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scattered acoustic fields from underwater structures

AN Buchao', HE Yuan’ an®”*, SONG Hao’, HU Yu’an’, YAN Xiaowei’

(1. Ocean College, Zhejiang University, Zhoushan 314400, China; 2. National Key Laboratory of Underwater Acoustic Technology,
Harbin Engineering University, Harbin 150001, China; 3. Key Laboratory of Marine Information Acquisition and Security ( Harbin En-
gineering University ) , Ministry of Industry and Information Technology; Harbin 150001, China; 4. College of Underwater Acoustic
Engineering, Harbin Engineering University, Harbin 150001, China; 5. Systems Engineering Research Institute, China State Ship-
building Corporation, Beijing 100094, China)

Abstract ; This study addresses the limited accuracy in reconstructing scattered acoustic fields from underwater
structures with sparse measurement points. Toward this end, a fused compressed equivalent source method ( FC-
ESM) is proposed. By integrating the compressed sensing framework with the equivalent source method, FC-ESM
achieves sound field separation and reconstruction via single-layer pressure measurements through joint sparse repre-
sentation of incident sources and modal coefficients of scattered equivalent sources. The results of the simulations
verified that FC-ESM achieves the precise reconstruction of the scattered field in the cylindrical shell model and
achieves much higher far-field recovery accuracy under sparse sampling conditions compared with conventional ap-
proaches. While mismatches in prior information of incident sources introduce reconstruction errors, the impact is
minimal when incident sources are located in the far field. By incorporating incident virtual sources, FC-ESM can
be adapted to a half-space environment or an ideal waveguide. Under single-layer measurement conditions, the ap-
plicability of the method was further verified by using lake trial data. Lake trials confirm that this method, using on-
ly a single-layer sensor array, achieves comparable accuracy in reconstructing the scattered acoustic field to tradi-
tional dual-layer measurement methods, significantly reducing the complexity of engineering implementation.

Keywords : acoustic scattering; equivalent source method; acoustic holography; compressed sensing; sound field

separation ; sound field reconstruction; waveguide; virtual source method
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Table 1 Near-field scattering reconstruction error

dB
by WZ W B
R NAH SONAH FC-ESM
M./4 -7.6 -16.9 -13.7
M/8 -7.3 -11.5 -9.1
M /16 -3.3 -6.9 -4.3
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Table 2 Far-field scattering reconstruction error
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