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- I . interfere with _
Definition of IS | uts due to other bits (symkioi;)terference 0 ;Ihe Ot .
khe preserizs O °“T'Eis effect is called Intersymbo Ly, channel noise gy ¢ b
required bit (S}mpf lz;ed the effect of channel noise. Actually, nd I
we have not consiae

h
nterfere the transmlt; | 'n%: rference is absent, then the second term wil] noy be Presey
. S— i
o If the intersymbot
in equation (3.2.7) i.e., (3.2.10)
vit) = n4;

t bit is A;. Observe that it is decoded correctly in absenc, of Ig;
s Ti”':lle tcwo I-erleircninate:thel second term of equation (3.2.7) (and hence 151) fotally
[t 1s not possible (C

d by proper design of pulse spectrum G (f), transmit fllte.r Hy (f)
The ISI can be mc(ift)lcznd {hi channel Hc (f). We will discuss some of these issye, &
receive filter Hpg
subsequent sections.

Review Questions

——

What do vou understand by Intersymbol Interference (ISI)

AU : Dec.-05, Marks 6, May-09, Marks 4 "

" Describe the baseband transmission system with a neat block diagram. §:\8] “‘ Dec.-09, Marks 16 |
2 By : -10, Marks 10
3. Explain in detail M-ary base band system.

i Explain mtersymbol interference (1SI). How it is avoided ?

EXJ Nyquist Criterion for Distortionless Transmission

AU : May-04, 05,

09, 11, 13, 14, Dec.-04, 05, 06

EXXR Nyquist Pulse Shaping Criterion

Time Domain Criterion

From equation (3.2.9) we

: ro to
know that the second term (summation) must be ze
eliminate effect of ISI. This

& (.t.l
15 possible if the received pulse p(t) is controlled such tha

. L ofori=k 231)
nl(r~k)r,,1:{0 il 6

If p(t) satisfies the aboye condition, the
W) = pA,

Hence equation (3.3.1)

Equation (3.3.1) js the

criteria in freque

1 1 1 [ [ SI. i.e-/
N we get g signal which is free from I

)
from equation (3.2.10)

gives the condition
condition n
ncy domain.

- .uc.
. . 3 ()t I]Olt'
for perfect reception in absence

ful
: . - . re use
Me domain. This condition gives moO




Frequency Domain

criterion in t the i
. Let p(nT)) represent the impulses at which p(t) is sampled for decision. These

. t th .
samples are taken at the rate of Ty. Fourier spectrum of these impulses is given as

ps(f) = fo ip(f —nfy) .. (332)

n=-—oo

ﬁﬂs means the spectrums of p(t) are periodic with period f,. Here note that the

.«‘mlpliﬂg frequency (instants) is f p- Here Pa(f) represents the spectrum of P("Tb) and
) is the spectrum of p(t).

", We can think of p(nT,) as the infinite length of impulses with period T,, which
are weighted with amplitudes of p(t). i.e.,

ps(t) = ip(”Tb)S(t_"Tb) .. (33.3)

n=—oo

« Fourier transform of p 5(t) becomes,

—oco —0o | H=—00

Ps(f) = [ps(he ™M= | [ EP("Tb)S(t—”Tb)}‘fZ“ﬁdt
o Let n = i- k in above equation,

) = [ SpI-OT18[-G-K)T,]e 2 a

oo k=00

+ Now let us apply the condition of equation (3.3.1) to above equation,
[pO)s(tye /> at fori=k

Ps () =
[ 08(e 7 at forizk

—0co

I
A

TP(O)B(t)e‘IZnﬂ dt fori=k= p(0) ]3 3 (t) o127t gt

Ps(f) =
An integration in above equation is the Fourier transform of (t), which is 1. Hence,
P5(f) = p(0) fori=k . (334)
=1 by normalization of p(0).

* Hence equation (3.2.2) becomes (with Ps(f) = 1),

1 = fp iPU‘Wﬂ

H=—co

5 - 1
or _Zp(f_ ”fb) _ '_f; .. (3.3.5)




— T~

3 o2 = < P -n = Tb
Since fb = T, . n:}}w (f 1fp) (3'3.6)

This is the frequency domain condltlon for zero ISI. Above equation is calleq Nyquig;

pulse shaping criterion for baseband transmission.

EEF] 1deal Nyquist Channel (Ideal Solution to ISI)
e Spectrum of p(t) : We will now derive the function p(t) which confirms to Nyquist

criterion and eliminates ISI. Equation 3.3.6 represents the spectrum which repeats
with period f, and it has amplitude of Tp. This spectrum is shown i
Fig. 33.1. P(f) shows the spectrum of the expected signal p(f). It can p,e

represented using rect function as,

—I'EC f
i fo t[fb)

BEEE | | [T T 11| [T
1T T 1 T T 77 T 1Peth | ' Spectrums just | j
i : 4 i touch each other 1‘ —
S A JUS W | D, N W T - L S L N ! - if =" l .
@) —l - | | .
, i Tk b 0 fo fo | f
S NS o - B A I I O . | ‘ s‘ -
1 : } - T . N ‘ 1
5 Z s ; i ; ;
‘ B S R ‘ A et "«. T __A . ( I\ | N 7 ‘ ) :‘__ i ,’ 1. ’ ’
(b) \ — - ' | | I ff’
- L ST R
Tz A |

Fig. 3.3.1 (a) Spectrum of sampled signal

(b) Spectrum of p(t)
e To obtain p(t) from spectum : Inverse fourier transform of above function can be
obtained from standard fourier transform pairs as

sinc (fpt) L s Erect(ffb)

ie., p(H) = sinc (fyt)



~aitdl
- fo bove equation
e ban gwidth of the pulse can be represented by By = o Then above €4
e .. (337
™y = sine (2Bof) (33.7)
sinc function can also be represented as,
The
_ sin(2nBo)  (338)

Nyquist pandwidth : Here By 1s called the Nyquist bandwidth. The Nyquist
. bandwidth is the minimum transmission bandwidth for zero ISL

332 illustrates how sinc pulse produces zero ISI. Fig. 3.3.2 shows the three

sinc pulses transmitted successively.
s & @
a a a P T
3 e, 2
- N ™
PR
- -.éa———-d

All other pulses /

have zero values

(No I91) at this instant

I I

l
|
0 T, 2Ty 3Tp 4Ty 5Ty 6Tpee---
No ISI is present at these
instants
Fig. 3.3.2 Sinc pulse for baseband transmission produces zero ISl




One sinc pulse is transmitted for one bit. Hence the sinc pulses are tr

an.S f
t=0,T,, 2T}, ... and so on. In the figure, observe thaf. at £=0, all the sjnc Pugéite}? .
zero’ v;iues except the transmitted pulse. Hence ISI will be zero if we Samp]e the ?Ve
pulse at t=0. Similarly at t=Ty, the second P‘iﬂse have nonzero va]ye and g Dthrst
pulses have zero values. Hence ISI will be zero if we sample the 2" pulse at E=T, h]er
general we can say that ISI will be zero if we sample the pulses at t=( T,, T, a ;1
7o, n
SO on. . _ | |
From Fig. 3.3.2, the Nyquist bandwidth By, is related to bit period T, as,

1
Bit period, T, = B, 63y

1
Or Nyquist bandwidth, By = ﬁb— (3'3‘10)

Bit rate

o Bo = - (331

1
Thus Nyquist bandwidth is half the bit rate, T,

¢ Ideal sinc pulse physically not possible :

Just now we have seen that sinc pulse is ideal for zero ISI in baseband transmission,

Now let use see whether transmission of exact sinc pulse is physically possible. From
equation (3.3.7), the sinc pulse is given as,

p(t) = sinc (2B t)

The Fourier transform of the sinc function is given as,

P(f) = —Lrect( f J

75 B, = (3:8.12)
The ‘rect’ function indicates a rectangular pulse. This pulse is given as,
1
J— for -By<f<B
P(f) = {2B, 0<f<B .. (3313)
0 elsewhere

This pulse spectrum is shown in P(f)
Fig. 3.3.3.

