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26, RAISED COSINE SPECTRUM —

“asic concept and Mathematical Expression

two difficulties experience .
The cutty Xperienced by the ideal Nyquist channel can be overcome by increasing

ndwidt s minimum val =

he ba alue B, = R/ ;

TS it o thie overall T 0 we L0 an adjustghle value between B, and 2 B,. A
0 [ *NCY response to satisfy the given condition.

As per equation (5.50), we have

ZP(fﬂRb):T :—1—— A

1T =0 b Ry, ‘P (? \ - -,)JJ“ .(,
Expanding the summation sign, we get '
.. P(f+R) +P(H) + PE-R) +P(f-2R)) ... = T},

O({ T L Tad j\

R .
Tt BO = ?b, therefore, Rb = 2Bﬂ 2 F)U 2R
Thus, we write
: 1
.P(f+2B) + P(f) + P(f- 2By + P(- 4By + ... = 35
We retain only the three terms on LHS which correspond ton=—-1,n=0 and n =1 and

restrict the frequency band of interest to (— By, By) to get,

il
P(£ + 2By) + P() + P(f - 2B)) = 55 and given —B<f< By

It is possible to derive several bandlimited functions which will satisfy above equ ation, one of
them is called as the raised cosine spectrum. This spectrum consists of a flat portion and a roll off
d mathematically as under:

portion. The raised cosine spectrum is expresse

| (1/2B,, (flat portion) ...0<|fl<f;

1 . | n(1f1-Byp)
P(f): %EB—O{I—SI‘H{M}} ....flﬂ]flCZBn—fl

0 . If122Bg -1

The relation between frequency parameter f, and the bandwidth B are related as under :

where o is called as the roll off factor. It indicates the excess bandwidth over the ideal solution B,

The transmission bandwidth By is defined as under :
By = 2B, —f; = By(1+0)

e of raised cosine fun

for different valueso

The normalized frequency respons ction is obtained b},: mu?.tiplying P
by 2B, and it is plotted in figure 5.37(a), f o. The corresponding time response

p(t) is shown in figure 5.37(b).



(a) Frequency response (b) Time response
Fig. 5.37. Responses for different roll-off factors, a




524 NYQUIST'S CRITERION FOR DISTORTIONLESS BASEBAND BINARY
TRANSMISSION

1. Basic concept
In the previous section, we have observed that in absence of the ISI, we have
y(t) = pa; .{5.4
This expression shows that under these conditions, the it transmitted bit can be decodk
correctly. In order to minimize the effects of ISI, we have to design the transmitting and receivir
filters properly. The transfer function of the channel and the shape of transmitted pulse a
generally specified. Therefore, it becomes the first step towards design of filters, From this informati
we have to determine the transfer functions of the transmitting and receiving filters, to reconstru
the transmitted data sequence {b,}. This is achieved by first extracting and then decoding t!
corresponding sequence of weights from the output y(t).

As expressed by following equation

YO = b 2 o -k i

This shows that output y(t) is dependent on a,, the received pulse p(t) and the sc aling factor

. Extraction
Extraction is basically the process of sampling. The signal y(t) is sampled at t = iT,.

). Decoding
The decoding should be such that the contribution of the weighted pulse j.e. a, p(T, — kT
ori=k be free from ISI. This can be stated mathematically as under-

R = 1 fori=k
B gaily) = 0 forizk

vhere p(0) = 1 due to normalizing.

o

’ DIGITAL DATA TRANSMISSION << [l <5, oo s

“' p(t" i.t‘., I'G("E‘IV(‘{[ pul“‘.‘ ﬂﬂt-iﬂril‘ﬂ t.ht‘ ﬂhl‘v(‘ (l.\'lp{‘pﬂﬁinn’ t_h‘\n the rﬁ(‘,‘(—'livcr ﬂlltput giv‘:‘n hy
(5.45) reduces to
v(t) = ua, .(5.47)

which indicates zero ISLin the absence of noise.

qation
ol



$272 Duobinary Signaling Input Binary | " smm
The basx duobinan signaling i (k) "*Tf'- "'“ -0 _t""' Volk)
scheme has been shown n figure ' % = =
& 39 :-t!ﬂ'u t=kT,
The binary signal dik) s first
passed through a simple filter which i
consasts of a single delay clement The '
present signal dik) and s delaved D'Dbmry _
versson dik - 1) are then added to get | . Conversion Fitter
the duohinary signal at the output of Fig. 5.39. Duobinary Signaling scheme
the coder This signal 1s mathematically expressed as:
Vibk) =dk) + dk 1) (554

One of the important effects of this transformation is that the sequence 'd(k)} of the uncorrelated
inary digits at the Input 1s converted into a sequence Vn(k} of

_ correlated digits. This correlation
between the adyacent transmitted pulses 1s e

quivalent to introduc
(ISD) 1n the transmitted signal However this

e : ing Intersymbol Interierence
IST s under designers
of the correlative coding

control and this is the bas:s
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5.31.2. Tapped Delay Line Filter with an impulse response h(t). We assume that, hit) = 0

. : invariant filter . . ume t} =
L o e 1"‘]I:ml-llmli;lt.'Il"gz impulse response of the filter is of finite duration i.e. hit) r
fort <, i.e., the filter 1= causal.

