H46% 5510 W &/ L F O M Vol. 46 No. 10
2025 4F 10 H Chinese Journal of Scientific Instrument Oct. 2025

DOI: 10. 19650/j. cnki. ¢jsi. J2514131

7K 5 2 SR 7 it R B R R 5

ikh)il,z,S ,3751,2,3

(1. MR TFER KA AR EE S E BRI 1500015 2. B/RE TR E BN 524 TEMMES
JAGE MR 1500015 3. M /RIE TSRS TSR WM/RE  150001)

B KSR NRGERBUKFF AT AP [ B WS K B A 2R PERE . NI FE K VT SR D B B, 18
SEAE LD B B, MERA AR K T AR SRR I G A B BT X K T S S M A A S, I R R ) 2 AN R B R R
PRSI AT HL 8% 0% A 0% P, O s B DR LR PR WA 45 S W I B SR IR T 5, AR R A R B O S i — 2B 8
PR 75 T R AC P S TR T RSP 349 0T PR T R A 3107 ik, 2 KT 7 T 28 S5 00 e 7 S S0 ) TR T 2 R T OBIR 5 PR R R
BRI, LA il e SR PR A . R R R A SR TN R G, X R R G B R L B RO AT T
S, LA PR RS> 70 dB, FL R > 60 dB, RESEAR G A2 SEBR A R SR T8 S S A SR A IE T34 SR A TR T R A T
AR A T XTSI R AR B, P R 5 A 1Y SR AR I A B DO ATI BRSNS EE S5, e Ll
JHI 2 R Ge X% RESON 24 F Az 7= IR IE P /K T 2% TC4014 HEAT T 45 R0 R e R I 1, TN B 45 SR 3R B . ST 314519 TCA4014 G540
TR 2 5B O g R G S UE T TR I O ik A A

KRR AKWTES ; SR TS G Wi R G 5 BEWCBCR T A R

hES%S: THl P716 MEARIRE . A EXRREFRSERE: 460. 40

Research on hydrophone equivalent noise spectrum level
measurement technology

Wang Dacheng'*? , Wang Youguo'*”

(1. National Key Laboratory of Underwater Acoustic Technology, Harbin Engineering University, Harbin 150001, China;
2. Key Laboratory of Marine Information Acquisition and Security, Harbin Engineering University, Harbin 150001, China;
3. College of Underwater Acoustic Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: The hydrophone is an indispensable component of sonar systems for acquiring underwater acoustic information, and its inherent
noise level directly impacts sonar performance. It is essential to accurately determine the equivalent noise spectrum level of a
hydrophone, both during its development phase and throughout its operation and maintenance stages. This article addresses the challenge
that hydrophone equivalent noise is extremely weak and its measurement process is susceptible to interference from external environmental
sounds, vibrations, and electromagnetic waves. This study proposes a measurement environment construction scheme combining sound
insulation, vibration reduction, and electromagnetic shielding. Building upon this well-constructed measurement environment, we further
employ low-noise preamplifier circuit design and the averaged periodogram power spectrum estimation method to achieve accurate
measurement of the hydrophone equivalent noise spectrum level. The article provides estimation methods for vibration reduction and
electromagnetic shielding effectiveness, along with measures to effectively suppress circuit noise. A measurement system is developed
using the proposed method. The sound insulation and electromagnetic shielding effectiveness of the system are tested, showing an
acoustic attenuation greater than 70 dB and an electromagnetic attenuation greater than 60 dB, effectively satisfying practical
requirements. The effectiveness of the averaged periodogram power spectrum estimation method is evaluated through experimental
results. It is also concluded that for different measurement frequency bands, users should select appropriate total acquisition duration

and segment numbers to balance measurement efficiency with accuracy. Finally, the measurement system is used to determine the
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equivalent noise spectrum level of the RESON TC4014 low-noise hydrophone. The results show that the experimentally obtained

equivalent noise spectrum curve for the TC4014 coincides with the curve provided by the manufacturer, validating the effectiveness of

the proposed method.

Keywords : hydrophone ; equivalent noise spectrum level ; measurement system; shielding effectiveness; averaged periodogram
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Fig. 1 Hydrophone output noise spectral density
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Fig.2 Equivalent noise spectrum level of hydrophone
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Fig. 8 Different preamplifier noise spectrum level comparison
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Fig. 9  Hydrophone equivalent noise spectrum level
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Table 2 Electromagnetic shielding measurement results
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