In the Fig. 3.3.3 observe that the
frequency response of the sinc pulse is 1
flat from -B; to +B; and zero

elsewhere. There are abrupt transitions
in the frequencies at tB;. Such —

frequency spectrum is not physically 8o 0 B,

Flg. 3.3.3 Spectrum of the sinc pulse




:V
zable. Hence the ideal sinc pulse cannot be physically generated, even though it
gl completely.

ehminatcs I€

Merits of Nyquist channel
[ ]

o It climinates an ISI completely.

ii) The method seems to be most easy.

Limitation of Nyquist channel

i) The transmission of exact sinc pulse is physically not possible.

m Raised Cosine Channel

. Raised cosine spectrum : In the raised cosine spectrum, the frequency response
P(f) decreases towards zero gradually (That is there is no abrupt transition). The
raised cosine spectrum is given as follows :

—2%—0‘ for -fi<f<h
P(f) = Z%a {1+c05[%gﬂ;2f_}_)}} for fl < |f|< ZBO —fl (3314)
0~ 4/1
0 elsewhere

In the above equation, the middle term represents gradual roll off from f; to 2Bg —f1-
The frequency f; and Nyquist bandwidth By are related by the roll off factor. i.e.,

Roll off factor, o = 1—-fl ... (33.15)
By

e The frequency spectrum P(f) is plotted
in Fig. 3.34 for @ =0,0.5 and 1. This
spectrum is normalized on both the
scales. Observe that at o =0, there is 0.8
abrupt transition and it becomes ideal
case discussed in previous section. As 'O’
increases the rolloff is slower. -

e Time domain pulse for raised cosine
spectrum : The inverse Fourier transform 0.2
of the raised cosine spectrum of equation ‘
(3.3.14) gives time domain pulse p (). i.e., 0 11

2

3 2

2

Fig. 3.3.4 Raised cosine sfactrum for
a =0,0.5and




iyiial LJdiinndiealidind

cos (2na Bo t) 3
L PRl Gt - (3316
p(t) sinc (2B )1—16a285f2 )

Commentsj
L function is the product of two functions. The first, i,

i) The above pulse
sinc (2Bgt) is the sinc pulse. The second factor decreases as 1/ 2.

ii) Because of the second factor, the abrupt transitions in the frequency domain
are avoided.
The first factor, i.e. sinc function makes p (f) zero at the sampling instants of

1ii)
1 . p(t)

That is t=0,+ T}, 2T}, ... 1.0

and so on.

iv) Fig. 3.3.5 shows the pulse
p(#) for «=0,05 and 1.
This pulse is normalized
on both the scales.
Observe that at a =0, it
becomes sinc pulse. Also
observe that the pulse
becomes =zero (for all 158
values of a) at the =
sampling  instants  of
*Ty,+2Ty,.... Thus it is
possible to eliminate ISI
by wusing raised cosine
spectrumes.

v) From equation (3.3.14)
observe that the spectrum
has nonzero values upto

2By - f1-
¢ Bandwidth required : Hence

the bandwidth required for
raised cosine spectrum will be, Fig. 3.3.5 Time response of raised cosine spectrum

o o %j .. (33.17)
Consider equation (3.3.15),
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Review Questions

oty one method of [T control, o AU : May-14, Marks 12

Fand \
Pt Nwnist first criteron fo minimize 1S AU : May-13, Marks 16 i

L the tome response and frequency response of signal with raised cosine pulse spectrum.

AU : May-04, Marks 8; Dec.-09, Marks 16

What i mewnt by the ddeal Nvquist channel 2 What are its merits and limtations 7

AU : Dec.-04, Marks 8

|
1
|
zero |

L Omam ant epression for Nwquist criterion for distortionless  bascband  transmission  for
petersyenhol mterfenenoe.

AU : May-05. 12, Mark

s 6, May-09, Marks 8, Dec.-05, May-10, Marks

o With mecosary eapressions, explain the practical difficulties encountered in ideal Nyquist channel
s how are they overcomed by raised cosine spectrum. AU : Dec.-06, Marks 5 |

 Descuss on signal design for IS1 elimination. AU : May-11, Marks 8

S Fumlain how raised cosime spectrum reduces 1S1.

[ 1

EX3 correlative Coding to Eliminate ISI AU : May-12, Dec.-12, 15

* In the previous section we observed that raised cosine spectrum eliminates ISI at
the cost of increased transmission bandwidth. From equation 3.3.17 it is clear that
hit rate or signaling rate is 2B in ideal baseband transmission system. But such

svstem is not physically realizable.
e Correlative level coding allows the signaling rate of 2B, in the channel of

bandwidth B,. This is made physically possible by allowing ISI in the transmitted
signal in controlled manner. This ISI is known to the receiver. Hence effects of 1SI

are eliminated at the receiver.
* The correlative coding is implemented by duobinary signaling and modified
duobinary signaling.




— o

_ 13 —

Co 4 .

woasSed CaIne cho,Q—ym elrenc& <=

Vek Wwe \Crnow Yol
L‘Q"): ﬁm COS\: ¢ \ﬁCﬁ:eﬁ-@&—A h@ﬁ&@{&bgm@\rsr

aan @ =2 200c- €], __Ew ~veguiced {“ oS> c,osma_j
L pest™

a- - P
Lo

'
S;C"r\&\\"h% val e o« 'b';k "ra._,te \A(J_o_}

;}; 2R | 6o

pueh  SyoH

")é‘% \’/@-r{\é ttSCl'(‘SG_f‘\ SSSK> gqgm . fﬁ\)—*’
i/@ "(‘not’ \’/‘Y\\_\A;m,a '-gel'\c"x_\.c-]—-l—ﬂ .
ue\

Crvo\anve N Coding  a\\owc e aigeel ing rafe
va 2o Ynyrse edonmel 4‘%‘. v Bo .
c

,‘\,\ v 2 V2 {M\C\/O, Py‘\/\ﬁi ngl)a fJOI ARAY) ‘f,a a\\\o\,\“\r.o

T 4% Yo Yne \‘SC‘/\’S\SGr'; Ayed S\Sf"‘\\ xe Ceooyoils d

'23E=% ah o =
: ) Ve vt
T p TSI IS lemowe Yo e eV Jente

-E\\mvnaj'es‘ af e YEEL oY

eff ok 7 TOT IS

(oding 13 | P lesmems Ve d kg

The CJﬂ‘O\CuJ"\"-e—

(_\,UO bh‘-\(\-\% 3'\().(\(‘,\\\3")5’ a\a\c\ mc&c B(’r\ C\)‘)O SD)'Y\I%

S'vg(v-w\'mﬁ ’

ooy e EnCedl ng

'DUQ_ b \'\(.\ 5 erl'\w Af; n % ~ a&k ey )m nXO._}L_\L TN

Vo > oy hasd  alignol .
%@wa sh e s

Dus => Durwble WL OO (3 wn La,)m\uiﬁ ' d-'} He

\,’7\ neA Sqy

(



_ 1y —

o Gmeides e Ty seques (9]

i

!"7&)5& kpoare &° .

| e\ AN . .
i ‘T» = \‘M ™ s g,eqkkc B Sz wos Y€ & 39 3

, Iy Canyeun \and ©

X oo Y)\Y\O':’Q e co Al .

P A B A ana comeny have T evel

Sy oM ‘e 2,6 anad 2.

Tre 0\(/ \‘A e_y.v?’re't"té A
Cx = Aeidgye-)
= Ve b Cerweyd hno Leve) WhCon elated P“h“ yo ¥ Novvsa Lovel

C/cﬁMe"l Cequenie ™ie \mp-duwe SST
Q‘(Y\CQH&QJ‘ Mmannes o Yc“i‘—u?

