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Fig. 1. Concept of the log-polar transformation: (a) The phase distribution of the incident beam with OAM state | —7); (b) the

phase modulation of the coordinate transformation; (c) the phase distribution of the transformed rectangular light field correspond-

ing to OAM state | — 7); (d) the phase modulation of the phase correction; (e) the sorting plane intensity of the incident beam cor-

responding to OAM state | — 7) ; (f) the convert sketch of a vortex beam via the log-polar transformation.
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Fig. 2. Simulated main axis arrangement of the liquid crys-
tal molecules: (a) The arrangement distribution of the co-
ordinate transformation device; (b) the phase corrector.
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Fig. 3. Experimental setup of the OAM decoding system for data transmission demonstration: (a) Experimental setup. The incid-

ent gaussian beam is a continuous-wave laser operating at 1645 nm, which is encoded by a SLM to generate the desired OAM mode.

After passing through a 4-f system composed of lenses L; and L,, the OAM mode is transmitted 1 m in free space and then incid-

ent the OAM decoding system, which is consist of a coordinate transformation device, a phase corrector and a Fourier transforma-

tion lens. Lastly, the sorted light field (Light field at the focal plane of Fourier transformation lens) is captured by a CCD. (b) The

physical image of the coordinate transformation device. (¢) The physical image of the phase corrector. (d) The physical image of the

OAM decoding system prototype.
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Fig. 4. Sorting performance of the coordinate transformation: (a) The simulated position for sorting different OAM states along a-

axis and y-axis in the sorting plane; (b) the overlaid line scans of the simulated intensity distributions of different OAM states along

the horizontal direction; (c) the experimental position for sorting different OAM states along 2-axis and y-axis in the sorting plane;

(d) the overlaid line scans of the experimental intensity distributions of different OAM states along the horizontal direction.
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Fig. 5. Data transmission decoding of OAM-shift keying: (a) The sorting plane of the OAM decoding system with OAM states |l) ,

where | = —7—T7; (b) the decoding software interface.
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Abstract

Orbital angular momentum (OAM), as a novel high-dimensional degree of freedom, shows great potential
applications in optical communication in improving system channel capacity and solving the problem of scarce
communication resources. However, the effective recognition and detection of OAM modes are the core
challenges for achieving efficient communication in such systems. In this work, an OAM decoding system
consisting of a designed coordinate transformation device, a phase corrector, and a Fourier transform lens is
presented based on log-polar coordinate transformation. The coordinate transformation device fabricated by
liquid crystal polymer is utilized to map the incident vortex beam from polar coordinates into Cartesian
coordinates, followed by the phase corrector to compensate for phase distortions into a collimated beam.
Finally, the Fourier transform lens is used to separate the OAM modes at different space positions in its rear
focal plane. The performance of the system is numerically evaluated in several ablation studies, and the
influence of various grating parameters on beam separation efficiency is analyzed. Experimentally, the system
successfully achieves the decoding of OAM modes ranging from —35 to +31 orders. Furthermore, a free-space
optical communication demonstration system is constructed based on this OAM decoding system. By
introducing specifically designed decoding rules, the system effectively mitigates the adjacent mode crosstalk
inherent in logarithmic polar coordinate transformation and successfully transmitted 748934 symbols without
errors. These favorable results highlight the capabilities of the proposed OAM-based optical communication

system and provide valuable insights for developing future high-capacity optical communication networks.
Keywords: orbital angular momentum, state recognition, geometric coordinate transformation
PACS: 42.15.Eq, 42.30.Sy, 42.79.Bh DOI: 10.7498/aps.74.20241612
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