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Abstract

This paper proposes a multidimensional diffraction vortex beam recognition method based on deep
learning algorithms, aiming to address the challenges of Orbital Angular Momentum (OAM) mode
recognition in vortex beams (Vortex Beam) caused by atmospheric turbulence and propagation dis-
tance in Free-Space Optical Communication (FSO) systems. Vortex beams, due to their orthogonal and
infinitely scalable OAM modes, have broad applications in optical communications, quantum compu-
ting, and optical tweezer systems. However, traditional OAM recognition methods rely on precision op-
tical equipment and stringent optical path stability, making them ill-suited to handle beam distortion
and mode crosstalk induced by turbulence and propagation distance. In this paper, by simulating the
diffraction field of vortex beams and incorporating deep learning algorithms, we propose a solution
capable of simultaneously recognizing the 0OAM modes and propagation distances of vortex beams. Spe-
cifically, we generate multiple coherently superimposed vortex beams using a Spatial Light Modulator
(SLM) and simulate beam propagation in real communication environments using an improved non-
Kolmogorov atmospheric turbulence model and angular spectrum diffraction method. By introducing
the Swin-Transformer deep learning model, we achieve efficient recognition of vortex beam 0OAM
modes and propagation distances. Experimental results demonstrate that expanding OAM multiplex-
ing types using OAM mode sets (such as {1, 2, 3} and {1, 2, 3, 4}) significantly improve recognition accu-
racy and robustness compared to single OAM modes. In 32-class and 64-class classification tasks, the
validation set accuracy of the experimental group reaches 99.4% and 99.8%, respectively, significantly
outperforming the control group. This method provides a new solution for demodulation in free-space
OAM communication systems and demonstrates the immense potential of deep learning in vortex
beam recognition. The research offers novel insights into overcoming the challenges of OAM mode
recognition in vortex beams under the influence of turbulence and propagation distance, contributing
significantly to the advancement of free-space optical communications, quantum communications, and
optical sensing fields.
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Figure 1. Schematic diagram of OAM recognition system for vortex beam propagation at different distances
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Figure 2. Structure diagram of Swin-Transformer
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Figure 4. Spatial distribution of light intensity of vortex beams with different topological charges and
different propagation distances
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Figure 5. Comparison of accuracy of training set and validation set between experimental group and control group
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