\Ne signgy n e
i bae AV -

Petv/“ﬂ f—h\i‘c\ﬁ i
L

l Lek ol "v\ﬂegemm e SgVemake T Ay

N A
Ten Ak - ck — Ao



\
“ond

DeRpere L P :
T (ﬁw‘ r\&DP e 5\/\’\) '2.-3—341‘3 '

Tase 1) .
J ol ,9\57\1\4 #MM o Fro

\'\\
h\\l A  Whow i T s
*"‘“‘—\‘ \"F C e i,& weeiVed e
o\ witl K Y ey e
= ! ave
e»uy e onmy Wit PP pPfete inte
SIP steques

Drav gace Exovs ' 3
Pl ?‘aﬂfaeoq-sf-a ﬂ'&\dné ))\&L_L A e %J—Y

F’CC[‘*—'?] Fes pewic
T \

Lok &dwc'rr olemant Th. 10 Qlecx &CG{W"“\
=DaNg T

FTC’*’a ""GSPM'\)&“? A&Ladd, elo manle . e
e freqeg verpens & deamy o B I

L o) 2H &V

he Aoy fine GV b

. 1 ™ wl C}(\&‘f\'ng iR
pavim  fBmade WA

€ ) o R
EJ.C E\ulgj { C.g‘)f“’"% E,Y Y~ Q

| . i@
| neko= \f\mum&@) \_\+ S ]




e ’

tod ’f@r’r-(ryv?( e Fosen O &quoﬂ?_ brec vl

—

+ e e

2k \'\Naqm}(%) EQ:)MTE‘ Q_'MT" SN JT\?V’]

y -r‘_" .."i\g(;i') .
= H ogqun (%) Ie.mw)., o mh&e)

_%iRb .
eJ

S

-—

— B N\a(}k\w QD '%" 2eos (LT %rﬂ’)

’ LL‘G‘ we  ow mal .
S}z‘ewm V‘F e Snc '\)L\‘t‘( .
! ____\..——»— 'gu'{ —2o< @ég(’)

' o e \se .
i
1 I3 ove &2M~p
! ‘N\\h’ C)nod&e/y\ Wenﬁm e uN e oo 'f @
Hud= A S ees (WE S \F 20
ol 135 Thandl
(@

Hee o) = o cgmem) A 18 2o

o

TRz = =T

w)




it —
DUO b)ﬁ()*a Encode v L0 P'VECOA.QY [‘D'{.S..)»eﬂeﬂ‘ﬁ“ﬂ\)en(naﬂ’i]

F"ec-odo1'. Wed EO avnd ereuy ?z’o\oa.{:o_ﬁm ko o\pP .

Rlocie pragaem

from abwe c\:’a\ o

At = b\C@ A‘C__\ ’/‘QD

1€ dye =) i{ et ey 19\(_ or e —| A L.

d1¢C = © Ones wIse .

Tre &e,qls.nmw (d\cz \ 8 QUVP\,‘eC\ Yo Yre <lp C‘T—
Lever SWitter and we gett  Owh pu QAx e b\ pela~

Sigmal, Fiven ¥

2 de=1 Aes|
&>

dic =0 , ap=-)

The. LeQrumte ancl v A heo Ov\??\\‘e,‘l *.Qéuotl\hq}

encader | Do ow put e s

C\C = A ¥ q\(__\ EE @




_ & —
The  Vatue o Cy v\ be

Ct:o "g' \’\: ‘e
g D,

=313 V4 br is o

Decsdor
= 5.‘ RecyiSen- \ \Qt Declsion . br=t 4 \C)L) <]
QC)LE e e 2 bizo ;‘f; \cnb.’

'TG\‘@?\J\A =\
aIn
% mean)}‘-’a—@ﬁ— Cic ‘g EQ\(_e]\ apc\ Con\"ﬁ\el
wi ho Thxeptno 4~ 7 o v dcct giee &P
;% \C\C\A\ o\ k\c:\
\"ﬁ* \C\L\ 1 ‘ake by O
\'X(ewe_ \ \DV_’ J.Q/‘;LD—P-AQ — f"’w Voleo “k‘c)c} quvcw
Ualue ‘$ e oby P\.._l: el *a-q)-.é‘ea)_ TR Shaw

(T frene 4a Mo PP apohm A e~ 1n Mis



19 —
MadiR e d deo &\N“Ar enCadiog
U

B U

The comelanon VA over \0"“? . i
In owdiBed CL‘-‘Ob)W‘ .Q“c”é'?ﬁs

CEnecoder -

By "’D\Q-(

N2 ==

_c\gc‘w. (-?4 ICJ

oo >hue d,\“l«rm.

Lot cr =gy —Qw-2 — (D
Tue v Qﬁqyo\q, Witz Sefuwte. lee Ay ig #:):j:\

e oy £,
We gqel= Cle ag a Comelsped cege oo & o
bﬁw lovele o|p <.
Lot g\\c s ne egnoek & gy

Men We_cea Sbhyot o

A
Q['c\ T e toea. &)




|
!

_ Lo
F“Q@%?W am \mp\xk p_a,pﬂ?oﬂx rF m&ﬁe—“’

J

Lo} DeL?3 el»~q4‘-2j%'
M™Me Pvtﬂa Y&_}VWX( ‘? &Eﬁ“—d C i be
| — 2N

- \dence Foreat F—fec‘.»e = peF »)) ke

VO T Han () {}~_g3i“féﬁ?}'““@>

Feommoging e Kenms in gida  Squace bvaciatt
e‘j"'r‘f'[b

B - HN@W) e’)a“fTb_é:;’H% ‘ __e-m\ﬁo é-)swn»]

::44N2 (f) [;eﬁzﬂgvi.é35W€W{}.é§lmFﬁ.

WU T ey g
d 125 g1 (2T g7  2°M® G

\
Here HNJ (&): ';Ea— ‘fl‘f- —Ro i"f“f_ﬂq

o O w1 Y —_—@

| o N =320k
V) - {jé'J jsn (M) e % i

\ 200
_ Slge

(@)
WD) = 00 GTED 4o 5L )

o
ord ) = —2TATh



/\\ Y
N
— &0-
~ \ = \, —\*—_—-3
= A
A
PR
1]
]\ )
'- | =

| T‘:‘U“é Anveste ¢ p=}‘1 eQuake T (&) ey~

Ve Y @3 hend

hat )2 O™ i GRS

e (27 —4)
—




03 —

Covrelanh'on Keclver (ov) O/Oﬁ'murn Recel ver .

Wintis  qprimen Aessver?

j Recorver 15 Aosd o he oprmm F TEVE
be  @inievmr /97»174—/:?// eeyur - IR /F o/ef/'«;nu o
produse  mirprrn /avobalﬂ'/?m- wlled  Opriemrm  Araiver

'C}/' an AwanN Cﬂa'nme[ and Wm)}feﬂl R;GDQ/J
SIQ) fA&C—fJ '--/%-mq.) lo ¥t lcd e?wdg 'éJ'K@J-a, ety
"’Pﬁmmﬁ Neoivoy CamnSl i F Cy’_ FD AubIYyAHm<L .

" -%’f@e*‘( Y i f Leorvar

1%——»31
1 |

&)

2 c4)

- T > xg | OlsesveRn”
b P, ).
!
'.‘ = N
‘L——Q‘YQ—‘J il BEECRS
(PNG\')

L It eemBift F bonle 4 M /;raduq—-/nfafao-f"‘l
r Cometaters Bupplied witn @  Comaprtl ] Aet ¥
Cohsent e fosanto Aisnal () Cemelstort Suppl/ed
witn o pompperdey et f S0 heserd ~efn e Sinde
ov  ovfpoforal  fasis 7ﬁwnch‘m g 0D, Pact) Aot/
that orve 7prmc-—v‘€-’ Lotatl .

Thig bonk cq, C o |atee s UT)o-.cJK cr e cives
Alened xt)
Veote, .

O£ Ef’/_, P”‘d""& e OIop van w



2. Yeetor Reoives

5 S2) Celeckt
- por | OO o oy e
r Ve kv Earmode
¢

)

\\\%\j—’\wﬂ\\a&w _
$m.

