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Minisimposic: Problemi inversi ed applicazioni

Eigenvalue analysis of the Gerchberg method in the 2D
T band-pass case: Limited-angle data

Analisi'agli autovalori del metodo di Gerchberg in casi
passa-banda bidimensionali: Dati ad angolo limitato
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As is known, the application of spectrum extrapolation (or superresolution) algorithms
to bandlimited images with low space-bandwidth product can be very useful to improve the
estimation of the physical object that has bieen reconstructed through the bandlimiting system
[1}. This result has been particularly established, beth theotetically and experimentally, :
for the so called Gerchberg method (GM) and some generalizations of it [3,6], which, for
a compact-support object function, achieve spectrum extrapolation by means of iterated
enforcements of known constraints in the object and in the Fourier domains. The performance
and the convergence rate of the GM have been investigated by analyzing the behavior of the
eigenpairs of the imaging operator. Indeed, for fnite extent objects, the operafer related to
a linear imaging system is compact, and its eigenfunctions are complete in the object spac :
In the cases of interest, the discrete and denumerably infinite eigenvalues are all contained in®
the open interval between zero and one. By expanding she object and the data image on the,
eigenfunction basis, the generic GM estimate of the object can be expressed by a neniterative
formula, from which the properties of the solutions and the convergence rate of the GM3
for a particular operator can be inferred if its eigenpairs are known. The eigenfunctions of§
a linear space- and band-limited operator are refated to the generalized prolate spheroid
wavefunctions [8]. Their shapes and their eigenvalues have been derived theoretically’

1D low-pass systems and for a few other cases, such as 2D low-pass systems with cir A
[8] or square [2] pupils, and for a special 1D band-pass cperator [5]. The possibilities g
spectrum extrapolation for some of these cases were investigated, among others, by Beré
and Pike [2] and Gori and Wabuitz [4]. The interest of an eigenvalue analysis for 2D ba
pass cases is motivated from the growing importance of some coherent imaging systems, whi
transfer functions are inherently band-pass. To my knowledge, there is no theoretical

on generalized prolate spheroidal functicns in 2D band-pass cases so far; some results
numerical calculaticns with annular pupils are reported in [7). The analysis of these rest
has led to confirm general results found in the low-pass cases and to find some pec:u,l}{r
for band-pass systems. These results were also tested .with true experimental images

numerical simulations.
In this presentation, I further generalize the imaging systcin assumed, by admitt

its passband can also be just a limited-angle sector of an annulus in the Fourier plane
show some numerically calculated generalized prolate spheroidals for these cases. .y fed
Neglecting the presence of the measurement noise, let us suppose we have the follg

imaging equation:
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