NOTSE

Thiroduction to nofse -

ND?SB 1 der—fned 0S Oq’\\f bmclﬂﬁf\’able elecd e ](

enegy Hhat —ch\s' with in  the .Pdssband of Message.

|
!
,

° o . P
signal. This  gives yise to an audible noise ' in o |

¥
i
i

System. The  presence of roise degrades the pexformance

of  Communicokion 5\[5{?0‘”_9.' | Tn this chapber we onalyze i

: |
the note fn Continusus !wave modwlakion System . For i
. I
such omalysls  we Lick  define the yeceivey model. <

Th we onolyze He hoke n AM ¥Lervers hamely
en |

SRS i ol n F
fpspsc, SSB - Fnally ,  we discuss  the noi n M 5

|
| Yo covexs -

Receiver model -

The Fg Shows the weceNer wodel in i most

bosic form. Moduloked Signal s slB) ond rnoise S wlE)
§ l .

)

.5'% | wl) 18 knoton QS Pont end Feceivey notce - The
iana

yeceey  nput slgnal % the Sun of s and wlb).

of band —pass Plter & Ax) - The band-

®
i
1

The oubput
wldth of o bandposs Priter Ts kept Just wide enough

o pass the modulabed $ignal st witheut dictortion .
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J_ﬂr\e demodu\a’:fnn process 'XtP'(e,genbgd b‘j +tHhe block e~

tquula’cor ldq)efn.:ls on  the wmoduloation wsed. -

Fiiber

Fig- Receivex model:
/\SNW

B B ke

: , . g2

Fg- Tdeallzed chovackericbic of bondpase fittered noke.

For  Yecelver mode! | we rowy denpote and de:wne the
")'Duow’t’r\j Uf\fﬂ%&

% we denpke Nojp a8 the power speckmi densivy of

nolie  wi) oy  both +ve ond —Ve -ﬁrqmues.

ndutdth  oF the wodulabed Signal oad i densted as

\ t

By

% Midband —FYeCp,Lfchf ic egual to the caowvder ’ﬁxeq(uenc\/
ond & ¢ densted as f.

1 Bond- pacs | B | Oubpub
| Band-pass | T Demedulator]—— Signd

£ Np ¢ 4he oweroge nowse  power  pey w«;\it bondwidth.

* Bonc‘,ub?dth ofr bond pass —PH\:&Y (s QQ‘/LLCL‘ +o ‘{?YMSW\?QSfDn

At e
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i b A a8 = B AT bt et A e B

-

akﬂpfcall\f', the Conguer —fireq),u.’_ncx} $. 9781 ond thevefore

we may Conglder +he Filtered noke nNB) as  narww band |

noke. ond B 1 defined n  Cononical formm ol

N = ntt) cos abet — Ngld) SinaAfet:

by b = S +ntb)

* The d.\f@rmae, noke powey (s %?Ve.n as,
: ex
O¥g- noike  powex =
= Ny By
‘* Ihpu-b §l63nal 4y nose Yol & %We.n by
Average  power of the modulo%% signa/, st)

AVQmﬁe; pouer  of Liltexed notse , nlt) .

@NHE

?
é . o
%'7? Olﬁ:pudt S\%nal 4o hoise ‘fa{?fo s qien by

Average  powex of  the demociulcx‘cecl rgq Signal

ELSN[L)D = %Vem%e powoey’ of ﬂl& noie .
:ﬂ& Channel  Signal o hole. Ya’do ic  given by
: AV&YOL%& power of the M
LQSNQ)L i AV% Powe)f oﬁ'norge, n me,ssauae, EancluJIdH-,
+ Fure o ment = SNR)
ENR),
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owg- noise powey tnit bandwwidbh X Bandwid

|
|

% The Hltered Sigral  ovailable  for demoduloion 3¢ defin ecl

- ..,_._.__...._.‘.._..-._“-St-—gﬁu e | -




¥ Higher the vadue  of —f—i’cgure, of mentt, bettey +he

P@(-Foﬁv\m\ce, o the wecewer.

ﬁ The ‘alue of Fgure of mexdt alto depends upon the
'bype, of modulation used .

-]

Netse fn DSBSC Recelvers o~

The  below -Ff'ﬂuxe, chows  the model of o DeBSC

o A O b it b il The g AT

i
F
Yeceey ting o Coheyent deteckor: As  chown in the vﬁ"’g@fe{

l
!
}
‘

{ the Filtered St%ﬂal S apphed o coherent detector wH. TE

At T PR T TP

. mulkiplied  with o locolly  generated cinusbidal  wave

(IR

4T

o anbe b using product wodulabor . The  product & then

| folkered using  Low poss Fitbex Coherent detector

wﬁ.nwmm-r-hzr,-.—»n.a o ——— T P . Py = AN

e~ —— —
| - !
| 1
bese | Band-pa ) product Y81 10- pasc It
,‘ Sf%nod ({2 I fiker { modulatpy Liiter T
| | T ,
! Cosanfet
f Neke, wit) | | ~ |
' . | Local - !
r : oscillodtor :

The +ime- domaun t’)LpreﬁlOn mﬁ DSB-SC  wave ¢ cdwen as,

B = mit) )

) = mtd) Ac cosanfets
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. —

Channel Sfcanal- to- noite Yokip 5-

It & glen os,

Avg. power of  modulated Signal &l

(SN = |
- AV@- power of nofce In meg bandwidth

7T

Sne) = S W
- Ny L)

-ﬁr\fefouﬂe/ pouer  of mpalu\oi:ed Signal = )

= [t Aceosa mﬁc{:]"'

- mi—-ul_) @aéosaﬁﬁct\]b

Al
= .AC%P -
|

wheve, P wepresentt  ovexoge  poudex o’F_ ML) .

| v o
Avexage  pouer of nolke In meltoage bondwidth ¢ given

pey S
-_ s ® ° od
oS nntj = a\rca. nowe Powe{A Uj)ll; bo:»clwxclth X 'Danoluh H\
| - | - ' pn?
= MNoaw
3
= New
T 1+
- s Ae P
LSNQ)L - ) = .=_C -
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Oukput  Signal- +o- neice  vokio &
Tt e g9ien Qs