I+ig  remple momn e o
defeo ter

/0 e %Orm T marm - Zile hasd
< i . ! rcse
z/p OYb_QDU voH on Vesltr F S QfP)lO.e{ Fo /)ﬁd,u(_g anrn esh m

: K " s L LA
f’g 57' fre t—ra/ruﬂ?’/"f‘—‘/ 7“”"/7 m, . A=1> My 7

ok wold  mMimroe pa Averap /)rnbcb/‘//'oi oF Ayméﬂo
eV |

: w (A
Iopwd chgoyvalSor  Veetce x ,"g roulpplied
\ N £06cyd
M pgSgmold veeke 8 gy A2 . Con ghoe fuilg fue
‘ doct
LQummed » accod |efer e /Ur‘d’u'b (et F  Innes P
Z CW/SJL)_;' RN R
bt somey produp  Avwmed wim S/5nal @nasgiy
Ther? )N - |
/ fre [A/y‘]eg} in e ‘zrer-U‘!”j /QQ»F‘f Numbey 14
‘ '
Flnai ( o cm;/xpmilﬁ decifim N Tre
Seleoped
bt poiftd - retige ix ered -

—



~2y -
Matched £178 Rectvor

' uwd
lfa ,ﬁvlf»&r 7e/nafra!ed am owty e
yakho to smear 0
“ Q cha d JCUQ'

§ &3 fre,qwj veg ponde PR
Ik 13 b0 q:ﬁmwn Vi g ‘
| h hat &€,
| ONR o fre existend ot adds he

Reci ver( pepestor pani)

\c;b,tr-a —

edd ved

¢igma) % &)

<,

| o
\J _ D\OQ_(.Q‘\'Q
E;(T—- t)l——“ \ e et
‘ \

\ \

\ F 4
P lT- 3 . s
Qa"‘? =

okt

YA
Pl

Hene The W/”"WM hadip 74""’03”" ¢/G),¢2Cf/ T By ﬁN”)
' 3 oppumed 4o Zoro oot 21de tre | ntequvad o< t4g,

tho use o mwthplicss ma/ be avetded

(empider . o finbs /4/,Le1 e I Jropul Y adpente /"j &),

x (4)74 e }Q_QQJV&( Sgnal Used et a 'Mpul to detettn .
gy )iz e ouwtput

o gj ) s defint {f foa Comtr onpees
g (0= | wlhi (b4 —
P

-_—

(ot v fek 1mpulit Res punle
o= @ (-9 —D



|
\
* ~ a5 -

:/Hf): jpa(J) FbJ'Cr—t-/-T)c}J I

-—

PP ot o l_:T e ¢tr
’

J}@’l:m) Binds — &

}Q ’L); &
s J?”‘U) Pi(T-T+7)d 7

S(T) = 1Ty g i)
B)= e ()4 —
P8 BT )i 1om outsita o jmporval O£6£7, L=

we get -
Jitr) = [x) ¢ (947 —@
o

A Fiirer whoe ympulic Response (& a bma >everde d

ond J.,La-fd velhion o R A)snad (;ﬁqu,c.g}o

! d P Ae ajche FOE) )
equah o @,rﬁ Aot R‘fn:” to & 7
O'TO/BFWJ,(n}, tra o}grﬁmm‘f’f‘ ased o ho deq ;R
‘Ya,f’PMe/d jeoos Tre modchad £l
' "o’eAL‘f"'W % AQ

i mush be Cast tal

lphw@wj veali2ah

e 1ot sy sy be Zem A

Thiw= tz0]

'72””” C?U“”m@/w Ca,w_ca//‘g Comdinm |4
gotispied provided frorba ol D) i g
Zovo outlide T 107eTVaL o ELY -

epahve Hreo




2
Ha_m‘mrb-h'm q“- ovdput _C,'C]"r)a/ fo ol Pated. [mamo(l p‘lhj

!
Jcnhown

Sigmal x )
+ ves pmse, \\_)
_Sa.mpl.z
atk £=7
White none
wu)

Comsidor o finear filbs enin smpulic Resporse hLE)
J<nown )y nput Bigpe) BG)
Addikve pone comporunt w t+), Zevo mean amd PLD

Erom xU) = Pl +wct) 02027 _ p

yu): Qéotf)fnuﬂ
¥ T €D

,&,‘7nal Nose

Polt) 7 net) igto have e fflter male tra nstam fanesy
power 10 cutput Aisnal Pelt) | meas vre at £=7, ot large
o /)cusfh'- Comporved wim fru overge pausy F o/p polsx nd_)

14
The efudvolont Lexo rdefined o rrapimize e owdbput
2ens! fo pojre voto o2

2
C_CNPo) = /¢00-)/ @
= [niff_)]
[t CP[{) 8 F7 TF Jepewn Alnal ﬁCf)
[P is P fromste furaion o fro filFe

TH S5, (¢ o HEIP(F).  amd ¢4 s fbedf
o?f)S;w)? () gt )P P
7,Vm lna f‘r-ﬂ 1 HV2IAL FT




P _23e
Byt f w(p) 9CP) exp (J2m{EIE

-—

E=T e, ™ W , )
) 9%&)/_32/ oc;(” G(4) exp [ zr;f-]-)c{f;/
> — {9
Eﬁe"’f"FNUfﬁ
\ g;qmr

The PefSepwdd) /4 /D,.aw on the 7&,‘/;_, oupput « Trem

s o | _ _ B .
c/ffnomhu) =Sn (F) = l;—i—— /h‘(f)/L
The aquorogl power & outpur notge 4 fresefese
- al
£ [ngct)]: /pSN(f)Q;,; en)
_Cub@}o@ > 2
E[Fw)] = 2o /:p{/-;(f)}c!f; _ (D

-—

Sob 29"‘“""’" @ a'nd@ o eguapan

(%) =) Lhewd gep exp gy 4]

N7 e —8

2

goafi ad

- Xeﬂf’lg 75(7‘)0]—#1 ynput Lifned 7':1'XEJ and Uf)n;
YCp) we have F= maka (_c)me)a I4 oxomum - Lo

e have +° GTJhM/ZQ :
—"—O cbﬁm)}_@, (~Ne +‘Q1CQ SChUOq"‘Z’-S ;ne,qualig _7L°

pro numerata o 2l ok @r We m Weekad
»
(4 ) 127 5 " g f 5
/:/f'” FE) oxp(] ufﬂd%] il/ /.f(,e){dg}/_\[gb(f)/dﬁ
-




— 2 - ofp
| verrg  fre vM‘m fa e—?““”""’@/we e’ Armp ] fre
Slsppf fo T Yoo OF

(SAk)o = Teo f:/gs(,c)/qa,a ™

—

T RRE o et (1D 11 wiquery oped

I e Bianal en,o*r?7 9 ver ,r,&1

/:/;écr)/LJ b /

- P

-

/ch)/q'clt
2 TR ol pot Zpetrrad c{m.&la Nof,

}
TRe RHA o equohom @ does nof depond o0 HeE) . Cemeque®],
e owbpil Aisnod /2 pelec Yoo ©2il/ be rmaXmen ol HE)

‘ IA choufer Ao foak tue eq,.,.n_u\g Aotdy: nat 14

(Kve)y, = 2 j ?/sm)/“a% I

s

- Fer g Ceomdsb (g ) appome i p opprerm Valve dopoped o
Hc)pf[f). ond fwm Cehevan’a /n.@}m.u‘fa , exe festeng
oy

Hops (8) = #40p) wp (5 2117T) —2
CnID bt i Compen Lmiigelt § tra FT St fre Hpomd
G . wik owt Fme Uw] focior exp (-321f7)

[How =p8) ]

c‘lu.n»ﬁm @j}’m/\// e majLLj_J 7&{1’—‘4 y N ﬁe-?v‘(f Bor\na-;r)




ol

l

i G0 )& imvertse T of Hap/ [f); 1° ob?

vy o + Fne ooofdad pir e od
hpr (£)= | 7 4 e
or ) [ gt e [T f $8) =)
fov,ep.lvawn—l

Aignel

=
i tre 1Pt

}‘ d(F) - 7 - e '_—l')]('('f
) 9+ (£) ;/;)QM f)e”[ | me (7
l[pr) = 95(74) /70

e?ua.f:m ¢hoawiA he Jropupt ,ee&pumc. C;L fre

S vevorded ond J,,Laa«d vor o G fua
%u) ¢ )e ’t’mﬂ—fC-MJ y"o /r)pu.[—/g)rnd .

