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Rational Approximation
applied to Spectral Estimation
and Whitening

Orsay - 2|X1|2004
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Spectral Analysis

Power Spectrum Density En(v) = Z C, et

keZ/
correlation

frequency v

for the whitening of the data we need an estimator of the PSD
in the complex plane of the variable z = e

the real axis of frequencies is mapped on the unit circle
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Linear Model

AR(p) system gaussian white noise

; \
X(n) =Y X(n—k) + o(n)

k=1
1
Lp(2)Ly(1/2)

characteristic polynomial —

Ipla) = 1 = g = oo @y 2 Rational Estimator

with poles only
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Padé Approximants

Taylor serie f(z) lq/p] s rational fraction

a/pls(2) — f(z) = O(ZFTT)

En(z) =) Crd En(2) = E(2) + E:(1/2) —Ch

New rational estimator (with poles and zeros)

p-1/ple (2) + [p-1/ple, (3) — Co




Teston a gaussianwhite noise

poles at the origin zero-pole pairs
and infinity "Froissart doublets"

(the theoretical PSD is constant)
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te noise

4 zeros
X poles
—— unitcircle

estimated
jed

PSD of the 72 realizations
PSD

° °
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Teston alinear systemAR4MA?2

rational . | e
PSD P s
with

6 zeros
and

8 poles

PSD for the 72 realizations

estimated
—— averaged PSD
—— theoretical PSD
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Teston Virgodata -1

X p0| es
+ zeros
— unitcircle o

Virgo - E4 - July, 2002 - channel Pr_B1 ACq
8h of 50Hz sampled data, divided into 72 files, N=20000.
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Teston Virgodata - 2

averaged periodogram

PSD of each file
—— averaged PSD

139/40] ¢, estimator

AR(40) estimator

° ° ° ° ° ° ° ° °
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Conclusion

Arbitrary choice of [p-1/p]

— Estimator with poles and zeros

Role of the random aspect of the signal

+ Finite length effects

— Related mathematical topics :

Roots of random polynomials (position of the poles and
zeros of the fraction)

Padé approximants of random series (Froissart doublets)
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