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Abstract

Given an image generated by the convolution of point sources with a bandlimited function, the
inverse problem is to reconstruct the source number, positions, and amplitudes. It is well-
known that it is impossible to resolve the sources when they are close enough in practice.
Rayleigh investigated this problem and formulated a classical resolution limit, also called
Rayleigh limit, for the case of two sources with identical amplitudes. On the other hand, many
numerical experiments demonstrate that a stable recovery of the sources is possible even if the
sources are separated below the Rayleigh limit. To resolve the puzzle, we introduce new
concepts “computational resolution limit” for number and support recovery: one is the
minimum separation distance between the sources that is required for exact recovery of the
number, and the other is the minimum separation distance between the sources that is required
for a stable recovery of the supports. We quantitatively characterize the two limits and resolve
the “resolution limit puzzle”. The quantitative characterization also implies a phase transition
phenomenon in each of the two recovery problems, and the subtle difference between the two.
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