1 Tf.

- - s under:
{1l 'I‘l" in i'\]lrl'ﬁi"-l 'I’“" Illl'pr l""ll“]t vith lll"ll'llltl'n'll in r'l"Hl““lH““r I".'I.'“.:t H“’] H

T
"‘["- -i-
vt Jll'l-lf.'!!fl' thele L0,
i1

() Lt the wpt xq1), vmpulse response hit) and output hit) and output y(1) b uniformly sampleg
b ooorade ol 17 A -..uml,h.ﬂ per second
therefore { = nAT
and 1=k At
where, noand k both areantegers and At s the sampling period. . o _
() 1 the value of At s very small, then, the product hit) x(t - 1) of equation (5.93) will remai,

. gy (] -I-.I _E : a *
vonstant for K At s <k + DAY for nll values of k and t. Then, the equation (5.93) may h,

(5,94,
---‘E.Elﬁj

approximated by the convolution sum ns under
NI .
Vin AT = Z hik A1) x(nAt - k A 1) At ~A(D.96)
k 0
when, Nar=T

f
Substituting h(k Ar) . At = Wy into equation (5.96), we get,
N
MNATY= ) wy . x(n At - k A7) - (5.97)
k=0

v) Equation (5.97) can be realized using the eireuit shown in figure 5.68 which is known as a
tapped delay line filter or transversal filter. Because, if we expand equation (5.97), then, we
el

Yin AT) = w xin At) + Wi X (nAT- A7) + w, x(n AT 2 A7)
o | tootwy X [nAT— (N - 1) At] ...{5.98)

This expression is realized as shown in figure 5.69,

XN AT Ar) XnAt-2A1)

K(n AT) Delay __D‘Jnv_
At A ] T ==
Wo Wy W,

Output yin A 1)
Fig. 5.69. Tapped delay line filter or Iransversal filar

& A A A .de . _ab_ e



5.31.3 Automatic Equalizers

I'j_} “T!-ﬂr I‘;I solve o st of a-rlllllurlhnlq"r-rm-l vquitions, the tap gains of phic:
deseribed in the previous section are adjusted. This is enlled ps the
The process of caunhizer trimming involves the following steps

¢ 2ero foreing equalizer
trimming of the equalizers.
I'rimming Procedure

(1) First, we send a pulse through the system

i) Then, we measure the autput ot the
() Next, we ealeulate the values ol the
v .‘I.n'nnli'nu'l}'. Wor st e ¥

recemang filter outpat ot the proper sampling instants
tap gains

_ s on the taps of the vgualizer.

In the automatic equalizers, the tap

i are ndposted sutomatically with the help of aecarate
il -|111;rf|- AUEOIT T e Sy sl o T ; : o .

' mitomm e svetems are classifed into bao RSV
i Proeset type equnlizers
b Adaptive equalizers

T AN LIEAET [T P . X z ; . - -
:I: I"': et ty ll.]l:‘ll:.ll.r.!'l‘h used a special sequence of pulses hefore to or during the breaks in
3 § = 3 L i . i
the data transmission. The adaptive type equalizers adjusts itsell continuously during the trans.
misston of data by operating on the data signal itself,
The ."Il.llx'll‘t‘illﬂt'-' equalizers adjust the tap gains precisely at the optimum values by using the
terative technigue.

5.31.4. Preset Equalizer

_ The block diagram of the preset equalizer has been shown in figure 5.70. Here, the components
of the error vector are measured by transmitting a sequence of widely separated pulses through the
svstem.

The output of the equalizer is measured at the proper instaats of time. The tap gains are ad-
iusted with the help of fixed iterations of the step size A. The sampling of the filter output at proper
instants is done by using a timing circuit. This timing circuit is triggered by the peak detector. The
center sample is compared with + 1 (or sliced at + 1) and the polarity of the error component f-: 15
ubtained. The polarities of the remaining error companents are obhtained by using the value of the
filter output at t =+ jT_. The gate is opened at the end of the kth test pulse, Depending on the polarity
of the error component e* the tap gains are increased or decreased by A accordingly. This procedure
i known as the training procedure. This procedure can take hundreds of pulses.

