








































































































MICIOPM 

ollator 

TrangMiAters 
UNIT- 3 

MOdublien 

Anpfei 

ohsiecaLien of Tangmitters: 

TIangmit ter 

AM TIaemillers 

FM DOngmitkers 

arsmtig 
AnNcem 

TIaNUmitens 

Carier Frquecy 
ange 

Recevig 

Long uave Pequcy 

Mediun wave Fraqency 

Rangp 
ghort are FIequeny 

range 

Tar5mitker aye the devicos whicn ae ued to tanymit te 

|319rnal to the yecojver thiouon te chanel. 

base bock dagom o tarsmitter i3 gien above., 

2 MiCIOphone is used as imput to Yangmit the 3oud waVe3 

miercphone to he Audio ampif2r. 

The audo amplifier ampife3 the eg ml and gives it to Madubten 

are ako given The cacillaor unieh povde nign frcquGny 3grJS 

Me MOdulaicn proceg kakes ploce beleen tne audio SIgno 

Ua nign Frequency slgral and ae trarsmttod thiough arnterna 



he sigal is tansmitked through te chánnel and reoches tp 
kacciver artena 

e recever ceN2S te signal thiaugh the reccie antaona. 

cla9if icaLion f n ngmitterg* 
Mulalo0% 

(a) AM TOngmitterg: 

he AM Tangmitlers ae usd to ransmit the s4ral ith the 

mformalion cBoed in the ampituce whích is moduatd ard tavc 

heugn other Yecolyerg 
APPlicaliens: 

|- Radio bro0dcasling on sort, medium long FeqenH rangl. 
Q ROdio tekphany (on telkarapny on shof ute 

3 TV PCkue Boadcasing clc 
(6) FM TIangmiters: 

It a ig a rangmittey m whch tequencg is tangnitte as a source 
P Inlormoi¡n to tthe recciver 

Appicaliongi 
I;It is aing veg hgn Frequenc range 

a- utra. hign FrequencH an 
3 Radio B/0dasHg 

CoPM TIangmlHers: 
pulee modubtien rargmitters ueS a tram of pul as a signal 

tO the vecejver. 

AppIicaEiong: 
"It l3 used in almost all typeg of daital trarsmitles. 

a. Corrier Frequency vagei 

trangmit ong ave dislonco 3igral 
EX 1ONOrMulical. and NOVH. N glon etc 



|wodlu wae Frequenay rang2 

mediuni 

HaSmit n a medium 

is maBnly ued im AM bradcas ing 

a B ukd to, trarsmit 3ignals in a verA srork onq telwee) 

3 to 30kHz. 

TLs applicakieny 
AM Targmitterss. 

Anplikuce madublion tansmitteis are based on the pouer level 

ad type oF MOduhtien used. 

Te AM TIangmit lers is cosified inko Auo kyes: 

· High level AM TIansmitLors 

-00 level AM TYaSm0Llers. 

level AM TIangmltLerg: 

Stablized 

rystal oscil 

Audio 

uny lodio Cominbaien, ekc 

armplier 

Gabilized 
RF 

L leNel AM TYansmitBe rs 

elas A RF 

Amelier 

omplfer 

laA . 
er 

ain45eraíplifiek 

Ampirer 

arnpliie 

cio; Of'. 

Allcns 

/naltrik. 



level AM ansmltAerg:t 

Stablized 
brysal osilblo 

Audl 

Sabilized 
RF 

class A RF 
Buftert 
ameikC 

AF Pre 
armpifer 

AF 

clas A RF 
Buffer 

A caS 
Amelier 

ampifer 

I80 level AM Transmitte rs ad a Alarro 

udprepone 

alas C Rf 

Modakot AP 

Ampier 

amPlitel 

|AF cnaBodulakot AF 

fineor 

Aderga 

mpiPier 

Halchuog 

alcg 
TnetubyK 



Hh levol AH TO3nitkerg 

" 1h tinn l onmitkorg us: hign lovel modalotien and it 

Cenis on e rasmitting p0ur of in AM Eiansmitkr. 

Il 13 mduakks in ne order of the kilouattg where tre lou 

evel uxs only a feuw watts transmiing poner 

the caniy 3ignal geneakd by the slabilizod c yeBal aeillata 

3 ased to tne Bufer am piifier 

The madulaking signal i9 ampifkd ot a hign poer leve] in 

AufAer amplifkY. Bufle el omoliier is maimly used to mabh 

imocdanco leyel and k tranaler aPciently 

T0e cos pouer ampiler provides pouer eliciercy to te moduain 

Sgal and the chssc RF Qutput ampliY ier modulates tre 

3gnal whieh can divecHly Hranamited 

An audo signal is alyo given.0s nput to, the AF Pe 

-ampier, it ampifies tp signol ot itg highost 

|As Qudio sgnal as nigh pocY with ePKC noy proved bg trO 

poer anmplier then it Hansfer to the Modulalor. 

MOdubtor modulaks the er signal and then tansfas tne 
S�nal. to e clhsg c RF Qutput amplfer 

The matching nekuork s mainly used r tre perfact maketing 
te tao egrad ard hen Hansters it to the ankonna, it also 

modiics te sgnal. fo maBcirg 
LOW Level AM Transmitterg 

The RF cysBal oscilabor is ued to generaBe hign Feque nçg 
Carrier 81gnal cf otcuar Frequency 

"APLer pa.ing pouer and 
moculadod alog wuitth the corier. 

buffer ampiler the the signal i3 

" tere he |mar ampifer are ugdin ordeY to avoid the wavcfo1li 



distorhe) m AM 

siqial is alo gien o, npat by pie ampilg ad 

Mdulalor maies it In iks auibe ronge ord make It 

to he mBchig netuoYk to pox through antcea. 

nll eficiercy is much baer comparcd to hioh level moculblien. 
EN TIAngmitterg: 

slock Diagram; 

Aualo Ractange 
iuliplic) ROCr Anpier 

Alena 

EM transmtter i9 a device trat i3 (ued to 9enerake a radio 

Aequency Carrier ave ohee FICqueicy 3 varied GCCoVdi ng to te 

The FWncHen oP the Yeoctano morluolor s bo Modifes tho 

Qudio by making is vangg ond FicqeNCy eoent 

Tthe c8ciallakor is malnlg used ko areate carrier sgnal ih 

Me input audio gral 
"As the earier ard adio gigral both are ased at a tje, 

He Frequency is bw because cfthe combinalien Gf koo Sjgnals 

T0 obtam tho vequied FIequéncy foY te s9ral to transmit 

he are ueing FYequercy Multiplier. 

IE Mutiples the FICquency 09 2x,3X ,4x thd 80 n. bOsed 

on te trangmissjen of tho algrol consicer xas the glgnal 
pase 

Bignal. paso. 

The Final pouwer amplfer develops im Carrier paweY to be 

rangm it and ofken ae her pouer amplifier and it also 
helg n rakchirg te ankenna impeden ce to tte load of he 



A ReXciver.l9.0n echHont cirkuik Or devíce Hral recehve a 

Janal,pracses it, and, producs an output sgna 

-AN YeCC0ver ReCeNeh AM, Signals 
N TeCclNeY ReCcveg FM signals 

Based gn Furcion: 
Supernelerdye Reccivers- ues a miker lo convet te RF signa 

to a buer Frêguercy ignal 

a-piect conNarsion Reraier:-aon verts he RF Sinal directig to Hip 

bnse cond ealgnal[rund Radio Arequeny Raer 

-Radar recelver 

3 ireles3 CommunicaAienor) communication Receieg 

ty AM Broodcast YeceiYeS 4 Radar Communicoien 

5- NaYigalien communtaAi6n M BIÁat Receiverg 

An recciveri l8.a devee thab receiv and demadulalegi 

FreqLercg modulaked radiG signals extracing the 

|audio or imormalion. 

LOcpl scilokr 
AGC 

Qnd 

öniplie 

original 

:: 

De-cmplasis 



from antenra 

recclver tten 

an s0lecls te desired ado FYequercy Arom rooming 

eboiagretC haVOg. 

Poeds Hre eignal lo the RF Tungd gecl ion 

te 

U9eg a tunc 

elt te specific FM bioodas gtalion. 
cicuit oftena rasonant lc circuit 

Hungd cirCuit allans the receIver lo se lec+ tho 40sied FM 

FIequency ram Hhe rodo FICqUercy band. 

