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Abstract: The scattering media such as frosted glass or biological tissue and human skin 
seems only diffusing light, creating random speckles, and deteriorating our visual ability as 
well as imaging capability. First, we demonstrate that scattering media not only help us to 
take photos but also do optical filtering at the same time. More interestingly, a single piece of 
optical diffuser can work as a lens and multiple filters for a single-shot multispectral camera. 
These can be achieved after simple measurements to characterize the static scattering 
media. Beside the ground glass optical diffusers, i.e. the static scattering media, that can be 
pre-characterized, there are various biological tissues which are dynamic optical diffusers 
and cannot be characterized, creating enormous challenges to realize the object hidden 
behind even at low resolution. Here, we demonstrated stochastic optical scattering 
localization imaging (SOSLI) to take super-resolution images through scattering media non-
invasively. We simply use a camera (without any lens) to capture multiple speckle patterns 
created by stochastic emitters in the object. Then, our computational approach with a phase 
retrieval algorithm, point spreading function (PSF) estimation, deconvolution and localization 
can sharply retrieve the object hidden behind scattering media. Nanometer scale objects 
were realized from their speckle patterns through dynamic scattering media. SOSLI 
resolution shows 8-fold enhancement compared to the diffraction limit. The dynamic media 
allows to decorrelate 80% between two consecutive speckle imaging shots. Our results 
present a new and practical approach towards sub-diffraction limited biological imaging with 
superior clarity. 
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