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The Bearing and Size Estimation of Volume Target Based on
a Vector Sound Intensity Array
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Xiang Jing-lin Liang Feng

Abstract: In this paper a new method to determine the bearings and ranges of the three highlight sections of a ship
is given. This method is based on a non-typical vector sound intensity array with seven sensors. The seven sensors
can all be fixing in some underwater detection platform and the distances between them are adjustable. So the
array is more convenient for engineering implementation than the traditional array proposed by Liu Xun(2002), et
al.. The bearings of the low frequency noise radiated by the midship and the section between the midship and stern
is determined by sound intensity vector. And the bearing of the stern which radiates high frequency noise is
determined by time delay estimation. The two methods can be carried out based on the same array. The
computer simulation for the ship’s real measured data proved that this method can find the bearings of the three
sections of the ship in high precision. And the size of the ship can be estimated if the depth of the platform is
already known.

Key words: Sound intensity vector; Time delay estimation; Volume target; Bearing estimation; Size estimation

Vol.29No.6
Jun. 2007

1 51§

IR 35 LA b HEAT 52 AR, WA AS Rt
FAE— AN, TR AR bR . 0 SR A8 SE LA AR [
LIS I, T SEILR BEAG T, A3 K s AR 4
PRI EE S A, BEAT FAR IR R KBy . BFSUR
BT, AR FR e R T SR RIS P IR 7 e A
WD, TR S B A S R . MR IR
o5 S S LA W TR R AT, SRR A A A5 el —
BERG RN 3 AL — w2 B, SCHR[2) 58 R
S i) B /N RSP S AT A0 74 VL 10 5 0 E 5 17
I3 2L, I 3 o o) B AR [ 6D 58 T P ) o S LA S A
BUE bR 3 AFALIIE I, IXTERE _E R I, HIE 22T
A B PR AR AT — N R M T B AT B N, T H
45 RS/ R B B I, X AE T RSB

2005-11-07 W E, 2006-10-23 2[A]
] R 5 2 4 % B U

.
ARSCHE —BRIEAT 7 KIS SRR 7 SR R, SR
SEESE PR BOR SBUAUN F b 3 A GL00s 1, B 7 3 B
VRS B b S R I AR 9
BRI RS ), SEPI LR . JERE) T NG
WA FCAE P 6 4T b T FLA T 3 X3 M e 8 H Ak
Wb T kT TSR PP R L ROR
2 ERFERHALAR 3 BMLE [ /R IE
VR 1 2 SR 25019 3 % I EEL AR 7 O35 75 3

5
Dot

>y
Py Py P Pys Py Pyi
Paz ¢ Do
P Pz
€ 2 P

IR AR AT ]



1484 mrs F R %M

29 5

IR, SRR AR B bR 3 52 A 1 IR B )
e XA S SRS 10-100Hz 1) 5 e 1 ] R~
BRHZEIEE( Py Pag > Pys Pyssr Paas Pug VRSE ;%
THRA o RS 100-1000Hz £ 2% 3 1 N~ op 48 () 25 TR 1
(Po2s Puso DPyor Pys» Dnao Pus )R 75 i AL A 2 S
S 1000-5000Hz F AT 438 R S e /NI ZEFEBE ( p, g
Dot Pyss Pyur Dugor Do )RIER . XFHEUL N T 8% H
0 P IR (AT SR BT R 2 AT PR 2 R 25 K, SR
ARBOE A TG kd (kB d ABETTINER), A B
) 45 FB B BRAVE RIS . (R WNEHRTDEH, RE 3
o} 55 T 7 BB A5 1 AR bR 3 AT AT R 1), REE L,
IBHEfRA, HERIICEIE 184, FHEE 12-13 M
THRAP AW, TSI AR R, A SRE T —
-0 i i) SRR FEAL AR R E b 3 AL A, X T A
FETCHR T DL A0 & R, 8 BEIE ] DURYE T & O RIEAT
VA, (T TRENH
3 LtrEREEMENAR 3 ERALE [ R

