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Abstract

Structured Illumination Microscopy (SIM) allows to double the resolution of a standard fluorescence microscope with
low phototoxicity. SIM requires a precise knowledge of the illumination patterns, making it costly and difficult to
calibrate. In many biological applications, the illuminations can be substantially modified once reaching the image plan
due to the propagation in the sample itself. By using a blind approach, we greatly simplify the use of SIM and open the
use of random illuminations (RIM), like speckle patterns [1,2,3]. This strategy allows super-resolution with low-cost
instrumentation and is robust to optical aberrations in the excitation path. However, RIM remain sensible to
aberrations in the collection path. Blind Image Scanning Microscopy (Blind-ISM) consider the collection point spread
function (PSF) to be unknown as well as the illumination. Images are modeled as the convolution of a shift invariant
PSF with the product of the sample with a single illumination shifted at multiple positions. Classical ISM [4], scan a
focused excitation beam on the sample. In Blind-SIM, the unknown illumination can be any structured pattern, here we
will consider a speckle pattern. A nonconvex optimization problem is solved with an iterative algorithm to jointly
recover the PSF, the positions, the illumination and the sample. The scalar and shift ambiguity in the solution only
allows relative positions and relative intensities estimations. We illustrate the performances of Blind-ISM in simulations
in presence of strong aberrations and noise in terms of resolution and PSF estimation. Empirically we observe that the
achieved resolution depends on the frequency content of the illumination and of the PSF. Super-resolution factor
greater than 2 can be achieved with an evanescent speckle illumination.
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