Th 

h. Nixing ard IF ampiAer 

dn 
mtcrmediade Freuency that 

selecBed radio Hequary an 

Agnal cuhich is tien ampied ond to NenONe, TOIS? ad uuanl 

aanalb emurig oniy the degired signal pakcd thicugh. 

is used ko mia tre RF signal with the local Oscilalor sgal 

ithin. tre receiver 

hihe damodeilaBor of ten a discriminotor Ehat converts the frequny 

arnakions m He TF Ampler (uinicn vepresent tre original sim 

p audisigial} bock to tre audio sigral, trere by iecovering te 

pig ina l agnak s loe: 

te recovered audio sign al is then ampi fd ko a level guikabb 

FOY dYiving a Speaker t hacd plo 

|Te ampiied audio signal s sent ko a gpeaker allooig 



FOr 0e cmprasis8Deemphasis i3 used 

to dekoct Blgnals tii 
DeMOdulakor is used Used to debect signals 

Enveloped deBector t3In this, FM ye o 

8 NO Ted For De empasis 

COCupies lOKH2 SPace 6 BW CCCuplS up.to; 
control tne FIequery riiR 

|5 Limiter i3 noL ud m AM 5 Limiker is used to0 

9MHZ4 108M17%S S 

9.sound /smore clear in M. 
imputo Eo rece e.. 

( FM 8gnal is applied as i 
FM YeceiveY 

445 kHZ TF nq: 

545- l6co KHZ atiprequency Yarge ca 

goud is rot cleaY 

input to receiver 
JtgiAM ignal isappled as 

AM recelver 

Comparison bekucen AM ard FM YecClNCr : 

Signal 



Radio 
Antama 

RF ! 

od 

Frequency: 

raelet. 

QMOdualor 

paLcckot 
Aulio Audio 

Ydio Fquercy (TRF) recelxx e s0mplost adio 

an)ver. Thne above Fgure ahou8 tte bck diogam of TRF 

Amplici 

sAoge i3. RF Saqe which conkalrs ko or thre RF amplieg. 
kunlng at mput ard oukput sits. 

The3e are Hhe kuned amplifers For 

te eceiver antenna Yecclves signals Pom different sources 

Mu roeer with he elp of tuned RF amplifieis desired 

e sel2cted slgal is"very eak and is again ampliied in RF 

slaqe. 
te demoduoBor celecks He madulaked sjgnol ad al He ed 

demodtulaor e get maoulating sgnal (1e, audio sigral). 

amplifer amplifies te audio sighal. 
the audo 

Dawbock3 of TRF receivers 

APLer nis. tre audlo signal is ampi cd by a paer amplfer ko a 

dzsircd pouer (evel and gie it to te ladspa ker.:g 

the laudspeaker is a Erangducer whlch cranges electrical signal 

indo Gound signal: 

-Te TRF Yecciver sufbs to cgcilale at high Prequencieg:) 

-te seloc!viky c TRF 03 poorisI ivg 

B-TRF TRcc\vOr Raczs bancwdeh Variakong er the kning rarge 

erefore, to overcome Hno drawbacks c He TRF receiver r Use 

he euperheorodure reociver: 
mOst o the ms Superhotexcdyne Yecoiver is uyed anly in 



'A Super rolerodune RecONer is a type of radlo recciver trot 

uss fiequancy mixing t onert a recclved signal lo a fo 

IF Onge which con e eagilu pr cO3SCd 

I 3 the most widely uscd radio receivrNN. 

Ankcnna 

RF 
MiXCY. slaye. 

Beillator 

IF 
1Ampifc 

Ampífier 

The RF aage conkaing kg or more amplifiers which ampilifes 
te inicoming.message aignal (o) comig Pom tha recelver 
antenna. 

knd megeAge ggnal. by using a mAer 

Aoer 
Ampiley 

Arother elgral ie., local cgcillakor sigral is comblncd wltn te 

APer posing throogh the micr.te 3 given to te IF Amplke 

sThe If ampifier provides, most of He gain e, 3ensitivily) ard 
eleckiviky f. the receiver 

a poucr Amplifier. 

e rf amplifier haVe narrow bandodtn, 30 it YejecBs all the 

cHher FrOQuencies except Inlemediahe requency (law 
Then the algral is applied to the demodualay, it extrocts t? 
original mdylaing signal (e, Qudio sigral) 

e Auclo, amplifer provde parlicular vottage level ko audlo 3igna 

Alast the oudspeaker eonvarks me elechieal signal s" 
thre audlo. ThUs Hhe ariginal 3gral i3 cceiYeo 

THe WOrd helerodsne stands or king rat can be obeened 
im the RF 8taqe Therefore , Hnis recejver g colled 



orialiens in te 
NO 

bordodth 

choral Rejeclien.i 5haty is adiacent crannel 

Lue kiw iat the supohlerayne Neceivar ig a bottar Veceiver thana 

wtd vadio Frequencg recciver. 

BuL im 3uparhetercdyne veceiva, he face a problem CF age Frequeny 

Lte prob lerm is tnat m tre Frequency convason prces Caricd out 

by a local 03cillakor al9 uith mie Halit practccg a undegicd 

AIqUGNCy in addiion to 

o=fs+fi 

inoming Peuen 
PAe krow Hhat the bcal cgcilator ALquency is always mat higher 

Hhon e icoming sigal Fqueny ie., 

•ocal 08ciloBor- Prequency=degired FQQuency + mbormedake FiOqeCY 

NOO COngIer requency Pai monages o veach mie i-e 

Te term s 3 defired as hage Freguency ard is defird ds the 8igral 

inkemadakc Ficquency. FYCquercy plus, koice He 

|AoTOMATIC GAIN CONTROL (AGC): 

e CögeNe Enak ohan eurd comes Aom loudgpaker. it 3hartg 

tumg (varialiong in signal) ith Q varg d os much as do or todb. 

T the carrier is minimum He loudspegk oukput gels imaudlb ard 

2t mixed in nolee .ori the carrier i3 maximum, the buds,peoker 

bakput teons mlobkaby large 



boloh The slmplegb a HHe most efective'mang adoptal to 

He fodlng ie e oubomalc CO1 galm control (PGC) or Autormatic 

olume control (ANC) 

Tthe. AGC syNem redus the ampikudo variaBien cue to fading. Ao 

a high olue o 30 to hodB to amail yalue. of 3 to 4 dB. 



Anplikucde Limiting: 
Arplikude liniing imalvcs vetricHng te maximum ampl1kude 
.a saral to pievent dekoriin tÝ QxCdin g the, capaciky 



analog ysCm ne AM ard FM amplkuce limiing helps 

Lainkain lgial quality by prevenirÇ overmodulal en and b! 

TacHIg HIC YecelvCr Aom varadjore m sgnal trerngth ce 

ais an te kao kypesi eoft-limEjng (aradually leducing me 

nnal 10r He lmib)or by rad JImiing (complakey eipping H 

egnol exceodlrg a Hycghoc 

N'- In FM receivers ampltuce limmiBer3 are emplayed o educe 

uuonted ampltud² voriotions pyaduced by roige 

RE 90Bion chnctaristics: 

te RF section maimly consigls c threg chayocherigtics: 

0 eensitiviky 
(o3ceckivity 
oFidelity 
hese ave also caled 09 RCCCler paramekeg c supcrekeody 

receiver 

(6) engitiviky 
the gengitivity of a ado recerveY ay te 

de fred as its ability to amply weak 

S0gralg 
The typlcal value o sensi~i viky are 150 VOlt 

FOr gmall broadoot ad 4 u Volt or below For 

High booceost receiverg. 

()eclectrvitg: 
The selectivity o a receiver may be dened io0n 

a6 t2 abilty to veject unuand gals 

e0ecEvity ig te moin FacBor whch 

dokerminc3 tne adocent channel recel\er uo 

1400 

20 -10 1o 20 



eceivcer oreproouce all nei o 

mOdulaking Aequeneies cqually 

in dg 

the FQny'deperds on Ene FrcquenCy 

regponee of Hre AF anmipier 
iss0 

Minimum 

AkH2 



ImPser 

UNIT-N 
Introductierl oF NOI9e 

A 10i9e is an unwantod signal hich aluays imlereyo 
Jibn the original aY meBage sgnal 

'A Tose is deflned as,it is a und'S.rabe eechrie 
S§n irot ais witn te pasbard cf tre Sisna. 

that inf feves. witn #e C Com muricalion 

(or) 

Toige g anything 
PYOCes wh the Spaker an d Qucenco 
-thege inlerfeving eignal is usuolla nndom Fluabinu 
volkgse or Cunen 
NOiee can be diyidO nt0 to typ2s 

1-CoreIated nolse 
2uncorrelaHed mOe. 

