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Study on low-noise acoustic vector sensors

LI Zhi"***  CHEN Hongjuan"*”, ZHANG Haigang'**, GUO Junyuan'*"
(1. National Key Laboratory of Underwater Acoustic Technology, Harbin Engineering University, Harbin 150001, China; 2. Key Labo-
ratory of Marine Information Acquisition and Security ( Harbin Engineering University ) , Ministry of Industry and Information Technolo-
gy, Harbin 150001, China;3. College of Underwater Acoustic Engineering, Harbin Engineering University, Harbin 150001, China; 4.
Sanya Nanhai Innovation and Development Base of Harbin Engineering University, Sanya 572024, China)

Abstract; Excessive low-frequency self-noise remains the primary bottleneck limiting vector sensor performance in
target detection applications. To address this issue, a minimum system noise analysis model incorporating a piezoe-
lectric accelerometer and a preamplifier circuit was established, and the noise contribution mechanisms of both the
accelerometer and the coupling circuit were analyzed. The effects of piezoelectric material properties, acoustic pres-
sure sensitivity, and capacitance on noise performance were further investigated. Based on these findings, design
principles for low-noise vector sensor systems were proposed, and a prototype based on a relaxor ferroelectric single
crystal was developed. Test results indicated that the equivalent noise pressure level at 100 Hz reached 40.7 dB,
representing an 11. 7 dB reduction compared with a conventional piezoelectric ceramic prototype, and showed good
agreement with predicted values. The self-noise remained below Knudsen SSO across the frequency band above 20
Hz and further below Wenz’ s SSO above 100 Hz, confirming the effectiveness of the proposed low-noise design
method. These results provide both theoretical and technical support for the engineering application of vector sen-
sors in low-frequency weak signal detection.

Keywords : vector sensors; vector hydrophone; relaxor ferroelectric single crystal; self-noise; underwater acoustic

transducer; low-noise; underwater acoustic sensors; piezoelectric sensors
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Table 1 Characterization parameters and units of self-noise
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