Average power of demodulated m¢g Signal

ne), =
Average power of noie
2.
GNRy, =
hg*tt)

The output  of  band pass Flber
‘ ) = St ntk)
TE) = mip A oAt + Npth) Cosantet — nglH) ¢in y 7t
o wly) fc posced though  produck modulator: Another
fput o product  medulator ¢ cotanthet . The output of
product Mo du\,odco'-( i’g | |
Vib) = L) cosanfet

VIiE) = mlb) A (o 3Rt +N ) co¢ 2Rt t — Ng ) cosamtfet Sy

Vi) = mtd) A Q*-wﬂ%fif) + nold) U‘* ‘-"“”ﬁ"-t) - "8tB cihun
X o

———y

ol

vy = mtt;)lAt N r\-L;LlH N Cntt);rc +n-;;.bg) coc Uk b —

ni;@ s.i’ntmﬁci:.

This VB f¢ pased thwough  Low-pass filter:

A9

fet
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The output of LPF s

Vi) - mit) Ac + Nzt
o 2
. =o)Ly
whexe
My Lt)= Nl(;'_b)_AL e the desfred sfcaanal Componen{‘j
ot
ngty) = N lt) o the hnolse compor\en‘i:-
Average  power b gy = mIWw
| = mu;j/&]”- _
2
N
- A-c/l‘ 3 - A‘c P
- MW .*1
‘AVefouﬁe/ Pou)ex 019' nstj = n cl"(};)
°+
= &”IUTJ]
a
< L hFw
= 1 yx Avea under PO cuxve
) Neif)
= NpW
2 —w b0 W
sne) = MW APy AP
D -
hd L) Nowfy 2Now
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Figure of mexit (V') ¢ glven as,

O = lSNR ),
BN
AP
f T anw ~
AP
2N W

Thus, the -—ffcgw@ of merdt of D8B-SC Systerr i¢ 4.

Nofse in on SSB-SC System - |
of the SSB-SC System i just as

The block- QL:OL%YM‘

Ifrke.  DSB-SC Sycken e.x;:ept For the I—Facf: that bondwidth

of BPF ofF S8B-SC vocewer & exactly half of that

'b’eq}ﬁveﬁl for DsB-SC

W] produck | VW | Low- page | YW
modulator fiker | 7
ND%@, th) . T
Cosantel

Channel S["%ncﬂ-—{:t)f rotce vatio,

Avq. powex of  wodulated Signal
W e

SNR), = ,,
L )C Ay powey of noke 0 meg  bandwidth.

= Salts)
ot
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‘ﬂr\a e,xpress{’on me St -For on S8 i %i’vm o

StH) = % alt) cos 2kt + % N cnanft

"L

zArVera%e - powex’ of sty = _S?j

- — LA
= [’AL“;L@ ic_osmﬁc{ﬂ +Lr°rc~:2&) s?nﬂrﬁa’g] |

T L A o : T
ST = fg—, T cocantet + A AW ein ardt

L1
s AP AR
Y ﬁ) Ty Lﬁ) |
. AP
T
Mewge power of npp = ")

= Powdey Spﬂcbral dtnsi’{—y % bandeoidth
= ND L

LlNe), = AP
YUNpW

Oud:pufc Qf%nal— +o- nowe Yakp %

Avq. power of dew oduloked meg <ignal
$ne), = —
Averoge  powex of noie.

my* )

ol

——

nglt)
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The output of bond pass filker &

L) = <) + nt).

Therefore | notce Sr%na e expressed as
A = nptd) Cos an(fe- Bt — Nglh) ¢in a7 (- h)E
The outpul of product N\C?CLL]OL‘{DB’ [s
Vi) = b stk |

{sw) +otp) ] cosatifet

t

= 4 oosm&t?r nlk) cocarvfet

vte) = iﬂt_ ) cosandet + A B fet | comnlet +
I -

A .
Vi) = Ao oFanf b+ Prc_";‘(f) cinarfet cosafifet +
ol

\[tt) — ﬂ'{‘_mtt) 2 [+ C,DSL{W&%} " ﬁcm U:j anqx_ﬁﬁt +
X o Y

Nl SLcos 17 ((Lfe-Wh)t + ot AR &2 l:} —
3

"‘_&%3 j sinaz (pfe- @)t — Sin sa (9h) !:j

Heve, +the type of modulatlon used fs $e8 , So the

center %eq}mncq of band pose  filter changes to [fo- )y )

E\-r_ ) cot an - Wh)t— nglh ¢IN L G_t- W), ) I:J Coganfet-

l
Ne L4 cos AR @L—w{,,)t cpm&t nQU:) gin m@;w/n,)tcmm&t

i
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R s 7 e e

ViY) =

11

-

if

LHIU:) COLA u)'t] Lnﬁiu") gmﬂ‘uﬁf;‘]

www.Jntufastupdates.com

ﬁcm:t) -+ %L-{-:—j cospwt + 280 cinmwt + P“C'E‘Bcamﬁc
.r\
HIMM&) cnynfet + n?fj.@gém [&ﬁt*""f«y)t=f%,¢> cinan (2f
The vit) ¢ passed  through LPF, Tn LPF high ﬁfq_
—-U:Cn cjéS oxe a%iﬂudted Ou‘\cl Oﬂ[‘j Low ﬁreq;,tencfes oxe.
ollowed. So, the output of LPF i
VU«') - H‘CML‘{T) + Nttt CoLAWE + Ng (D) SFanJt
Y 2 .
= Myt + ngth
wheye
Y
nst) — N (H) C_OSWU-J’; + nﬂu’-_) g:n Wu?t
Y, o
| Avexage  power of Myl = MW
= LACML@JL
L’
1.
= E o) T fe P
16 b
Maéxﬁe_ powex ofF g = ng )

-+



(g = .
) = NEW o L W g
Y
T < N L#L)i} N L_L.)”
g\ T\
= M
l.f
(ENR) = m"'btt),_, - AP it & AP
© e Nowly 4N

Thus, the Hogure of mext of £86-Sc Cysbem K¢
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" Nolse In AM  System &-

The block  diagram of  AM  FeceiVer ¢ as chown.

