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Multi-mode fibers (MMFs) have attracted numerous studies for
boosting the transmission capacity in classical and quantum
communications, but also biomedical imaging with endoscopes. One
potential approach is to use the transverse modes as spatial
sub-channels transmitting information through them simultaneously,
including orbital angular momentum and light spin. However, the
distortion caused by modal crosstalk limits the deployment of MMF-based
information transmission. To undo the scrambling, digital optical phase
conjugation can be used, where the wavefront launched at the input
should be manipulated using a spatial light modulator to obtain a desired
field at the output. However, wavefront modulation techniques rely on
phase, amplitude, and polarization measurements. We propose a novel
approach for referenceless phase retrieval based on the mode
decomposition using AI approaches, which are applied for 12 km long
MMF. Using this technique, we can realize high-fidelity mode
transmission over MMFs towards advancements in capacity and security
of data transmission. The proposed intelligent photonics using
physics-informed neural networks will facilitate MMFs towards classical
and quantum communication.
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