fo the mobede wireless nshacnber. Some of
the characferistics that have opened & suarket full of enhanced value services 10 the werz
Below are wome of the charactenstics

»  Mobility - The sbalsy 1o maintamn congtant voice and dats commumaations whils oo
the move

+  Imimediacy - Allvws subecribers fo obtain connectivity when needed, regardless of
locaticn and without 3 kagthy login session

» LoczBration - Allows mbscnbers to olbtem mformaton relevant fo ther curmes
locaom

Non-voioe mervices bice SMS, MIMS and voice cally are also possible with GPRS.

1G Technology

LG radery bo the first gensrition of wikeless mobile commupication where asaloy sinals wers
iwsed to transmat data. [t veas miroducsd @ the US m eardy [9802 md dessened exchysnzeby for
Ve conymmiestion. Some charectaristics of 15 conmmunication sne—

Speeds ap 1o 2 4 kboo

Poar weeica quality

Large phones with imited battesy =
Mo dats securay

206G Technology

215 refare 1o the sscond peneration of mobile talephomy which nsed drtal sisnals for the first
time. Tt was liusched i Finland in 190] snd weed GEM tschnology. Some promisent
cheractermhics of 20 copmumication are =

*  [atzspeeds up 1o S kbps
1 Textand muttmedis messsging ponibie
®  Bemerquality shan 1G

When GPES technology was infroduced, i enabled web browsing, e-mail sercice: and fat
splrad donnlead speeds .EnﬂhGFRE 1 also referred &5 150, 8 #2p short ofnext mobile
ZenarEtiom.
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34 Technology

Thied genecation (3G) of mobils teleobony began with b stam oftke new millenniam and
offered major advancement over previcus peneratiom. Some of the charsctersstics of thi

genergtion are —
Diatn wpesds of 144 kops to 3 Mbps
High spesd web i

Funning web bassd applications like vidss conferensing, nmitimedia e-mails, sbe
Fast ard easy transfer of andwo and video: fles

3D zEming
Everv com has two sides. Here are some downsides of 3G techmology —

&  Expénsive mobils ghones
# Highinfrastucture coss ke Szansing faes and mabila owars
= Trainad personne regisaned Far ialrestructiens set ug

The intermedigte generation, 350 grouped bopether dissimilar mobile fel=phopy and data
techmoiomes snd paved way for the next peneration of motnle communication.

b Technology

Heapm;-upﬂu trend of 3 pew mobile gensratice every decads, fourth generation (3G of
mohile commumicatos was mitoduced 1w 2011 Ium;m charactenisixy are =

Speads of 100 Wb 15 1 Shix
Mob#a web ez

High defimitian mabie TV
P telephony

2 Technology

E* Eomargtion Mabis Network or simaly 56 ivthe fortheoming revalution of miobiia tachnology. The
fastuin=s sad [by usabifiny sre muth hayond the sspectation af & narmst kuman Ee=ing. With Huitra-
high speed, it ic pofartial @noygh 1o chamge the maeaning of 3 oall phone yrabifty

Scme of the npmficant spphcations sre -

o [t will make umfied global standard forall

* ’hﬂmzhmhbﬂlrnﬂihmnlﬂe;niwﬂ]mpmphtamﬂ:u
computer and such kind of mobile devices anyvwhere anvime

+ Because ofthe IPv6 tecknology, vastme care of moksle TP addreas will be asmpned &
per the commected nefwork mnd geographics] positon

a  [ts appheation will maks workd re2l Wi Fi zone.
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6.11._Smart Phone and discuss its features indicate through Block
diagram.
Definition ;
A smartphone iz 3 poriable device that combings mobile telephone and compuimg fupetions
e ope amt
Features :

o [mstant Copmmmication Einqlulﬂmh'ni from the sarliedt comemmicstion

deices,

Web Surfing. The smartphones also make it comrenient for people to surf the web. ...
Camerz Inthix “selfie” generation, the camera 18 30 EOpOTtant. .

Estertainment. _

Productivity Apps -

GPs.._

Provaey.
Block Diserm Explanation

Andraxd operating svstem o a stack of sefbware components whach 15 rougkly dnaded inlo
fne sectioms and four mam layers a3 shown below m the architecture dmgram

| Nscmans
| =3 8 0 EW 0 3 35
| e v ] ot [ o )| Ree Bl e J e B ]
| A s

e e ey el -

[ (] () o) o]
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Linux kernei

Al fhe bortom of the lavers 35 Linus - L 3.6 with approxanarsly 115 patches. This
provides 2 evel of absimction between the device hardvrare and f confams all the amental
berdware dnvers e camers. Eevpad, display efe. Also, the borpel handles a1l the thmgs that
Liruax is really good ot mich as nebworking mhnﬂm ef device drmvers, which take the
plmuﬂin!n:tat&:mimpmhﬂl!hrdm

Libirsries

On top of Linax kernel thers 5 2 sef of Bbranss mehuding open-source Web browssr engme
WebkH, well krown ibrary bibe, 0L 86 database whaeh 1= 2 ussfol repoasiory for #orage
and sharmg of gpplication dsta, Bhrares te play sad =eord sudic and ndee, S51 Wranes
responzsble for eIy Bte:

Android Libraries

This category encompasses those Tava-based Hbraries that are specific fo Android
developmest. Exzninles of hibranss m this category imchide the appheation famework
libraries in addition fo those thet faciliste peer interface building. graphics drewmg snd
dntabase access. A sammany of soime key core Andiowd Hbrares availabi= 1o the Andraid

developer 1 51 foDows -

+  andreid.app = Provides acoess to the appbeation model and 15 the comenstone ofall
Android application:

¢ andreld.costent —Faciliiates comlerd access, publishing and messaging bebwesn
apphcations and applicatson components.

