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Power Spectral Density
N Gaussian random variables

Definition

Syy (@) = Sxx(@)|H(w)|?

Syy (@) = / " Rey(@)e 7% dr

—o0
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Power Spectral Density

N Gaussian random variables

Syy(@) = /_ Z h(Er) /_ Z h(E) /_ i Rax (T4 &1 — E2)e 10T drdErdé;

oo oo o0

SYy((D):/—oo h(él)e*jwéldé:l /_oo h(@)eﬁ'wézdéz /_Do Rxx(é)efjwédf

Syy(0) = H*(@)H(®)Sxx(®) = |H(®)|*Sxx (@)
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Average Power
N Gaussian random variables

Definition

Syy (@) = H*(@)H(0)Sxx(®) = |H(®)|*Sxx (o)

1 foe}
Pyy — %/_m Sxx(@)|H(0)Pdo
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Cross-Correlation Function
N Gaussian random variables

Definition

Sxy((l)) = H((D)Sxx(w)
Syx(a)) = H(—(D)Sxx((ﬂ)
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Measurement of Power Density Spectrum (1)

N Gaussian random variables

Pyy (o) = %/_Z Sxx(0)|H(0)[*dw

=2 [ sxx(@)H(@)Pdo

— 2 Sux(o) [ IH(@)Pdo

1
= ESXX(wf)|H(w,«)|2WN
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Measurement of Power Density Spectrum (2)

N Gaussian random variables

1
Pyy(wr) = ESXX((Uf)|H((0)|2WN

_ J7 IH(@)Pdo

= (e P
_ TCPYY((Df)
290 Wl ian )P
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Measurement of Power Density Spectrum (4)

N Gaussian random variables

1

A2
Pyy(w/;:):Ele[SXXA+SXXB]‘H( )| do

SxxA = Sxx(0— wy— o — o)

SxxB = Sxx((x)—i-(l)o—i-(o//: +wf)

Pyy(of) = 2 [SXXA]|H( Pdo

2

A2 oo
— 77(;/0 Sxx (0 — 0y — wyF — of)|H(0)|*do
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Measurement of Power Density Spectrum (5)

N Gaussian random variables

1 [~ A3

Pyy((l)f) [SXXA+SXXB]|H( )| do
0 4

om

A2 1)
_—0/ Sxx (0 — 0y — wjF — of)|H(0)|*do

A 1)
4;5xx( (Oo—wf)/i |H(o)Pdo
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Measurement of Power Density Spectrum (5)

N Gaussian random variables

1 = A3 >
— — A Bl|lH d
o) o 4 [SxxA+ SxxB]|H(w)|“dw

Pyy(wf) =
A3 [ 2
:E/ Sxx(®— oy — o) — o) |H(o)|*dw
4 - e
:TSXX(_COO—(W)/ |H(w)|*do
T 0
A ~ 2

— DSxx(an+ar) [ |H(©)Pdo
T 0

A2
— 47(;5xx(wo + o) Wy |H(oF) 2

Young W Lim Spectral Characteristics of System Response




Measurement of Power Density Spectrum (6)

N Gaussian random variables

P (w)—l/“‘g[s A+ SxxB]|H(0)Pdo
YY i *27_[ g 4 XX XX

A2
= 472_5xx(wo + 0f) Wi | H(wir) 2

4717Pyy((1)/f:)
S wr) =
xx (@0 + ) R Wi H ()P
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Power Density Spectrum for Discrete-Time System Response

N Gaussian random variables

. I .
Sx.x,(0) = Sx.x, (%)= Y Rxx[n]e "?

n—=-—oo

+oo0
H(e?) = Y h[nle ™

n——oo
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Auto-Correlation Function for Discrete-Time System

Response
N Gaussian random variables

Ryy[n] = E[Y[K]Y[k+ n]]

[ Z: X[k —m]h[m] Z; X[k+n— ]h[p]

oo

Y Xk—mlX[k+n— plh[p]

p=—o0

o0
Z h[m]E

m=—oo

oo oo
Y h[m]E[ Y. Rxx[n+m—plhlp]

m=—oo p=—0c0
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DTFT of Auto-Correlation Function for Discrete-Time

System Response (1)

N Gaussian random variables

. oo .
Sy,v.(@) = Sy,v,(¢?) = Y Ryy[ne /™

n——co

+oo 400 dies |
= Z h[m] Z h[p] Z RXX[n_|_m_p]e—an

m=—oo p=—co n—=—oo

+oo . +oo e .
= Y hlmle™™ Y h[ple PP Y Ryx[r]e

m——o p=—o0 n——o

Sv.v.(0) = Sv,,(¢/) = Sxx, () H()?
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Average Power
N Gaussian random variables

Definition

1 [t :
E[Y?[n]] = 57 _HSYSYS(&‘)’Q)G'Q

1 /7 . .
— o [ Sxx(@IHEd0
TJ)-x
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Cross-Power Density Spectrums of Input and Output

N Gaussian random variables

ny[m]: —io‘: h[k]RX)([m—k]
k=—o0

Ryx[m]: +Z°° h[—k]Rxx[m—k]
k=—o0

Sxxv, = Sx.x, (/) H(e/?)
Syxx, = Sx.x, (/) H(e )
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