S5 %W LA Vol.42 No.2
2019 ;“;F 4 }E] Chinese Journal of Electron Devices ApI' 2019

The Design of a Small Buoy System for Detecting

Low-Frequency Underwater Acoustic Signals”
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Abstract ; According to the requirements of underwater acoustic signal detection and MEMS vector hydrophone
application ,a buoy system for detecting low frequency acoustic signals was designed. The system has the advantages
of small size,low cost and it is easy to be recycled. This system taking FPGA as a key component is equipped with
After

sampling, the output signals of vector hydrophone and the attitude information, will be analyzed and presented by

MEMS vector hydrophone, whose attitude information is given by three-dimensional attitude transducer.

host computer,which realize the detection of underwater signals. This submerged buoy system has been tested, the
result shows that its data transmission rate is 2 Mbyte/s,and the signal detecting frequency range is 20 Hz to 1 kHz.
At the same time,this system works stably in underwater environment and it is able to record underwater acoustic
signals correctly.

Key words : underwater acoustic measurement ; submersible buoy ; FPGA ; MEMS ; vector hydrophone
EEACC.7810C doi;10.3969/j.issn.1005-9490.2019.02.044

MAFREFKEESHRMWANEBERRESIZIT

W&, EE, TEE"
(R (B Rl S M T

K E KSR
FRHE A SR E R 030051)
AR S IR MEMS 25 f5 /K T 25 TR TR R 3 T —Fh e F TARITUK 74 15 5 1800 19 /N 5 Vb R 5%, %
R EA RN AR AT E RS . R FPGA BI85 =4 RSB IR s R 4 MEMS £ Bk T 2 4874
5 8, P R E BRI #8055 — AL B _ B AL LB R, SCBUK A (5 S R94RI . St s SR 0 % R G Bn A6 ik
R 2 Mbyte/s , S AEL L B A 20 Hz~ 1 kHz; iZ REAEK T TAERE , W IEMiCRKHEES

KA KAWL TR s FPGA ; MEMS ; K 1K 7 %

hE 425 .0427.9, TB56 X EAERIDAD . A X E RS .1005-9490(2019)02-0497-04

W5 Y PR BT VR AN R BT (AT R VAR B, AR AE R /N FLAR | T B I S I 1 R R

RGN KT PRI AS A EEEHOR F-Bes 3] T
iﬁl’éﬂfﬁzﬂ’ﬂ”fﬁ PR AR 2R B RES AR T T F
AT TR] AN T DB et i b T A 270 T AR A e ¢
‘2')1'J7J(EP?F§5£JJ H bR DL K & Tt v R 45 5, X T
WFFE AL 5 A BB A
WAL B & 55 MEMS ( Micro Electromechanical
Systems ) K & 7K Wr 5 B R BUN  — 8RG8 kS
FEmA LR, o TR, HFESILAZ —r 2 — K

SRU AN, MEMS 5% K WF 25 14 A AR 4 19 4t T 4
P, RERS FEARATUR EAR MR AF T S B XK R 75 H AR

BIERI AR ST IR REE B 1E 7850 K 7 MEMS
RAR KT ZRARFEL /N A PR BE S S5 34, T T

— BT R AREE A , 5 15 G T bR AT L HAT 25 A
{7 AR /N AR AR A A [ A fRT A8 A0 A
4 MEMS K 7K Wi i S B i 4R (4 138 F- 55,
(7] if Ay e — 20 T ARRAR N I B 5 HeAil

EFRR: B R A SRR 25 4T H (61127008) ; E R & & 0F & 3T XI5 H (2016 YFC0101900) ; L1 P4 45 1 FH 2 &b 0F 5% 1t H

(201601D011035)
%5 A #A.2018-03-05 &2 HHE.2018-05-17



498 LS

% 42 %

1 MEMS X =2/KkIrss

MEMS %% 5 7K WT 2§ J2& 85 e BH % 1 | 45 2 2%
MEMS 5 AR L5 5 7 F i A ) — il 20 5 B K s
SRR MEMS 2K 5K T 5 A B50RK B0 DU A
SRR HUBAE A ZH B, A% TR 11 DU SR Bl 235 4 B B fAk
wmE 1 iR, PURRE ST BT AT A 8 AN
ELAF A5 A 1 A8 SCFRL B, A B PR T A, L rh
R, ~R, PRI X J7 {55 B LR, Rs ~ Ry H4 A
WY 51055 W,

(@) ULy
E 1 MEMS X2/KITsEHEH

AR, BUSAEAR 5 75 5 57 A RS R AR
575 | b SRR AV o £ e 5 B R 7 A A T
A5 AR B b et BELRELAEL ™ A= AR A2k, DA
W= A A B B 5T MEMS 2 5K T 28 R %
RSP N XY PR D7 1) 9 4 2 40t AT SE 30 H
B 5 Ak [T 322 A8 AT LA B3k 4% ) [ 1 Mg
HA R TS5 SR,