W 2 Fros, AURESERER 7 AN KT A3 6 HSnT LA A
K FHIMFGRE L, O, Ay, By, C,4 DNKVFas4L
ANJUSFIPY G P o ) S B, SR AT ot LA PR AR o 84 5
) 100-1000Hz Sk N 1 263 4r i @47 E 1M O, A . By,
Cy A A 7KW B 2H BRSSO W IO 7o 7 it ) BB, F SRR
WHAFR H bR b )5 SRS 10-100Hz S A 12k 1% - AT
SE ], NN THT AT 35 P 76 75 9 B3R 1 4B o ] BAAS S B T Il
PR P DURME A E M (RN T ZEEM I E, &k
|04,| =|0B,| = |0C,| = d, , |0A|=|0B|=|0C,|=d, . M
O 28 v AT S % 1) 5 1) m] RAASE R I AT — A T T R
TF1) ek A T O S 2R 52 B o E T LA 00 75 o P o PR 22
i 28 FAH A7 R BC 12 22 BOAFAE 75 9 1) 22 B 00 RS 5 2 B
K, 10-1000Hz ¥4 0 [ & AN ] G — 25 ] o2 ) B R B
TERMEER o kd (E AEL d BECER) S, WIEHA
RECHIEMSE 2 SEORBUR I 2 iR 2 kd K, AR
ZESTRZE MRS AR SR BRI E iR 2, X2
iﬁmﬁ%ﬁ%sﬂﬁﬁﬁ@@%%%%ﬁﬁo

Pl 2 ik ) R e R R
3.1 EEMTE R E M E @ RE
AR N Y, W&t Wi 2 R, 44
FARETCHIATTBORAE R, AERAN I, SR 4 4SS

FEICMATAL B LA H W E AR, Wl 3 PR
L — AN SR TCAL EAE AR IR O, HIEH %
PRI PR ZE 22, ' H A A, B, C Z I E A N5
M kd <14, kP, d WFEE. R OA EZLTT
Hhzth, LLO,A,B 3 SHEN A zoy P, 1T O A
VTN 2. O, A, B, C{EMAIERTIIMIRS
SR A 00,0,0), A(2,,0,0), B(2),9,,0) C(2.y.2,)
HEHE . doy s dop s doe WA OA, OB, OC K.
RN LT A o MR 0, 5 O0C kSl
n . CHIOAFI OB FME LAOB Ky N H ik
FERIEOA . OB M OC J7 MM 54

1

Tos(f) = 7727rfpd014 Im([Sp,(f)]
1

Top(f) = *mhn[s(w(f)] (1)
1

Ioe(f) = —mlm[goc(f)}

o Sp (f) A O s\ M A BB C R 5 1 5 )&
W5 Spp(f) A O miAN B j P 25 U5 5 (1 . 2y 3 3%
Soc(f) 0 A C miFETUEMUE 5 M L)% .

/
/
z //
4 /
C /
7
/
I/
o/
L
9%, -y
A~
@ /\\\\‘
A .'\ B
s .

B3 AR DY G 3 i) B 1) S 2
Z%E 3 PLTRR, A

Iog=1,,cos0, Iop=1,, cos(y — ¢) (2)
W 1, KA RAE zoy “Fill ERIBUEAE.
AR 20 (2) T BASK L A AT o il L fR 405k
I,=1,,snp= Lop — Togcosy (3)

sin 7y
A Iy, Iop My RO, 1B Fsiny =0,
HHIG S o Fy Bl B s 240, BT LA J7 467 £

Iog — 1y cosy (@)
sin v/,

[! [!
¢ = arctan |-~ | = arctan|—’ |= arctan
1 1oy

PRI R RS0 I = (1,,1,,1) , IRATEHEEOC Jr1
ERBEEAE

I1-0C=(z1,+yl,+z1) (5)