-Coneabed moiee 
Corelain e xists a rehienahip betuen Signal and Tag 
i3 CCCurCd. have fore correloted nojee eistsonly when me 

Sigral is procentCd 

ncoreoted exietS all the ti me whetner Lhere iso signal ar o 
he moise con eo araise from diHeyont typeg a SaNcOg ta 

1-Naual source (ExAernal moiee) 
Q-Mamado sowce t(Irdusral Toiee) 

3"FUNamenkal goor (Internal TOie) 

electronic stome, gohy flave, and radiaLen im gpa 

he olse rgnaing 

-The exEYaterriehrial 
1 golar noise 
2 COSmic voieo 

solr oige ig the 

Yadiatien FYom tho. 

identicol to tha 
aleo are large ho 

2 Mamade 30UYC 

he manmode mojs 
procesS m a cume 
EX Ele�Hical moL 

arcrat.leakag 
3Furcamental 

COmmunicolien 
Inlerral Öi92 

Tnemal Toise 
1: short TOiSE 

a par Liien T 
3LOW Fequer 

5-thermal T 

||4-hort nOi9c 

The srort e 
8hort i9e. 

Im all acHive 
the shot o 



rom Hre gum and ouler space is 
ol8e ogaing om te 

Tie 
exiialeristrial TOiSG COn be Bubdivicded into tuo groupgi 

noige ig the olpcrical oige and trot ill take te 

mdation FIOM the 9un. 

2 

noiee is geneiaked Prom the lorg thig is 

nal to the Toi Vadiakod by te sun becouse elore 

o, Mmade S0UCeg NOge :-(rnternal Noge) 

tha Tnannde Toj92 ig gereralod due ta He make ard bIeak 

ciCut 

E e�Hical mokovs. wcbng machines, suitchig gears, automcbile, 

aicaA . lakage of high volloge Eransmjigsiert. 

Fudamental gource � Naie (Intornal nig) 

tis type of TOI92 i3 gereialod irkeraly or wibhin #e 

communicakion gysBem. 
nlermal TDie iB vandomy dietribuded enie equency 

Tremal 0ise is clasifed mo 5 tyreg 

a- parliien TGe 

B00 FIeQeny Toi9e (or) Flcker noige. 

4-8hort moeC: 
the grort TOisQ iS ploduckd due to tO shert 

w 

'30r TOig2. i9 prCducad in all amplkying devcc8 athey tha 

m al actve evices 



in eloclons 

Roomula br slot roige an be colnim Ont or db 
mean sQuaNe short oise Cunent Ra dicce is Qjiven a 

In: 2(+9 lola, B amp' 
Where I i3 tte diC ct Qurrent QCIO9s he juncHien 

To ig te sakunben current 
Vis te e2ctronic charg2 nd 
8 is tho clocve noie bandwidtn 

The sot oiee ig invorsly to te targorductonce aid 
diectiy popovtioral to te ouBout cuent 
Ex:- diodes Qrd electon Cubes 

2partitiern Noee 
I is gereraked ima circut uwhen a Cwcrt has to divi 

EXi- dodes 

3 Low Frequency oise (Flicker ngsc) + 
*Here, ths YOige is qereraBed helow Pew KHz In thS 10e 
|C TOiSe Gnlg particular pco oise big to te apPear s. 

e pouer gpectral dersity c this Toige is mcreaN?9, tien 
e Ha�ueng is decreaes. 
EX1- Vaccum tubeS, 

|High FHegUency ise (transit -time Toise) 

Jt s Qererally cbeerved in 8emiconduc tor devices e 

tre trangmit type o chage caries ersing a dunctian 3 
Compaabale withn te Hima pericd c me sigaL 
5 Thermal Toi9e 

A trermal Töse iYandom and ts relered 
or �ohSon oce. 



du. to 

YOdom vayate. noiec Lats ganral n a 
He 1esicAie COmpents f compo% tmpecane 

adoms. 

MOcel oE NOI9C: 

8 

Fiq A NOisy recciver Mocel 

Fig:-Tdeal cocteriic. c BPF 
F 

Seress and. GPS.eceIverS 

"ReceiveY madel in O iS uscd for caring out the roie 

ith jehked,aralysis 

plot 

Receiver oige is divety velaked to trermal ToiSe dyramC 

he 

ere Qxe Hnee tupes d TOI32 im receNor. 

S ruSngl) 

|Curren! acres the gerfor: 

thrmal noGe: tho elechonik O8e geneaBad by te therrmal 

| ite elacBans imgide n electrical cordudtoy at cguilibrium. 

|2-0ark auNent mseI is the staigtical ariatióry af dark 

quantum moige: Tt i8 algo Colled as quartun ottO. 

II is th rarcom prcccss due Ao fxati oris in te o. 

protong reac!ina tto dttor rom poin! to paint. 



openlon 

·In a cicut ig Nedver model, nikialy 3(4) is t 

noomlng nduhtcd saal and etU) B the addiEve whita 

" 

oiee veciNeY modol: 

ussa 10j90. 

Tercore, te recleves signal. ig the Oditien ot s(E) 

the ombined signal S(+cAE) is posed though the 
Filler, but it is not a ortuol iller, It YepieSerts combim 

Fitoving acien cf the ured amplifers Used in Hre veciwOy 
prèay to the demodulator: 

tho barduiden oÁ BDE is just aulfciert to pas SE) Sgu 
witout ang disBorion. 

anNt 

e pouer gpectal densitu e ige is Nala ad Hee, 

No is He averae mOiee poWer. 

bard pu 

Tme banduidth of BPE is eouol th- tta tHangmissien taroa 

oY message slgrol st). 
Tthe' mid band Frequoncy BP i Psmal h wih the poue 
SpecEral dengity N() and the mieg nC-) due to tte ms 

Wee s(t) is called nphaxe TOSe 

Tiglt) Qud phose noige 

Gereraly, >>Br in this corditien Pilter TOise nCy a 
Tarow bard Toi9e Herce, Filer noiee ni) m Canonical form 

is gien b 

/' he autput of..bordpos Filler is 

Signal is appied to the input 

Avg 1oe power: axNOXB 

- NoB 

X)gt) +I) ael these 
re demodubtor. ard t) 

Tm 

Aoiein 

pSSSS8, 

AM 



NOige in D30 glgral 

30) 

SNR Avg POuer m s) 

Avg poueY in filter roie C) 

D8B igal we ae usig ko gIdebands along with Carrier 

sigral ig uged for to -Eansmitting, te sgnal. 

DS8dC ReCeiver Tojg2i 

0SB 3ignda is again gubdlvided nto kwo0 kypes , oTe 0s 

pSBSC and D3BFC. 

debector 
lhperaien: 

this type d model is used Ror to aralysis the coterert 

poini 

fcssanfeh 

In tnis cicuit diagram su) i3 the deese moduhked signal ard 

O) is the additlve white quossian noi9e. 

For combining thege two sigms ig pogsed tlough BpF. I 

IN Band ps Filter it Fillarig t� slgral and amplyfying 

it and it Can produCe Filter rolgo ar onow bond oiSe 
or 

because the bondnidh o :BpE.s yey. small thats wny t 

Can produce mrrowband tyge ce TOIRO. 

|Let us congider s(): CAcCOs (2lct) m()'-)... 

MC) =M() ngenfct-Ta () sin2fc 

ilAer noise. eq in caonical brm o fird 

Fm 

ig 

pSm) dp 
-frn 

Then, tre olp o BpF IS 



K(t) Slt)+n(E) 

CAc COS(pfçt) m(el +111(e) OS2nfet -Tla(t) Smonp. 

rhem ofler pasing thiach Product modulakor," 

V(E)= x(t)- c05 aFct 

[seente) cos silct 

*CAc cos'(2ng) m(4-tU cosmt-g()smsilçt Cos 

Sm2 Here, cose : 14Cas9 

Then, after possing throughi LpE:, P get 
V(E) CAc m()+E). 

Ater that we have mulilied the signal x) by 
lccal osciliaBor c08uot oY co% aTfct ard ten ig pat 
5 pased througn the LPF.IN LPF ,it is used o 
it allbus Iau equercy componanks 1ard it Qccumuh tte 

hign Frequency comporento ard ten, trat aw Hrequeny 
|components procuce as output 



NOI2 m g98 8gral: 
368 MOJulakas 

NO IR29() 

F0g* A To9y eoelver model o? s98 signal. 

S98 slgnal e ac going to use eingle side bard 

or trangmitting tHie sigDal it COntaing more pocr 

compaed to D8B 6gnal. 

la.Yeceiver mokel of 398 Tmocel ae usd ky analysis o! 

coherent detectien cf g9B Snal. 

operalien% 

Ror 

"In i3 cireuit diaq0.m 3() i9 He 99B modulated 

Signal and ustt) is the additive white guasjan o132 

FOr combining tege Euo signals 8 pased thraugh BPF. 

IN Bordpas Filer, i filters the signal ard amphfy t 

ard it can produCQ Filer nORe oY Tarios bard moje. 