2 BRARRLEH

VbR RS AHIHE T AN 2(a) R, F BT
(s 155 e B B 5 i Ak BB B LR (A 4 g o

(b) KV 25 B My S )

MEMS| . ... i AD FPGA F#% E
o GEELE N XA
it ) PN R () e s
K3 V| sk spm | |
WL TS '

(b) PR ARG kit Il
E2 BRRAGZNEMTEE

El 2(b) FrR, MEMS % 5 /K Wt 2% [ 8 T 2508 8
SCRF it , 47 J& ST — i [#] 5 78 W b R 0 19 Tt
#B, HAE N 10 em, AR RGIMNBEE N 20 em, &
BEH 50 em, BATEANEE T 15 kg, KEIKIUTER
RS AR TR, TR IR —
Y BTG AL B LLZA H VB bR o R RN %
KT SR K T R85 B, DASERT T ff K Wr 25 Fir b
HIREERGE , Iy (8 Je S B E AL B 31 RGLAMR %
A S, LIRS Y REEdEs
i S S e e T W VA v i 77

3 MEESIHEERR

FERTRRAIK 545 5 1) MEMS 2% 5K W &%
Hokay th A5 SR H. 2 B P i B, T hs R Gtad i
T P RO K W g 1 5 S AT WAL B 5
T HASE R O YL F | ok 9% e K T 48 il H B9 7
SE S HATIHOR SRR, 75 28 49.4 dB, @i
TLHIA 5 Hz~3 kHz, 055815 5 98 BEBLH X O 480K
Wy A B {5 5 P B R AN E 3 B

WA N Wi :> A3 |[N| PUBIGH || N 5% y@&
55 TEUk ok V] ke V] Rk (VRS

B3 HBEsAEIRERER
MEMS %% i 7K Wr g4 Ay —Filt e BH 2 A% 1 4,
BT B EOR B TICR AR R M ISR I H s A
A L, 256 IR A5 TR B H A R
BRI T — R AT P AVl L A v AT o)
FE AR TIOR8 INA163, Hodi Ky A HL R B 75 R
1 nV/V/ Ha; [ 8 B K 75 155 o4 2 1 25 95
B, T XHE 5 HEA T I P8 AL R, R E ADI A
AR PR AT B AR R RGBT Y AR RRE
FY R 2 5 AL G2 B R A% ADA4898, #5 4 Sallen-
Key 4545 79 DU 51 38 908 J0%7 Pl 866, 2% 1 O L I8 A 58
T AT AR A 5 10 2 L DA B 4 M 7 5 o, %A1
T B A R R O 3 kHz,

4 BIREYEALEER

Wb B 98 Ak P AR B DL Spartan3E - XC3S100E
FPGA S il RN A 46 b BRAZ O | SE BN 2K 2 7K T 24
I = 2225 A5 TR i 1 A5 5 P SR G R A% B
VPR L AR 10 L B 25 R AN BT 4 T

MEMS <tk Wr ki 5 5 2l P AU | B
A/D B an e R FE RN 10 kHz, A/D §4 40
FRE A ADI ARl 16 37 (8 38 3 [F] 25 RAFE AU 4t
75 AD7606 , IZ 545 2% AT P g ik A s i A BRI
Yo, HICHW IR A HORAR . — SRR e



AL M RARSE R TARIA K B A2 548 m] 69 ) R B AR & ikt 499

e[ rs232 3] S | HEbRFAG
|| &0 i

:

« |H|
»| ADC [ FPGA H
I |AD7606/<—XC3S100E +

4224511

4229 u'z'?'_’I' : FATHL

i |“§E@F{fymmk%{ﬁ@%

B4 BiREFAFERESME

XW-ECI700 =4 [& 2 72 8%, 7] LLgS i Ar K T
LRGBS N R A KR 0.1, B i
i RS-232 1 B, B3 R 9 600 bit/s , 3 B 5
AR 12 /s, BBMF B AP N5 A FPGA I
[T 2] A/D SRRERCTE S hid B i /K 25 1 45 AN
RS-422 #: 115 PC #LiE e, i ad A HLEAT 508 1)
BRI AT RAEN ., 5 (8 Je S e A TS A B

5 HIWER

XV AR RN 2 S 4T % R i, B
SEWIE MEMS 2K 57K T 25 (4 48 ) P | [F] B 36 F % 0%
FRERIN 22 4 e 75 B D A I 2] K 75 {5 5, MEMS
I K W g A SE B AR RN R G R AR K T
LTI s s o ok T S i VA | DS M U L
MEMS Z% /K Wr 25 19 X 38385 Y 3 18 H2 0 e 75 R
A — A5 5| R Bl fe oK T %, PR3 3
W R AR AR AR, Y X Gl TE I A 4 A8 KR Y 38 18 U
AT SN ST S QU OE A . SR 1 |

P NI 5 (a) s, SRJ5 BEDAE KA
— PR A IEZ 0, 3l LR APF SO AR R SR
BB H 75 5 58, JF ] MATLAB X80 73 #r 45 3
T P RS 4R AR 5 (b) Bl

