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Design of the acoustic feature acquisition system
of ocean data buoy

. 2 e . .
WANG Lin-yu"’, HUANG Hai-ning', ZHENG En-ming', CHEN Xin-hua'
(1. Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to use the existing 10 m large buoy of our country to detect and identify the infringing vessels at sea,
this paper introduces the design of an acoustic feature acquisition system mounted on the buoy. System design includes
acoustic array design, signal acquisition and processing design, target detection and azimuth estimation algorithms and
acoustic array azimuth compensation methods. A lake experiment was conducted in June 2014, the experimental results
show that the hardware of the acoustic feature acquisition system is reliable, and the target detection, azimuth estimation
and azimuth compensation algorithms are effective. The system has been demonstrated and applied in the comprehen-
sive information monitoring of information transmission technology and the detection and identification of right en-
forcement target in certain sensitive areas of our country.

Key words: ocean data buoy; acoustic features acquisition; minimum variance distortionless response (MVDR); azi-

muth compensation

0 51 &

o0 e L RS B v [ A M BT 4 LI AT B
TP IO AR A H Bk 2 A A S s il
BRTFBUIBUIR, R ERUE HARRIINR A 5
R AR BAR R BETT” 0 H A R EBAT R 10 m
PR BRI G AR, 28 P AR LR AR R SR e T BT
FERGRERSE, & RRPCCRIEIMNE R,
I 30 ok R TV AR TR R RAL T R e e s S
i ARG A RUR (S BAL B I 0, S
PREFACECHR A, R HAR BRI A AR, SE

kS BHA: 2018-04-08; &[5 HHA: 2018-05-21

EEmB: A TR LI 8 10 H (201005001)

fEZ @I EBE1972—), B, dbxA, BL, FRTRAESSEE
SN

BIAEE: #T, E-mail: wlyhyh@163.com

DLz,

PR AERE RGN NI H ) — 85y, LA
BRNFAR T &, A AE SR
S5, KBV AR A I A P AR L R R R
e BRI FH TR SRR AR SRR B A Y
WK, EEARERFE R AMERRS), R H SR .
FEARHIER R RGBT e B BRI R, il
PR B R AR SE, 80D T AR R
B R 75 0 75 22 AR IR R AR R LIRS

1 &gt

BT bR I P A R AL R 56 R Gt B4 75 2 B T
AME G REAEBHLPIRES 7. RGN 1 s,
FEEFERE R 16 KW dE 1A 2R 1A
IR FEAE IR . 16 N7k 23 28 S Tl — A
B E, SRR IR IR RERAME 52



5 W

ERESE: VORI bR AR B R G 509

S IHE I BOR. MBS, 1E(E T RELIEN
] AD(Analog to Digital) ¥ ¥ 4T BB ¥, &
DSP(Digital Signal Processor)fx 4 Ab2E, #fje H
WRITAL, 54 T A CKs A0 345 AL 27 br 42 )

Hlh,

AR L
E T T T
| ek H—t
: = : | o :
! |
ey g [LERE ]
a8 |
| L r=a AD| _|DSP| |
17K | 1 i
g I I e Rl |
cLEl R
L——— L - — _  — — ]
AT {55 RES A

1 RGN E

Fig.1 System composition diagram
—= 2, » N
2 R

PR BB R AN TR (1)
22 2055 7 2 B BN B N B R bR 1) 22 A A i
BRI, BLRE SRR R K RSP AR 10 m,
HEAKTRERER 10%; (2) 55 2EFE IR
MFESA/NT 8kms (3) JB/INFAR IR )R 7= X6}
2R TR SRR PRI o 7K T LA 1) 2 e i i i 2
BAE 1 kHz PLR, 1 kHz DL 0 7 3 2 [t 25 AR Tt
L 6 dBloct K. P EFERER O TARSIEE AT
1 kHz PLURPEAIEL . P 5B &t 16 Mo
BISI AR RE, BN 9Om, FERERER) TR
W/NT 373 Hzo 525K 8 FREZ2HT 8 AN
FERURIA VR R 3T I A NSRS, AR
BHE 2R K T e, KW S B 45 K W
B PR RN SR . 7R SRR ST I RUR
EEWNE 2. 3 iR,