'Becavse Hhe. barctujdth P BpF is very smal! Lhats why 

t can prOduce hanOwbard type o rOie. 

of 

APHer tho! we hae mltipltd the signal x(t) with A 

local 8cilaton-coscsc t or CosAIfeE O then: tig prcuet 

6-passed thiough LpF. 
Prequercy ompanenbs 

IN LPF 0t ig bed Por ik akauing 

ard it cCumubkos te hign FIeQeny. compOnent 

tat bw fequency Components poduce 03 oukput 

components ard tren 



SkU)-Ae C03¬t& m) t Ac cinue t me) 

ard te 1oise gigml is 
1(e)=)-() OsAct.Ma) SinLt 

"After pasing thage tuo signals thiough a BPF e 

x(t)= g(E)+N(t) 

Talt) simet] 
Then he Signal. x) 03 poyed s multipld by te 

lacal cscilalor siaral cosut by using a pYacduct 

SInusct]| Cögubet 
Ae C0g'st mCt)+ Ac sinLt COSisct mt) +M,(E) COsa 

Cosg - |+ C0320 

5 Ae mct+ r(E) + Ac m(L)CO3Qutet 

Then, aPer pasing thróugh 'LPF, 0E allouws. ry 

buguencies CNd the oulput is giNen as 

t,(E) C08Wt 



ajd 

And the Qukput of 

eTECTOR 

(SNRo) Em No 

nole 

NONSe pERFORMANCE IN AM ROceiver smg Enelooe 
4 

operalien: 

oucr ig aiven by 

Fig A Noiay Moole c AM Receivar 

DC ercki 

In an AM Wae both sidebads ard carier e used for 

Capocitor. 

CapCcito,. 

n AM receiver, DBBFe -mdulated sioral 8) ard lge is 

|apoied to He combire sjgal. 

AeY comblníng thee tuo sgralst is passead thrcugh Hu 

|BPF od it will Produce te oukpt as slt)+n()-Hee 

|D is a kxOW band ORe becnue BPF is ovigg low 

|bandojcth. 

|gain .A s OACo thiagh te cnvelge deector it is 

|GTe tyge c AM ehecto, it js ukd tó cxbocl the 8mol 

Hom moduotigd wlVe 

TN this output ome de 8)�al coill appar tr 

ig tnb urcom eliminale tte dc sjgral in t2 



Acald vuson o mu and noe. 

mput aNR O predeleclien gNR: 

"Casid the AM equalon as 
SU = Ac (1 km(u) ostet 

Ac 0gust +kmc) Btot 

St)-Ac0Lt t Ac km() CogÁct 

Cavrier signa! Inßormalion d sgnal 
Input power o caY signal -Ac 

Average. input signal pouer : A A **p 

Avg zlp NORe pouer 
A() 

QNam 

A TOige ode| o BPF op (t)= nt) +8b) 

ME)= Ac (1+km(e)c0gct +iyt) cos; -Ma(t)sinet 

olp of ENNelope detector yt) : |x(b} 

4(+)= Ac + Ac KmcE) +, (). 

mg Gigral Inphae comporend 



"APer pasng thvOugn De capocitor 

op of 

NOIS2 poueY Noige of PSD B:) 

Joct)- Ackm(t)+ (t) 

6ignal o.or pouer AC K'p 

olp SNR (BNR), : 

S(L) 

e Ne x2Pm 

NO im EM ReCieyer 

FM 
toulolcd SttMuse) 

alp eg pouer 

BPF:: 

op Noise 

No Pm 

NOig0: 

pouer 

Ac KP 

The type c¢ FM VQcejver are uged Por to cakry Cut, the 

Toise arilysig ia FN 3ysBemm:.i 

FQ:-, A NOley Modal of EM RCieVer 

In above blockdiggram , st) Yepcsent He XCCeive FM Sga) 

a FM maoudaled sjgnal having a. Comer Frequency. Fe ard 

ransmissien badldth B: 

e asume thot all he AransmitHed pouer lies ingide te 

|FYequency taid fct Brla. 

Combining thege tuo ignal, ie, FM and 70iee' wit), Hey 

oduce s)t(t) Hhni is paed thNcugh the BPF: 

e BPF nag a mid FreQucncy (Pe) and m bardwidth ig Br. 

s is eg50nLial morder to pas te FM signal wittout 

| ahy Digtortjen 

4 
Br is gmall as Compared to fe shat uhy this TGiBe is 



naiuad as aubard Toe. 

) ¿4 KPRRnkod in h: lom of inphae and quodt 

Linic: 

In FreuenY MOdulal ien .only carrer Frequency 

i3 chargcs vdid Hhig Aom nappening an amplitude, 
miloy i9 Connected oltr tre BAF 

DSCriminalor 

quodrake, 

dBCriminoloys 

LimieY 

DiSriminalor is mving o Lupes, Frequcncy 6 phax? 

These tuo disciminalos to provide Prequency & Phoe 
lo te sigal 

Tetuork having a Duyely veactie trangley FuncHon ad 
erveope dchecBor 

LOF 

Bothn these pavts ac implemerded as inkegal part a 
|Singke unit 

TreSe LOF is connectod atoy the digcrimjnakor, the bardusdth f thig filer is just arp to pas higne reqUy cnponent of te nessne signal. 
ThiS Filler will Yenmova all out of band Frequerncy 



NOiBe perlormanxe of a FM gslem:-
lrie oulput of BPF cansisds of riler comporents me) 

noise us(t) 
nOi9e m(E) Con be. CXPIC3Rd n tormg o inphae 

ond quodiaBer T09e COnmponents 

e MOdualed FN 9Ignali9 given as 
E) = Ac C0s(2nfet+o(b) 

The TO8e Signal is given asi 

WeYe n(H Can be inkerms envelope & phae 

nCE) =X(E) COS (21fck t W) 

kihere x(t) ’ ayleigh Disktibut0n and is given as 

nE(E)) 

Then, He output of BPF 0S gien 

X(E)- S(E) +n(E) 

(t)= Ac Co3 (2iTfct +pE) +x(E) CO9(2fct t9(E) 

-Ard te output ot Discimanakr 3 glven by 
X(t) gin[()- ( 

e(E) -E) = ton 

(t) = d()- on' ) Sin [E(E) 
Ac +X() os (yC)-øCe] . 



art 8: 
Puse MÀntbn 
"A pulke mauhlion is a tyre of mod«lafian m 

slgnal is a'sntted in He form puleg 

Tn pulse madulakion is used to tagmlt arnol�q 
n tte onino0s sgnalg ave sonped at egular 

usig onnlog mouoien, pulse modualien is chsicd inh 

t pulse Amplitu ce Molulaen (pa) 
a-pulse width Modulaien 

-pulse psiHen Moduloien 

pulge Amplibude Modulaien (pAr) 

inbmaken 

pulse idth Mdulaion (PuM): 

8 encoded im the ampikde of eeries c sgral puss or 
TE ls Qanolg puxe mod. lofion, n tohich te amplitace 

|Carrer pwe is yoried acoovlina 0 +ho ganpled vclue f 

iHerval. 

In this the widtn of e carier pulse k Varicd Qccording to 
He moduating sgnal 
It is a metod veduclng te aeIaq poulY delieerd bg 
an elccricnl signal 

Pulge position Modulakien (pPr): 

) HiS motulolion , li ayerag volkogz fed to tHre lod is conhols 
y Auning tte Buitch etugen 8upply the lcod on ord atl 

Post rata 

CË He Carer pulse is Vared ocoding to tho medug 
Signal. 



MOlublierm , in which 'M'megeSage bits are encocod EYOnSntEing a singe puse in one of te am 
RsIb YequCd time shit 
autput wave forms o PAM. PUM and pPM:-

m(t) 

PAM 

PRUM 

Amp 

1 
PAM 

Comparign ketccen pAM,PWM and PpM: 

In this amplitude .In hig the oidth 
o carrmer pulge ig 
Vara acC- to messax 
signal 

PWM 

3-Bw ig at tHe 
eds on Ampitu 

o the carrier is 

Mecgnge sgral 

Corier sigral 

3Bw depends on 
rise time 

t 

PPM 
n his, the posiHon 

of carrier pulse ig 
yaried acc to meSS0geVayied aac" to Tre 
signal 

3" Bw deperds on 



is vayied 

Bandoidth cases 6 AAdwdth ncY0e GBandwdn 

I0- Ampikude is 
poprtioral bo 
mkulaing Sianal 

AMplhkude modulaie M 

high 

brwidithis directid 
Propovicnal to 

DCM Modulalion and Demodutien: 

TYANSMBSen yemains cOtont 

DgiAal Modubtion: 

Immunityis 
Increases 

Coim te origiral sgra. 

tigh 

p"M: 

NOduhbing sgna mtlaiy 4igra. 

o psitien is dieCLL, 
prcportonal to 

M pCM a megeoge slgnal ig epre3ented by Bequene o 

Cod pulses which ig xepregenking He 8ignal im disaee 

m oth omplitude and ime 

In pcM it Conorts aralca imlormalien imko an binary 

Equenre (oc1) ond though the demodulalien prcOs, We Can 

In peM tochniguts dYe used for a gerics Tumbers or 

Te Ampitode of te signal 8 sanple and indicated 
the binnry cocde (0& 1). 



