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As communication and computing architectures advance, there's a
growing interest in utilizing analog processing in the optical domain to
complement digital electronics. Photonic integrated processors have been
recently proposed for various applications, including machine learning
accelerators, cognitive radio, fiber optic signal processing, and optical
quantum key distribution. In free-space optics (FSO), shaping and directing
optical beams adaptively are essential tools for tasks like joint
communication and sensing, positioning, and ranging. However,
atmospheric conditions, obstacles, and the movement of transmitters and
receivers can significantly affect the properties of the FSO link. This is
especially crucial in multiple-input multiple-output (MIMO) FSO systems,
where spatially multiplexed optical beams can enhance capacity but may
suffer from mode orthogonality issues due to changing conditions. In this talk,
I will present the use of photonic integrated processors made of
programmable meshes of Mach-Zehnder Interferometers (MZIs) to
efficiently generate, manipulate, and detect FSO beams with suitably tailored
shapes [1,2]. This approach enables automated selection of optimal
orthogonal MIMO communication channels across unknown media [3] and
active mitigation of signal degradation caused by atmospheric turbulence
using a photonic processor-assisted receiver [4].
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