1
|
i
!
A
{
1

S <N\ . | ) envé,lop YU
> | SPF deteckor | .,
AM oo ,—J OLL{:Fut _g?eaﬁa_,
nwlt)

The time-domain expression for AM wave & given by

S = AcfI+kamty) ] Cosanfet
| .

EC\nanne.\ Signal- to- noike Yakio 3
| St
! (GNR) = 2=

e nELE)

of S= S

|

i

j PNC(O\%& poLEY . | .
| = &*@ Cos m&tj + [ffc\ﬁa"\’d:) €os aﬁ&t_}
|

- Aj’_i-‘l’ A_'Lko?P:-J—‘L.
- AClgE) Ak Pl)

- ﬁg_’ i\+ > ?)

Avexagqe  power of el = now)
= Now

Ly 3
(SNR)C _ Ae LH'.ko. P)
2 Ng W

Output  Signal- to- Nofse  voio -

my )

Sne), =
L - N )

——
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1

The  output of  Band- pase fitter & wtv)

W) = S+ nitd)

W) = A [kaman)] cocanfcl + nptbycosamfet — nglt)sina k.

W< (At Akamitd) +no8) | Cosaet — ngtt) sinsnfet

e

el = \F@” phage CDMf- )‘L _FLQuadm{:wr& @MP' )1/

. 1
elt) = I [AC,H%@ kamtt) +npt)] + (ngo)

Tn thie cage,
Ao (I tkamn)) >y oty

Thus,
Ac I+ kamtn) »7 nrly) v el

ety = Al ko) + N UE)
= A+ A‘c_ kam(t) + ntlb)
The oubput of envelop detector is VB

) = Ackamt) +hz ()

= myth) +ngty)

Averoge  pouer of  mytH = mpw)

= (Ackamit))

= Ac%kappbP

U
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=i

Avermge power of nolie e gien ac nfw

= ne )
- Np LLI«\))

ST,
Al k& P .
2 NpW

of  mexit () fo qiien oS

LSNR), =

Ft’%ure
{\ - LSNP—)D
(SnR),

b

P
g kP
w@ [+ ka P

2N

we  know that 'p' . the owerage pouRy of the

.

m@gaa@ Qlo% nod

p= 4 A
o
= k&’_&f\_ B kc: Bl
e ko A 2+ ko P
A :
= > [- A= kaPrmJ
A+ P

a3
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Noke in fngle medulated System .-

The  block diagram of an ongle modulabed  System &

The +Hme - domalin expressfon for an angle moduloted Coonier

s geven by,

SL) = Ac Cos[anfet +4w)
where G vepresents  the ingtontaneous phase :angle and
e Given o8,

$Lt) = kp m(H [ Por Phase mociula{:fonj

t_ [
¢ L) = a7k g J'mu;) JE [For *FYe;Luer)C)j mochﬂaf:wlﬂ

o

Heve kp and kg wepresents the Sencibivities of phase &
Frequency yespectively. The Lyantmicgion - bandwidth 8+

angle modulated  System detexmined by Coxtons wule IS

Br = alof+w)

‘UOL\U&L W Tepyesents the Bandwidth O’E. meq  Signal and

M g the peak -ﬁt'eq/uenq deviation.,

as  Shown,
sty o L) Angle v N Vo B
@ BPF Demgdulabvl s BpF SN
Angle (FM[pm) -
modatlabed
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P T ———

S(aﬁ R PE 'LU?) Fk’eq},lfnc), \Jl#j PDSL’ AL{TGCHM \’ U:j
£ = =5t ) | dseviminato =gty Filter (LPF) >my U::‘) N
wove "t ‘ Tl na(t)
Nusli)

The time domain  expression -Fox-f Frequency  modulated
Caaviex T¢  gien by |

St = Ao Cos|amhet + Zl?rkg:[:?ﬂu,’) dt ]
“The. nolse Con be exprested  In tems of fnphase ond

Opkad:ratw(e, Compov\ents oS,

N = Nplt) cosandet — Nelt) sinaaket

z  RY) cos (anfct +s_LtJ)

twheve, oLt - J_-'\-?;_LL”) i

O = dor C\&LL_)J
-7 A\t

The phasor dlagram of L) d¥awn by taking weference

2 lﬂ L\ '
os  phase of unmociglabed ceondey  f¢ as  Shown

?‘L,G) n 8 Ll’j
gttt
— S — — —— — -
At 9 Kﬁtl’,‘
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‘i Channel Sn"cdnal- to- notse  Yokio.
st

Snp), = —=

heo UE)

%A\rem%eﬁ powey of sth = g’“ug)'

i [f“rc Cofaredet +2n kpfm w)ou;ﬂ -

< AN )

- Arf’
=

Average  power  of  nolse Mwlt) = Ny LB
= Now

A‘LL

Thus,  (SNR), = YO
0

Oubput Sf'canal~ dp~ noice. ¥abiD —
Avexage  powex of demodulated S!’caﬂdl

LSNP«)O =

; Avexage  power of dhe Mno-i’se,
{ .

