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Discrete Time System

N Gaussian random variables

o0
Y(6)= [ HEIX(e-E)de
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Mean Value of a System Response

N Gaussian random variables

 Definition
oo
ElY() =€ { / h(é)X(té)dé]
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~ [ HOEIX(e-&)1de
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:Y/ hE)dE=Y

Young W Lim Random Signal Response of Linear Systems



Interchanging expectation and integration operations

N Gaussian random variables

E /2W(t)h(t)dt :/2E[W(t)]h(t)dt
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Mean Square Value of a System Response

N Gaussian random variables

o oo
E[Y?(t) =E !/ h(1)X(t—&1)d& / h(éz)X(tiz)d@]

—oo —oo0

~+00 400

_ / / E[X(t— &)X (t — &) h(E1)h(&)dErdEs

00 400

Y2=E[Y(t)] == / / Rxx (&1 —&2)h(&1)h(E2)dE1dEn

—00 —o0




Autocorrelation Function of a System Response

N Gaussian random variables

Ryy(t,t+7) = E[Y()Y(t+7)]
oo +oo

—E | [ hE)X(e-E)dE [ HEIX(t+T-E)dE

—+o0 400

_ / / E[X(t—E)X(t+7— &) h(E)h(E)dE1dE

~+00 400

Rv(2)= [ [ Rux(t+ &~ &)h(E)h(E) G

—00 —00

Ryy(T) = Rxx(’l,') * h(—’E) * h(’L’)




Crosscorrelation Function of Input and Output (1)

N Gaussian random variables

Rxy(t,t+71)=E[X(t)Y(t+7)]

=E

+o0
x(e) | h(&)X(mél)d&]

o0
_ / EX()X(t+7— &) h(&1)dE
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Crosscorrelation Function of Input and Output (3)

N Gaussian random variables

400
Rev(®) = [ Ruov(z—E0)h(~E1)ds

Ryy(7) = Rxy(7) * h(—7)

400
Rvx(z) = [ Rix(e— &a)h(&)dE:

Ryy(7) = Ryx(7) * h(t)
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Crosscorrelation Function of Input and Output (4)

N Gaussian random variables

Ry (t,t+1) = / EIX(E)X(t+7—&)] h(&1)déy

Ry (t / Rx (T — &) h(&1)d&y
Rxy (7) = Rxx(7)* h(7)

Ryx(t /Rxx T—&1)h(=&1)d&

Ryx(t) = Rxx(t) * h(—71)
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Discrete Time LTI System

N Gaussian random variables

~+oo
Y([n] = Z X[m]h[n — m]

m=—oo

~+oo
Y[n]= Y A[m]X[n—m]

m—=—oco
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Mean of Discrete Time LTI System Response

N Gaussian random variables

~+oo
Y. Alm]X[n— m]]

m——oco

E[Y[n)] = E

~+o0
= Y hlmlEX[n—m]

m—=—oo

J— +°°
=X Y him]

m=—co
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Cross Correlation of Discrete Time LTI System Response

N Gaussian random variables

Rxy[n,n+m] = E[X[n]Y[n+ m]]

= E | X[n] f h{K]X[n+m— k]
k=—o0

+oo
= k_z h[K]E [X[n]X[n+ m—K]]

= —io h[k]Rxx[m—k]
k=—oo

ny[m] = Rxx[m] * h[m]
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Cross-Correlation of Discrete Time LTI System Response
N Gaussian random variables

Rxy[n,n+m] == Jrf h[m]Rxx [m — K]
k=—o0

Ryx[n,n+m] == Jri h[—k]Rxx[m — k]

k=—o0
ny[n, n-+ m] == h[m] * Rxx[m]
Ryx[n, n—+ m] == h[—m] * Rxx[m]
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Auto-Correlation of Discrete Time LTI System Response (1)

N Gaussian random variables

Ryy[n,n+m] = E[Y[n]Y[n+ m]]

—E|Y[n+m]| f h[k]X[n — K]

L k=—co .

=E f h[k]X[n—k]Y[n+ m]

_k:—oo

oo
- k; hIKIE [X[n— k] Y [n+ m]]

substituting t =n—k
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Auto-Correlation of Discrete Time LTI System Response (2)

N Gaussian random variables

Ryy|[n,n+m] = f h[k|E [X[n— k] Y [n+ m]]
k=—o0

substituting t = n—k

Roviml= Y. HKEIX[Y[t+(m+ K]
k=—c

= EO h[k]Rxy [m + K]
k=—o0

= h[—m] * ny[m]
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Auto-Correlation of Discrete Time LTI System Response (3)

N Gaussian random variables

Definition

Ryy[m] == h[—m] * ny[m]
Ryy[m] == h[m] * RYX [m]

Ryy[m] == h[—m] * h[m] * Rxx[m]
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Mean Square Value of Discrete Time LTI System Response

(1)

N Gaussian random variables

E[Y?[n]] = [Z h[k]X[n — k] Z h[m]X[n—m]]

k_—oo m=—oo

=E

Hoo oo
k; ;wh[k]h[m]X[n — k] X[n— m]]

~+oo ~+oo

= Y. Y. h[KA[m]E[X[n—k]X[n—ml]]

k=—com=—o0

assume WSS
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Mean Square Value of Discrete Time LTI System Response

(2)

N Gaussian random variables

oo feo
E[Y?[n]] = k; ;wh[k]h[m]E [X[n— Kk]X[n— m]]

assum WSS

E[X[n— k]X[n— m]] = Rxx[k — m]

E[Y?[n]] = Z Z h[k]h[m]Rxx [k — m] =

k*—oo m=—oo
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