Bck DIgram cf pPCM: 

Fnal 
chanet 

eM p wvePormg: 

T 

Regerorakive 

Filtor RccorsrCiLsHna 

EnCodeY 

Sire une 

peM 
olp 

connel /p 

P umplnmg, a-quantizokian od 3cadig 

Perentialpuse coe Modulaien (DpeM) 
2 Alaptiva Differe nhal pulse cod Modulatie ADPCN) 

-E181 

In DPeM. i3 a sqral ecodina pricoss hich Ocdis (n 

RicEonalities baced on H2 predeLcction o the sanpk 

PM Ba ADPOM is a techniqe Im which the sjze te 

|9uantizo lon gleps is Varicd to allouo for te reduction c 

te Iequired barcoidth t0'a giem 8 NR 

e poM proct9s is done through te folouing SBepg 



IN CM pocoss, iA is posibe to digitize all Pairn. 

analog dada 
music voce LelemoLyg, Full moion vidc0. 

TO CbLQm pCM From qn analg wavelorm aA tBe trans. 
end and to CoveY! Hnl message gnal imAo a bina,y 
Fm a pIocess is knoun Os Quantizatien 

"A the receiver , by usng demodulalien te signal s 
COnNerted into othey formg. 

PF A LOF telps im vemoving the high equenc 
Components included n he imput c analog si¡nal. 

EampBer :- It helps to collect the sgral at any Eime 
G the me9eAe signa l·The sampling frequency i3 

highey than tre modulali g Prequernay 

QUonizert- IL is uged to help to .minimize r2 eror troua 

tre procegs is known as quantizig The gampled 

Output when passed thiough a quantizer then it redices 

He umecosgary beats and also helpg im a ompessing 

re dbtaim valueg 

Encoder:- The encoder ie uaed Por digitizing he aTalog 

RegeneraliNe repeaker -It i8 used to compensake for e 
Signal bs and alg0 to elorm the agal Tt ago 
heips to marcasa tre signa etrength: 

Decoder :- The. decoder elps to form the oiginal sna 
by decoding tre pulee coded uaveform. 
ReCorshruCHen FilerI relps to. obkam, the orgna 

8ignal m pcM they given anaba signal n 



iI.. dig1tized cded and samped. TO obtain tp 
iaina! signals he uhoe process s Vepealed in a 
eveise pltem. 

Advantages 
his is uged in long distance Commun icat ien 

BEfACencys high. 
psodvankages: 

-pCM i8.a Complex plocogg becauge itinvolves 
decodl1ng and quanlizolien. 

Quartrzalien Nolge: 

Tt Yefers to tte noige trat er0sc9 when a contincus (a) 

aisgcte random vaiabe B Conerted mto a digita 

epresentalion toith euer leve 

NSe 1S mamly Contclied by using ode with larçer 

Valucs 
hls quanbiEien is many ud or taw tre sgml is 
Hansmitted though te procosg to tne Uput is Koun Qs 

onizalien. 

Comparigien betwpon FDM ad TDM 

FOM 

FDM refors to Prequency 
visian MulEiplexing 

encalirg. 

FDM 0S prelerred as 

mabg signal Por 
Erangmitting 

TDM 

TDM Yefers to ime divigion 

Hulipzxing 
a: TOM 0s prefered as digita| 
Sigral Por Hansmiting 

l: 



3- 110 slgal which are to 
be mulliDi2od are aded in 

CCCupy dike rernt sbis in 
hequercy donain 

ynchnzak ien s Tot 

CAmpex circut ry 

B Comp 
GFDM Yequires mote less & TDM haying more 

m tte trangmitter & recêh, 

is allcatod to theY 
n FDM te Preouency barcsIN TOM.te Eime gcts are 

aliocakod ko teiy indiv'duol 

indlvidual sots 

data ato Lormirals 

Delta Mulat ien: 

Samped 

sanes 

ionje Decoder 
olp 

4 the signat are to te 
mulliplexcd Can Occup, 
Cntine bonduidh V 

CuantzeY 

-Synchronlzakion ig 
required 

5NOC effiency 

(a) TransmIttey 

onds 

tt'is guitable Par highc 

ia ate teminals tayed 

On the T-C channe l. 

DM 

ACQuTulator (P2ciar guo) 

LAFR2 CONStruces 

Sigral 



UNIT- V 
DIGITAL MODULATION SCHEMES 

Introducien: 
A Digilal MOduhlien i3 te pocogS of encoding dig1tal 

monntion Signal Into He Amplikude ,Dhase or Frequercy 

c tho tansmitted signal 

Dgital M du lo Lien is ene of te modulalien metnCd in 

huhich discvolo gianal are used to madulate carrier 
digcyete 

yemoye 10i92 
ve ard 

Bom th waveg js known as 

digita! moduhtien 

Dgital Moduhlien is alunys povicOS Tumbers or dcreBe 

Values (o1) 
Dgi tal Modulotion provides incIensed chta capacity ard it 

pIOVvides more nformalicn socurity and hign speed 

QCteSDbility and high quality transmigs ien. 

|Dgital duloLien is mainly used to Veduce the cammuni 

-COlion TOISe 

Digtal modulolien js usd m oble TV ard bioadcast Sysem. 

m aog Modulatien, the sjoral con be epreSert ang valua 

JIhim a ange tut m digtal mmatubien it can ony vepresent 

digcreto yalues of 1 md o. 

I1 anal� moduaten it is diut ko eparat. noige om 
tre signal but in digilal modulalien it is easy to sepaú 
Sigral Prom the oiSe. 
In analog motalolien ,it produceg sioral. m thia carer 3Igrl 
i3 changing the informalion but in digital maiulofien, t 

|Droduce a Signal wtose value is changes at a gpacifC 
rterval o time. 



Psp Ask signal 

AgK 
Bandlimited 

caniersgràt 

Filter 
Band pasS 

BASkt 

ASk Sigra 

Geeraien 
aDUe shilt keying a) BASK (or) ON-OFF Keyrg: 

(6) Quodrakue plose ghift keying (ap3k) o', i6o, J10'. 
spsk 

>P8k is again elageified into kuo typg 

) BpSk (or) phase shift key9 o'a 180 

3 phase shift keying (PSK) 

Binavg omplitude shifE keying (BAS0. 

Q FequenCy shift Keying (F9k) or BFSK 

- AIplitude shifL keyg (ASK) (ar) 
pigital Modulalion is classifed ito thee kypes. 

TYPeg Dgital modulatien:-



GHaphlcal RepesenaLien o ABk: 

Demadulolion BASK: 

TOCaming iog 
ASA 

1 

Cos2rct 

Adeciaiern 
DeVICe 

ThYcahstd 
Device 

Demtjotn 
siami 
rsmool-4 

A9k Q) BASK (or) ON-oFF keying i3 a simple digital modulatlon 

Aechnique. It i8 u80d to Erangmit binary dota OveY a 
Commuricolien channel 

In this methd, bcre is 0TMg 1 unit energy Correr N 

or cfP dependlng upon the iput binory 8eQuence. 

The Output of ASk 6 0gral 1s depance on tre mput dtu 
eitnen) it is im high (or) low level: 
Hgn bvelsvepresent eymbol' 4' ad low evel rGpeNt 
symool 'o 
.te ABk. uye<orm con be repyesente d ag 

S.(): J2ps COs(21ßct) 



fe is Carrier FrequenCy 

ronkaing 30me complete cycle ox carrier Fvegue nce. 

HCICe the ABk wavcform reprcsent like te oN-OFF Signal 

SH) JesT Cos (ar fot) 

This mears ree Ig only ne carrier Funcien .(t) Hen the 

ciCSPOnding sgnale pha9e diagram 
Symibol'o' 

51gral spce diagra 

Here one. end iIl be at Zero ad oAher erd i3 to be 

WT then tre gignal ychgan distance betoRen bwo 

d: JAsT z E 

Generalien: 
For he gereratien of BASk, Amlitude shifE Keying (ASk) 

3ignal is applied as input to the BPF. 

Ask is te digital modulatien technique m which disocb 

Signal are uged A0 modubde and aleo to VemoVe Ere 

maiee From the signal 
Hare, He Ask Sgral ard te mrrer sigia acts as imput to the 

BQnd pagS FIlAer. 

