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Signaling over Band-Limited Channels

@ For signaling over AWGN channels, the receiver is only affected by
Ep/Np.
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Signaling over Band-Limited Channels

@ For signaling over AWGN channels, the receiver is only affected by
Ep/Np.

@ Band-limited channels induce intersymbol interference.
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Signaling over Band-Limited Channels

@ For signaling over AWGN channels, the receiver is only affected by
Ep/Np.
@ Band-limited channels induce intersymbol interference.

@ Design signal waveform, in order to reduce the intersymbol
interference to zero.
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Error Rate Due to Channel Noise in a Matched-Filter

Receiver

BPSK:
Symbol 1 is represented by a pulse g(t) and symbol 0 is represented by

—g(t).

The energy contained in g(t) is equal to Ep.

co(/
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Intersymbol Interference (ISI)

Input P 3 ifv 1
- Pulse- [{g} | Transmit [s() x(t) | Receive | yin ylt) Pt Say Lifyl) >4
o | mptude (- filr |y O i (E)p Tir 0 oy TR
(b} modulator 20 : ' cli) Sample at == Say O if y(r) <2
time t; = iT,
White
Clock Gaussian Threshold A
pulses noise w ()

Baseband binary data transmission

= =1
s(t) = Zakg(f—ka)
P

y(t) = D ap(t—kTy)
k

p(t) = g(t) @ h(t) @ c(t)
P(f) = G(AH(F)C(f)
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Signal Design for Zero ISI

Input

! Pulse- |{q} | Transmit |s() x(0) | Receive | yir) () . - Say 1ify() > 2
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oo
y(iTo) = > apl(i = k)Ty]
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Signal Design for Zero ISI

Input

i Pulse- |{ay} | Transmit | () () Receive ¥ir) ¥y . e Say 1 if yl1;) > 4
hmah amplitude —p=  filter  —3 Channel, — T filfor g TN Decision
data hir) NS device :
(b} modulator F10] cln) Sample at pet Say O if y(r;) < 3
time #; = iT,
White
Clock Gaussian Threshold 4
pulses noise w(r)

Nyquist pulse:
(Nyquist's criterion for distortionless binary baseband data transmission)

li-0ml={ 5 1o

Y P(f—nRy) =T,
n=—oo

where R, =1/ Tp.
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|deal Nyquist Pulse

The simplest waveform to specify the frequency function P(f) is

1
e W< w 1 f
P(f)=J 2w> =Ts - !
(f) { 0, > W ow " <2W>
where W = %Tb =B R, =2W is the Nyquist rate.
_sin(2eWt)
p(t) = W = SlnC(2 Wt)
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|deal Nyquist Pulse

Pttt

Sampling instants
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Signaling intervals
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P(f)+ P(f —2W) + P(f +2W) = W W< Ff<w
The raised-cosine spectrum satisfies the above
o 0<|fl<h
P(f) = awil+coslamg(Ifl— A} A <|f|<2W —f
0 If| >2W — f
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Raised-Cosine

2WP(f)

1.0

04

0.2

-2

1
[RS[%)
Mol —

Roll-off factor: « =1 —f/W.

Transmission bandwidth: Br =2W — fi = W(1 + «).
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Raised-Cosine

cos(2mraWt)

p(t) SlnC( t)l _ 160[2 W2t2
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Post-Processing Techniques: The Eye

Response

- Time s

@

Response

Time s

Sampling instant
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Post-Processing Techniques: The Eye Pattern

Amplitude

2 X Peak _L

Time

f 3 Y
distortion [_d :
eal
Eye signal
opening level
A
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Symbol
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Adaptive Equalization

Input Tn-N+1 - Xn-N
rH' \—I
Variable i gl
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