Molsa
Transmit Communication ¢
r l ™ Fier | Channel T
o Sampling
f {" Device ‘
» Gate
f ] L]
Level
» Sgne, Sgne ;' Sgney " Shicer
Peak |, |
Detector

Fig. 5.70. A three lap preset equalizer



-31.5 Adaptive Equalizer ; e T
The block diagram of an adaptive equalizer has been shown in figure 5.71. In the three tap

0 4 4B > DIGITAL COMMUN . ously when the normal dag,
. L8 i
adaptive equalizer of figure 8,71, the error vector ¢ s estimated '| ":lnt :,..- this scheme has the abilig,
transmission is going on. Thiz 1= enlled as the nduptive squalizer r long training sessions, which
]
that they nre mor,

snsmission which eliminates the need 18 Y s
jwee egua1Eers

tir change durmg the dota tr
1= Ih'l'ﬂ'ﬁll"l'. the preset wlllnllﬂ*f Thes seden Pyl of the J"l“"t

versatile. more aceurate and cheaper than the preset equalizers.
Iraprat
L=
Gy
. e —
Sample —¢—+| A/D
+ AlD
| Gate le—{ detect
1 tming
| Sen&, | Sons, | Sgnz, |
b & _ +_
€y Eg [ E1
la—
Crogs Corrolator -

Fig. 5.71. A three tap adaptive equalizer

5/5'1.5 Decision Feedback Equalizer (DFE)
The basic limitation of a linear equalizer, such as the transversal filter, is the poor perform on

channel having spectral nulls. A decision feedback equalizer (DFE) is a non-linear equalizer that
Wses previous detectar decision Equalized
to eliminate the ISI on pulses COE e Samples Durticior

" Digital

that are currently being de- f
%
modulated. In other words, the rt_t. Fiter  H(E) Quantizer IJ'j- Decisson |+ Data
: ‘ i
i

distortion on a current pulse l '

that was caused by previous
pulses is subtracted. Figure 5,72 Tap Weights

shows a simplified block dia- ‘ (D) Quantized
gram of a DFE where the for- A ; Samples
ward filter and the feedback fil- Demodulated -

ter can each be a linear filter, Samples Input

such as transversal filter. Tap Weighis

The neon-linearity of the

DFE stems from the non-linear .

ristic + . X Filter
chﬁll‘ﬂﬂu"llﬁlll.ﬂ of Eh{ detector Mo Sl o -
that provides an imput to be Adiusting Weights e
feedback filter. The basic idea of Feedback Filter
1 DFE is that if the values of the Fig. 5,72

wmbaols previously detected are
nown, then ISI contributed by these symbols can be cancelled out exactly at the output of the

wrward filter by subtracting past symbol values with Appropriate weighti
: : : ighting. it
ip weights can be ﬂ_djumed simultaneously to fulfill a criterion such ﬂung;I:l? f'-'fl":'-'ﬂrd and fm.i Th]:
Ivantage of a DFE implementation 1s the feedback filter, which is :uld::hl.il:armJ.IInrl z‘ﬂgkt‘he MSE. it
1, operates on noiseless quantized levels, and thus its output 18 free from rh;n:u;- . s
el noise.
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Maximum a posteriori (MAP)

Fitting
As the name suggests we find the parameters which maximize the
posterior probability Pr(0|x;...;) .

o .
) _. Pr(x;|0)Pr(0)
@ = ar H"‘-l _

o Pr(x;. 1)

Since the denominator doesn’t depend on the parameters we can
instead maximize

o
I

e g
argmax Pr(x;|0)Pr(6
gy 1;[l (xi|@)Pr(0)

e
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v.1» wArauvilY OF AN ADDITIVE WHITE G
SO e T AUSSIAN NOISE (AWGN) CHANNEL

[n an additive white Gaussian noise (AWGN) channel, the

Y=X+n channel output Y 1s given by

where X is the channel input and n is an addit; B
nean and variance o2, e b“"dllmlmd white Gaussian noise with 267

The capacity C_of an AWGN channel is given by

. 1 S
C = max I(X;Y) = — ——

_ " ifx(x) : 2]‘*2[1 ' N J Numple LEL

where S/N s the signal-to-noise ratio at the channe] outp

xed, then the output y(t) is also a bandlimited signal
tmple values taken at the Nyquist rate 2B samples/s o

Then the capacity C(b/s) of the

ut. If the channel bandwidth B HIII
pletely characterized by its per””
AWGN channel is given by

| R — —

An optimist is one who mnru_th-_b;;t:f'i-rw—l;ﬁt:.: T =
f 4
(‘:23:(3‘=ma2"’1*-§; b/s (8.50)

Equation (8.50) is known as the Shannon-Hartley law

jmportant Point: The Shannon-Hartley law underscores the fundamental role of bandwidth

nd ,i,;nll-m-noiu ratio ll-'l communication. it also shows that we can exchange increased
;.ndwidth for decreased signal power for a system with given capacity C.
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