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PSD Definition for Digitally Modulated Signals
e Consider a real binary PAM signal
u(t) = i bng(t — nT)

where b, = £1 with equal probability and g(t) is a baseband pulse of
duration T

e PSB=F{Ay{r)} Neither SSS nor WSS



Cyclostationary Random Process

Definition (Cyclostationary RP)
A random process X(t) is cyclostationary with respect to time interval T if it is
statistically indistinguishable from X(t — kT for any integer k.

Definition (Wide Sense Cyclostationary RP)
A random process X(t) is wide sense cyclostationary with respect to time
interval T if the mean and autocorrelation functions satisfy
mx(t) = mx(t—T) forallt,
Rx(ﬁ, tg) = Rx(t1 —T,b— T) forall t, t.
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Power Spectral Density of a Cyclostationary Process
To obtain the PSD of a cyclostationary process with period T
e Calculate autocorrelation of cyclostationary process Rx(t,t — 7)
e Average autocorrelation between 0 and T, Rx(7) = leOT Rx(t,t— ) dt
e Calculate Fourier transform of averaged autocorrelation Rx ()



Power Spectral Density of a Realization

Time windowed realizations have finite energy

x1,(f) = X 15 10,(1)
Sr(f) = Flxn(1)
5(f) = 'S}ﬂ (PSD Estimate)

PSD of a realization



Power Spectral Density of a Cyclostationary Process
XX (t—71)~ X(t+ T)X*(t+ T — 7) for cyclostationary X(t)

Bo(r) = ;/i X(t)x" (t — ) ot

= KT/ (Hx*(t—7) dt for T, = KT
= ?/ e Z x(t+ KT)x*(t+ kT — 1) dt
0 k:—g

)
. lT/o E[X()X"(t—7)] dt

;
_ 17 / Ru(t,t — 7) dt = Rx(r)
0
PSD of a cyclostationary process = F[Rx(7)]



PSD of a Linearly Modulated Signal

Consider -
u(t)= > bup(t—nT)

u(t) is cyclostationary wrt to T if {b,} is stationary
u(t) is wide sense cyclostationary wrtto T if {b,} is WSS
Suppose Ry[k] = E[bnb}_4]
Let Sp(2) = 202 Rulk]z7*
The PSD of u(t) is given by



PSD of a Linearly Modulated Signal

E [bnikbmp(X = KT + 7)p"(A)] dA

Ro[k] / © o(h — KT 4 1)p"(\) dA



PSD of a Linearly Modulated Signal

Ru(r) = Z Rb[k]/ P(A — KT +7)p*(\) dA

/f’ PO+ () dr = PP

/ PO\ — KT +7)p"(\) dA = |P(f)Pe 2

Su(f) = F[Ru(7)] \P(Tf)|2 i Relkle 2T

k=—o0

Il
n

(o)

where Sy(2) = S50 Rolklz™X.
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Power Spectral Density of Line Codes



Line Codes
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Polar NRZ

Bipolar NRZ
Manchester

Further reading: Digital Communications, Simon Haykin, Chapter 6
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Unipolar NRZ

Symbols independent and equally likely to be 0 or A
P (bln] = 0) = P (bln] = A) = §

Autocorrelation of b[n] sequence

Rp[k] =

p(t) = ho,1y(t) = P(f) = Tsinc(fT)e =T
Power Spectral Density

Su(f) = |P(7j—‘)‘2 i Ro[k]e ~2+T

k=—o0
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Su(f)

Unipolar NRZ

AT AT . N kT
—4 sinc (fT) + —4 sinc (fT) k:% e

AT sinc?(m) + Asine?(m) S o (1 1
4 4 )nzﬂo ( _7)
AT . o AP

—4 sinc (fT) + 75(0
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Normalized PSD plot
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Polar NRZ

Symbols independent and equally likely to be —A or A

P (b[n] = —A) = P (b[n] = A) = %

Autocorrelation of b[n] sequence

A k=0
Ry[K] = {

0 k#0

P(f) = Tsinc(fT)e ~/=T
Power Spectral Density

Su(f) = A°Tsinc?(fT)
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Normalized PSD plots
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Manchester
Symbols independent and equally likely to be —A or A

waz—mszm:m:%

Autocorrelation of b[n] sequence

A k=0
Ry[K] = {

0 k#0

P(f) = jTsinc (T) sin (=IT) e/~

Power Spectral Density

Su(f) = A Tsinc? (g) sin® (%ﬂ-)
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Normalized PSD plots
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Bipolar NRZ

e Successive 1’s have alternating polarity

0 — Zero amplitude
1 - +Aor —A

e Probability mass function of b[n]

Pl =0) = 1
Pbln] = —A) = %
P(bln] = A) = %

e Symbols are identically distributed but they are not independent
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Bipolar NRZ

e Autocorrelation of b[n] sequence

A2J2 k=0
Rolk] = { —A/4 k = £1

0 otherwise

e Power Spectral Density

2 2 ) )
Su(f) = Tsinc?(fT) {A? - AT (efz"” +e —12"’7)]

2
= %sincz(fT) [1 — cos(2nfT)]
= APTsinc®(fT)sin®(xfT)
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Normalized PSD plots
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Thanks for your attention
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