2900
2800 XG5 (2
2700 B N= N
% 2 600
]E 2500
= ; ;‘gg VAL 5 g
PN

2200
2100

012345678910
M) /s
(a) RS

01 PR g
[ | KIS
oL N kA

-0.1 L f
0 0.004 0.008 0.012
0-(1) KR
_0 l Il Il Il Il I i&ﬁzﬁz‘]
"0 04 08 12 1.6 20
?8% " """" KT
0 A I I I $ﬁf§ﬁﬂ

0 200 400 600 800 1000
(b) FEBATAF =K

Es5 =nAlitsRE

PR RN R G0 400 20 9F W i B IR )5
FERFE K BT R G AT T I iR 7K el K
249 40 m, /K WT £ 5 18 BRI R e AR BOR FE 2R 10
m, TR R IR A T A R S e A A 20
Hz~ 1 kHz NI S {5 5, Y 75 TR 78 K T A [A] 9
P B R MRS T R R Gk O (55
e AL B, B 6 i bn R GRS 5 1 45
TEATIE, B AR T PR AE AR R B & e

-60 -60 -60
=70 1 =70 =70
g g g
’F'\,_”.: % -80 % -80
B ¥ ool g
= = 90 = 90
-100 - -100 -
_l 10 L L L _l 10 L L _l 10 L L L L

Il Il I} Il
0 200 400 600 800 1000 1200 0 200 4

I} Il I}
00 600 800 1000 1200 0 200 400 600 800 1000 1200

AR /Hz AR /Hz I [Hz
(a) 315 Hz/137.7 m (b) 400 Hz/128.3 m (¢) 500 Hz/179.2 m
-60 -60 -60
=70 =70 =70
g g g
ﬁt -80 % -80 % -80
¥ ool M o
= 90 = 90 = 90
-100 - -100 - -100 -
~110 I I I I I | ~110 I I I | ~110 I I I I I
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200

AR /Hz
(d) 630 Hz/80.5 m

AR /Hz
(e) 800 Hz/95.9 m

% [Hz
(f) 1000 HZ/113.3 m

B 6 IkiTsRiZi(s Sk s E



500 W T

%

@

1 %42 A

SRR RN B AR RN R GEZ AR BE Y A
P Al DAZE H bR A 2R e BE A% 1 i 4 00 1 Ak
TEANTRIE B 10 Sl -45e RE i 4 ) 8 A T 030 23 1) 74 £
F L HUE TR RS RIPERE

6 #it

ARSCENS MEMS ZKWT 88 7EIEAE T A 5T AR I
OSBRI R Bt T —FR AR N AR B /N
PRARGE, A HEFT T MEMS 2% iKW 88 757K R PREEE
SEPEFITRERHRIBIGE, it 2R S5 2 b L
TRYGEGIE , A SCE T YL T MEMS 2% KT &8 B AR
BMARGEAT TR AR S350, 9 MEMS KA 7K W
TR SEPRN I T 5, Rl MEMS 2%
IS R A TR I BEE 1Rl

S -
PREFLL, BRRI. SN SRS I R T[]

[1]

MARE(1992-), B, Wik, AT
N AR AL 5 72 B, 7 5
AR TRl fr i il oy A, 2
5T 7 10 Sy 20 A5 0 B AR 5 8 R AX

7% , shennixin@ 126.com;

(2]

(3]

(4]

(5]

(6]

[7]

[8]

[9]

.

PR 5 ,2012,29(5) : 116-118.

B, EOCFR, BRI UL IR /K I b 2 G0 B X L 43 #
[J]. KGRI ,2005(3) :9-11.

AR R, PNVKEE, B m K AR BT R AL 4 T T 75 3 WL
WARRGELT]. RS MR YE,2009,28(10) :82-84.

BEISE  TRERE, XIS, 4. MEMS 2K K W25 B3 {5 5 b 2
WFIE[J]. LR 5% AR S ,2012,31(1) ;14— 16.

Zhang W D ,Xue C Y, Xiong J J, et al. Piezoresistive Effect of Re-
Sonant Tunneling Structure for Application in Micro-Sensors[ J]. In-
dian Journal of Pure and Applied Physics,2007,45:294-298.
VIR S22 A DR, 55 27 B0 R W e 2R et e 45 4 114
WFFELT]. FLIEBAR 244, 2011,24(4) :517-521.

Xue C Y, Chen S,Zhang W D. Design Fabrication and Preliminary
Characterization of a Novel MEMS Bionic Vector Hydrophone[ J].
Microelectronics Journal ,2007,38:1021-1026.

Xue C Y,Tong Z M,Zhang B Z et al. A Novel Vector Hydrophone
Based on the Piezoresistive Effect of Resonant Tunneling Diode
[J]. IEEE Sensors J,2008,8(4) :401-402.

TRIRTE. JCLF R KT S PR T [ D] E B R
AR K2 ,2008.

FEE(1987-), 5, WUE, LV S
N T B2, 2013 4R T
LR ST b, BT
24 MEMS {48514 & R 501 15 #l
i ,417960627@ qq.com,,