The output ot  bond- pass Piltexr S
Wy = S +nly
= A cos(anfc b g en) + RW cos (aafct+ i)

tohexe t
L) = anky [mip db

]
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A

The telabie phase y of the resulting U can be

obtained from t?\&' Fiqure o8, 7
RLY) sinlott)—4e)) }
Ac +RUE) (o8 (8t —$LE) )

Wy - oty = t@ﬂE

Nhile drgwfr\ﬂ phasor ciu"a%ram, = :"s‘ assumed  thal
oW > GtE) ond AcrRED.

we. Can write,

RLY) Sin elb)

fon (W18 —4 W) -

Refewring the  phasor diagram ¢F  noavoLo band noice -, we

teb RLE) SN B = nytt)

Hence,
Eon (V- B11) = ”:Lt)

c

Stace A >ynglt) we (oan wodte

Wity — ¢ () .f:J Nglb)
Ac

3
1

e aimemn—— i e -
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YW = gy + nal
Ac

The  output of -Freq}u;ncy diccximinotor I

vit) = 1t dywy
¥y dE
N __l_\ A ltj A . —
QK T Ac
vit) = L d b Lot d ngtt)
AN dt Q?FA—C dt
- o dngy
I df: [QWIL; W\UT)CHZJ N "_GLF
B d nglty
© kpmty) + :Um(, " )

= muld) + ng (Y

wheve,
Malt) = kg mly)
) = L dngly)
A7 A dt
Average  powey of mg) = miw
- 1.
=k W)
= k_FL‘F
prVQJFOL(ﬂe, powex of n4lt) = hj’ )
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‘By aPPfyfﬂﬂ fourler transformation, we qet

Na ) = M‘“ﬂa L § oAt Ne]

= Jf
prab’ﬂ

C

T SaB) and Sngd)  be the power Speckral densities
of  NgP) and Ne) Hen welathn ic Qiven as,
Snalf) = __ﬁ Sng &)
A
T¢ the Sanal G possed though LPF, the alue of

Sng tH) will be No-
T S = ‘Q_L Np
ﬂ_t‘l.-

The Overage powdeyr of nowe Qf%hd n d_emod.ulated Sl’%na]

©  Given oS W
ne t£) = ‘[Sno('f’) df
~ W
¥ N
= o p" Jf
1=
W 2 W
. > N £
ﬁhjw% 4t %szw
SN (wr W] L N w?
A 3 At
1~ R, W
lene) = kP 3R ke P
2 A

1’
i
!

1
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—ﬁ
!
2o
&
&
W
i

U@J/

we  knpw that P e the avexaﬂe PDUJQX OT; messmae,

Sfcana\ ond B T¢ %i’vm oS,

F': ' QML/L

r= 3K A 3 A"
wr Q 3w

Y= 32 zi,i)’/

'y

Y = % ﬁ'l’ w)'\QXQ ; db_‘]e, - F LmOd.LLlO_HDn |
g Index )

| Now Let ws Compoye the -F?%ure, of ment of

%FM w-rt AM

For loo/. modulotion  the -f-?%uxe, of merit of AM= -‘3—

2

The Houe of mexrit of FM = izp

To hove lese noike in FM  when compared to AM

we. have to toke

2

3 |
— > _
TP >3
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|

| Copture Effect -

'when  Compaved to  AM.

G
> p> 1

B> 04t = 0.5

The volue of B= o4t or) B= 05 ac,{:uaibf e
Laansfbon  poink  between +he  hovvow —band FM  and

twide — band FM.

TP R<05, +he FM o considered o< narvow band

EM  in which there & no  improvement in holse

Tn the -ﬁmq/ue,nck/ modulation ,

Eo&,ﬁgd:ed by onothey —Freqyenc;f modulated gfcana,l
-F’-*(ecluﬂno, content ¢ cloe to caryiex "ﬁfﬂ‘i}mﬂoi of the

The chéiver oy lock Such an - nter-

deglred FM wave:

_pem\w g,%nod and cuppress the desied FM  <ignal when

;rntd-ﬁe)fen& Slfgfm‘ fe gm‘:'ron%er -H\an cleS\\’&d Sl%ﬂal

IWhen the S%Yenﬂ{% of Itnterference cmd. desiyed

S{%na\ are nmﬂ\f equal , the veceiver fluctuates bacjc.

ond Jorth bebween them ie  wecelver locks intexference

danal  for  fome time and desired Signal for Some e
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the Sf%nal con be |

and thie Goes Yandomly. This phenomensn  f¢ Copture effeql.

j
|

whese l




Threshold effect in ongle modulation System -

The  threshold effect ™n FM 'S much more

pronounced than in AM. The Figure of mexit of £M

is Valid H the carvles-to-noke B high Compaved to
oty (e, enR>>Y).

Suppose i the 7nputb noise. powey s increased v

H

i S e

e Cowvier power o decreased, the (NR decreases conce-

%‘I/uentf‘/ demodulotor  disexriminator  output becomes  mote Om‘

%more Comp{reci by noise - Spikes Comes owt FM Yecervey

ond W OCNR fuxther decxeases., Continuaws SPTke_s Comes out

of FM  Yeceivex . .The_ M veceier v tadd o breakdown
‘when clitke  afe heoxd. This  pheromensn. & colled ac
Uewshold effect

| The threshold effect s defined as the minimum
1%('_066‘6{3—\’ to noke Yot that gives the output cignal o
%no'ise, wdo et lese than the walue predicted by the
usual signal to relke  Fommula  asuming a cmall ot
pOLOEY |

At the —P‘feﬁi}&ﬂ(/\f diseriminatdy  input % ofven by

1) = {Actng ) Jeoe At —ng L) Sin arcket

J
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where noty) and Nglt) are  ‘h-phase and guadmture

Yepresented by phasor diagmm s chawon.

P

Ng ik

° Ac - Chonpw”
Let uwe dexive the condftions  for  pusitive d\"cgs +o

sccuy ond  negaktive clicke +o otcur afe as Eollowos?

Condibions oy pusihive« clickss
) > A
Y < A < YW +d e

———

| dt |
'Cbnolf{:‘fons fox  negative clicks

) > Ac

Wiy > —7 > ik +d V)

doty)
dt
The condibhng o positive clicks  encure Hat o)

<0

pespectively . The velotionships  defned by thic eguation are

d\o,m%gs b\/ ax  vadians ond hor negat&’m clicke ensuye

r - - —_——
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ANALOG COMMUNICATIONS

UNIT-V__ PULSE MODULATION
SAMPLING: The process of converting an analog signal into a discrete signal is known
as sampling.