Fig.2 The picture of the array frame

3 FEMEAUREE

Fig.3 The schematic diagram of the array frame

AR R AR SRR, B
PR S AEAEIFARE T U7, BEOKIE 8 m 4b. FRAEEE
Wl 150 1) SR FH s 1 28 R S S 4 0 5 ¥ A A A
1R 8 m AEE BG A BETE, I ROt iR bR IR ) A
I FH 0] P RSO s VAR AR 4 NS A AE
FAEN 0.6 m [ F Bt i, T T 22 e
PR ERNA A 8 MR, TR
4. Al 4 S RER, SRR L
(PR 2T 10) 2 B )4 ARAEZORIT T8I (3 1) 26 B 38 FE
208 IRARELAE . FRIMIE 4 Frs. &
[l LR THE R PURR AR, TR 8 MRAEHT T,
AT LA i Ge, 3G InE PR SR A AR E Vo

K4 SFrEEREE
Fig.4 The schematic diagram of the guide mechanism

3 BT RELEN T

F T REAL AL AD AR DSP B, EAEHCA
HIT AR AL, Ferh AD RS B B BCR28155R K
PRAME ST PRGBS SR FEAT R s
FIMGIAT AR T, I ZRBTS M 2
Pa Ak B, DLRGEATHR M5 5 AL B T A DSP
W B B (5 S AT SEN s A AR B, I
SRR LR B T AEHT A BE L T EE S AN
VR, ARG RES BT 2R B S S



510 =R

VS BLRIFAR B4 R A NG, RIS AREANME 5%
LA ML AT ShRE R B RS S B A, AR
TR 40 BB ASOEEAT IF SR, 948 B
3.1 AD tREEERI&IT

PG S ZIEBART 2% . JBORAS . W] gm AR 2
FEHIZ A AD &, BERAME SRR E S .
KH CMOS 2@ I8 (4 2 S Bt R R4 R 285K
I — 2R 2 B ITBOR s AT Y FE Y 2 3 ol 2 S B —
Z—6. 0+ 6. 12, 24 fIGa RO T HET
B ) AD G R IEFE AD AR H) ADS1278 it
R, BB SERL 8 AMEIE M FD KL, RAESIR A
S5kHz, KFERERE N 24 bits; BT A% 353015
AD #EHIES, ¥ AD Fi i) 5E B B F R
PP 7T deFE 1 1845 51 (Field Programmable Gate Ar-
ray, FPGA). AD R FLESHE R Wil 5 B .

|
5 B |
Wi e
el g TERC ’ﬁ@f\
: | ADS1278 —
. R /
BB > A
g [ e A >
I T
AR il
o e
VAR - %ﬁﬁgﬁ\ ﬁ
| ADS1278 |—]
@i Efgﬁf? /
e [ UBA e AL

5 AD HHIEEHER]
Fig.5 The block diagram of AD circuit

3.2 DSP R E % it

DSP R HLE W TE R AR DIFER) TMS320C6747
V¥ DSP b HEEE FEERK A S S A,
TMS320C6747 /&% £ DSP, B 1800 H i &kiF i
BATIRA AL EERE /) 424 512 Mb /) SDRAM #
64GByte ) NAND FLASH. @it FPGA #{it K%
H ) NAND FLASH :t F FEFI 5 i 50 77 TAE
DSP i L B AE B 4 6 Fros .
3.3 EITHREEIIT

T T OMAP-L137 XUZAKI)4E
I FH AL EE A5 AT AGL600 (R IHFEn] gmfeas ., REMEsL
UK 75 A 5 A BRI VE bR pa i) 55 o AR AN R 2R
SDRAM, NANDFLASH, RTC. #hgB4 0 FEA
P~ USB 1, —A4> MMC/SD 4 [ DL A3
R FASGMERIEE O I8 4 5 ) 2 L FPGA R
S, EFHR B AEE A 7 fR .