F-)—uv"ﬂ 7"6\.,"{4 e Cenelode /__F,.o o hah 2 oNR 'y guﬁ\lo.ﬂ.p

i

Fo mimimizabm of e overgl /,m;,‘ﬁ,;,La, ¢ Symbe ey
des F~° akpves ppoes
(D The addipve eohife Cawsyon ke ot
I A /S}a.b‘mag ! Ao lopuds) on J}a-/f'/fﬁ"
2) Tlw a /)eﬁm‘ Ffo,édi/!ﬁa affw focrry it d
5ok ane Jomord

fne yeet'vey /npud

ﬁduwﬂf’ﬁod E
/
(’_Lil 7&/# Z"?:O‘-—lm Jﬂﬂ Ié’] Jewwbé Syméa/m_

®
&) T filtee has  aprime! pafornoua o |18 Compatariod
tost 1 8 Low .

pisad ven $548




propessi ot f mefohed Filfes — > —

[* T Bpeerre of fre outbput £iSral of & mapched filpr coite e
motehed Lsnat o npap 14 owcaps Ffera bmo d /é‘w’(
,Dro/)hﬁona-f Fo fie enmqa Lpeerut JM,“? at fre ) pput gl
Bot): thpy (£) (1)
¥
= PR PUD exp (fay 1)
= fS’U’)/q'ebq' ﬁ-jzﬂi’ﬂ
2 T outpet gignat of « mascked filRe 18 propehrd B
a Llifted vechoo % fra = fo o= |Ch o 7[“'”0"”) % gae
Input Aisnat Fo whick twe Filtr )& pootcled
§5aU)-‘ Ro( t-7)
PaCr) 2 /Q;p ()=
3 TR oubpul gisnal fo TOUe YAh O Fo  aicked Filbr
d.af»ﬂla m’J anzn vabio of e Ricnol enow Ho P
[Pou & Apeard 3Ky e Wl moie ay it brpg

m"“"d“\n& Ced0h m 2
b
(D R peetrt /’}\04( rm}cl"né_\. q!,G‘)f_— ?D;(T) : ‘ZP, Sb(:f)/“lﬂlif

() spectrel  dmpiitde mookeling | i4ct)] = @ (D)
RV




-3 —
EQualsi2abvn  JeohmGua

Ngjda we need oQuatilanm ier Bty o d /W FMmﬂf"m?
N Mheo e 2isnal i parsed  thrvrh e Chamned , dIFTAT
1 8 o po dund o ferms 7& D perphi R e 1) po&x# .
This didpexsrm Creates ch/)w},arm- o IST. The de peativ>
oF e Algral alio  heasrmes Siffortd - gras &SP
Com ha  Compensated woifo Fra A,u_/?d;ﬁ egoa—ﬂ-iu“?
LQualizer cwe Aa.umlaz Pilfere wohich  oorye=ct Fre
channet dn}gfr’(},‘m.—

Y ped

1) _Zgro]zlrahj @ quals’2ac

2 A’c[ﬂfﬁvé _Q_gZu.aﬁlLar .

Adopabve EQMZMT__

pUbatis e Hewt st s Mo_/,a;,«e Mm?

Jf@/)%bm and Lo a)gfmfb/m,

w ]a.__;n m::w

Neee #sIHy ! Mo.c{—r,fhu Olowmess are mada vpe o  rdiwduad Linig

| R

on d bﬂd lebf-cﬁ’ﬁm /‘Dclucﬂ.-d A‘f‘(ﬂd op e
(> TramAmIASio Choratosspy F /o div
2) No ff’ﬂn[q Yo P Covrelh o

So fre framy miser W"V’””'“ /ey oM chon§yrg  Herie
a—c[,o—fa.fwe eguatiZahm )4 veguived .

padiC frrnd(p(i !

The  Frlfers adopt  Frorce)vad fo diperssve
effeet of o Chamnel 12 tre filds Coefficient  ave
Chomaed  Cam trov ously acca—n{xng o 1 vecivad dafa an]
desrnrn o pa date /s ~edaewd

'tlu_aj ﬂi‘n};p




-

2 —
'T‘fM /)vecﬁamxu e,chw;»g USeod 7 0 7‘-mm,gmwn%' 47 do
J b uses FC—LCKAQUC Jo  Lpow abouk m“»ﬁi’; feihrom )0 PO
recered data)
posichanrel equalizes | 1t (€ vied odftes e veeds/ g

7&[7"" > ho fca_n—e, boz)c £ Yﬁgu-\lYa,o/
S+t G Mo peple efuell 2oy

o8 e i®
“RG\Q

iPe\a*j !‘_DXU” &l - (nl»M)—{—l\ 'JLCH”M"FD

[NIN) w\ \}omom
WM~

.

| =

-
yeat)
Tesived * -
et e
Celmt)

Fl'guve choe Ohow?)
FE CompiihE @a—fpcd' cfaﬂa7 Le'na 74'//“"
Led- JJA’}&&MH o d Vamahl

TE ConsI AT o

out b Plied

X (n7) — mpul

(‘j(nf) Z "7”

a(n/,): Z—WI z(hl {T)

n K.
wi 2 a.A.a-ff"’e ﬁ/’h{ Conffret

fer [c/(ﬂ/)f /A [Ena) Aeguons /raoo:m//ﬁl /4\1’.{7"“4

ﬂ'un (on awn 74:1&&-!"04 ‘



— 43 &
The ~apopt  Scquesrct a'Crﬁ) 1A abseored omd T @@’
Leguenes hefeir fr fae Segure /) (ol el bed

e(n1) = dr1) —-&Cnﬂ , N=0,", =,

e charmnel
exahe  HZ O

o(om) = dom) —y (oT)
e (o7) =0 .
e denT) M‘dé/Cnv) coill he A rear /rrccﬁJU? Zago MUY
Fefuer G tiep o cwigtth F Fil o) are chemfed
Yecunsivey  Ruch fak Ewre 2(nT) g awinrRd ., Theve 27€
! L1amdan d a,Lfrohn'ml 7’°CJ-0vraﬂ—<_ el Gt a}fm Al 'rea.ns}vd‘f'

| 573““—” "o o ded

D TaedriPh Fda

2) Dlea'gior di reated mads .
xXC0T) — t-dapﬁ’:;e | iRy bcg iCn?)min)r\fl
I}f T—J Devi A . ’J ‘
f Swa)
Plr)
-"
Trad n/ns§ o 42
| A s pOsIN 2, —hrcu‘nm; Reguens ap/ ljed F

plper B lfch !
‘ e?'ﬂ’uw‘ [ rmewjmet /mj/n prendo Ao

1g..:mmrmt&!’ e Lynchnm /
2ol hu ceefficiend o adphre

173 JQQuM[/’/V)' 2t

204 \Veasior S e veatuor - Tho s ning modk

g/?ua—ﬂiaw .



2y —
2) pecifier derveetd rood.

plop gustjon in "D T+ Sefs dectsror mode,
ecrmz  h(nT)=y(n7)
b( oT) A e Comvect €24 mafe i bromw 00 (84 cyen bdf,
6(:37) 1A P oudpay f KJA_f,;VQ "MW .
Ai&/?aﬁve 7L'/f‘br Coeppicledt e cdjocrd
et o Lisvar K(r1)ig minjzed

C:fnh*m7 Luch

heass mwwAQumL[Lm] Al§rofh M.

A’/j'rﬂy"h'm mmfcm éé—f wel g hp q&fw a—Jg./m;ve
d?-r'[M 73@;/15‘;\1@(3

A
W [nT+7)= w (AT

).}- /Je (n’[) m(ﬂfi—-—i'lr) ‘

= 0,0, M-
b5 to7) 15 e presorde eshat for fap T _prime 0T
W (T +7) s e opdated  erhm ot 744 fap oy A T
Moip e a—Jﬁ—fh'rm ConSrard—
’9((”7/!7):')1#1/';/%? o p Ug

P(nT) /A fra £ Lignad,
The a maf y2 Cerotils /7\'2

o//)p/)ozd%o hre ofd sy eote = J

oot 715’ Coava@ M

ro due U/cha_ltq/



‘—___‘\--m)won

r itted one aft - N
“Ans. : In baseband binary PAM, symbols are transmi after anothey
ns. : seb an !

