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Bilateral z-Transform of Rxx[n]
N Gaussian random variables

Definition
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Discrete Time Fourier Transform of Rxx[n]

N Gaussian random variables

Sxx(ejﬂ): i Rxx[n]e_an
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Properties of Power Density Spectrum - DT
N Gaussian random variables

xx (/) >
SXX( ) = SXX(e+JQ) for real X[n]
Sxx (™) is real
= 7T Sxx (&) d2 = E[X?[n]]
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Estimating the Power Density Spectrum
N Gaussian random variables

Definition

A 1 N-1-K
Aulk=g X X(X[o+lk] |kl <N
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DTFT, FFT
N Gaussian random variables

Definition

N—1 ;
Xn(Qu) = Y. X[n]e 7" k=0,1,..,N—1
n=0
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Periodogram

N Gaussian random variables

Periodogram : the estimate of the power density spectrum

~ 1
SN(Qk):N|XN(Qk)!2 k=0,1,..,N-1

lim E[§N(Qk)] = S () k=0,1,..,N—1
N—o0
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Periodogram Proof (1)

N Gaussian random variables

~ 1 N-1 ) N—1 '
E [SN(Qk)} =xE H ) X[n]eJQk"}{ y X[m]eJka}]
n=0 m=0

L )
= L L EX[nlX[m]] e/
n=0 m=0
1 N—-1N-1 )
= Y ) Rxx[n—m] e/ (n=m)
n=0 m=0
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Periodogram Proof (2)

N Gaussian random variables

N 1 +(N-1) _
E[Su@)] =7 ¥ (N—[kD)RuxIKle 7"
n=—(N-1)
N T(NV-1) _ 1t _
- N n=%vl) RXX[k]eiJQkk B N n=%V1) |k‘ RXX[k]eiijk
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The Variance of the Periodogram (1)

N Gaussian random variables

62 = E [Su()?] ~ £ [Su(e)] ’

E [§N(Qk)2] —E

n=0 m=0

1 N-1N-1 _ 2
<N Y Y EX[nX[m]] e_JQk(n_m)>

:i Z E[X[”]X[m]X[p]X[q]]e*fﬂk("*m)e*jﬂk(qu)

n,m,p,q
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The Variance of the Periodogram (2)

N Gaussian random variables

E[X[nX[m]X[p]X[g]] = Rxx[n—m|RXX[p—q]
+Rxx [n — p]Rxx[m — q] + Rxx[n — q] Rxx[m — p]

£ [EN(Qk)ﬂ
2

=2F [S\N(Qk)} ZRxx[n* ]e ~Jj(n—p)

N2

Young W Lim Power Density Spectrum - Discrete Time



Young W Lim Power Density Spectrum - Discrete Time



Young W Lim Power Density Spectrum - Discrete Time



