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Fig. 2. The value of mode decomposition matrices with different length of VLA: (a) VLA laying range 1-99 m; (b)
VLA laying range 15-89 m; (¢) VLA laying range 15-79 m; (d) VLA laying range 15-69 m; (e) VLA laying range

15-59 m.
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Table 1. Eigenvalue distribution of mode decomposition Table 2. Eigenvalue distribution of mode decomposition ma-
matrices with different length of VLA. trices with the same length of VLA.

IV FEICA A (m) /FEK (m) IV FEICA A (m) /FEK (m)

S8 1-—99/98 15—89/74 15—79/64 15—69/54 15—59/44 S# 2—52/50 12—62/50 22—72/50 32—82/50 42—92/50
1 1.00 1.00 1.00 1.00 1.00 1 1.00 1.00 1.00 1.00 1.00
2 0.85 0.80 0.78 0.58 0.55 2 0.67 0.56 0.77 0.57 0.57
3 0.84 0.61 0.59 0.51 0.39 3 0.53 0.38 0.60 0.47 0.38
4 0.84 0.55 0.53 0.44 0.33 4 0.45 0.34 0.51 0.41 0.29
5 0.83 0.41 0.43 0.40 0.27 5 0.38 0.29 0.45 0.33 0.27
6 0.83 0.34 0.34 0.31 0.25 6 0.32 0.27 0.32 0.28 0.24
7 0.82 0.31 0.28 0.24 0.19 7 0.26 0.21 0.28 0.19 0.19
8 0.82 0.30 0.19 0.17 0.14 8 0.20 0.18 0.18 0.15 0.12
9 0.81 0.29 0.19 0.15 0.11 9 0.13 0.18 0.15 0.11 0.09
10 0.80 0.25 0.13 0.02 0 10 0.03 0.04 0 0 0.08
11 0.79 0.24 0.13 0.02 0 11 0 0.03 0 0 0.04

1 1
2 0.9 2 0.7
3 0.8 3
0.6
4 0.7 4
) £ 0.5
?}b 5 0.6 ‘E[K]I’ 5
= 6 0.5 = 6 0.4
E 7 0.4 E 7 0.3
8 0.3 8
0.2
9 0.2 9
10 0.1 10 0.1
111 111(P)
2 4 6 8 10 2 4 6 8 10
faIE 4 faIEBE S5
1 1
2 0.7 2 0.6
3 0.6 3 0.5
4 0.5 4
ﬁ s . ﬁ 5 0.4
S 0.4 S
%ﬁ 6 %ﬁ 6 0.3
Z 7 0.3 w7
0.2
: v
0.1
10 0.1 10
111 11
2 4 6 8 10 2 4 6 8 10
fajIE 4L TR E
1 0.6
2
3 0.5
: 0.4
® 5 ’
p
= 6 0.3
=
& 8 0.2
o 0.1
10
111
2 4 6 8 10
T IE B~ %

3 AR T R A RT IR 2 AR R BB A A I L (a) TR B MEATBGE R 2—52 m; (b) T B R ETEE 12—62 m; (c) TEEFE
HiHTE R 22—72 m; (d) HEFEATBGER 32—82 m; (e) HEFFAGMTERE 42—92 m

Fig. 3. The value of normal wave decomposition matrices with same VLA length: (a) VLA laying range 2-52 m; (b) VLA
laying range 12-62 m; (c) VLA laying range 22-72 m; (d) VLA laying range 32-82 m; (e) VLA laying range 42-92 m.
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Table 3. Eigenvalue distribution of mode decomposi-
tion matrices with different length of HLA.

Th) 8 ik /m

S8 2000 1000 750 500 250 100
1 .00 1.00 100 1.00 1.00 1.00
2 092 081 073 063 061 042
3 0.86 076 0.64 061 046 0.12
4 0.76 070 057 056 035 0.0l
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6 0.65 049 048 043 014 0
7 052 046 044 035 003 0
8 050 043 038 027 002 0
9 041 036 027 020 0 0
10 027 024 021 004 0 0
11 02l 011 002 0 0 0
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Fig. 4. The value distribution of mode decomposition matrices with different HLA length: (a) Length 2000 m;
(b) length 1000 mm; (c) length 750 mm; (d) length 500 m; (e) length 250 m; (f) length 100 m.
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Fig. 5. L-shaped array model.
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Fig. 8. Localization ambiguities surface of L-shaped Fig. 9. Localization ambiguities surface of HLV (array

array when the target is located in endfire phase. element is 64).
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Fig. 10. Localization ambiguities surface of L-shaped array (array elements of VLA is 32): (a) Target is from endfire;

(b) target is from 30°; (c) target is from 60°; (d) target is from 90°.
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K5 AFIBETE R ALVERE T HLAL

Table 5. Comparison of different positional performances.