The
v : . Se
symbols are separated by sufficient time durations. T}fle htrﬁzisml.ttel‘, chanpe| ang
-r;eceive; \cts as a filter to this baseband data. Because of the t(.ermg ch::lracterish-CS
transmitted PAM pulses are spread in time. Let the transmitted Waveforp, be

represented as,

Wt = YA glt-kTy)

L:—'(\.‘

Here A, is the amplitude of Kt pulse.

And g(t) 1s shaping pulse.

The output pulse at t = i T, can be expressed as,

u(t,) = pA; +u ZAkp[(i—k)Tg,]
I:\- = —o
L=l
Here T, is the bit duration and ' indicates instant of i”' pulse. UA; is the
cnntributioﬁ of i transmitted bit. The second term in above equation occurs dye to
tiltering nature of the transmitter receiver and channel. The second term represents
the residual effect (time spread) of all other bits transmitted before and after t;. This
presence of outputs (second term) due to other bits (symbols) interfere with the
output of required bit (symbol). This effect is called Intersymbol Interference (ISI).
Q.10 What are eye pattens ?

AU : Madras Univ., Nov.-97
OR

Draw an eye pattern and represent the ways in which it could be used to
evaluate the performance a baseband pulse transmission system.

Eve pattern 1s used to study the effect of ISI in baseband transmission. Fig. 3.5.2
shows an interpretation of eve pattern.

Ans. :

Width of eve opening defines the interval overwhich the received wave can
be sampled without error from IS].

i) The sensitivity of the system to timing error is determined by the rate of
eye as the sampling time is varied.

€ eye opening at s

closure of the

i) Height of t} ampling time is called margin over noise.

How is eye pattern obtained on the CRO ?
Ans. : Eve pattern can be obtained on CRO by applying the signal to one of the input

Q.11

channels and giving an external trigger of

Hz This makes one sweep of beam equal
h
to "I, seconds.
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Q12 What is the condition for zero inter symbol interference ?
Ans. : Zero ISl can be obtained if the transmitted pulse satisfies the following
condition :

: : 1 for i=k
ime domain : pli-k)T,] =

& 2 0 for i#k

Frequency domain = Z p(f-nfy) =T,

n= —co

Q13 A TDM signal with bit time of 0.5 us is to be transmitted using a channel with
raised cosine roll off factor of 0.5. What is the bandwidth required ?

Ans.: T, =0.5us, a=0.5

By = %— L L =1x10°

2Ty 2%0.5%x10°°
B = By(l+a) = 1x10°(1+0.5) =1.5x10°

Q.14 From the eye pattern, how is the best time for sampling determined |

Ans. : It is preferable to sample the instant at which eye is open widest. At this |
instant, the chances of error are minimum.

Q.15 What is the purpose of using an eye pattern ? |
Ans. : Eye pattern can be used for :

i) To determine an interval over which the received wave can be sampled
without error due to ISI

ii) To determine the sensitivity of the svstem to timing error.

iii) The margin over the noise is determined from eye pattern.
Q.16

Ans. : In switched telephone network the distortion depends upon

Why do you need adaptive equalization in a switched telephone

AU : Dec.-05, 14 |

i) Transmission characteristics of individual links.

i) Number of links in connection.

Hence fixed pair of transmit and receive filters will not serve the equalization

problem. The transmission characteristics keep on changing. Therefore adaptive
equalization is used.

Q.17 What is an ideal Nyquist channel ?

Ans. : The ideal Nyquist channel uses sinc pulse for transmission . i.e.
sin(2mBt)
27[8()f

’

p(t) =
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Such pulse have the spectrum of,
_,_l_ fOi’-Bn(fSBO
25

0 elsewhere

p(f) = 1
Q18 What is the use of "eye pattern” 7 AU ; Deg, g

Ans. : Refer section 3.5.

g out the difference between carrier recovery and clock recovery, e Dicg
: Dec,-0g

Q.19 Brin
Ans. :

Clock recovery

——————————

Sr. No. Carrier recovery

1. Carrier is required for coherent

detection at the receiver. correct bit timing at the receiver,

|
!
Clock is required to estimate 7 i
|
Closed loop bit synchronizer, |
early-late synchronizer are used for |
clock recovery. I

Ve power loop, costas loop are
used for carrier recovery.

K

———— |
|

Q20 Why do we need equalization in base band pulse transmission ?

AU : May-07, Dec.-08

Ans. : When the signal is passed through the channel, distortion is introduced in terms
of i) Amplitude and ii) Delay. This distortion creates the problems of ISI. The detection
or: the signal also becomes difficult. This distortion can be compensated with the help
of equalizers. Equalizers are basically filters which correct the channel distortion.

Q.21 Give the Nyquist criterion for zero ISl. Plot the impulse response of an ideal
Nyquist channel. AU : May-08, Dec.-11

Ans. : Refer answer of Q.12.
Impulse response is given as,

sin(2pBt)

() =
4 2pBt

Fig. 3.8.5 shows the plot of above equation. (See Fig. 3.8.5 on next page)

.22 i
: How does pulse shaping reduce inter symbol interference ? AU : Dec-10
ns. : 1) The shar o
i i t:el;)( the pulse is selected such that at the instant of detection, the
all other symbols is zero. Fig. 3.3.2 illustrates such situation.
2) The effect of 19] is totally elimin g
on. A

ates if signal is sampled at T),,27),,3Ty, -
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Fig. 3.8.5 Impulse response

Q.23 ISl cannot be avoided. Justify the statement. m |
Ans. : When the pulse p(t) is transmitted across the channel, the output y(t) is given as,

LA i Y Apli-KT,]

y(t) =
—— k e
ith it k #i
Residual effect
Here i =0=1+2+3

Here note that at any i" instant, the residual effect of all other bits transmitted |
before and after the sampling instant t; is present. This residual effect forms ISI and it
cannot be totally avoided.

QaQ
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Generation of QAM: @

In a QAM signal, it uses two carriers each having the frequency and differegi§ |
" phase by 90°.

One signal is called as I-inphase which is a sinc wave and the other is called ‘
as Q - quadrature which 1s a consine wave.

The block diagram used to generate the QAM signal is shown in the figure,

: |
[nput
Oscillator 0AM |
) output |
Q G i
Input 90 phase Shift

Fig. 4.28 Basic QAM Modulator

There are two carrier signals used with a 9(° phase shift between them. Lhe
two input message signals are given at the one of the input to the mixer. The othigp
input to the mixer is the carrier signal. First mixer receives the carrier with 0
phase shift and the second mixer receives the carrier with 90° phase shift.

The modulated signals by the two mixers are given to a summer. The (4@
resultan* signals are summed and then processed for transmission.

I = A.cos® (Inphase signal)

O = A.sin® (Quadrature signal).
Detection of QAM:

The detection of the QAM signal at the receiver is shown in the figure.

The transmitted signal are given as a input to the splitter. This will split th® g
signal into two and are applied to the mixers.

One half of the signal is applied with inphase local oscillator and demodulated |

The other half is applicd with quadrature oscillator signal and demodulated



Input
Sequence

(PAM Signal)

Sphtter

) |
/ Output
r

l () ull llt)l’}

( 90" phase

Shift

th 4.29 QAM Demodulation

The demodulation circuitary includes the circuitary for carrier recovery. For
this purpose usually phase locked loop 1s used.

Signal space diagram of QAM :

The QAM is considered as the two pulse amplitude signals on quadrature

carriers. The first rectangular QAM is usually 16 - QAM and it is represented in the

figure.