K BT T 225 5K(2) 159 275 SRAE 2 Bil0s 1) B 7> 5

A

; docloc — v, % Loy —y. X (Iop — 1oy cos'y)/sin'y (©)

z
zZ,

56T 3 (3) R (6) 43 BT A



EE

A1 AN BTTAR AR R 1) BT MR A B 5 1) RRUBE A T 1485

I

o+ L+ 1

W ()R (6) 5, PTG AT EAT U M oo s
5 1) 2 B T LUK PR REAT A N ), 4T TR R
i, I R ) AR N AR S )z .
3.2 FRREMEMMATFE. FRIHER

R B br, RS HsRIn RO, A, B, , C, &
SRR AR H bR b 358 5 1) 100-1000Hz A7k A (1) 238 /)
HWATEN; O, A, B, ,C, FRE XA AFR B b b5 %0 5
{17 10-100Hz AU A (26385 A AT R 1) o 2 1) SR LR AH [F)
W L 4o B EUE2 R G R A PR 22 40 22 AN -l 1)
AHRLAS— B0k 38 BRI AR SR AR 22 (A7 AE, (SRR
TR ) et B PR RS AR B R . AR SOk (6] AT LI HuHE
AT 3 U 76 75 8 [ 2 R (0 BB 22 4 2 1) i3 2 R K T o
WRZE, A W 2 BT i 7 s ) SRR LR, P LAAS
B ICHR[2)RASE R, kd FIK/NAE 0.4-0.8 Z 8] ftE

0= arccos

i 4 .
T T i

iy mus i || VERY

PR B B L el f o0

B4 P S AR

3.3 REMHEARRINER

Kot AR 8 S S 1) e AUE B A T 5 T, AR SO AR
FESII ZEAG VRS, B 2 FP R — 4L DY G 75 53 ) &= PR
I R] DA Ky P AR IR BE S, 23 ATE NG 3 O U5 5
AR, B REAC SRR 2, MRS AT
SCRR (20475 SR A F 7 i 1) Ry e M RS A 752 ), AR FRIE |
FIAT, (RS BR N T AA AR IR, Fh R A SR R A0
N TN IRZE R, [ d —EEAN, TE LR
SCEL A DUGRAE SLRS BE, b st T 2500Hz MR, ER
kd <1, W d < 9cm o M AFGEAL VXS B SR 52 10 R 5
R R ST A AR VEI R d < A /2 (M
A ),

W 5 FiR, EES PR AEG N, Mgy d P
TG 1A 2 FEUR G A E— A 7, B S A o I
KRN dcosa = cr 5 ¢ N, W I IE A v ] A e 75 R
W71 e R TR R IR AT A 2R (g ), A 1
0,4 ,B,,C, ARV T m . HHc0 51t
Ay, By ,Cy IR EES S 7, 7 7, WA YR

Y

O, Ay , By3ri Wi I~ 11 b FVE 407 ) 1 5 105 7% LA A

v

1 d 2
K5 I IEA A E i) S B

bR KR 8 A0 5 (07 63 230

¢ = arctan(m,, /m,)
m, ] (8)

0 =arccos| [ 2 . 2 . 2
,/m_,t + m, +m;

Hr
m, =c1, /d,
m, = (cT, — T, cos7y) /(sinvd,) 9)
m et dy siny — (z, siny —y, cosy)er, — y.cT,

z .
dyz, siny

Hrpe HFEHG v B OA R OB MFESM; (2,,9.,2,) HE.C, I
Abbg o PRI T o FIORAT A8 0 T LURR B X (8) FI X (9) 3k
H, BRI, R RIS Y 76 7 58 ) S BRI 1 7 A S AT BN A A
Ty SEBE A IR 4 A A R 1) o LR P B T IR S i
FRRE P o A SCSR P 532 F R B8 I S A 7 3 oo A s 2
B T AR 7 AT 1)
4 FEXRESH

T S E L TR 2 BT R IR RS R R G A A
EIbR 3 52 s ), (EAELSEaG TR, B ALAR A K 40500 152
FIE EITWER T M), MM L=160m, #iid A
15 755 W A ALK A H=300m, ZEXMIEshiFEF, M
W TS AR IR A AR AR R AR, AR AR E
PLFgh 60° , ARG R AR Fy, SRR AT A 1A BT LA
B 3 AL T7 1), EATR AN OUN, A3 1
T AL, AT BEHE R AL AR H AR 2R AT B B 0 ROBE Ak
Tt

