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Stochastic SIM: a scan-less super resolution retinal imaging

Abstract: Super-Resolution Microscopy (SRM) encompasses a set of techniques that surpass the instrumental resolution
limit of objective lenses used to collect light emitted or reflected by an imaged object. SRM is particularly useful in scenarios
where high-performance objectives cannot be employed, such as when the lens’s native instrumental function is inadequate.
The human eye’s lens system (crystalline lens and cornea) has evolved primarily for flexibility, long-distance vision, and
range finding, but it is suboptimal when used in reverse for retinal microscopy. Fundus imaging, for instance, is an area
where super-resolution techniques prove highly advantageous. SRM typically involves acquiring multiple images through
illumination scanning, which are then combined into a single super-resolution image using algorithms that incorporate
experimental prior information, such as the point spread function (PSF). However, in ophthalmic SRM, a significant
challenge arises from the eye’s saccadic movements—unpredictable and random shifts of the fundus that disrupt the super-
resolution process.

Here, we present a novel super-resolution microscopy method called Stochastically Structured Illumination Microscopy
(S2IM), which offers two key advantages: it overcomes the challenges posed by saccadic movements and eliminates the need
for an expensive, technically complex optical scanning system. S2IM leverages micro-saccadic movements as a natural
scanning mechanism, transforming these uncontrolled translations into an asset for image acquisition. Our findings
demonstrate that S2IM enables scan-less super-resolution, achieving a resolution enhancement factor of 1.91, with promising
potential for applications beyond ophthalmoscopy.
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