Q

0000 0100 T 1100 1000

[ ] [ ] [ ] ®
0001 0101 1101 1001

[ J ® [ ] [ ]

> |

0011 0111 1111 1011

[ ] ® @ [ ]
0010 0110 1110 1010

™ ® ™ ' ™y

Fig. 4.30 Signal Space Diagram of QAM



c Ai(Tere - .i1al modulation Schemg
Formula summary for the Bit error ratc of different digital os
Ul ks b

R
S.No | modulation type BE
| erfe
l. Coherent BPSK R
LI |
2. Coherent BFSK F ° |
1 ox -E,
3. DPSK 5 p No
]
4. Non coherent BFSK ;GXP(“Eb /2N,)
.
. Coherent QPSK g coherent MSK Eezjc

4.10 SYNCHRONIZATION :

If any two event occur simultaneously then the two sequence of events arc

~

said to be ‘synchronous’. The process of making any situation synchronous and
maintaining it in this condition is called *synchronization".

In digital modulation techniques, there are two modes of synchronization.

1. Carrier synchronization
2. Symbol synchronization
4.10.1 Carrier Synchronization:

During the coherent type of detcction the knowledge about frequency and 1he
phase of the carrier is important. The estimation of both the frequency and phasc o
the carrier is called carrier synchronization.

The carrier synchronization at the receiver can be achieved by the wayv of
modulating the message signal onto the carrier in a way that the power spectrum
contains a discrete component at the carrier {requency,

Phase locked loop (PLI) can be used at the receiver to track thiy tomponent



S T

A “phase |
ocked : - :
vdloop consist of g voltage controlled oscillator (VCO). hilter,

and

d lIlUl[lIllltl CO { d L
¢ IlnkL[ ki }j\ thL W ll\ \‘l IlL‘ngll\'\.‘ !‘L‘C b;l ‘i\ i}bt -m.
;OIT]C [ln ¢ S S l) C L C I
C l n]l 0 l“‘\\l l]ll\ U! 1hSL'nCL‘ ()1. th ; [) ’ -Oom nt in [h
poOWer spectrum of the mess

called “suppressed carrior (e L : -
PP ed k‘m]u““‘“kmg loop™ 1o provide the carrier reference.

age signal. In that case the receiver use a technique

The following figure is
| ‘ g lhigure is the example or method of carrier synchronization with
the consideration of the impulse is

d\'d]ldblL at the carrier lnqugncy

cos( s+ 2) (0
&

Kﬂ filters

Frequency VCO
divider (+2)

sin 2 w £, 1+ 2§) G X
sin(4 7w f.r+20)

Fig. 4.31 Carrier Recovery

The impulse present in the carrier signal can be recovered with the help of
phase — locked — loop (PLL).

In the modern way of digital communication system the presence of carrier is
considered as wastage of energy. Therefore the suppressed carrier svstems are
employed. In these type systems two ways are adopted for the carrier recovery at

the receiver.
1. Data aided synchronization

2. Non - data aided synchronization

1. Data aided synchronization :-

In this method along with the input information a special signal is also sent
which is called as pilot signal. This pilot signal is nothing but the unmodolated

carrier.

@



The disadvantages of the systems are,

1. As the pilot signal is transmitted in each frame, the throughput of .
system will be reduced.

9

Because of the transmission of power signals the power efficiency i
also decreases.

2. Non data - aided synchronisation:-

In this method pilot signal is not used. The receiver recreates the carrier by
extracting necessary information from the received signal itself.

The main disadvantage in this system is,
1. Increase in time taken for synchronization of the carrier.

At the receiver side two different approaches are used for the recreation of
carrier,

a)  Forward acting carrier recovery
b)  Decision directed carrier recovery.
The forward acting carrier recovery method is presented here in detail.
The noise contained received waveform is assumed asr(t).
ry=s)+n)
where,
5 (t) — signal
n (f) — noise
the s (1) can be written as,

S(l) ES A(l)COS(ZRfC[ + ¢) (4101.

If we passed the received signal directly onto the low pass (or) band pass, it wil!
average the signal and it doesn’t contain any phase (or) frequency component. So, it is
sent to a squaring device before filtering. The square of the signal component is,

(%]

1 I,
s2(1) = AT + AT (t)cosdn £ 1 + 24) . (4.103)



UaC of the examplic of such tvpe of synchronizer is shown in the following

Figure,
\Matched N Ll | o —y
'y & § [ i LS 2] GJila ; " 131°] | ;\517;\‘% 3 (1)
EREY % A Y \lg\l\g_ { . l,A,,,,;, -
[n the aboye example the matched filter output is a triangular wavetorn

1018 given (0 4 square [aw device.

o,
. - o
A 44 A

rency that is equal to the transmitted signal frequency.

C\ diadl 12

square faw device rectifies the signal and the resulting signal

P Y

The Fournier component can be separated by a BPF tuned to the frequenc.
. = Rs. This 1s further shaped by a saturating amplifier. Now the receiver car

able 1o recover the clock which 1s used in the transmitter,

2 Closed loop symbol svnchronization:

-~

(1 this method. the clock can be generated on comparative measurements.

P,

This method is more accurate but it is costly and complex in design.

The following figure shows the method of early late gate synchronizer.

Late gate
] ; v
. ) Absolute | |Yi]
" | E'; | Value
T
! Loop \

filter  [%[-]y))

= | F(w) (-
| | S

i { [l “ ) :\l‘\\\hlIL‘
S— - ( ana S —
Vilue |\\|

Fip, 32 Early  Late Guare Synclironiser



his is given to a band pass filter. The BPI produce the average (or) expected
value of the signal

]

N

E[s?(1)] =

E [*‘\2(!)] +— L il'ﬁ[/\z(/)]-u)s(tln‘/(.! +20) ... (4.104)

1
2

—

The spectral component at 2 / has sufficient power, 5o Lhe band pass filter is
tuned to 2 1.

Then it is filtered by loop filter and the output is given to the Ve, The
feedback circuit locks the phase of the carrier. The output of the VCO is frequency
divided to generate the phase locked carrier. This is the carrier used for the
demodulation of the received signal r ().

4.10.2 Symbol Synchronization:

“During the demodulation it is also necessary for the receiver to know about the
instant of modulation time. That is, the starting and finishing times of the symbols.
The estimation of these times is called clock recovery (or) symbol synchronization™.

The symbol synchronization can be processed along side of the carrier recovery
or it can be processed first. There are many approaches to accomplish the clock recovery.

Case (i): A clock can be transmitted along with the message signal in a
multiplexed form. At the receiver, the clock is extracted by some filtering methods.

Case (ii): First extracting the clock by using non coherent detector. Then the |
carrier is recovered by the output in each clocked interval.

A symbol synchronizer can able to generate a square wave of frequency, which
is equal to the transmitted frequency and the zero crossing coincide with the signals

transitions.
This can be done by two ways "
1. Open loop synchronization
2. Closed loop synchronization
I Open loop symbol synchronization:-
It performs direct operations on the incoming data.

This type of synchrosers generate a frequency component at the symbol rate.
“ith the help of a filter & non lincar devices.,




Fhis type ot synchronisation can be pertormed on the received sipnal by two
separate mtegration over two different portions ol the symbol interval.

Fhe firstintegration (carly gate) begins for ('Ts — o ) time where o is the delay
between ™o inteprators, Usually o is less than |y

I'he second integrator (Late gate) starts its integration “d” times afier the first

integration.

The difference in the absolute value of these two value 1s the meusure of
svmbol timing error.

[t1s then feed back to the loops timing reference for correction. The operation
can be best U“dLHlOOd by the following timing d:agram

: Perfect S) nchronization [ Earth Ummg
I
|
A= —— A==
: Received :
,A__.}_.____ — _ Symbol __:____ __________ o
f"— —A

I

|

|

I

|

|

; : Late
| J d gate
I |

I |

| |

| |

|
5 N

Fig. 4.33 Timing Diagram — Early Late Gate Synchromver

During the perfect synchronisation both the gates are within the vy

interval. Therefore the receiver is in time synchrorisation with the transmitted s1on . <

During the early clock timing with the interval A, the early gate falls o o1y

nrevious bit interval and the difference is —2AA . Ais the amplitude of the «

This error signal lower the VCO voltage and as a consequence N CO cupu,
frequency is also lowered. So that the clock timing falls 1t line with the tnconing

1gnal,



-~

J " 1m1 ' ‘ . positive and V(-
[ the recelver timing peen late. then the error will he postiive Vi
frequency ncreased towards that of the incoming signal.
In practical circuits the two gates are not identical there w ill bc a presence .
some offset. This is not considered m normal symbol sequence. But for long symbg,
it mayv arise problems.
Che solution s incorporating transparency in the line codes.

