Phase holographic imaging based on acoustic metasurfaces
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Abstract. Traditional amplitude-based acoustic holography methods suffer from limited capabilities
in suppressing energy attenuation and resisting interference due to the influence of sound wave
diffraction effects [1]. Phase, a frequently overlooked physical parameter, offers higher energy
utilization efficiency, stronger resistance to attenuation, and superior anti-interference performance
compared to amplitude. However, the inherent periodic entanglement characteristics of phase and
amplitude-phase coupling effects constrain its application in acoustic holography. Based on the
exceptional imaging potential of phase, this study employs spatial folding and periodic transformation
methods to eliminate phase periodic entanglement. First, the entangled phase distributed within the
period [-m, ] is folded into an independent, non-overlapping distribution within the range [0, ).
Subsequently, a cosine transformation maps this phase into a uniform distribution within the
continuous space [-1, 1], thereby overcoming phase periodic entanglement, as shown in Fig. 1.

plan®

Figufe 1: Phase holograms realized by amplitude-pha/se coupling modulation.

We further reveal the physical essence of amplitude-phase coupling through the differential
characteristics of sound pressure, deriving a dynamic acoustic energy conservation equation that
describes the amplitude-phase coupling relationship. Under the constraint of this acoustic energy
conservation, we inverted the coupling amplitude compensation distribution required for the target
phase image via the HLOA algorithm, yielding high-quality phase holograms with amplitude
enhancement effects. To further validate the advantages of phase parameters in resisting energy
attenuation and anti-interference capabilities, we evaluated the far-field imaging performance of phase
holograms and their noise robustness in information transmission. Experimental results confirm that
the proposed phase holographic imaging method exhibits higher energy utilization efficiency and
stronger anti-interference capabilities.
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