R TR B B br 5 1 SERLALE PR ENHERE  REENAERE  PSLR
Uity 454 77 [7) 3 km, 30 m 100% 100% 8.37
30° J1A 3 km, 30 m 100% 100% 9.64
P
60° J51A 3 km, 30 m 100% 100% 9.28
IERETT ) — — —
Uity 44 77 [7) 3 km, 30 m 100% 100% 8.37
B 30° 514 3 km, 30 m 100% 100% 7.50
LJERE (FE 3 ERF)
BEET. 3km  60° 7 3 km, 30 m 100% 100% 7.11
WE: 30 m pgor 2,98 km, 32 m 99.33% 93.33% 3.25
ST 3 km, 30.2 m 100% 99.33% 7.99
30° /711 3 km, 30.1 m 100% 99.67% 7.78
L JERE (KIEERF)
60° A 3 km, 29.9 m 100% 99.67% 7.87
IEREHE 3 km, 30.8 m 100% 97.33% 7.06
MR (FIFF) — 3 km, 30 m 100% 100% 6.89
HEEPE (KBE) — 3 km, 30 m 100% 100% 9.03
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{87 58 A6 P R S5 I 1 L T B ) 3 4 5 /), H PSLR
W EL T B R (K FE) 197N, BIEALE eSS 2. Htkn]
R — B e A PR R RN T IR Uk 2 R RE ) =R, &
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(R FE) FN/K T B4 A 5 A B 204 6 A0 I i 458, BRI
T B (5 FE) /5 AL PSLR /N T LIEFE PSLR. R
TH X 3 LR (SRR ) AL R A 2 T
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b, e R 2. TEME (KM TEME (E
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Fig. 11. Localization ambiguities surface of VLA
(short array).
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Fig. 12. Localization ambiguities surface of L-shaped array (array elements of VLA is 16 : (a) Target is from endfire;
(b) target is from 30°; (c) target is from 60°; (d) target is from 90°.
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Fig. 13. The value of mode decomposition matrices with different arrays: (a) VLA; (b) combined array.
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K6 AN IFIETE O BT L 0 A B AR A A 20 A7 A7 150
Table 6. Eigenvalue distribution of mode decomposi-

tion matrices of different array.

517 L JERE T HFE (L)
1 1.00 1.00
2 0.54 0.55
3 0.36 0.38
4 0.34 0.36
5 0.27 0.28
6 0.19 0.24
7 0.14 0.16
8 0.11 0.12
9 0.07 0.08
10 0.07 0.06
11 0.02 0
12 0.01 0
13 0 0
14 0 0
15 0 0

EIRH A M AT ASEEL H bR =4 £, 30
s 8, SEmE AL T EEE, (AR S A 5
i, FE R Dlis A E A VERE R B, H A E A v
B RE B B2 v AN K, R B 8 25 B TR A 5 2
B, WFEAR S MEC B U N BB AESEBR L T,
Wl 2 L AT TR PR A, EL 5 32 RIS I, 4 T
SENLHERE. HEFEAT OB T B, BE3E T Sk PR E
PESRYS. TR K1 B, 8 AR T8O O AR e A
JEORVHE B AR TR, 800 1 S5 0w L2 4 A0 4 A Ve
. Xk R LR AR /KT B B 45 DB AT T
S e A IAESE, AR LR DL N B AT LA BRI H
W (8 A B, FE3RAS H AR5 A A5 B SE A L, 48
TN SEU6 Y # fR2e  2 ).

XTI S R 2R IR AL B L, R ROK
P2 B B e K TR LR B B AT LR 58 P R IR AR
B, (B IKT LR A R PO AT TR S B 5 A1 T A2 AR PR
{0, i LA 25 RS 21 1 B AR R B R, B a1
FEE/NT 1.25 m, FFE EE AT, XA R E
KEVSEI A, TS0 B A% 8, 45 PR hE
RS TE AL BE AN S G 52 2% BE 4Tk BE.

6 % W

TR T, A B e PRI S S e 2k
P, Sk VLG BEAE (1 75 B b vl A e B H

(R AL, (HRE Ak BE 32 MR R o H 25 151 2 4L

URCME. DM, ASSCE RIS T, TR IR
IETTE, R FEI I B bR A E A REEAT T
W7,

Xt 3 LR KT B B 2 BRI 1) T I 0 e
WERF AR 55 € LR e R T AT 1 0 #r, 42—
Wi 1% BT LE R 3 i A R 22 I, 2B B T 1) s S P e
RRPURAKFON, 2 A ERE TR, 78 3 B R
TolE E RO, B0 KT R T 3R BCA [R5
RIS B, B AR A 52 ALV RE 2 219 A 4
KV BRI, T P BEAI. Tl R T B S A
MR BRI, K PRESIN T 5 A EA R
e TRBUL A, i HAERr € IR B I BIUR S 2 1
— 3 ELR, AT A% 240 55 0 O ROR 38 OO FE
BB T B S R EAIR, PSLR A BTt REHE
Rl AR T 2 BRI S AL I BT I B B, (H e ir
HERA LS AL T 90% LA b, IR M R AL, HoEfr
HER LI A T g .