Comparison of the digital modulation schemes by Error Performance.

SNo  Typeof | Transmission | Coherent detection | Non coherent
| Modulation | Bandwidth detection
| [E
1 | BASK R ! er . |—— -
i 2 \ 4Ny
> | BPSK R L. | E B
{ 2 ‘ \J \0
i
1 2AF+R e 1 5 )
3 | BFSK S ! er f. / Ep — e~ WelE, | Np)
| QAf=f-1) 2 \ 2N z
| 1 ¢~Egmg)
4 | DPSK R - S 0
< ; l cr jﬂ &
§ QPSK 15R RN

' Problems with Solutions :

1. Ina BFSK system a bit rate of SKbps i used. 1f the low, rfrequency signd
10 KHZ, find higher frequency signal of mininuan if miningon separaii’
is used between the two sigpnals,

Solution:

f,  3Kbps f,  TOKI/

M separation between foand fyos 2,
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3. Given that amplitude of input at coherent optional receiver is 10 mv qp, -
frequency 1 MHZ. The signal is corrupted with white noise of Psp

107'W/Hz- The data rate is 10 bite/sec. Find probability of error.

lerfe(1LO1) = 01531 erre(11l) — 01 16d.erfc(1.22)  0.0844]
Solution:

A=10x10"V

N Pl
r, = 107 bits/sec b ro 10
N i :
—,;‘0“ =10 NO = 2)( 10_')
5
A2 10 x 1073)?2 4
E:——-T{) = ( . ) X l :SXIO V)JV
2 2 10°

For binary orthogonal coherent FSK,

1 0.5E 1 0.5%x5x107°
— erfc 5
2 2x10”

Pe = %erfc(l.ZS) Z%x 0.0844 = 0.0422

For binary orthogonal coherent FSK,

4. Binary data is transmitted over a microwave link at « rase of 10" bits, see
and the PSD of noise at the receiver input is (' \ (1 'Yz. Find th.
average carricr power required to maintain an average probability of vrr
(o7 107 for coherent Binary FSK. Wihat is the roguired cla
Bandwidth?

lerfc(2.8)  0.9998 ¢r/c(2.5) (.0959]



Energy of one bi,

I = pl,
; S T (
b —— = 3x10" x 10
T, [/10°
= ImW

l : ,
Channel Bandwidth B3, = = = 10° bits/sec = 1MIIZ
h

5. Determine the minimum bandwidth Sor a BPSK modulator with a carriey
Sfrequency of 40 MHz and an input bit rate of 500 kbps.

Solution :
Jr =500 kbps = 500 KHz
BW= 2/ =2x500 KHz = IMH:z .
6.  For a BPSM modulator with a carrier Srequency of 70 MHz and an inpus
bit rate of 10 Mbps, draw the spectrum of output signal and determine the

minimum Nyquist bandwidth.
Solution :
7, =10 Mbps =10x10° Hz

Minimum Nyquist Bandwidth = 2/ =2x10x10°
=20 MHz

7. Binary data is transmitted using PSK at a rate 2 Mbps over RF link havin:
bandwidth of 2 MHz. Find signal power required at receiver input so ihi.
error probability is less than or equalto 10=4 Assume noise PSD 1o pe |0
watt/Hz.[Q (3.71) = 107

Solution :
’ " l l
210" I
Jy = 2410 [ 2510
N
P, - 10 4 "o " wn

OBy =10""



\t'fj!l“‘t?”:

Data Rate = ‘1_._ = 10" bits: scc
[PSD]\ e = —2 = 10 " waus/HZ

(]

p. =1 0~

Frror probability of coherent binary FSK.

1 '0.5E
[_7“ = ?L.”:f(._‘ /O?E
2V N,
10* = %c)jfi‘ KO')-E
2 V N,
erfe (9 _ 2% 1071
N,
_
0.35E
1 - c)jfc\f; = =1-2x10"" = 0.9998
] %9
/O'fE =238
N
O'fE = (2.8)> = 7.84
I\O
No _ 107"
2
N, = 2x10"
058 _ 544
2% 1071
) " D] % -10 .
P 184x2 1070 10 <16t

(.5



—

cor BPSK error probability is given as.

) P, = Q ff”_r‘
VN,
104 = =t
\\",l\.“
T
Since Q(3.71) = H_V".\/;; = 3.71
N‘J
2E
. — = (3.7
‘\‘()

E =(3.71)% x T\T = (3.7)% x 10710

CPTy = G x 107" E = T,

(3.71)7 x 10710
T,

)

(3.71)> x 107"
= i = 3717 x 107" x 2 » 10®
b

0

= 2.753mW

5. Find the bit error probability for a BPSK system witly bit rate of 1 Afp

d [‘\
= == \ COS N
coherently detected with a matched filter. The value of Ais 10 1

The received waveforms s\(1) =~ Acos o, t and S~ (1) —
- { (3

ANt
11y

10 "W/, and thar signal p
and energy per bit are normalized relative to Oy load IQ( 3.10)

that noise power spectral density N | ,

. ("¢
O O }‘
Solution:

% FOmY o< 10 Vv



L an Y 1) :
s~ LATT, = —x(0.0D7 % -
1 b 5 S S 5 1 % 10
- Ex 0 d
_ =11
Eh_ _ DxlO___ _ 5
. 107"
2 F,
po= 0 =" = Qy2x3 = 0310
k \; \U -

- 0.0008 =8x10"

9. Inadigital CW comniunication system, the bit rare of NRZ data strean Iy |
Mbps and carrier frequency of 100 M complete the symbol rate of
cransmission and bandwidth requirement of channel for iy BPSK sysientiiy
QPSK systemt ii1) Comprent in result

Given:

.= 1Mbps, /. = 100Mllz

i) BPSK:

- i
S_\'ﬂ‘.bO’; Rate = . = _l_- = 1, 1 Mbos
LT }
Bg_nd\,‘.‘ilj“i] o ; < t'\ = 2 x l\i‘.')l'\\
= 3\»1”[
(ii) QPSK
~ 3 g 1 ] /h
For QPSK symbol Rate = T ’Tl“ T
| Mbps
- 7.7
500 th'\-

Bandwidth BW =/, I MLz

(it1) comment on result:
Bandwidth required by QPSK1s hall compared w0 BPSE.

“ L) s ’ 1 3 T N
Symbol rate of QPSK 15t 1alf compared to BPHI



D

: ’ , ‘ 1 2o U m
- 10. A QPSK sipnaj iy recetved at the input of a colrerent optimal receiver wig);

amplitude | 1 (U!l[_freq"l_,"cy 2MHz. The signal is corrupted with white

: noise of PSD 10wy lz. If the data rate 10* bits/sec i8find

pe-[Q(2.23) = 0.0129]

Solution:
A= 1mV = 1x107V
N 1 4 .
_2& = 107"W/Hz = ty = T, = 10" bps
- ] S A2 syo
Bp = AT, = 12107« — = 5
b D b 2[ : J 104
D Sx 107"
_ﬁ_ - — = 25
N, 2x10™"
i) QPSK

P = 2Q /2Eb = 2Q42x 2.5 = 2Q(2.23)
) N()

= 2x0.0129
= 0.0258
II.  Abinary fr equency shift keying system employs two signaling frequencics
fyand f,. The lower frequency f, is 1200 Hz and signaling rate is 50¢

baud calculate /5

For BFSK,
Jy = 500Hz
P
FM modulation index | fw = /| =N =
/i
l./;r;p - /x' //)
Since Joo— /= 120017

Lo = 1200 = 500

S, = 17001z
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