HIGH RESOLUTION SPECTRA ANALYSIS:
ADVANCES AND APPLICATIONS
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SPECTRAL ANALYSIS OF TIME-SERIES

Giventime-serieglata:

{UO, Uy, U2y - .-, UN—1}

ooooo

determinghe power spectrum of y,
l.e., periodicitiesand“color”

Methods:
o PeriodogramFFT
o ModelbasedARMA,....)
o Modernnonlinear(Maximum-entrog, maximum-likelihood,...)
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True spectrum Estimated via periodogram




APPLICATIONS: SAR

SYNTHETIC APERTURE RADAR: -~

.- satelltte flightpath

Antenna

azimuth

terrain profile

range

beam footprint

SAR signal

o015 signal at given
distance bin across synthetic aperture

Line by line produces:




APPLICATIONS: NONINVASIVE TEMPERATURE SENSING

imaging
= transducer

Ultrasound echo:

heating
transducer

* Time window

Window corresponding to given depth




SPECTRAL ANALYSIS OF TIME SERIES
A MOMENT PROBLEM
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p(0)do~FE{dv(6)?} “enemy densityacrossrequencies”

Covariance statistics & spectral density

cr = E{upuir}
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SPECTRAL ANALYSIS OF TIME SERIES
CLASSICAL RESULTS

co, C1, Co, - - . QUtOCOrTElatiorsequence

0

F(z) = %co + 1z + 2 + ... “positive-real’function

0

p(0) = Re(F())
= .. .C2€_2j9 + cle_j0 + cp + cleje + 02€2j0 +...>20

Givenfinite datacy, . . ., cy
all consistenspectraaregivenby:

p = Re (%) with Q a“free” parameter




THEORETICAL ADVANCES

Spectral analysis< analytic interpolation

e Theory =
e Academicexamples <
e Applications =




BAsIC QUESTIONS

— Gz Y)Y=(T-2z14)"'B |—

2 = Azp_1 + Buy

What is the structure of the state-covariance matrix ¥ := E{zz*}?

What are all spectra consistent with X7




UNIFORM ARRAY EXAMPLE




CHARACTERIZATION OF STATE-COVARIANCES
ARBITRARY “SHIFT”

- | ' (G(eﬁ)d‘;—f)e(eﬁ)*>

—T

= BH+ H*B*+ AYA*

THM: With (A, B) controllable pair, A stable,> > 0:

Y. isacovarianceof z, = Axy_1 + Buy
&

Y>> = BH + H*B* + AY A* hasa solution H

=
[E-AzArB]_ [0 B
ran B 0 | =K | B




“POSITIVE-REAL NEHARI”

THM: All input spectraconsistentwith X are
~ i 76
du(6) 7lﬁl_r>r11 Re (F(re’”)) do

where

F(A\) = Fo(A) + Q(A)V(A) is positive-real

Data A, B, >, H:

Fo(A) = H(I — NA)7!B,

V(A) = D+ CX({I — MA)™'B all-pass,
Q(X) freeparameter.

= LFT parametrization of all spectraconsistentwith X




SPECIAL SOLUTION: MAXIMUM-ENTROPY

Entropy:
1 [" ,
I(p) = 2—/ log det(1(6))do

THM: A unigue maximizing spectrumis

dpio() = (cp(eﬂ*)—lsz—l (cp(ef@)—l)*) dé

Where:
d(N) = (B*Z—lB)—lB*E—l(I — )\A)—lB,
Q= (B*E—lB)—l.




SPECIAL SOLUTION: COMPOSED OF MINIMAL NUMBER OF SINUSOIDS

If u, = “white-noise”+ >4, \/pre’®*, then

THM: There existsa unique minimal decompositionof X
correspondingto a sum of sinusoids




FURTHER TOPICS

e minimal complity spectra

¢ Kullback-Leiblerdistance& approximatiorof spectra




EFFECT ON RESOLUTION
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RESOLVING SINUSOIDS
BEATING FT-UNCERTAINTY BOUND

up = vy, + Arsin(wik + é1) + Agsin(wek + ¢2), k=1,...,n,

noise
o

1st sinusoid
o
i
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2nd sinusoid
o
?
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filter characteristic
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with improved resolution

SPECTRAL PLOTS/OPTIONS
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FRACTAL SPECTRUM
LIMITS TO RESOLUTION?
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FRACTAL SPECTRUM:
5 WITH ME INTERPOLANTS
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SAR IMAGING




SAR IMAGING:
FILTER FOCUSING




SAR IMAGING

23



SAR IMAGING

fft

high resolution




SAR IMAGING
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m NON-INVASIVE ULTRASOUND TEMPERATURE SENSING

imaging
= transducer

I Ultrasound echo:

heating
transducer

* Time window

periodogram analysis vs. high resolutionmethods

Comparisonwith thermocouple
(thermocouple periodogram, high resolution)




RE-cAP

SUMMARY
e generalizedtatistics~ analyticinterpolation

¢ highresolutionapplications

QUESTIONS AND ON-GOING RESEARCH PROGRAM:
e ¢ hav canwe quantifyresolution?

tradeofs betweernvarianceandresolution
seekingan®  -like paradigm”

spacio-temporallynamicsandnon-uniformarrays

applications: SAR, medicalimaging,polarimetry

Matlab codeand referencesat:
http://ww. ece. um. edu/ user s/ geor gi ou