Figure 8.1shows how this conversion can be done. As shown in the figure 8.1a switch
position is controlled by the sampling signal. The sampling signal is a periodic train of
pulses of unit amplitude and of period T,. The time T is known as sampling time and
during this time switch is closed so that sampled signal is equal to the input signal.
During remaining time switch is open and no input signal appear at the output.

Continuous Sampling

Signal f (t) wsignal 31(1) Sampled

» Signal f*(t)
(a) Circuit diagram of sampling

f(t)“
(b) Continuous
Signal f (t)
0 >t
6T(t)1‘ © Sampling
[N IAn ===
0 - >t
() (d) Sampled
H N Signal £*(t)
0 T >t
il

Fig 8.1: Sampling process

SAMPLING THEOREM: The sampling theorem states that if the sampling rate in any
pulse modulation system exceeds twice the maximum signal frequency, the original signal
can be reconstructed in the receiver with minimal distortion.

PULSE MODULATION: The process of changing any one of the characteristics of train of
pulse in according to the amplitude of modulating signal at the time of sampling is called

pulse modulation. This is classified as follows.
PULSE MODULATION

!
v v

Analog pulsi modulation Digital pulsei modulation
Pulse Pulse Pulse Delta
Amplitude modulation Time m(idulation Code modulation modulation
Pulse Pulse

Width modulation Position modulation

GENERATION OF PAM: The process of changing amplitude of the train of pulse in
according to the amplitude of modulating signal at the time of sampling is called pulse

UNIT-VIII PULSE MODULATION 1
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ANALOG COMMUNICATIONS
amplitude modulation.
The figure 8.2a shows the block schematic of PAM generator. It consists of a low

—» LPF |—»{ Multiplier Pulseshaping | pap Signal
Modulating 7y network
signal x (t)

Pulse train Generator

Fig 8.2a: Generation of PAM Signal

Pass filter, a multiplier and a pulse train generator. Initially, the modulating signal x (t) is
passed through the low pass filter (LPF). The LPF removes all the frequency components
which are higher than frequency f,,. This is known as band limiting. The band limiting is
necessary to avoid the aliasing effect in the sampling process. The pulse train generator
generates a pulse train at a frequency f;, such that f; > 2f,,. Thus the Nyquist criterion is
satisfied. The pulse sampling network does the shaping work to give flat tops. The figure
8.2b, c, d and e show the waveforms related to the generation of PAM generator.

AmplitudeA
(c) Modulating
Signal f (t)
0 > t
Amplitude4 (d) Pulse train
T
Amplitude 4 (e) Natural
PAM Signal

. Hﬂﬂm L PAY .
S

(e) flat top
PAM Signal

o P
T

Fig 8.2b: waveforms of PAM

DETECTION OF PAM: The original modulating signal can be detected from the natural
PAM by passing naturally modulated PAM through a diode detector and a low pass filter.
The diode detector detects the envelope of the PAM signal. The low pass filter with cut-off
frequency equal to f;,, removes high frequency ripple and recovers the original modulating
signal. This is illustrated in figure 8.3a.

=

v

PAM signal
—— | Diode detector » Low pass filter

Demodulated
Signal

Fig 8.2a: Detection of natural PAM Signal

The demodulated output shown in figure 8.3b is close to the original modulating signal.
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A
Amplitude (a) Natural
( H N PAM Signal
° e
Amplitude % (b) De-Modulated
Signal
0 > t

Fig 8.3b: waveforms of PAM detection

In case of flat top PAM to reduce aperture effect, an equalizer is used. As shown in figure
8.3c the receiver consists of low-pass reconstruction filter with cutoff frequency slightly
higher than the maximum frequency of message signal. The equalizer compensates the
aperture effect. It also compensates the attenuation by a low pas reconstruction filter.

X - Demodulated
—» Reconstruction filter Equalizer —» Signal

PAM signal

Fig 8.3c: Detection of flat top PAM Signal

TRANSMISSION BANDWIDTH OF PAM SIGNAL

The pulse duration T is supposed to be very very small compared to time period T
between the two samples. If the maximum frequency in the signal x (t) is W then by sampling
theorem, f; should be higher than Nyquist rate i.e. f;> 2W

1.1
fs ~ 2w
1 . 1
Ty < — (since f;==)
2w Ts
We know that 7 < T
Therefore 7 < T, < ﬁ ------ (D)
If ON and OFF time of the pulse is same, then frequency of the PAM pulse becomes,
- 1
f= T+T 2T (2)

Thus figure 8.4 shows that if ON and OFF times of PAM signal are same. Then
maximum frequency of PAM signal is given by equation 2 i.e.,

T L L

2T
1 1 1 1

) e 2] P
T T

fnax=

Fig 8.4: maximum frequency of PAM Signal

Therefore bandwidth required for transmission of PAM signal will be equal to maximum
frequency fi,.x given by equation (3). This bandwidth gives adequate pulse resolution i.e.,

Bt > finax
Therefore Br> L Sincer « —
21 2w
Br> —>» W
Transmission bandwidth of PAM signal: B> W
UNIT-VIII PULSE MODULATION 3

42 www.Jntufastupdates.com



ANALOG COMMUNICATIONS
Thus the transmission bandwidth Bt of PAM signal is very very large compared to
highest frequency in the signal x(t).

ADVANTAGES OF PAM:
1. Generation and detection of PAM is simple

DISADVATAGES OF PAM:
1. PAM is less immune to noise.
2. Itrequires larger transmission power.

CLASSIFICATION OF PAM BASED ON SIGNAL POLARITY
The PAM signal can be classified according to signal polarity as Single polarity PAM and
Double polarity PAM
The figure shows the single polarity PAM Here, a fixed d.c. level is added to the
modulating signal x(t), such that the modulated output i.e. PAM signal is always positive.

