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Table 1.
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TPMBM-A-MFT &
Steps of TPMBM-A-MFT algorithm.

@ma%m_uwmmiﬂ
ARG PR AL (26) 20
QAMkﬁﬁﬁWJaﬂJﬁ?& (27)2FN(28)

R (27) 23 p(Xp) BEEBIM: 2.2.15;

AR (28) 203 p(Xi) SEEEFH: 2.2.27;
BB S AR B R T S IR (36)3X;
BB ARSI (25)50.

T WA XS = o FLIARAREE N = Ab_

2
2 8]

4 SWellEx-96 5L % %1 3 47 5 353

AATHIH SWellEx-96 52554k #4 # HH  H b
B, SEIRR A MET J5 B BR ER 45 5 K = FR
P 4 AR SCRT$: TPMBM-A-MFT J5 v 19 iR
RS 5 3 Bl RFS JE 4% TPMBM, PMBM

Il GMPHD HEATXT LY, H5cJm 2R FHZ M AL A o 0 2
T EREAVERE

4.1 MEXERLEIGRERHES

SWellEX-96 i i 52 45 22 2 7 il JH 25 1 7 Af
B ST T JR 1) 3 T S, B A BRI S B A 4 mT 7
A b, AN 1(a) B, M2 S5 i & 59 i ik
P EL T 9 m M 54 m FURIFELA 5 1 R ) 2
M7 ATk, AT EE 54 m AR Y 166 Hz {5

SHATEAR T, B B CREFIIE 1500 Hz)
IESREIHC 75 min (7 H 50 73 1 156 Be (5B
K2y 28.4 s), BB 21 NRHA, B 50%,
551142 Be 555 15156 B JRELIE A I, 445
142 Be[al N H A5 5 AU, I 46528 68 min;
SR I FH R 1(b) JIr 7 I 5 21 855 2 H00RN 7 8 351) T
i Kraken #& A 23] {1 53 2 25 ] Z=[0, 10 km] x
[0 215 m] N4 DL ) i (POAS RS B2 A 0.05 km Fl
m), H5RBOH bR BRI T VT EC T 345
*%*ﬁf“ PRI (1] S5 41
FEARSCE MET ik ettt & 564 Fial-
kowski 45 B {4 MEFT J7 3% 0 FH b 4500 R
B8, 207 R B AR e — B AR 2k
g HACR O, ARBTG5 4 A gk
%%%ﬁ?ﬂﬁ%&%‘?z&ﬁ DAROR EE pR $5 e [|] )51 I
IR SRR KA B U 465 R R R SR, 0
2(a) TEITL TR, BB S = Mbsic a5k &
5 min PPLERIIG- 5250 BAL TSR, K 2(b) 2~
XCEBR ST AT S2 FE 28 AR50 BLAE, W0 S0 4R A5
R, bR S15 S2 By feilr B B s K 294350
PLAE %5 50 min A5 60 min, k38 S kA 705
55 min, X HAriz st #2166 Hz {75 592
W, WE 2(b) BSARic R, i FEA MFT Jrik
T HZGE SRR SR, K 2(a) BRI iR B
G5 T DA 3E ) X E) 43 Be g . XT LG IR 2(a) 5

0

N /’
g TLA: 216.5 m
(a)  JD 131 23:15 GMT to JD 132. 00:30 GMT = 100} VLA: 216.5 m
32°45'N \\{—g 2 HLA north: 213.0 m
32°44'N (- \\\ \ A 150 F HLA sorth: 198.0 m
A
3243N| \“;\,\
200
32042N L/ £ / . , /
searN S 7 / *’ 1480 1500 1520
32°40'N % /// Sound speed/(m-s~1)
52739 \%\D D i 1.76 3 1572.3 1
RN ensity = 1.76 g-cm™ Ctop = .3 m-s—
32°38'N = N\ Attenuation = 0.2 dB-km-Hz !
32°37N \ f 23.5 m
\\
32°36'N Ml
32°35'N %‘“\\O\‘v; Chottom = 1593.0 m-s~1 {
39°34'N I Density = 2.06 g-cm—3 Ciop = 1881 m-s~!
\ Attenuation = 0.06 dB-km-Hz~1! 800
32°33'N -H-‘\ m
117°26'W 117 22W Chottom = 3245 m-s—1 '
0 5 10 km Density = 2.66 g-cm—3
Attenuation = 0.02 dB-km-Hz~!
Chottom = 5200 m-s—!
Bl 1 SWellEx-96 £k S5 5286 (a) & SHIRHLE; (b) B FIFRE /R & &

Fig. 1. The SWellEx-96 event S5: (a) The launch ship track; (b) SWellEx-96 waveguide.
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Fig. 2. Range dimension trajectory of two targets: (a) MFT result; (b) the truth.
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Fig. 3. Influencing factors of matching field tracking performance: (a) The bottom depth along the trajectory; (b) average element

level SNR; (c) correlation coefficient.
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Fig. 4. Measurements sets of all steps: (a) Spatial distribution of measurement elements in range dimension; (b) the number of ele-

2 DLECAIRE R IEE S E
Table 2.  Filter parameters setup for matched field tracking process.
qr qd or o4 T w® pS pP r
6x 1073 6 x 1073 0.05 2 1 5x 1073 0.99 {0.2,0.5} 0.1
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Fig. 5. Range dimension trajectory estimation results for four methods: (a) TPMBM-A-MFT; (b) TPMBM-MFT; (¢) PMBM-MFT;

(d) GMPHD-MFT.
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Fig. 6. Tracking process of TPMBM-A-MFT method: (a) 6.29 minutes; (b) 6.77 minutes; (c) 11.13 minutes; (d) 11.61 minutes;
(e) 21.77 minutes; (f) 22.26 minutes; (g) 42.10 minutes; (h) 54.19 minutes; (i) 60.00 minutes.
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Shallow sea matching field continuous tracking method based
on trajectory Poisson multi-Bernoulli hybrid filter”

Zhou Yu-Yuan?  Sun ChaoV?t Xie Leil?

1) (School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)
2) (Key Laboratory of Ocean Acoustic and Sensing, Ministry of Industry and Information Technology,
Northwestern Polytechnical University, Xi’an 710072, China)

( Received 31 January 2023; revised manuscript received 6 June 2023 )

Abstract

In the shallow water waveguide, matched field tracking methods use the continuity of the peak position of
the moving source and the disorder of pseudo-peaks on the sequential ambiguity surfaces to track the
underwater source trajectory. However, owing to the dual influence of the space-time fluctuating shallow water
waveguide environment and the complex sources motion scene, the existing matching field tracking methods are
prone to track interruption, switches and false track phenomena, leading to discontinuous tracking results.
Using the consistency between the peak position distance likelihood and the peak amplitude likelihood of
sequential ambiguity surfaces, a continuous matched field tracking method is proposed based on the trajectory
Poisson multi-Bernoulli mixture filter in this paper. The proposed method is applied to SWellEx-96
experimental data, and the tracking performance is measured by the linear programming metric. The results
show that compared with the existing matching field tracking method and multi-target tracking method via
random finite set, the proposed method achieves continuous tracking and accurate quantity estimation of
moving sources trajectory. Among them, the prediction step and updating step in the trajectory space can avoid

the phenomenon of trajectory interruption and switches in unvoiced periods.

Keywords: shallow water waveguide, matched field tracking, a scene of intermittent vocalization, continuous

trajectory

PACS: 43.30.Wi, 43.60.Uv, 43.60.—c DOI: 10.7498 /aps.72.20230124
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