Digital Communication Part Il
Optimal Single-Bit Transmission

(Chapter 13)

e Baseband modulator

xz’o(t) lfM == O

M € {0,1} x,(t) Energy E, = j |%,,0(8)]? dt
»| Baseband Modulator e »
\ X, (£)ifM =1
my, = Pr(M = 1) Energy £y = [ [, (O de
Ty = PI‘(M = O)
(Mg + 1 = 1)
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Optimal Single-Bit Transmission

 Average energy per bit: E, = nyEy + m1E;

e If x,(t)is of duration Tp,
Es

— Average power = P, = -
P

: 1
— Bitrate = Ry = —
P
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Example a)

i xz,ﬂ (I.')
Xz, (1) A

Eo=E; = AZTP — E, =mnyEy + 11 E4 =A2Tp
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Example b)

ﬁience & Technology University THE EDGE IN KNOWLEDGE



Baseband Demodulator
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Design Problem

 Design domain
1. Baseband modulator: Waveforms x, o(t) and x, ; (t)
2. Baseband demodulator: to be discussed

e Design goal: Minimize the BEP

e Design constraints:

— Duration Tp
— Bandwidth B; (or spectral efficiency 7, = 1£,TP )
T
— Average Power P, (or SNR = —)
NoBT
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Structure of the Optimal Baseband
Demodulator

Tp
Y,(t V,(t V() i\ | Vi
20 H(f) 40| pe [0 | \ ; VilTe) | reshold Test
Filter Sampler 1\
Y (threshold)
AM(v))
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Structure of the Optimal Baseband

Demodulator
RAQ. AV, (t)
EX.: '1/‘1/’\
T, Il ot >t
1Yo (2)
W/\AMM > /\/\V'V/,\ :t
t

Remark: V;(Tp) Is a so called sufficient statistics for the
estimate of M from V,(t)

THE EDGE IN KNOWLEDGE




Design Problem

 Design domain
1. Baseband modulator: Waveforms x, ,(t) and x, ; (t)

2. Baseband demodulator:
1. Filter H(f)
2. Threshold y

e Design goal: Minimize the BEP
* Design constraints:

— Duration Tp
— Bandwidth B (or spectral efficiency 7, = 1]/9TP )
T
— Average Power P, (or SNR = —-)
NoBT
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Three Steps to Solve the Design
Problem

1. Optimum threshold y
Given {x,,(t), x,1(t)} and H(f), design y
—> maximum a posteriori bit demodulation (MAPBD)

2. Optimum filter H(f):
Given {x,,(t), x,1(t)} and the optimal y, design H(f)
—> matched filter

3. Optimum waveforms {x, ,(t), x, 1 (t)}
Given y and H(f), design {x,,(t), x,1(t)}
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Optimum Threshold y

« Given {x,q(t), x,1(t)} and H(f), we wish to find y that
minimizes the BEP

Py (E) = Pr(M # M)
e Recall the rule AM(vp)

v < Vi (Tp)

e Thatis, if v; >y we have M = 1 and, otherwise,
if v, <y we have M =0
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Optimum Threshold y

 If M = 0, the baseband signals at the receiver side are as
follows:

YZ,O (t)

V,o(t v
Z.O} ) Threshold Test M,

I

where: 4
- Y20 (1) = Xz,0 () + Wz,0<(t)/ impulse response
- Vso (t) — YZ,O (t) * h(t) of the filter
N

convolution

H(f) - Re

________

— \xz,O (t) * h(t)} + WZ,O (t) * h(t),

2 mg(t) 2 N,(t)
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Optimum Threshold y

» The noise N,(t) = N;(t) + jNy(t) is such that:
— N;(t) and Ny (t) are independent
= S, (N =S () = HOIP
= N ()~N(0,0%,) with ofy, = =2 [* "IH(F)I? df
and N, (t)~N (O, O'I\Z,Q) with oy, = oy,

o Vio = Re{my(Tp)} + N;(Tp) where Re{m(Tp)} £ my
and N;(Tp)~N(0, 0§, )

THE EDGE IN KNOWLEDGE




Optimum Threshold y

» To summarize, if M = 0, then the sufficient statistics V;(T,)
at the input of the threshold test is:

VI,O(Tp) = My + N[
where mg = Re{x,0(t) * h(t)|¢=r,}

N;~N(0,af,) with o == [*"IH(f)[2df

o Similarly, if M = 1, we have:

VI,l(Tp) = my + N]
where m; = Re{x, ,(t) * h(t)lt—Tp}

N;~N (0, UN,) with UN, NO f+oo|H(f)|2df

Remark: The filter H(f) affects both the S|gnal part (my, and m,)
and the noise (oy,)
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