HoOR 2019 4F
R B 28
EXEd R AR
k| [LVDS| |tz
1 7
64Gbits NAND|
FLASH [*™
- ) 512MbS
e B b
jj\% >
64Gbits NAND
FLASH [V 7|# ! NAND
Actel [FT1C747* ™ FLASH
64Gbits NAND |, FPCGeA
FLASH —
64Gbits NAND| [ | <>{Co727}e—> NAND
FLASH C6K47 FLASH
64Gbits NAND & v
>
FLASH 18— 512MbS
64Gbits NAND| _ _ | & DRAM
FLASH [* "%
64Gbits NAND| ¢
FLASH —

6 DSP i R R AE E]
Fig.6 The block diagram of DSP circuit

VO%iH &2k
BLAR| [RS232| [RS232] [RS422] [RS232
PHY Llﬁzﬂii%% LISZZE%% Wk AR (O 28
I I
UART UART
n v UART  UART
64Gbits| EMTFA L
NAND |« >
FLASH
512M | EMIFB | EMIFA| Actel | DSP
SDRAM " FPGA™ im0
SD/MMC |OMAP-1137 o)
i
USB t %
-‘—’USBZ-O 64Gbits
I2C NAND
RTC FLASH

B 7 st e R AE A

Fig.7 The block diagram of main control board

4 BEARRN S T AL AG T

KT 28 KRB 5 A5 525 T RELHEN L
TG, AT ARG BALSE, SRR &
DCIAEAE H AR 07 bt HAERRAE A 8
Fim o KW 28 REAERALMNE 5 & IR I dim
M JE; 4% (Finite Impulse Response, FIR)JEW J5, #F
ITBARIE RN 5 BALRE, € BARIRIEE 7700,
T R K R RS AR EE AN, BT E
FIAE o 2 B B bz 21 g 1 D A BRI (1 s 2 0
W7 A5 B HAsRIa6 T AT B IR, AImif521 H
IR Sy DA



5

ERRIESE: T CURHT bR AR R R G B 511

4.1 MVDR K RFR

B /N7 ZE JoWar A8 e N (Minimum  Variance Dis-
tortionless Response, MVDR) FJ35 A il 7 74 /& —
Folt A ) 2T BRI B AR ™, BRIk B T
AR B IATT [ T N A, HBES CR U 5L
T3 18 RS S DA IR BRGSO TR
TP BRI 5 A EH o

| KFEfgL |
j%% Eﬁl
59 it
K281 [ FIRyE >
[KIF 282 |—»{FIRVE s | i = g
[k a3 |—>{FIRiEw— 1 e ]
® 4k hr
: : # &
: : e
[kir N F—s{FIRUE R |
5223 i

K8 fEAabriire
Fig.8 The signal processing flow chart
BARTE DN ZHA . B RS, WE 9
P

SO}
2Dt =

9 PATERTRERE
Fig.9 The schematic diagram of beamforming
ABRBCAE > N TTA5 [F] BE 7KV 5 7R B o B 4
TURIE S R x (1), 1<iSN , Zid Pk fd H i Ar
#(Fast Fourier Transform, FFT) & 7E 411 5. 7G, £ 1# 7]
RN X(f) > Xt X,(0) IR, (f) > FHARINRAG — A
B R

nﬁ=§WRﬂ&UFwﬂﬁXU) (1)

A () BRI, OF RRLEHE; W)=
O (), Wy (DT 5 XOH=[X,00), X,(),
Xy(NIP e
MVDF % 5 Al R B0 1 24 3R e A Y R
FREEAR, RN
mmW%ﬁMﬁWU?

PMVDR(f; Hd)
—

st. WH()A@6,)=1 @
K RO X)) TESR TG £ 0IH 7 256 R,

RON=E[X(NX"(N)] > AG)=[1,2, e e,
BRI, & WAAIREICIRE, 6, JWE T,
¢ HTHIE,

SRIEA(), FFA MVDR S R L

R'()4@,)

W D= g0 R (18, @

BRG)I AL, MVDR SO W7 L
LT )

1

PMVDR(f’ ed) AH(Hd)R_l(f)A(Hd) (4)

Q)T %1, 298 AT PLERY S 5, MVDR R
TE 5 1 (] s AL ) 7E WL 5% 7 i) R W) 97 Ay i B
SRAN, LA RS DL R ANTE M EZ 5 [ b (1 - H e
wh, fES S TS s k.

