Equivalent Implementations of the Optimum Receiver

The structure of the optimum receiver is depicted in the figure below. Note that the

receiver can be implemented in terms of the matched filter and, equivalently, in terms of

a correlator (a multiplier followed by an integrator).

_ . Matched Filter wlshic: T* aliiiaidah o
Received signal z(1) et gl .[. Y8, () = s, (¢))at
D=syrn(ny | =00 b
.r( (() <t< f) S‘dmplc at v Outputs at both
_ nodes are
Or equivalently: equivalent.
s,(1)—s,(1) I L _ Verify as an
Received signal Integ}r:ator i .[ Y5 () =5, | o porcise
wi)=s()y+n(r) 0 T
/;,, =1 if z2(r)> 24 Threshold Comparison
b =0if z(r)<A A =3(E -E,)
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Example: Antipodal Binary Transmission

Let us consider a digital binary communication system where bits 1 and 0 are represented
by the signals s,(t) and —s,(t), respectively.

For this case, E;, = E, = E = for(sl(t))zdt
Therefore, the thresholdis A" = (E;{ — E;) =0

The probability of error is:

b o jfo (S1(t)2—sz(t)) &\,

“(51(t) + 51(8))2dt
P, =@ \/fo(s 2Nz :

Probability of error decreases as the signal to noise ratio increases
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Baseband Data Transmission

Binary data transmission by means of two voltage levels is referred to as baseband
signaling. Manchester encoding, for example, 1s used in the Ethernet local area network
as the signaling scheme. Here, we consider polar non-return to zero baseband
transmission scheme, in terms of probability of error, optimum receiver structure, power

spectral density and bandwidth.
Polar nonreturn to zero (also known as binary pulse amplitude modulation)

Signal Representation 1 0
A e—>f
The baseband signals representing digits 1 and 0 are: T
l<—>
sit)=A, O0<t<rt T -A
So(t)=—A, OStST Sl(t):J S:([):_4‘4
0<t<r 0<t<r

where, T is the symbol duration and R, = 1/7 is the data rate in bits/sec.
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Baseband Data Transmission

* Generation: Convert data into polar non-return to zero format

1 1 0 1 0 0 1
s(7) A

A

~Y
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Baseband Data Transmission

Optimum Receiver

The optimum receiver is, of course, the matched filter, also implemented as a correlator,

A

as shown in this figure. e
le—>i
Binary PAM: | 51(1)=5:(1) T A
Threshold n .
Received signal=® R In're'?fafor‘ Comparison b=1if z2(r)>4
W) ' ' % b =0if z(r)<A
A =X(E-E)=0 |" i '
Probability of Error:
/= \ Receiver Implemented Ontimal RFR-
p: =0 Jo (51(t) = s2(¢))%dt as a Correlator it e
b 2N,
2A%T 2E
Notethat: By =E, = [[A%dt =A*t=2"=(E,~E)=0 P=0| [—|=0| |5
0 0

Average Energy per bit: £}, = —;-(El +E,) = A%t
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General Result on the Power Spectral Density of a digital M-ary baseband signal

The time-domain representation of a digital M-ary baseband signal is

sit) = Z Z -v(t—nrt)

where Z,is a discrete random variable with pr{zZ =a}=1/M, i=1,...M,

v(t) 1s a unit-baseband signal, and symbols in
different time slots are assumed independent.
Under these assumptions, the power spectral
density of s(t) is given by

Is(t)

el |

T 2T ir 4T 5T 6r

G\(.f')z—ll/ (aﬂr& 5 O(f—ﬂn —I—
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Power Spectral Density of the Polar Non-return to Zero baseband signal

The general result stated above for the M-ary baseand signal can be specialized to the

polar nonreturn to zero transmission as follows

e The signal amplitude assumes two equally likely values. i.e., P{Z,, = +1} = 1/2

A DEStLLT

e The basic unit pulse is v(t) = {0 otherwise

e The Fourier transform of the basic unit pulse is V(f) = Atsinc(f71)

e The mean and variance of Z are: yt, = 0,07 = P(Z=2)
12 1/2
“1" I‘O'! /
E(Z)= ) zP(Z=z) 4 e
= ; z
Var(Z) = o5 = Z (z; — E(2))*P(Z = z;) g ’
i 5,(1) =4 ss0=-4 1 pmfofz +1
0<t<r 0<t<r 6
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Power Spectral Density of the Polar Non-return to Zero baseband signal

* The general power spectral density formula

= 3 a2 . E o o 2
G.(N)=—V(f) -(a; +EL Y 0[./‘ —EN

C m r

* Substituting: E(Z)=0, Var(Z)=1, and the Fourier transform of the rectangular
pulse v(t), we get: \
Gpu(f) = A rsine”(f7)

Gpan ()
AZ

/'—__—-__Q--'*—‘ ’,'_—‘_—_\

2t -lUr o 17 27 /
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Bandwidth of the Polar Non-return to Zero baseband signal

s Gppf) = A*rsinc® (f7)

/\/Azr\/—\

2/t 1/t 0 /7 2/t ;
: T 90% power  90% bandwidth: 1/
< 95% power > 95% bandwidth: 2/r7

The 90% power bandwidth = Z= R, (data rate)

~

The 95% power bandwidth = 2= 2R, (twice the data rate)

T
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