The Funcien BPF 09 o alloo ertain Prequeay rarge 
thYough it ard rescct oter freequercis 

to pas 

AFtcr passirg through he por, Ho sianal gctg modubd 
0g Bandlimitced ASK 



24la 

DeMOdulatiên 
"te pemodulaki on o BASK 0s HC piocosg c extracting 

Hme onginal birag cha. Prom tro modubked gignal 
the mpeut of tre Demdulator ie Hho moulotd ASk 8igna 
abng toithe the carier sígal cos anfot 
he inpuk is Lhen Pe Lo Hne poduct modubBor, In thig 
he too Sgnals ao combimed and malli pled ad ten IE 

is given t0 tie IntQatoy 

it. 

he ntegrator operatds on He output   multipler Por 
Sucssive bit imterval, then re oakpubo tnteqakor goes 
to tre inmput o docis bn moking schao 

" NoD tte decis ion makira device compaeg the output of 

mkogiakor oitn tneghod covico. TP mm ko3 ceigion-1 when 

the tbreghod is exCeeded nd eambol-o en the hresrob 

B. ot eOa Herce , tue get:to dutpa as demodualted Sgral. 

a Bimary Frequercy shift keying 

Generakien o BFSK: 

Binay 

S2quence 

JON-OFF 
Ievei 

encoder 

Invertor 

8rSK Signal 



moduloEien of BFsk sigral: 

Gragtical Repesertalier o BFgk 3ignal-, 

sIgnal spae dagiam c BFSk g0gnal 

MeSsage ED 
poimt 

ochaoge o tf yeo 

M298AM point 
M2 

-Eiray Fiequercy ghft koyio is ore kype f digital keging 

|mOcubtien mOdLDLien echnique +Here carier Singal. Contalns tuo 
pedefned Fieguencies bksed on Hte input data seqenCe 

|BFSK lg use for to LYa ngmit the binary dta. 
thnoug tie chârme |. 
In BFSk Symbol 1 ond 0 are YeCated tO eoch oHer 

Aansmtting symbol Hh difleent requency by a 



Fixcd amount 

n BFSk the mfomoin 3 gtoved in FIequenQ 
un GFSK. ony te corrier freuency changed cepercs uPon 

Hhe m put Hnarg seqtence 1.0 Heve amplit ude is kep tß 

be congkont 
t2 input data 1 trn we gt tne împut frequerty moYe 

Qud ime Peid eg5 
IP he Înput daa is0 ,then tte Coyrier frequeney time per is more 

e autput cf BFsk dperds um the digital and Imput cha then te cQuctien BFSk B givens 

elsQhex? 

were Eb is the bigral enery per bit 

i3 9s ari 

GeTeralien Brgky 

Similary the othoomal bosje Funchien is ghen by 

In qenerat ien o BF3K the coming biravy data 
equence s Aist applied to te ON-0FF eel encoder 
By using an imverter in uer channel e in efPect ake 
BuIe nat when we ave One at tho mput 
In this case tte 09cillakor with Frequercy im te upger chonnel is autcred on ihie the 08cilQEor with FIeQUey Fa m te douoy &honnd is Suitched of w0Æn HO Yesul 

Simiay when we simple 2er0 at te agcillakor in t upper Chornl' Builched OFF and 082illatoyr m buer 
thannel i9 guwitched oy - ith He vesult requercy F 3 
ranmiLc 



m te 

of moduhle 

ume is hiflcd olth a conHnous phose in accordare iHh 

te Input binos chta 

HansmitAeY, asume tat two 09cilatoVs are 

busic FuncHion t) and dhC)ten he FYGquICy 

Coeent deBeclien BFSk 3 

detct he aiginal biary Scquence we may uY te 

Yecciver ,i corsist oY tuo COe lator with a common 

imput which axe supplied with a coherent vefeente eigno 

due) and ) 
The Cosclator output a2 Subkractod Hm eoch otor and 

the xesuWLing diflerence is y 

I y>o ,the reciever dccjdos im 

ctrer nand iP yo iit decidesg Im favor oY O 

e Vecciver makes a random guess im Pavour a 1 Or o (F 

3|Binary prog shift Keying BPsK]* 
Generat ien 

Blncgy 

Sequen 

polor 

ReceiNer: 

vor c 1 -0n tre 

Aoduct DgirDàrsf psk 
MOdulato. 

cos(aTf ) 

Adetsign 
dvice 

Theshold 0 

(Choosel y20 
Choose o i! g<0 



Gilaphical Repvesertatien o BPsk: 

Binogy 

Polay NR 

-A 

Signal sPACe dlagam of BBkr 

Negsog2 point Messoge point 

In BPsk te rarsmitter siqnal is a Simugod o Fixed 

amplitude ,iE has oTe Fixed phase when Hho doto, i8 Qt Oe 

leel ard when tno data ig at oHer level, tte pha4e diflers 

by 180. 

T Hhe gmusoid is f amplitude (A) 0L has a poer 

>A: (2ps 
" Thus tn transmiter signaL is 

S(t)- \2P5 co21fct when symbol 1 (o') 
S)- 2ps 0s(2nfet +T) wen symbol o (80) 



m BP3k He cota. ka (t) o of bìnay digits with volkage 

when b(t) = 1y then it is kgic evel 4 

Wen b(E)--1V Ahen the lgic level will be 

Ten te BPSk can be xewsite as 

ginibrly, e recaiver signal. of epsk 

Vgpsk = bt) 2Ps Cos(wt+). 

seneatienof BSkt 

BPsk. POSk is a digital mduotión tochmigue, in which Er 

pree s chaigod accoldhing to te ari signal. 

Tho input o tre BPsk. is the binary chta geQuerco, 

which is CAplied to polar Nomzeroreducor snicoder. 

hen tro 3ianol. is and 4, 
|"TYe polar NZR EnCodar WOrks as When Er 

It prccuceS utput otn when o ard 1 

USually when te input ig o, ore is no 8igral but when e 

o i3 applied to palar NZR, 0E produces tne sigrat 

TIen e sigral is given input as to producl Mduatcy 

In +e given eigral and qiven 
ortoromal basic Functien are mutilied Hence, the autput 

8 te Biarg pgk sjgnas 

Recciver (or) Demodulolon: 

TO delect the arigial sigral ie, binasy data 82quene 

We ave usig ye receiNer pant 

Tt Cons0ks cf oe Coe htor im which a product mpdulator 

d integerator. When tre mput is applies to yre onehkoi, 

te cinput sgnal albng with Hp d/) sjanal aNe modifie0 

and hen given to te decisin maker 

the ploduct moaulakor te 



In te dociglon device te gven signal. assune 

along oith the thieghd sgnal are appled: 

The hcisien dovico aiver he oatpu!1' ahern the 

CuBput y0- cBncrwis0 wion te output is o, it meah 

thal y0. 

FIam the gvaphical epresenkobien, it i3 clear trat the 
autput has a sudden phae shitt ihen te pdar NRz 
Cianges Prom 1 lo o (or) FOm o to 4. ie, called as 

Biayy phasc shift Keyimig: 

Quadrate prase shift keying (apsk : 

Quadri (or) Suarternary phase keying 

Gererakion f apsk! 

Binary 

8equcie 

Polor NR2 
teve beulipleyeY 

Demodulaien apski 

Guaeinkuyc 
Chan nei 

In phase channet 

bol) 

thershald-b 
pec1s0n 
DeViCQ 

equcie 



te plase � tte caier Signal s aried deperding upon 
tapsk i3 te one type of digtal mmaoulalion beçhnquQ.Hee, 

hase 
I1 GPSk ag with BPSk.. He informalien al are sEoved m 

ike 

is knoun as Corerent quadiakure plase shft keying 
It is a bardwidth oreerving (pcteckien) TmClalien cheme 

ecislen ecisien 

Siaral gpce diagram apsk. 

Qpsk: 

-A 

NQZ 

Wave orm 

*a 



Te equaben of apsk. is given by 

9E) 

0s (znfck t (ai-1)4 

2 cos (21lfet +(a)-)H - J2 sin (enfct 1(31-9T) 

elseshee 

E Erangmitter signal., energy and 
T- Symbol dratien and 

Hre carier Arequency fe. ne Pov sone fixed integeY ne. 

Eoch p83ible volue of tho phaue correspord to umlt digit 

In Qpsk it ig -having tug orthonovmal basie Punchiers ies 

T 

eequence. 

6i(5-cos (21fe t) ard dt)= sin (e+hct 

Tm Bpsk,carrier ggral is modubled by usng4 bit but in 

APsk arier signa ig modulatod by. sing a blt8" 

Gemevalien of apgki 
digital modulalien tochnique im which the 

Camer signal is varied according to te given input a1gnal 

As QPSK there are h possible combinatiens of binary digts 
data 

.e., 00, 01, 10, 11. which acA3 as input binry 

Then to' polar NRz .Fder enodos Ho 70S and 19 te te. 

ulues to.all. 1s hat ig tre non rern ~ero Functien. 