P B A 0 S 00 S e 7 AT B, W 6 s ki
PR EE e S 0 75 P A — A AT, S5 BR 40 HT A — 3L, 7F 1000HzZ
PAURA RE S m e, A s MRS HOE RN d, =
0.3m; d, =1.5m; ESEFRM A, AT DRSS & 1 AR R
AT AR BRI TE . S ARN R IECHS A 0.5° 5 M
SR & m R e, (5L 10dB.

g1

208

go.(i

£04

(%

200.2

[

o

= 0 2000 4000 6000

B (Hz)

Bl 6 2 7 1 ) — (LA

HE 7, 8, B9 nTLLEH, i A o sk
AL TIERIARIE 3 ANFBALIRAD 28 iR ZE AT 20, B
PR A3E W, A TREN A MER. TR 10 83801
FEAL VB, P 2 & 2 T S 45 08, WTRUE
FEMRAR 55 7K 75 1 4% FF B A1 AL (AP RS LLN), BT 3 A
AR o, BRI RO v 2 AR B, D2/ TR
1) 10%; Th{EEE B B0 AL, MUARARLH AR 3 AR B A
JA BRSO ANEA



1486 o AR ¥R 529 %
50 %0 LiuXun and XianglJinglin, et al. Research on longitudinal
o 60 e 60 distribution characteristics of the radiated noise of a ship as a
gi e — AR E g 40 — RS volume object. Journal of northwestern polytechnical
2 o ?%254 - & " L iﬁgﬁgﬁ university, 2000, 18(3): 409 412.
0 200 400 600 800 1000 0 200 400 600 800 1000 [2} XIJ}IE[J]’ AARR. I PSR RIR (AR B AR PRI H Sk
HE 8§ (m) HE 8 (m) WEFE. 0 B AAR, 2002, 24(3): 347-353.
B 7 MR Az 2 B8 MUMLrF 5 Az 2 s LiuXun and XianglJinglin, et al. Study on bearing and
80 o= 200 scaledown experiment of volume target based on acoustic
< 0 :é; Ll intensity vector. Journal of Flectronics and Information
£ " e % lig Technology, 2002, 24(3): 347 353.
g 40 WO IE B = (3]  Hickling R and Wei W. Finding the direction of a sound
—— g B 4 . o .
20 source using a vector sound-intensity probe. J. Acoustic. Soc.
0 200 ZJLE(IJ:,(% (zgi)) 800 1000 0 200 Lé(é(i%_ (():i(])) 800 1000 Am., 1993, 94 (5): 2408-2412.
BLO MR R I 2 B B10 MRS G R R 4] Hutt D L, Hines P C, and Hamilton A A J. Measurement of
underwater sound intensity vector. OCEANS '99 MTS/IEEE.
5 HWRIE Seattle, WA, USA. 1999, (2): 717 722.
ST B BT R S £ SRAIE R, R R A v R N A [5]  BRAEfh, BURE, EA. T OCEAR RS IR H AR 1)
A ) TE A S LA AL B 3 FBA 0 FARSCRGIL LR, 2004, 29(1): 757
S R R R DB g T g O RETIRI B R R RGO 1
X, P AL TR, 2000.
PRSI JF RORPRRETCHE P RAIITDABAEEOT 1 e et st il s 5 0735, 0T
BRI SN, 7T AR HE SR B 2% (1) LRI TSR AT Bl 7 545 AR, 2004, 26(1): 53-59.
PRE, 7 e R N S BR AR GE E, SRA E S R AR
AT — PTG T . oA 1980 4R4, LR, WESUIT I KGR S AR
HIRR: 5, 1936 45, BdZ, WS, BENFT R

1]

S % X
R, FHAUMRAE . A R (R0 AR 75 i S O 1) 2 A R
M. AL A2 224), 2000, 18(3): 409-412.

AL AR
e 5, 1978 AR, AR, BRSUUY I AL (RS AL 2.
W B3, 1977 AR, T RAR, WFFTS I kKRR IR AR HOR.



