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PHYSICAL INTERPRETATION OF PROCESS PARAMETERS

FOR AN ERGODIC PROCESS X(T)
o« X(2) = <x(t)> proportional to DC component

-X(t)2 :(x(t)>2 proportional to power in DC component

e R_(0) =< XZ(;)) proportional to total average power

¢ 02=X2(f) —7(21‘) total average AC
power

* g root-mean-square (RMS) value of AC power

X(f) represents a voltage, a current or any other ‘
physical phenomenon.




WIDE-SENSE STATIONARY (WSS)
PROCESSES

o Arandom process X(t) is WSS if:

(7) ux(t)=E[X(?)] = constant
(if) Ry (1,1 -7) = ELX ()X (t ~7)]= Ry ()

o In other words, a random process X(t) is WSS if its two
statistics, its mean and autocorrelation, do not vary with
a shift in the time origin.

PROPERTIES OF AUTOCORRELATION FUNCTION
OF A WSS PROCESS X(T)

o Symmetric in z about zero
L. R,(t)=R;(-1)

forall o Maximum value occurred at
2. Ry@|<Ry(0)  TrATiho origin

o Autocorrelation and PSD

3.R,(t) <> S, (f) form a pair of the Fourier
transform

4. R, (0)= E[X(D)] o The value at origin is equal
to the average power of the
signal




CROSS-CORRELATION FUNCTION
OF A WSS PROCESSES X(T) AND Y(T)

L R (=7) =R, (7) o Symmetric in  about zero

Ry (7)| <R, (O)R,, (0) o l\r/l1axirr_1u_m value occurred at
the origin

5 Ry () g%[Rxx(O)vLRYY(O)]

AUTO-COVARIANCE AND CROSS-COVARIANCE OF
A WSS PROCESSES X(T) AND Y(T)

o Auto-Covariance of X(f):
Cy (7) = E[{X () - E[x(O)]} {X (t+7) - E[ X (¢ +7)]} ]

= Ry (7) — 15
o Cross-Covariance of X(f) and Y(f):

Cor (D) = E[{X(0) - E[x()]} (¥ (t+ D)~ E[¥ (¢ + )]}

= Ry () — iy 1ty
o If X(f) and Y(?) :
. Orthogonal, Ry (7)=0 °

» Uncorrelated, C, (r)=0




POWER SPECTRAL DENSITY (PSD) oF A
WSS RANDOM PROCESS

o For a given WSS process X(t), the PSD of X(t) is the
Fourier transform of its autocorrelation, i.e.,

Sx(N)=F Ry @)= Ry@edr
Ry (@) =F S (N =] Sx(f)e’™ ds

o The above equations are known as: Wiener-Khinchi,
relations. b

PROPERTIES OF PSD

o Always real valued

1. S,(f)=0
2. 85, (=81 o for X(t) real-valued
3.5, (fy) e R, (1) oA parr of Fourier

transform

A P=r.0=["s d o Relationship between
x(0) .[j x(F)df average power and psd




TRANSMISSION OVER LINEAR TIME INVARIANT (LTI)

SYSTEMS

o Response of LTI
system to a random
input X(t):

X(1) ()

Yo —

Y(1) = X (2)* h(r)

- _[ x(t —7)h(T)dT

—oD

o Properties of the output:
1) Mean () =h(t)* w, (1)
If X(t) is WSS, so does Y(t),

mean:
My = H(0)

3) Autocorrelation:
Ry (7) = Rx () * h(7) * h(-7)

4) PSD:

Sy(f)=Sx(NIH)I 6

TRANSMISSION OVER LTI SYSTEMS

X() Y(t)
R (1) ——| h() R (7)
-
S)  —— HOP — sy a




DESCRIPTION IN FREQUENCY DOMAIN
A deterministic signal x(f) can be fully described in the frequency domain by

the Fourier Transform (FT):

X(w) = ]Ox(t) exp(j ar) dt

1 % )
x(f) = or IX(W) exp(jax) dw |is the inverse Fourier Transform.

Main purpose: linear time invariant (LTI)

systems:

X@) ™ h)

—]

Y(w) =X(w) H(w)

_

x(f) h(t)

()= [ x(0)h(t—7) de P