The output of the encoder is then applied to t#e' cemullpexo 

Demullipkser epaoteg the given signal m een ad o 

binary data. 

Ten For botn binary and odd binory doBo to diffeent 

Orthogonal basic Punciens are. appled to get tHe tuo 

diferent out puts from te data. 

A last . tnege two signols or dota. kwo signos or data ig combirdd 

acs as a opak signal g) 



pemodulal ien of Qpsk: 
The peodulalien io 

a-: digit nput 2quence -

PIe Ie input signal x() along coith the tuo di felent 

Ahoromal ad then 

aFpld to the integrako 

uscd to detech the original binaay 

functies it) and dolu) aNe combincd. 

Tthe upper corebtor i3 mphoxe to te Channel wheve as Hre 

bac coelalor is m Qundd09e lo He chonnel 

"COnsicer the upper signal ig X, and bwer 8igral 0s 2g 

·APer both the correloBos, te decison device alog with 2 

thresobi=o is applöa o tne Aodo, t compare'g te decgien 

he opealien of multip lexer i3 to ombinO the koth re 

Sgnals ad e output is bierg daba 3eqere 

|"Fronm the woveformjue cón obeerve that the op of apgk 

twll hove phae shi? of 180hots why is allcd as Quadiatu 

hose ghft koying 

() 

The sigral sace shoug te Rour possible combiraliens of binay 
|data, along with their decigions rd Pour Vegions. 

>NSn-coherent Brgh i 

BPF 

BPF 

(oR) 

Envebpe" 
DeLeciol. 

Enveope 
Cetector 

Samptd 

Chose' 

comparison deviQ? l<le 

Sampd 

chase 'a' 

& appied signal ard Ahak of th reghobl and gives the 



operalien : 

MaBche d 
Fitler 

|cos anfat 

Enieiose 
seccigr 

Detector 

Fgi-Non Coreent ReCQVer (o) 
Dekectien of BF3k signal 

Cararent BF3k is mairly , uscd in tre varemit ler gie with 
ginge. Prequencg and single waveengun 

Ipevi 

" wrereas im nNon chnCNent is sed im, the Hongater 
Verelver, Side oith multipe Frexuencies, and multipe Oength 

. he gtandard equaton Por BPSk iB given as. 
M(t) = 2ps COS (21fct) ostTo 
u2E cos (9alet) 

he input (5 is applied to re Bardposs Fiter 
AS 0iE is Ton-coheront.singe Frequercy appliad and therr 
|epanked as kao dilPeienE Freguencies for applying to te BPF. 

TMe ePF pon on te upper ard louct Sid alous cortam 
CquencieS to poss through it and Hen aplied to the 
envelop deLector. 

The operalien ot enNclope detoctor i to detect the sgnal 
and then the slgnal (upper & lower gignal) i3 8ampd at 

"Te Auo 30mpled signal at Line teTo is applied to te 
Comporigon o) declsien dovice 



hO upper Sgnal ig denoted by di and lower 

denotod by Le 

tho comporison cevice compares the tw incoming signal 

"I the. upper Bigral is greaker than buer signal ie., lo 

it makeg Ehe decigon as 4' 

" Othe i? tre upper Bgnal i3 lecs than ouer signal te, dado. 

HCe, te Anal ig cep output depends, on the decisien 

device and on th2 sampled sigas 

DRerential phage shilt keying [Dpgk] 
Dpgk. TYangmilter? 

�E) 

DpSk waveforms 

|d(t) 

Signal ig 

| Balarced 
Muto!or 

4 !4 

VCoS(onfct) 

coa(nfot) 



DPgk xOCONCY: 

*de dt-T,) p cosf(outotte)+(onfe (-T,)+6)]+ Co5 

CoSA caSB Cos (A+)+C0s(A-B) 

|APAer pasing through he imikegrakor, Hhe oukput is 

(SoliT, 

AfLcr 

de) d (E Te) Pdt + dt) d(To)p cosfo (t-29 
(-1)T (-0T 

(i4)T 
dt) d(-ToJP i Ts-(i-)T6 

de) d(t-T) P[Ma jh+ToJ 

d(t) d(t-T) PTh 

So(iTo): PT 

D()-6 

S.(i Th) -pTp 
36(1T6)= +PTp 



nefination oF DPSk: 

ppsk Tn-coherent vergian of pok- It elimingles tre need 
honent teferene slgnal al H receiver by cambining tuo 

operationg at te Eransmitler : 

AkIentia ecoding od te input binary uove ond 
h.olne-sniFt keyina Hence HO Nae, Opk. 

principle:-the ilp 9equene c binarg bit is modified such tat 

bit depehds upon the pievias bit- thero fove in e 
iVer te previoS receive bitg are upd to delect ine 
pregent bit. 

conoatien: 

"Dspk i3 a technigue of Bskim anich thee-i9 no okience 

phase signal- Hare te trangmlttd sign al itaeif con be ue 

65 a rekrence signal 

·In Dpokj the inpul 8equcnCo i given to e XNOR gate ard 

|and its autput ie agaim fed back as Oth er iMput thiaugn. 

4-bit delay. 
the output xNOR 3 alo given t mlonce modubtor o 

Tthe output & XNOR iB di) and aor signal � is given 

to the bolance modulator 

m00, te. oudput is te DpGk Sianal and hee te 

phase snfE Changes.m accovdance.to'to XNOR 9al: 

Receiver: 
e trongmitted aignal is appled as input to te recei 

Part ence 4ne input sigral 3 
Su): d(t) 2p os(enfotte) 

the input is gnen t ta He orelaBor alsng the one bie doay To 
d(t-Tb)2p cs (s1fe (t- T,)+0) 

The Corelalor has two pasts, Oe is picduct modaBor and 
otrer is Hre intgrator 



M-Ay Modulaki on Techniqucg : 
BASK, BFSK, BPSK DPSk all ae binarg modulatien 

toelinioue sg. Tn all hege kechniques they aie repregented 
tung tuo 6ynbolg consleting of cither 4 o 

The max1mum nnduidtn of BASh. B atb and BFSk 

handwjdth tut moe bitg are comblned b form a one 
Symbol. 
The b Symbolg te aloays qrater ran 9 ie, given 

Where n is tne moof bits. Combined 
M Is the Aoal noo symbola or eve9 

The signal Yeprcserkotien which trcoa He combinaien two 

|Morg (watllevct signaling echeme)-: ;M level signal is mainly used to moduate the carrier 
i 

and tig kecmigue is knoun as, M-ars digital oduaticn technique 
In thig Cne cf tre M posible 'Bynmbols is trarnsmittcd during |each ymhot duralien:Thi3gver bgi 

be wstten 

BO9ed on he modulaLion, Mary are elousiied as 
ary ASk. 

2. Mary FSk 
3-Mary Pgk 

4M-ary QAM 



T) May Ask. 

A,(t)· Ai Cos (onfei) 
ee At (91-1-M)d 

. M & d-1tien e have ko got four Giqial amplikurloa 

te -iv., +1V ,-3V d t3V0lès, then ie k Sigral wil 
S()Ai 0s(9i fct) 

St):-cas(an ct) 
Sa(1) :-3 cs (2Thot) 
Sultl:3 cos(f ) 

Birary 2-level 1 bt 1, 

’Binary level 
M= 

SN-ay le ME4 



11 

"The aant of daka tnt an b LrangmitHCd over bYnd bon 

ma gien communicalien system (or) 

Bardwidth cPciency to) 9peclial efeienciy tor)spectrum 
efHCency relers to the infomaien váte that Can be transnih 

Ger a gien bontoin ina specific conmunicolien Gyskm. 

R 

01 

Transmasbn Bit rate (ep) 
Max. Barcwidtn (Hz) 

B 

BandwidEN ePPicienCH I9 
geealy to a 1Hz. bardudth. 

pouer spectra (on specrum Analysis ¢ dqital 
MOdulalien: 

the poueY gpectral density or poucx spectYum proVides 

a uny ß YepYOsenking te distvibution of sAnal 
FYequencg components hich is egsjer lo Imtorpvet vigualy 
Ere te complex DPA (Di9cxeko Pourier traonslom). 