Faks HRGVAAR@) TR, Wpe () A
PMVDR(f’ ‘gd) 5 R(f) ﬁa\%’ PMVDR(f’ ‘gd) ﬂuﬁ;jﬂ—
FOT LAl TE 2%, AT EORBOR T R(S) s

=1.[6]

2N
42 BEEEMEFMIMESE

FE SRR PAR G R FE AL T K TOIRAS, (BAE
W LRBREIRT, BT R AR VR, A
BE IR AR, AR 5KV T2~ A M.
HEAT U R T, SaE B RF ] 2 ¢ 7 25 R AR AE 7K T
THITHEER o B RS 27 b 7K T AR R A
BTG ) B Ar 7 2 B 2 . Ik 5 B0
SRR EAT Iy R AMEE , ARAIE S R IR AR

B 10 S—AN/KFTH B i S T BR R [ B, %
BRI, BEIT IR BT T N
H, Hy H, , 1870 0 @il FEoT H, 75 [REAE 0°
K77 6o FHEBPIANFE T M2 a=n/8 , FRATHEIS
2% RO 0 b, BASHMESRE O
[, 7,(0) N H AT O fRIIER, ¢ KPR
A,

7,(0)=rcos[0—-(i-Da]/c ®))

10 i [ 4

Fig.10 The planar circular array diagram



512 =R

EAN S

2019 4

W R R KR A A, G e A
FE O E, T AN E BTN AN E I A . J7 AR
075 B R AR P 2 R M T AL AR A, WOE -
i, WEAERS 7 (0) e, (IE bR LR

TR T S AME TVE IR

(1) AR b2 TP a, arPa
A DL SIS 2 L P 2 R B R X T 7K Y R A T O A
AL

(2) HisE 75 SRR P Eo16 ANBETTANER O
O mHIAAFR o

(3) A EERE SACY AR, PR
16 MEETCHIEL O FACT I, RiEH1%
RRMERARE, HEE 16 DML O KIAARR
M A8

(4) PAH A —ANFETTAE, S R E T
o WE 11 Bios, FEEEERE IBETTARR (x, )
BB KT BB AR (xLy) o Bl O O bR
(X,» ¥o) » BERZEACFTH L BIALKE (x), v,) - x HhIm A
HNBs yERA Iy W BTHEA LN

x/'=x,cos B, y'=y,cosy

Xo'=X, €08 3, yy'=y, cos y (6)

’? :[(Xi,_x(),)z +(/=w)’ ]‘/2

Bl ARkR R AR A

Fig.11 The coordinate transformation diagram

¥ RANR(S), W .(0) « FFMEG K .(0) it
TR, 45 BRI

5 RS Kot

2014 4F 6 H, fET i LT 17—,
AT H PRI UE S 223 BRI 25RO, A B
Yrs MR ARG T G RS AEMRE, DLUAIRIEE S
Aab 38 G R 7 2 5 B T AT M T VS (R R T
ETSE

I RGHER WA 12 Fros. SRR )

KF 15m, B TUAR HADEE S35 5 REAL
ML, PEARERE F RPIIRGE T, PRI 7 2R 3
(RS RRFIONEE, FHES 30 m 4b( 5 7 - FEFE 180075 [4))
A — AR B RE RS, IS SRR D R OR Ak
RTINS

FE TR T AP B, 7H 2R RS R
B Abr, HAAETEAERN 18000518, 5 HIRSZER T
PE—5. BRHRERS 5 F IR R EE RS, 248
BIAF) 8km W, FEERE RGN LA AR F]
s, RGHEBTHRARER . AR 30 1
YT, (IR AL TSR IR IR i A,
2 RERGHIRE R IE] H bR, Ui A AME T i
JE A R

EonrEhs | | HoETri
) 3 EET oS o e

BT R a
(& UEBITBIRER)

| RIS
T 30m |

B2 iR R GHER

Fig.12 Lake trial layout
B 13 e 4400 9E 16° HARM EE it xT EL
B B 13 o 1 ACRRAMER T A RE, 3 ARGRAME
JE TR IRE, 2 ARERAMER T ARG R, 4
ARERAME G IR LI S5 R o AMa2 S 5 59 4
K5 BHARE I EE A

