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Multi-maneuvering Acoustic Targets Tracking Algorithm Based on

Virtual Extension of Single Acoustic Vector Sensor
ZHANG Jun"? BAO Ming"? ZHAO Jing® CHEN Zhi-Fei’® YANG Jian-Hua'

Abstract To solve the problem of poor performance and fewer trackable targets in the multi-targets tracking of
acoustic vector sensor (AVS) in multi-target tracking, a multi-maneuvering acoustic targets tracking algorithm
based on virtual extension of single AVS is proposed. First, the higher-order cumulants processing method is intro-
duced to establish a higher-order likelihood function, which can not only improve the estimation accuracy by sup-
pressing the Gaussian noise, but also increase the number of estimable targets by virtually extending the AVS.
Then, under the marginalized 6 -generalized label multi-bernoulli (M § -GLMB) framework, a cumulants-based aug-
mented motion model state M d -GLMB (Cum-AMMS-GLMB) algorithm is proposed. The algorithm introduces
multiple models, and uses the model index labels that distinguish different motion models as an augmented para-
meter for the target state, and obtains a better tracking performance than a single motion model through weighted
mixing of the updated states of each model. In addition, in the sequential Monte Carlo (SMC) implementation of
the algorithm, the detection probability function is fitted based on the normalized spatial spectrum obtained by
higher-order cumulants preprocessing can suppress the diffusion of clutter to the available particles, and further en-
hance the particles in the high-likelihood region. Finally, the posterior cram é r-rao lower bound (PCRLB) for tar-
gets tracking of single AVS is derived, and the performance of measurement noise suppression and acoustic targets
tracking is verified by simulation experiments.

Key words Acoustic vector sensor (AVS), higher-order cumulants, virtual extension, generalized labeled multi-
bernoulli filter, multi-target tracking
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Cum-AMMS-GLMB algorithm
52 HEMHME

AN ZR 3 BT 4 PP A BR R RE AT L
B BVEYIHAT IMM AL BE, R 2 ACFE T e
ZRAVELIA B E ) A8 . (EAE ERZ, Cum-AMMS-
GLMB #ERT M6 -GLMB JERHEL B, H
= Z, AT A B IE S, Rk EFESIA
Cov-GLMB 5y H (19 i 78— 5 0 (1) 2 BBE e 55F g o2
CBMeMBer H 241 Cum-CBMeMBer Hi:IF 4 #%
TEX 7 B FRR ST AT ZE X 2 5 B 7 v, 5

LI H bR ER BRI SE B

5.2.1 =2—

R
PiE s n R AVS HEREE 50 s i, SRAEE
N 10 kHz, {548 10 dB, o, % B N0.5°/s2. P
A7 H BRI DOA #575 {180°, 30°}, Hbs 1 7E58
1 s N3, WIUGIEE N {1°/s, 0.05°/s}, HAx 2 fE58
20 s N3, VIR E N {—1°/s, 1°/s}, Fr A [F I

ZIHFRX NS SR S R 1. fFH K 3 B 4
FlELVERAT O B, W15 4(a) ~ 4(b) KIS H bR R
gh L. ik SO0 45 B AVREIRYE, I PAT 50 IXSEFE
RIR LI IRAF ] 4(c) OSPA BB LLPPAl Sy fE.

ExtEEAE L, Cum-AMMS-GLMB 5% 68
i BE AR () BRER 7S B AR EUE RS B AR S, JE A
HABE T/ OSPA FEE. CBMeMBer. A& Cum-
CBMeMBer 514 75 8141 504 A 7] [X 4
HARE 2, 3T GLMB HEZ2 /) Cum-AMMS-
GLMB 5 M Cov-GLMB HiEH T il
gl Gefs B P H bRk, it & 4 vT4E,
20 s BAREAR, 5l N LA R Cum-AMMS-
GLMB #3%EM1 Cum-CBMeMBer 57.9% R 0% 11 i
HEAEE, XaWA S, 1 Cov-GLMB Hik
Fl CBMeMBer B LI R ERGITFH RS H. XE
BURHT AVS A S fLEEN, Bk, A HIRZ
[F) PR 7 P TR) B 258 /0N, IR s s A 58 7 v et 1 5 T Bl
BT HAREAT 1 FE S R TV R X 4 B AR, T
SEE LR TR
5.2.2 HET

B FWR: HAE BARHILE DOA 737N
{180°, 30°} F1{100°, 30°}, HI4fH B 53 7 Ay {1°/s,
0.05°/s} F{—1°/s, 1°/s}. H br7EAS [F] B Z1 %63 B
BENEAI SR .

VA FE M R 3R 3 B & SRR B PR ER
PERE. o, BN 0.5°/s2, SNR 435I M 0dB LA 5dB [
(] B2 BT N2 20 dB, 47 SR RIS S A 5
Frox RMSE flith45 R, 4 & 5 15, 5K SNR
5L Cum-AMMS-GLMB #3% ) RMSE % F%f E
ik, HBE% SNR K38, RMSE iZ#h&Eir PCRLB.
Bribz Ab, A 70 (7) FrRiEi g, Cum-
CBMeMBer 5735 1 R ER 1 58 R FEAL T 40 R 83 48
HEf) CBMeMBer .32,

XT AR AR e 75 R 5 AR, SNR KB
N5 dB, INE R B P ARAE ZE o, 239 A 0° /52 DA
0.5°/s2 [ 1] B 120 47 34 I $1] 4.5° /% AT 52 R R Sk
5%, M4 6 AT RMSE flii145 Rl 18, B o, 1
K, %5320 RMSE 1 PCRLB ¥ & ETHE#. Cum-