+ andreid.daiabase — Used to aceess deta published by copfent providers and mebodes
S0Lde dafabase marspement chisses

s  andreidopengl - A Jove mterface do the OpenGl ES 3D graphics rendering APL

» andreid.os — Provides applications with scces fo stendard operating svstem services
mebading messapes, sysiem services and mier-process commumcation,

»  andreid.text — Ured to render and mampniste text on & device display.

¢ andreid.view — The Eindumental building blecks ol appBcation user misrfaces

»  andreid-widget - A nch coflection of pre-buik uer mberface components sach w
bationz lbels Hst views. lvout mansgers radio buttons ete

o andreld.webkit - A s2t of classes intended fo allow web-browning capabiliies bo be
it mio spplestions:

Hamg covered the fovn-based core bbranes m fhe Androod rustene, f & now tmme to tam
o1 attention to the CiC<— based libraries comtamed m this lover of the Androsd software
slack

Android Buntime

Thiz iz the third section of the srebitecturs snd aailable om the second lver fom the bottom.

This section provides a key componest called Dahvik Virtual Machine which s 2 band of
Fanm Virtuad Machmn specially desizoed and optmized for Androad
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The Dalvik VM makes use of Lioux core Batures L memsry management and -
threadimg. which 1w imnnwse mthe Jova bnsuape: The Dahs Vil enables every Androw
appheation to man m s own process, with fn own imstanes of the Dialvik virma] wacheme.

The Android runtmne also provides & set of core Ithrames which enabie Androsd spplcaton
developers to wiie Android spphestion: wyng sandard Jeve programming langusge.

Apphication Framework

The Appheation Frameworic laver provades many hizher.level services to @Ixmum mthe
form of Java classes. Application developars are allowed 1o make use of these services i
ther apphcationa.

The Android Bamework includes the following key services —

Activity Manager — Corfrels all aspectz of the sppleston lifecvele and actrnsy
gack

= Content Providers — Aflows applications to publish snd share data with other
spplications

# Resource Manager - Provides scoess 1o pon-cods embedded resources sach as
smngn, color wettingy snd user mberface lyvouty.

» Nuotifications Mamager — Allows spplicstioss to Sisplry aleriz and notification: o
the user.

» View System — An extensible sat of views nsed to create application mer mierisces.

Applications
We wll find all the Androsd applicaton at the top layer. We mll wrte your applicaton to be

insialled on this kever only, Examples of such applications are Comtacts Books, Browses,
Cames efc.
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1. Why are wireless standards so important in today's world?

Ang- Wireless communlcatbans have enabled the connection of billioms ofpeopls to the
Iedermet 5o that they can reap the benefits of todey's diztal ecomomy. Sendarly’, azresd
standards o1 minbide phonss sliow peeple to e their devices everywhers mn the world.

2, What are the steps imvohved in tranemission m the wirelen communication nk?

Ans Propagstion Lowses. Antenna and Wave propazation plavs a vital role in wirehess
communication networks. An antenna i an electrical conductor or & system of conductors
that radistes'coliects (ramsmits or receives) slectromagnatic energy into/from space

3, What are the maim charscteriztics and chalenges of wireless communication?

Ans- Since wireless devices peed to be small and bandvndth constramed. some of the key
:h]]u!nmnmiumm are Sagpal fadmg, mobslity, data rate enhercemerty,
minkmizing ss and oo, User sscardy and mu.]rt'. of sevics) QoS

4, What are the types of wireles: communicatian?
Ans- The Different Types of Wireless Conmmmicatron

» Satellie Communication S#edlisz communication & 2 croeia] foom of wireless
communication .

» |ofrared Communication. [nfiared communication 1 present m most homes m the

form of a television remote coofroel

Broadcast Radio. ...

Mreroweve Commmunicanion.

Wi-Fi

Mobde Communication Svstemm.

Bloetooth Techmabogy

=, What are two advaniazes of wireless communication?
an-Advantages of Wireless Communication

= Wireless petworks are cheaper to matall snd mamiam
o Duata i transmitted fster and a1 & high speed

&, What are 3 tvpes of wireless connections?

Ans- Thers are baspcally three different trpes of wireless metworks - WAN, LAN and
PAN: Wirelesz Wide Ares Networks [WWAN), WWANz are created through the use of
mahile phone sienals tvpcally provided and mamtaned by secific mobils phoae (cstula)

7, Define Cell Splitting.
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Ang- Cell splitting &5 a means of mereasing the capacity efa eellular syetem by subdiviling
or splitting cells mto two or more smaller cells.

B, Deflme Cell Sectoring .

Ans- In cell sectoring & nngle come-drectional sntenss i base siaton 1z replaced by sevarsl
directional aptenman. each rediafing within & specifisd sector . The techmque for decreasing
co-channel mterference and this mereasme system performance by usmg drectiomal
amfenmas iz callad sectoring

§, What i frequency Reuse ?

Ans- Teckmeqwe for usng a specified range of frequencies more than once 1 the same radio
evetem 30 that the total capacity ofthe svsiem iz mereased vithou! meresimy g2 allocated
bandwdth

10. Whar ie frequency reuse factor of CDMA?

Ans- The ansount of out-of-cell mterference determines the frequency rewse factor, £ ofa

CDAMA cellular systern. Tdeally, each cell shares the saree frequency and the maxinmm
posuible vakie of £(f=1) 15 achieved.

Long Questions
1. Explam the basic concept of Cell Phone
4. Driscuss the tecimiques used for improving the coverags and capacty in celluler system.
3. Explam the GEA service and e Seatares
4. Discusy the archeectore of GEM svstem im detml (5-27)
3. Explai the working of CDMA system

§. Dizouss the srchwectare of GPRS.(E-12)
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