Amplitude *
Modulating Signal
0 >t
Amplitude 1 IR
Single polarity PAM
Signal
. | Hﬂﬂﬂnnﬂﬂ 9
Fig 8.5a: waveforms of single polarity PAM

In double polarity PAM signal, signal has positive as well as negative polarity. It is

shown in figure 8.5b.
A

Amplitude Modulating Signal
0 - >t
Amplitude 4
Double polarity

PAM Signal

IIN .
NUUHH UUV

Fig 8.5b: waveforms of double polarity PAM

GENERATION OF PWM: The process of changing the width of the train of pulse in
according to the amplitude of modulating signal at the time of sampling is called pulse width
modulation. Figure 8.6a shows monostable multivibrator circuit to generate pulse width
modulated wave.

=
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+Vce

Rp R R Re
c
Trigger in Cl ' C, PWM signal

B}V 1, T,

B
Rp ' ‘
\NW Rg
AT 1

=—Cp

Fig 8.6a: monostable multivibrator circuit to generate pulse width modulated wave.

The stable state for above circuit is achieved when T; is OFF and T, i1s ON. The
positive going trigger pulse at B, switches T; ON. Because of this, the voltage at C, falls as
T, now begins to draw the collector current. As a result, voltage at B, also falls and T, is
switched OFF, C begins to charge up to the collector supply voltage (Vcc) through resistor R.
After a time determined by the supply voltage and the RC time constant of the charging
network, the base of the T, becomes sufficiently positive to switch T, ON. The transistor T,
is simultaneously switched OFF by regenerative action and stays OFF until the arrival of the
next trigger pulse. To make T, ON, the base of the T, must be slightly more positive than the
voltage across resistor Rg. This voltage depends on the emitter current I which is controlled
by the signal voltage applied at the base of transistor T;. Therefore, the changing voltage
necessary to turn OFF transistor T, is decided by the signal voltage. If signal voltage is
maximum, the voltage that capacitor should charge to turn ON T, is also maximum.
Therefore, at maximum signal voltage, capacitor has to charge to maximum voltage requiring
maximum time to charge. This gives us maximum pulse width at maximum input signal
voltage. At minimum signal voltages, capacitor has to charge for minimum voltage and we
get minimum pulse width at the output. With this discussion, we can say that pulse width is
controlled by the input signal voltage, and we get pulse width modulated waveform at the

output. The waveforms of PWM are shown in figure 8.6b.
A

D L™

Amplitudeo

Modulating Signal

0 v
A

Ll

Fig 8.6b: waveforms of PWM

‘ N N PWM Signal

> t

=
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DEMODULATION OF PWM SIGNAL:
Figure 8.7a shows the block diagram of PWM detector.

Schmitt R Level i
. amp Ly Adder [ Shifter —» Rectifier » LPF

— . >
pwM | Trigger Generator 'y l

Signal
De-modulated

ontpnt

A 4

Synchronization
Pulse Generator

Fig 8.7a: demodulation of PWM Signal

The received PWM signal is applied to the Schmitt trigger circuit. This Schmitt trigger circuit
removes the noise in the PWM waveform. The regenerated PWM is then applied to the ramp
generator and the synchronization pulse detector. The ramp generator produces ramps for the
duration of pulses such that heights of ramps are proportional to the widths of PWM pulses.
The maximum ramp voltage is retained till the next pulse. The synchronous pulse detector
produces reference pulses with constant amplitude and pulse width. These pulses are delayed
by specific amount of delay as shown in the figure 8.7b. The delayed reference pulses and the
output of ramp generator are added with the help of adder. The output of adder is given to the
level shifter. Here, negative offset shifts the waveform as shown in the figure 8.7b. Then the
negative part of the waveform is clipped by rectifier. Finally, the output of rectifier is passed

through low-pass filter to recover the modulating signal, as shown in the figure 8.7b.
A
. /\Vl\vl\v ’I\ I\VI\V I\I\vllv - I\Avl\vv — — w“ WW —
Amplitude Input PWM Signal
VA AA e > t
Amplitude $ —— | L
P ] Output of
Schmitt trigger
0 | ] > t
. A | : 1 : '
Amplitude E E_ ‘i/_. Output of ramp
ol ] VL senergor,
Amplituded | Synchronization
b pulses
0" >t
Amplitude 4 E E |
Lo Output of
! Adder
0 >
AmplitudeA
Output of
E Level Shifter
0 \ : { > t
Amplitude 4 \ 1 1 Output of Rectifier
g [ .
Amplitude 4 I De-modulated
signal
0 > t
Fig 8.7b: waveforms of PWM demodulator
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ADVANTAGES OF PWM:
1. noise is less
2. Signal and noise separation is very easy
3. PWM communication does not require synchronization between transmitter and
receiver.
DISADVANTAGES OF PWM:
1. It requires larger transmission power.
2. Large bandwidth is required for the PWM communication as compared to PAM.

GENERATION OF PPM: The process of changing the position of the train of pulse in
according to the amplitude of modulating signal at the time of sampling is called pulse
position modulation. Figure 8.8a shows the block diagram to generate pulse width modulated
wave.

Figure 8.8a shows the PPM generator. It consists of differentiator and a monostable
multivibrator. The input to the differentiator is a PWM waveform. The differentiator
generates positive and negative spikes corresponding to leading and trailing edges of the
PWM waveform. Diode D; is used to bypass the positive spikes. The negative spikes are used
to trigger the monostable multivibrator. The monostable multivibrator then generates the
pulses of same width and amplitude with reference to trigger to give pulse position modulated
waveform, as shown in the figure 8.8b.

+VCC
R»
Dy 8 4
R, 71C | ppym
6 5553_0utr)ut
PWM
pulses_| C 21 5
Ci T | e

Fig 8.8a: Generation of PPM Signal

Amplitude ’7 H H ’7 ’7 PWM pulses

0 > t
. A
Amplitude

Trigger pulses
0 [l ] If ] [l > t

Fig 8.8b: Waveforms of PPM generation

v

DEMODULATION OF PPM:

In pulse position de-modulation, it is required to convert the received pulses that vary in
position into pulses that vary in length. The block diagram of PPM demodulator is shown in
figure 8.9a.