FESKBRAT TR, AR A — e L L LA
AT XE, T35, 2 RhEER A& T DU N H Ar 7S
PRI T AL SRS B, SR =4k Hbr g hr. *F T H
BT 7K B A S S5 7 1 B 55 58 (R O, T A
ML T AR UL B3 A0 BE g EAT H0 ), 32 i E o HET
B X TAERE, IRETRIA T ULAC 7 A BE 48 T 55k
&, WAr LA YR fil IR o) il AR B LR, A
W TR (0 R S 2 e PR D0 55 mT DASE S g I 9 2 g R
FR R BE SR A SE, AT 3 2 — M AR e 2 TA) E 1R
SERMIRR, AR HFAT, AEFE R IE
Py R FERE (0 R AR EL AT WY (K AR AR,
A RURFEE N 5 B, SRR 0 30% 2. X
250—1000 Hz FRBLHEAT 70 b, Baf5 2L, &, T
DS UR VRIS E SRy A D NS g o EN R e
P AL B 350 S RS AR fEL B K i) 30% 2 BL B HL B AT B
TR AR, LA BT AT LA AT A ROE AL
PR A H, 7T DA HCZEL & B T 8 B 1D B2 27 K
ANEETCSE 2 AL (H B AR AR o BOM 4 ) P B0 B R
RIVEALIUE, AR AN A5 5 J5) 5 it gk
Bk, XU YR K v T A R P AR R H g AL A K
AR ZE 1, TRl R AN B3R X H bR A T4
B BT — B fa] 1L BE R DL 7 BB o 8] B A5 25
- Cibu: O N 2 I Y

174302-13


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 174302

SE

(1]
2]

(9]
[10]
[11]

[12]

Gemba K L, Hodgkiss W S, Gerstoft P 2017 J. Acoust.
Soc. Am. 141 92

Li X M, Zhang M H, Zhang H G, Piao S C, Liu Y Q,
Zhou J B 2017 Acta Phys. Sin. 66 094302 (in Chinese)
(e, skDE, SkigRI, ANER, XIS, H S 2017 4
H2H 66 094302

Yao M J, Lu L C, Ma L, Guo S M 2016 Acta Acust. 41
73 (in Chinese) [Bk3E45, B, 577, 269 2016 74
4 41 73]

Su L, Sun B W, Guo S M, Ma L 2015 Acta Acust. 40
799 (in Chinese) [75#K, FMEIC, FEEH, 57 2015 55
& 40 799)

Wang H Z, Wang N, Gao D Z, Gao B 2016 Chin. Phys.
Lett. 33 044301

Gemba K L, Nannuru S, Gerstoft P, Hodgkiss W S 2017
J. Acoust. Soc. Am. 141 3411

Yang K D, Ma Y L, Zou S X 2006 Acta Acust. 31 496
(in Chinese) [Wfli, T3t R, 48-£2 2006 75224 31
496)

Li Q Q, Li Z L, Zhang R H 2013 Chin. Phys. Lett. 30
024301

Dosso S E, Sotirin B J 1999 J. Acoust. Soc. Am. 106
3445

Worthmann B M, Song H C, Dowling D R 2017 J.
Acoust. Soc. Am. 141 543

Conan E, Bonnel J, Chonavel T, Nicolas B 2016 J.
Acoust. Soc. Am. 140 EL434

Heaney K D, Campbell C R, Baggeroer A B, D’ Spain
G L, Worcester P, Dzieciuch M A 2010 J. Acoust. Soc.
Am. 128 2386

(13]

[14]

(15]

[16]

(17]

174302-14

Booth N O, Schey P W, Hodgkiss W S 1997 J. Acoust.
Soc. Am. 102 3170

Kim K, Seong W, Lee K, Kim S, Shimless 2009 J.
Acoust. Soc. Am. 125 735

Zhang T W, Yang KD, Ma Y L, Li X G 2010 Acta Phys.
Sin. 59 3294 (in Chinese) [KFIff, Ml SR, RE
Wi 2010 #1344k 59 3294]

Chapman R, Hudson D 2000 J. Acoust. Soc. Am. 108
2536

Tracey B, Lee N, Zurk L, Ward J 2000 J. Acoust. Soc.
Am. 108 2645

Zurk L M, Ward J 2000 J. Acoust. Soc. Am. 107 2889
Peng S, Yuan R, Xu G G 2015 Ship Science and Tech-
nology 37 121 (in Chinese) [#27/K, &%, {REH 5t 2015 il
ARl R 37 121)