T is mainly used Por to measue Ere dynamie Fequeny 
| domain vesponges of n mkogale d cicuit 

Such as energjes and eiqen valus ekc., 



B132 
Baro Transmisgion and B08QBard Reccier i-

1an0bond signal or a BOsebac TYargm siOn transfer diaitol 

Gal in he formm of a Hoin of DuSS or a A Baxebara 

origiral ardumag bky 3/grnal 

OYe digiAal s1gnal, bctuen divdog 

HesC sigals tiarY ina basotand gy9tenmts are TOL mOorom 

NCdLohen 

.A bascbard 3gnal conkakls thrGe typcs 
MEimeda Base ead sigral 
a"LOwlevel BB6 

BHgh level B8s 

A Mullimaia is e Combingtion of Qudió, video ad ottev data 

A bu FtCquencg basekavd sigral, a sgral i! contains loc 

Pcquency us ualy lt is be low oHg 

n high PrOquency bycharp signal with hgh FNeQUenQy 

COmponent, oith 0 tne baschond rang 
A BTCy baxCbard Signal dojic-1 ean be vepresenhed as ard 

0Qic-0 Can e represendd as -y 
A boxcoand veceiier B Ued to detet te Carreat volage l2e1 

Pom 2 moisg ied raceved signal 

Ta 

) 

Velt}b(4nlt) 

FIg: BOscbard Tangmiss ien 8ignat 



oneralion: 
n basebod Tan gmissia), the binary input 4Gr o i3 applied bo 

s tho. Hangn iOr transmis the aignal. signal io the channel 
3 In anel ome external. noise is added to the signal and 

aYe given to the ROcoiver 

t:TthO vecoivOY doLeches the moise ad allans only onginal bnoy 

Optlmal ReCepHon & Digital signal : 

Te 

the Daly of te receiver s to delect tre orrect voltage lev 
(logic levei) Prom tho nolgy mixed Recclvad signal 

An opBmal receiver 6 one that is desron to minimize te 
Þoability & recieyer- Emt a decsion maker OcCUrs 

-The prconbiliky imcrease in samped value 3 equol to Hhe 
decrease in sampe value that mans receiver delecg +V 13 
f2 gampd Value at af ingonce we ad it cwill detect a 
-YiE He eampled is egatiVe 

In diglol comnunicakin syslem uhat tte reciver veceives 
ig Hhe eum ct Hangmttor sianaL ard chonne| ngiee 

Te opinal ReCepion of diqital signal is based on te 
Tinimum error probobil1y 
h ecciver is gaid to be opHum if it s minimM 
probability eor 
The opHal recaiver can be geparakes in two gtagisi 

ekcior Mihich Hlars ard sámpÈd Hhe t
cieved sunas 



E[fedt fotu du 

y Ey+A] 
C -A then He variarta cf t2 random arabe y IS 

The random variabe y i3 a quasian digibuted wlth a mean 

--ATp t olE)dE 

Dovice 
CeCisioi 

|war Trans y(fAtlolb) Jdt 
Tb 

For Matched Filler y (E)dt 
Tb 

) -4 tu9(E) 
(t) -+A +0E) 

ttherd fite 1s gveA Dyor combinatianci tao sigral 

The outpub of 
Rrivabion -

Encoded pCM wave wsing polar NRZ Fg: Receiver For basebard TIansmiGIOn of BÌnary 

probabiliky of Evor i 

Q-D2c lsion dovice wnicn uscs C Sampte to make its decisio 



Raltiu): No s(E-u) 

Leb 

No 

The conditonal protbu ify'censi ty funchion of oncom 

Variable y gNen tt symbol o os Senl.! 

P(yb) 

Pro= 

No S(t-)dt du 

. 

No 

To 

T 

The condional protobilI-y erov iS given by 

PiG fy(ylo) dy 

T No 

2: A+ 

No 

eNolTb 

Ix No 

NolTb 

2. 

(9t4 )2 
eNolTo 

dz 

3ent.: 

2 

24 



smlartg 

Pio 

t compenentory eror Func Hen is iven by 

exfc (u) 

error 

Por 

AvCIage pro bability 

VTT 

Pr= Po 

Po 
. 

dz 

i. Pe = erfc 

Tb 

erfe 

A 

dz 

To 

At 

A t 

J=0 A-AfA 

P erke 

erfe A 

(-A+) 



I31 (mierymbol Inerkerce<: 

PAM 

clock pu lses 

Tansm1t ter chanl 

ansmilter 
Fiker AE) 

(t) : AK 9(t-KTb) 

t) u 

birere 

ReCIVe 

Ak Pt-K Ta) +n(D 

chonre! 
Filter 

U-Scaling Funcien 
Ak Ampliluce 
PlE)- shape of te pulso 

PAy P(t) - Ax q) h) 

RooCi vad 

(ilter HRe) 

u A P(P) - Ay Gi( f)H()- Ak G() H-(C) tHc(P) HR(P) 

Decisi en 
DiCe 

Tneshok 
Choogeaf 



H()- Hr(P) He (P) He () 

g(Ei)- u. AK P(ti-kTb) + n(ti) 

gti)= u A PiTh-kTy) +n(ti) Ak P(itp-kT9)+n(ti) 

u AK P((-k) To) + n(it) 
Ke0 

MA; Po) +u AK Pi-k)To + n(it,) 

(t)= AA t4 AK P(i-%) Tb +n(ti) 
13 

K--od 

K:-0 

1 Trangmitted th qgnal bit 
(Ei) = HA 



Inleraymbol mlererene: 

I3I ig a form of a dist¡tion of a gignal ie., one aymbol 3 

inherPoce wIth gubgequent 84mbol: 

I3I i3 UACd to identißy error im dekeced sgnal. 

Congider a binary basebard PAM S%tem as shawn 

m ire figuYe. the mput binary cata gequerce( bx) is appled to the 

PAM"the pAM Qenerates te puse weform xc) "Ths 

Dave fum on te representad malhemaically as 



t)~ Ak g(t-kT6) 
HeYe To is he duralion o coch l/p birary brtgE) I3 tre 

'shaping pulke and 
+a bk :l 

Sne polar NRZ ajgnaling 8chene i9 corsided The slgnal xc)A 

posod Hhrough the tangmitti/ng Filker he brangniting rik 
combins all #e necoUy traramit ting Ccults& Systomg- the 
Conmbined ronsfer Funcisn f Erangmitting Filtor ig H(9).1he 
Signal s HOn pased through t1 dhonel hving Hansler funcien 

He() 

-a 

the chanrel delievers the sianal io te rece)ver FilLetoIt 
congsts G all Hhe neceseary recciver cicuits ard gYe. WC ombind funconof Yeceiving Ailter is Hptt) " The oubout o veceving Eiler (s yt)- this yce is noisy repica, f the ransmittas 3gral xtE), 

The signal YE} B 8amplkd gunchoosu to tre trangmitkr- e 
Samping nstants avce treitb these gampig imakants are synch: -onaus to e cock pulxe o H2 tranSmir 1he sAm pled 8igml 

E 3 trcn aen ko t2 decisicn devce 

I Y(Ei)> 

Remedyr 

te decision device comparc3 tre ilp sgnal oith tnrestold x!. 
en He decsien iS taken as PoirxOS: 

8elect synbol 1 
Y(E) <A 3eiect ynbol o. 

The ISI con te rc dUC by proper dcsign of pul&e epeckrum GF 
Hansmit FilBer re ceie Fille Hale) ag chonel He(). 
It has proved thal tte tunctien wohich prove3 a zero I3T 
i3 a gimc Funcien 



mË 
egtimate o 

Ohgervslin vecicy 

Select 
aT92 

'SN 

|okylalorJ 
pIaJct 

Inner 

|CacubtoY 
Product 

IAneY 

Colculaor 
Product 

IInney 

signal Trangmigsion Encodor 

E) 

l Coherent dotoctor 
Correlatlon Receiver 



COYelatien (CcOiyeY Corgists cf to ub sstemsi 
corcialion reciyOrs 

he Con2)latn delector i3 shoon in belw igue It consiSs fa 

wok of M product mkegrakors or correlaBorS gupplied coith a 
egpording sct c oherent ortorormal basc Runcien d) ,dat) 

. 0) Tig ank f conclakos cperalcs on tre eccived signal 
ab), o<t<I to pKocuçe the obgervatien vector 

(@signal TYansmissI61 ecoder It is implemenked in form fa 
nmaximum-likeli tod decoder tal operakcs on He obser valian veclor, 
b produce an esimake m of the Hansmitted sigral (or symbol) 
mi, (= b2,..inM, in a wy hal woub minim\ze tte avera 
probabilit of SHmbol error 

The "N elemenke cf +ro obeervalion yoctor x are Pirgt 
mLulEiplied by tne corres pondi ng N elements o coch c ne Sig a 

ecka Sisa -. Sm and tne regulting producks are gucessllly 
Summed n a accumulakor The inner products are coreced 

for the facl that ransmited slgal eegis may be unequal. 
FInally te Yesuling eet of numbers ig. selected. 

Cakulator ACCumukatoß 