As shown in figure 8.9a, flip-flop circuit is set or turned ‘ON’ giving high output when
the reference pulse arrives. This reference pulse is generated by reference pulse generator of
the receiver with the synchronization signal from the transmitter. The flip-flop circuit is reset

UNIT-VIII PULSE MODULATION 7
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or turned ‘OFF’ giving low output at the leading edge of the position modulated pulse. This
repeats and we get PWM pulses at the output of the flip-flop.

Q

Flip
Flop

PWM
Demodulator

PWM
Signal

I » Demodulated
Signal

Reference Pulse Synchronization Signal from transmitter

Generator

Fig 8.9a: demodulation of PPM Signal

The PWM pulses are then demodulated by PWM demodulator to get original
modulating signal. The waveforms of PPM demodulation is shown in figure 8.9b.

Position of un-modulated pulses

Amplitude
t

Amplitude )
Trigger pulses

:

0

Amplitude [‘

| 1T

| Fig 8.9b: Waveforms of PPM detection

i >t

PWM pulses

» t

ADVANTAGES OF PPM:

1. Noise is less.

2. Signal and noise separation is very easy.

3. Transmission power for each pulse is same.
DISADVANTAGES OF PPM:

1. Synchronization between transmitter and receiver is required.
2. Large bandwidth is required as compared to PAM.

PERFORMANCE COMPARISON OF VARIOUS PULSE ANALOG MODULATION METHODS:
S.NO. PAM PWM PPM

1

2. Amplitude of the pulse | Width of the pulse is | The relative position of
is proportional to the | proportional to | the pulse is proportional
amplitude  of  the | amplitude of | to the amplitude of
modulating signal. modulating signal. modulating signal.

3 Bandwidth  of the | Bandwidth of the | Bandwidth of  the
transmission channel | transmission channel | transmission channel
depends on width of | depends on rise time | depends on rising time
the pulse. of the pulse. of the pulse.

4 The instantaneous | The instantaneous | The instantaneous power
power of the | power of the | of  the transmitter
transmitter varies. transmitter varies remains constant.

5 Noise interference is | Noise, interference is | Noise, interference
high. minimum minimum

6 Similar to amplitude | similar to frequency | similar to phase
modulation modulation modulation.
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SYNCHRONIZATION IN PULSE MODULATION:

Most pulse modulation systems require synchronization of the receiver to the
transmitter. Generally start stop method of synchronization is used. We maintain
synchronization on a per frame bases. This method involves transmitting some
information in addition to the message bearing pulses, to serve as a time mark with in
each frame interval so that certain gates in the receiver structure may be made to open and
close at the appropriate instant of time. In some cases the necessary time mark is
established by transmitting a distinctive marker per frame, where as in other cases it is
established by omitting a pulse in that particular time slot. When markers are used, they
must differ from the message bearing pulses in some recognizable fashion.

In PAM system the marker pulse may be identified by making its amplitude more
than that of all possible message pulses as shown in figure 8.10a for a PAM system
involving three independent message sources. Figure 8.10b shows the sampling times of
the message sources and the times of synchronization or marker pulses. Such a marker
can be located at the receiver by applying the received pulses to a slicer. With a slicing
level that is just in excess of the maximum amplitude of the message pulses so that these
pulses produce zero output. An ideal slicer has the property that its output is zero
whenever the input exceeds this level as shown in figure 8.11. The pulses observed at the
slicer output will thus be due to the markers only.

1 2 3 S 1 2 3 S

Marker pulses Max. Amplitude
of message pulses

Fig 8.10a: sampling times of message
sources 1, 2 and 3 and times of
synchronizing pulses

>t

H H Fig 8.10b: Multiplexed PAM wave
H H [ > t

Marker intervals

HH ’_‘ / H H\ Fig 8.10c: Multiplexed PWM wave

Marker pulses

InENil

Output

S Fig 8.10d: Multiplexed PPM wave

v
—

Input
0]  Slicing level P

Fig 8.11: input-output relation of slicer

In PWM systems the marker may be identified by omitting a pulse as in figure 8.10c.
One method of identifying such a marker in the receiver is to utilize the charging time of
a simple resistor capacitor circuit to measure the duration of the intervals between PWM
pulses. The time constant of the circuit is chosen so that, during a marker interval, the
voltage across the capacitor rises to a value considerable higher than that during the

UNIT-VIII PULSE MODULATION 9
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normal charging interval. Thus, by applying the output of the circuit to a slicer with an
appropriate slicing level, the presence of a marker is detected.

In a PPM system, the marker pulse may be identified by making its duration several
times longer than that of the message pulses, as shown in figure 8.10d. At the receiver,
the marker pulses may be separated from the message pulses by using a procedure
essentially similar to that described for the PWM system. In this case, the capacitor is
charged during the time of occurrence of each pulse, and discharged during the
intervening intervals. Accordingly, the voltage across the capacitor reaches its highest
value during the presence of a marker pulse and the marker pulses are thereby separated
from the message pulses.

SPECTRA OF PDM AND PPM WAVES:

The spectral analysis of a PDM or PPM wave is complicated. We present here only a
qualitative description of the spectra of PDM and PPM waves. Let Ts denote the time
separation between the leading edges of duration modulated pulses obtained by natural
sampling, with the modulation superimposed on the trailing edges. Then assuming a
sinusoidal modulating wave of frequency f.,, we find that the spectrum of a naturally
sampled PDM wave consists of the following components:

1. A dc component equal to the average value of the pulses.

2. Sinusoidal components of frequencies equal to integer multiples of 1/Ts
corresponding to spectral lines at + n/Ts, where n= 1, 2, 3... These sinusoidal
components as well as the dc component are by the un-modulated pulse train
which may be regarded as the carrier of the PDM wave.

3. A sinusoidal component to frequency f,, and in phase with the modulating wave,
corresponding to spectral lines at £=f,.