Ge HL, Gong X Y, Li R W 2001 China Youth Confer-
ence 2001 Acoustic Society [CYCA’01] Shanghai, China,
November 3-6, 2001 p122

Liu F X, Pan X, Gong X Y 2013 J. Zhejiang Univ. (Eng.
Sci.) 47 62 (in Chinese) [XIX &, &M, 564 2013 Wil
K (TH/) 47 62

Zheng S J 2014 Audio Eng. 38 54 (in Chinese) KX
2014 HFEHIR 38 54]

Wang X Z, Tu Y, Wu K T, Wu J R, Cai H Z 2012 Acta
Armam. 33 927 (in Chinese) [E%&, WYL, R, R4
o, BHEA 2012 R T24R 33 927

Bai M R, Lai C S, Wu P C 2017 J. Acoust. Soc. Am.
142 286

Chapman N R, Yeremy M L 1994 J. Acoust. Soc. Am.
2 315


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1121/1.4973528
http://dx.doi.org/10.1121/1.4973528
http://dx.doi.org/10.1088/0256-307X/33/4/044301
http://dx.doi.org/10.1088/0256-307X/33/4/044301
http://dx.doi.org/10.1121/1.4983467
http://dx.doi.org/10.1121/1.4983467
http://dx.doi.org/10.1088/0256-307X/30/2/024301
http://dx.doi.org/10.1088/0256-307X/30/2/024301
http://dx.doi.org/10.1121/1.428198
http://dx.doi.org/10.1121/1.428198
http://dx.doi.org/10.1121/1.4973955
http://dx.doi.org/10.1121/1.4973955
http://dx.doi.org/10.1121/1.4967506
http://dx.doi.org/10.1121/1.4967506
http://dx.doi.org/10.1121/1.3056551
http://dx.doi.org/10.1121/1.3056551
http://dx.doi.org/10.7498/aps.59.3294
http://dx.doi.org/10.7498/aps.59.3294
http://118.145.16.231/jweb_bgxb/CN/abstract/abstract345.shtml
http://118.145.16.231/jweb_bgxb/CN/abstract/abstract345.shtml
http://dx.doi.org/10.1121/1.4994291
http://dx.doi.org/10.1121/1.4994291

) I8 % 4 Acta Phys. Sin. Vol. 67, No. 17 (2018) 174302

Performance analysis of matched field processing
localization with various line array configurations
based on normal mode decomposition”

Jia Yu-QingY??  Su LinY?"  Guo Sheng-MingY? Ma LiY?

1) (Key Laboratory of Underwater Environment, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China)
2) (Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China)
3) (University of Chinese Academy of Science, Beijing 100049, China)

( Received 17 January 2018; revised manuscript received 15 May 2018 )

Abstract

Various line array configurations are evaluated for the source localization performance based on the analysis of
mode decomposition matrix in this paper. The guideline of array shape design focuses on improving the localization
performance of matched filed processing, meanwhile reducing the difficulty of deploying equipment in practical exper-
iments. In the shallow water environment, when the environment is well known, the source localization result can be
obtained by matched field processing algorithms effectively, but the source localization performance is affected by the
array parameters, such as array length, the number of sensors, and the configurations of various horizontal and vertical
line arrays. The modal decomposition method provides a useful insight into the questions of how many modes are needed
and how to design the array to resolve the modes. Therefore, the method of utilizing a normal mode acoustic propagation
model to decompose mode is proposed by vertical line array, horizontal line array and combined array respectively. Then
we can evaluate the source localization performance of various line array configurations by studying the characteristic
of normal mode decomposition matrix, thus establishing a qualitative or even quantitative relationship between each
other. The more the normal mode decomposition matrix tends to be diagonalized, the better performance of line array
localization will be obtained. Simulation results show that the localization performance of matched field processing with
the combined arrays will be severely degraded when the mode amplitudes cannot be accurately deduced by one of the
sub-arrays. Considering the requirements for the practical experiments and various environments, the source localization
performance of short vertical line array and combined array are mainly discussed in this paper. The combined array
can increase the azimuth and depth information of the source and realize three-dimensional target detection while the
vertical array provides range-depth information and the horizontal array provides bearing information. Simulation result
indicates that the design guidelines based on the normal mode decomposition are appropriate for arrays employed for
matched filed processing. Meanwhile, the combined arrays perform better than the short vertical array, which is bene-
fited by the horizontal array’s suppressing the side lobes, which leads the ratio of peak to sidelobe to increase, and thus
improving the location accuracy. The values of localization accuracy of combined arrays are all above 90% according to
the simulation experiment. Take the practical application into account, the combined array is undoubtedly a compromise

choice for the localization performance and the test complexity.
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