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1. Abstract 

Our research explores the application of modulated-wavefront beams, such as vortex beams carrying orbital angular momentum 
(OAM) modes and Poincaré sphere beams, for active sensing through strongly scattering media. Extracting object information from 
obscurants is contingent upon environmental conditions, which can limit the effectiveness of conventional coherent or incoherent source 
illuminations, such as Gaussian beams or LEDs. For instance, utilizing coherent sources for single-shot image retrieval requires specific 
constraints on the distance between the target and scattering medium, as well as the object's size, to effectively incorporate speckle 
modulation [1]. Imaging retrieval via optical memory effects (OMEs) in scattering media depends on speckle modulation with incoherent 
illumination [2]. When OME conditions are met, image retrieval from reflected signals becomes feasible. However, in dynamic 
scattering media, the OME effect diminishes over time, leading to potential failure in image retrieval. In such scenarios, we found that 
modulated-wavefront beams offer distinct advantages, as coherent noise generated by strongly scattering media becomes unavoidable 
[3]. We introduce the concept and experimental results of directional control over the transmitted fields after they pass through scattering 
media, which is expected to enhance speckle modulation [4]. Additionally, by utilizing OAMs, we propose that imaging retrieval in 
dynamic scattering media is achievable. This approach also aids in locating objects embedded in volumetric scattering media and 
improves transmission efficiency. Through this work, we present the comprehensive characteristics of modulated-wavefront beams in 
active sensing. 

 

 
Figure 1 Schematic view of active sensing with modulated wavefront beams versus Gaussian beams through strong scattering 

media in reflection. 
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