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Underwater Neighborhood Sound Field Reconstruction Method Based on
Laser Deflection Effect
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Abstract

analyzing the structural characteristics of neighborhood sound field and improving the underwater acoustic sensing

The high-precision reconstruction of an underwater neighborhood sound field is crucial for studying and

performance. The deflection effect of the laser beam passing through the acoustic field carries the gradient and pressure
information of the acoustic field when the laser beam width is much smaller than the acoustic wave wavelength. This study
provides a data sensing basis for sound field reconstruction by employing the Kirchhoff integral theorem. The calculation
method of a virtual extended acoustic field aperture is presented herein by using the density of the laser sensing acoustic
field, which further approaches the theoretical requirement of the infinite integral interval in the Kirchhoff integral
theorem. The results of the proposed sound field reconstruction ideas and methods are verified in an underwater
neighborhood space. The results show that, compared with direct acoustic holography, the proposed acoustic field
reconstruction method improves the peak signal-to-noise ratio by 5.5 dB, thereby providing a new feasible idea for
developing high-precision neighborhood acoustic field sensors.
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Fig. 1 Construction idea of sound field reconstruction model
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Fig. 5 Simulated acoustic hologram comparison. (a) Simulated three-dimensional sound field; (b) acoustic holography by 0. 2 mx0. 2 m

sound field; (c) acoustic holography by 0. 26 mX0. 26 m sound field; (d) acoustic holography after LPBP
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Table 1 Experimental parameter

Parameter Value
Room temperature /°C 25
Measuring area /(cm X cm) 20X 20
Measure angle /(") 5
Beam spacing /mm 5
Number of beams 40
Beam width /mm 0.6540.05
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Fig. 8 Schematic of experimental apparatus
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Fig. 11 Comparative analysis of sound pressure in reconstructed sound field. (a) Sound field analysis section and point location diagram;

(b) spatial cross-section sound pressure of sound field at each time; (c) variation of sound pressure at six specific points in the

sound field over time
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Table 2 Comparison of three reconstruction methods

Acoustic holographic

Measurement method Optical path structure Measurement result
PSNR /dB
. Reference light &. interference .
Laser interferometry th Sound pressure field 20. 39
pa
Schlieren method Single laser &. beam expander Non-quantitative measurement of sound field /
Laser deflection Single laser Sound pressure field &. sound pressure gradient field 26.81
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Fig. 15 Acoustic hologram result of measuring sound field. (a) Acoustic holography after LPBP; (b) direct acoustic holography
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