4. Sinusoidal components of frequencies equal to (n/Ts) + L f,,, where n, L=1, 2, 3...
corresponding to pairs of side frequencies centered around each spectral line of
the un modulated pulse train, except the dc component. These components
represent the cross-modulation products between the sinusoidal modulation and
sampling frequencies.

The message signal may be recovered by passing the PDM wave through a low pass
filter. However, the reconstruction is accomplished with a certain amount of distortion
caused by the cross modulation products that fall in the signal band. The frequencies of
the important in band distortion components are (1/Ts)-2f,, (1/Ts)-3fy, and so on. To
prevent undue distortion of the reconstructed message signal, it is necessary to restrict the
maximum excursion of the trailing edge of a duration-modulated pulse. The output of the
low pass reconstruction filter contains not only the desired message wave, but also its
harmonics. With natural sampling these harmonics are missing. As with natural sampling,
the other in band distortion products of the form (1/Ts) - nf,,, are present. Thus we may
expect a net deterioration of quality in the reconstructed message signal when the
sampling is uniform instead of natural.

In the case of a PPM wave, each pulse has a very small duration compared with the
sampling interval T, so that it may be approximated as an impulse. Then it turns out that
the spectrum of a PPM wave obtained by natural sampling, and with a sinusoidal
modulating wave, is similar in form to that of a PDM wave, except that it contains a
component proportional to the derivative of the modulating wave rather than the
modulating wave itself. Thus we may demodulate a PPM wave by passing it through a
low pass filter and then integrating it to restore the wanted signal component to its
original waveform. Greater signal amplitude with less distortion can be obtained at the
receiver output.

UNIT-VIII PULSE MODULATION 10
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COMPARISON OF SAMPLING TECHNIQUES OF PAM

S.No. Natural sampling Flat top sampling
1 It uses chopping principle of sampling | It uses sample and hold circuit Principle
2. | This method is used practically This method is used practically.
3. | Sampling rate satisfies Nyquist criteria | Sampling rate satisfies Nyquist criteria
4 | Noise interference is minimum Noise interference is maximum.
CROSS TALK:

The interference of the adjacent channels or overlapping of information between
adjacent channels is called crosstalk. For faithful communication cross talk must be
avoided. In TDM cross talk may occur due to insufficient transmission bandwidth to
preserve the shape of the TDM pulses. In FDM the crosstalk may occur when frequency
response of filter is not sharp enough. To eliminate or to reduce cross talk a guard band is
provided between the adjacent channels.

TIME DIVISION MULTIPLEXING:
In TDM, each intelligence signal to be transmitted (voice or telemetry data) is
sampled sequentially and the resulting pulse code is used to modulate the carrier. The
same carrier frequency is used to transmit different pulse sequentially, one after other.
Each intelligence, to be transmitted, has been allotted a given time slot. Since only one
signal modulates the carrier at any time, no added equipment and no increase in
bandwidth is needed when multiplexing. The number of sequential channels that can be
handled is limited by the time span required by any one channel pulse and the interval
between samples.
Thus, in TDM, each signal occupies the entire bandwidth of the channel. However,
each signal is transmitted for only a short period of time, as shown below..
Time
|¢ Slot
Signal | Signal | Signal | Signal | Signal | Signal | Signal | Signal
1 2 3 4 5 1 2 3

—_— Time

le———— One Frame —>|

Here five signals are time division multiplexed. Each signal is allowed to use the
channel for a fixed interval of time, called time slot. The five signals use the channel
sequentially one after other.

One transmission of each channel completes one cycle of operation, called a ‘frame.’
Once all the signals have been transmitted, the cycle repeats again and again, at a high
rate of speed.

The concept of TDM is illustrated by the block diagram shown in figure 8.12. Each
input message signal is first restricted in bandwidth by a low pass filter to remove the
frequencies that are nonessential to an adequate signal representation. The low pass filter
outputs are then applied to a commutator. A commutator is a rotating switch which
connects the output of each channel modulator to the communication channel input in
turn. The commutator is realized with electronic switches since it has to rotate at high
speed. The commutator remains at each contact for an interval of time, which is the time
slot allotted for each channel. Following the commutation process, the multiplexed signal
is applied to a pulse modulator, the purpose of which is to transform the multiplexed
signal into a form suitable for transmission over the common channel.

At the receiving end of the system, the received signal is applied to a pulse
demodulator which performs the reverse operation of the pulse modulator. The narrow
samples produced at the pulse demodulator output are distributed to the appropriate low

UNIT-VIII PULSE MODULATION 11
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pass reconstruction filters by means of a decommutator, which operates in synchronism
with the commutator in the transmitter. This synchronization is essential for a satisfactory
operation of the system.

Low pass filters

Message Low pass filters Mesialge
: mpu
input 1 Jf ypp (L . De-commutator 4 LPF (3"
Commutator ,~ 77" .
K N ¢ Message
Mesiazge e AN input 2
mnu 7 S ~/ \
——» LPF ' 5 Pulse de- NN \ LPF |—»
\“I\ ? M(f’(;ﬂfgtor | Channel 3 \fodulator —— /:'/' M
Message - . N Message
input 3 / T T input 3
—PW 2y LPF o . LPF |—»
| Timing pulses Timing pulses
' E Message
Message input N
inout NJf | o LPF —»
Fig 8.12: Block Diagram of TDM System
COMPARISON BETWEEN FDM AND TDM:
S.No. FDM TDM
1. | Signal separation is in frequency domain | Signal separation is in time domain.
2 Circuit is more complex. Circuit is less complex
3 Cross talk is more Cross talk is very less or nil.
4 Performance is medium Performance is superior.
5 This is less flexible. This is more flexible.
6 This is suitable for analog signals. This is suitable for digital signals.
7 This is used in radio telephone, satellite | This is used in digital telephone,

communication.

satellite communication.

8 Synchronization between transmitter and
receiver is not required

Synchronization between transmitter
and receiver is required

9 It requires modulators, filters and de- | It requires

modulators

commutator

transmitting end and de-commutator
at the receiving end

at the
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