Bl 13 A ERERERE 440, 9 16°, RBMBIERTE R
R
Fig.13 Comparison of detection results before and after attitude
correction for 44° rolling and 16° pitching

6 4w

WIS KR, A RERGEF AT



EORE ERESE: VORI bR AR B R G 513

e BRI BARROT A THEVE TAR IR, 183 71 ZL 2012 2 0497217 4[P]. 2013-04-03.
S § N N N . WANG Linyu, YU Huabing, SUN Changyu. Acoustic array for

S =L 2k 4
WHEESR s P LR )7 8, A ORI RIS ST AT 5 large ocean observation buoys: China, ZL 2012 2 0497217.4[P].
PR N AME A R BRI, BT R 2013-04-03.
%éﬁﬁ@ﬁiﬂ‘g* ﬂi&ﬁ‘F*iIVﬁE’r&ﬂ [41 2+% KEY, 5 —MEEE MVDR #EREEMEREN L
e ) ° [7]. 224, 1993, 18(1): 54-60.

HAl, 1% SRR R G O R e Uk ZHU Shimeng, SONG Mingkai, GONG Xianyi. A method for
X 35 FF i 1) 4R B ARTR I H B 515 BAR M+ improying the performance of MVDR beamforming[J]. Acta
7{(5,\”%_ Eé,’%é.‘}&ﬁ?ﬁi*%?@&ﬁﬁ . Acustica, 1993, 18(1): 54-60.

[S] E&%, BRg, dhdh. A2 KBRS MVDR BRI
PRI, R TRESHTFHEAR, 2014, 36(3) : 434-439.

& £ X M WANG Xuhu, CHEN Jianfeng, HAN Jing. Optimization for
MVDR beamforming based on single pressure gradient vector hy-
[11 A&, BRI, BB BT RENRr R E AR R 5 14 drophone[J]. Systems Engineering and Electronics, 2014, 36(3):
HBCTHI). RGOKSCHAEALES, 2013, 6(2): 73-76. 434-439.
ZHOU Jinyuan, TANG Yuanguang, ZHAO Shuguang. Integrated [6] ¥RERH, Zeimhy, BRETte. Sk (N T 25 Tom AR i RO R T
design of target detection system based on marine data buoy[J]. VET]. RiEASIE KSR, 2016, 50(2) < 188-193.
Meteorological, Hydrological and Marine Instruments, 2013, 6(2): ZHENG Enming, LI Yuansong, CHEN Xinhua. Improved bearing
73-76. resolution approach for MVDR beamforming[J]. Journal of
[2] RO, JAAE. PR AR DU R G SR, TR 5 Shanghai Jiao Tong University, 2016, 50(2): 188-193.
#2013, 11(2): 13-18. [7] ZEJEpR. FEWES AR M]. Jbat: IR, 1999, 6(2):
ZHAO Congjiao, ZHOU Yan. A survey of the domestic marine 172-177.
buoy monitoring system[J]. Ocean Development and Manage- LI Qihu. Introduction to sonar signal processing[M]. Beijing:
ment, 2013, 11(2): 13-18. Ocean Publishing House, 1999, 6(2): 172-177.

[3]1 LS, Rk, VKEL AT RGNS I 3 i,

B R R R e e e R e e R A T A R b e b
B REERAFEFEFARAMTISERREI

B 12 RGN R A AR W 4T 2019 4E 8 J 15~17 HAEFE 2 PaAb Tk K2R B FF . dhkokes i b s
Sprggs | WE ARSI R ARy o BTG AR S R PUAL TO K22 7, A %S, RISFHEYE. A5
B HIRENE D R AR . REA KK A, SRR 60 RAAHIA R Wil AR S5 ISR 2.

SWAEBR TG P 24 28 2 P R 8 22 R AN P A6 Tl R 24 5 /N R 2 B A5 e IR SR 5 AR 2 2 AR S 119, AR IR
SV T 12 FEARME, ARMEEF Y, RS, AR, IRshiEhl. A E0L i % 2 AN AR

MEREARAS AT AR T A, T Kid. REMARSWNARZH. 2%HH. B URRERRHE, I
HIFF 2020 255 13 M BUHR B IRAASE .

g A A A TR A A PR A T

iR



