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Advances and challenges in underwater acoustic vector sensors
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Abstract: The effective acquisition of underwater acoustic information is the basis for conducting underwater acoustic science research. The
underwater acoustic vector sensor is a new kind of underwater sound receiving transducer compared to traditional hydrophones, in which the
vector sensor is the core carrier. It can obtain the complete ocean sound field information, including both sound pressure and particle velocity.
In particular, the frequency-independent natural cosine directivity and the advantages of suppressing isotropic marine environmental noise make
acoustic vector sensor (AVS) have great potential to be applied in underwater security defense, marine resource exploration, long-distance
communication, and environmental monitoring. This article reviews the main developments of AVS over the past decade, including the
exploration of novel sensing mechanisms, the application of new piezoelectric active materials, and the design of innovative structures.
Furthermore, the comprehensive challenges to be addressed in future work, such as device design at very low frequencies or in deep ocean
conditions, platform suitability considerations, and advanced calibration techniques are analyzed and discussed.
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Table 1 Piezoelectric materials and vector sensors’ performance
EZEL KL R TERE

2% e JEEREBTHE,  RHEEERNEY HXE AR REREE M/ w5t KL FOMY/
ik (pC - N1 (mV-m/N) W/ (-) % (dB ref. PZT-5A)  (dB ref. PZT-5A)

ds3 ds £5] 831 el/e, tand YIx Ll YPIR Zh
[69] PZT-5A 374 -171 24.8 -11.4 1704 ~2 0 0 0 0
[69] PZT-5H 593 =274 19.7 -9.11 3401 ~2 -2.00 -1.95 2.00 2.15
[109] PMN-29PT [011]c — -1 883 — -52.8 4033 ~0.2 — 13.31 — 54.14
[110]  PIN-40PMN-33PT [001]c 2742 — 42.8 — 7 244 ~0.2 4.73 — 42. 04 —
[102] Sm-PMN-PT [ 001 ] ¢ 3710 — 29.8 — 12 430 ~0.2 1. 60 — 41.53 —
[111] AIN 4.7 — 62.8 — ~9 ~0.2 8.07 — -9.95 —
[112] Zn0 13 — 154.5 — ~9.5 ~0.3 15.9 — 3.2 —
[113] PVDF 30 — 308 — ~11 ~3 21.9 — -3.6 —

FOR AN AR R RE R AL AR MR RE AL S, R R 5
Aib PR E R AT B F BRI

IEAN, AR B AT REI T ELR 4% 5 A B
LT R AR T - AN UA B g 1 T vl AN L PR fE A
TR, B R AR (R A% A T B e
R iy, 300 R AR o 1 O o A R R T 4R A T
BT ; )AE R TR R A B R e 2 S
B PZT A 2 T g P RELT A A T L
RUBPRL, ] o e 2L 3R 1k 5 Ik, 2 B 2 AT 45 A B3 A
P AT R X R R GOK R AL R T R A 25

2.3 HEMSHEA

A IEFTCIEA B & WA T B AEAEE B BR , %
THRTESAE SR HTH AR ) 2 52 T Ok A SR AR PR B 1Y o) —
REN)IEA

1) BRWASS R Y

MR W\ZE R Sy — T 28 M i) 7P 22 OR 254 B 4 R A
AR EAERRE AR WA BT, 2012 i|5,Donskoy gln]
BRI EAERA T RIS R X P Jo i i A R AR - X
TROF /N TR A R WA S5 ), 70 AR T 4R A 4 1) 5 430
U L PN AT LA A 10 PR f) 4 A A0 1 D ) P R A 4
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