2 RO & B T R AL A S ALY R I 2 L3N 5 H ARER BR ik 395

— U1 ERH * J§ 1. 2 (Cum-CBMeMBer)
— U5 2 B O ¥ 1 (Cov-GLMB)
E PGSt A * Jii 2 (Cov-GLMB)
By A O ¥ 1 (Cum-AMMS-GLMB)
[> ¥ 1. 2 (CBMeMBer) + ¥ 2 (Cum-AMMS-GLMB)
180
150
120
e
~
& 90
=
&

60

30

00 45 90 135 180 225 270 315 360
Jifiita /(%)
(a) 75 HARERERLE
(a) Tracking results of each acoustic target

— A — HSHEEH
CBMeMBer #i%
Cum-CBMeMBer
Cov-GLMB %%
Cum-AMMS-GLMB %%

oo *

1I0 2.0 3.0 4I0 50
i) /s
(b) Hbn% H 454

(b) Estimation result of the number of acoustic targets

——+—— CBMeMBer —— Cov-GLMB

g ———— Cum-CBMeMBer —H— Cum-AMMS-GLMB

I 1) /s
(c) OSPA FigS
(c) OSPA distance
B4 U BRI TR RIS A o 45 5
Fig.4 The estimation results of different algorithms in
the case of two acoustic targets

AMMS-GLMB %31 RMSE % 83800 T 5 bk
Hyk, ¥iaEit T PCRLB.

5.3 ESLICI

NIRAEFR BE AT AT, I SR560 % H ) AVS
T A AT HARERERSENG. SER A 7(a)
PR, AVS 5 =A AARLIE R — /K1, DARIES
P HARHI AR 00 =R HoR73 51 LA 7(D)
MBIz, w kR His 1 52408 8.1°, 1850
FHFR 23, Hbr 2 B5A2Ff A\ 60.95° 12814 i

=t CBMeMBer =6 Cum-CBMeMBer

=t Cov-GLMB =——8—— Cum-AMMS-GLMB
1.5 PCRLB

D 1.0
~ ~
210 £08
= =
~ ~ 0.6
& S
=05 g 04
}.Q =

E< 0.2

0

0
0 5 10 15 20 0 5 10 15 20
SNR /dB SNR /dB

5 AF{EM:LE N PCRLB M% 50301 RMSE filith45 3
Fig.5 PCRLB and RMSE estimation results of each
algorithm under different SNR,

e CBMeMBer === Cum-CBMeMBer
[[| =———— Cov-GLMB =—8—— Cum-AMMS-GLMB

—
ot

PCRLB

=

o
o
o

Jif s RMSE /(°)
e # RMSE /(°)
o o o
no = (=2}

oo

b 1.5 25 3.5 4.5

0
05 1.5 25 3.5 45
oy /(°/s) o,

/(°/s%)
K6 AF o, FPCRLB #MI&HLK RMSE 45 5%

Fig.6 PCRLB and RMSE estimation results of each
algorithm under different o,

F113.96°, Hbx 3 0977150 F1 M 240.95° 124 48 fin 5]
299.05°. AL FEF HAs 1.2 —EHAAE, Bis 3 4
T — EARAE . SRR B BT AR I R = Fh i 3t
179256, LI = HHlRE RGHITE T KE, XFF
F N 3 kHz, /] Cum-AMMS-GLMB &.iZE#E47 A
HARERES, & — PR T — IKERER, 713 8~10 iR
(7 H brER R 5

WRHEE 8 fin s Hbw— BEAATERE LT B IR ER 45
R Bk H bR 148 {7.13°, 0.82° Y BHEish; i2sh H
FR 2 B 77 50 F BREZEZE M 61.88° IZWTHY N % 109.91°,
AT A1 29 7E 1.020 BT BEEN: H AR 3 1077 07 f R
BL328 M\ 233.38° & T 48 0 £1300.95°, i A 1 £ 7E
0.66° FHT i sh. B 9. I/ 10 Fros it B brER iz 4s
1S, e HAR R HBUE T, Bbs 3 555 19 s
TR, HT7 A7 A ERER PR A 239.01° 3B 15 n £
294.06°. X T/ H bR AR RGN, BEs 3 197
A7 A R B M 227,520 3% T 14 i £ 267.21°, BE 5
TEEF 38 s TH K.



396 H B th s i 49 &
90 : : : , '
! HAs 1Bl o R L hil4u | |
— — — —HiR 2 HEE 4 H AR 2 M
=60 e HbR 3 BLSEBUZ 0 HAR 3 A0 | ]
& 45¢F
E 30F
15}
0 .—l_m_l_l_l_ e |
0 45 90 135 180 225 270 315 360
Jitifh /(%)
. (a) 7 BARERERZ R
BEZS7E (a) Tracking results of each acoustic target
(a) Experimental scene 360 90
C N Y vy p——— LS —— E— D 300 75
2t Hp 1 4k < 240 2 60
= N FIbR 2 4 = 150 E 15
=~ — — —HEEsHE | A
g0 o O HiFRHEE o 120 B 30
=, A SRR R €
[ O epkighe 60 15
e - == A 0 R it
-2 -1 0 1 2 3 0 20 40 60 0 2 40 60
T /m A /s A /s

(b) 7 HbrHLZE
(b) Trajectory of acoustic target
Bl 7 I = AR IR S
Fig.7  Acoustic targets tracking experiment in
semi-anechoic chamber

90 T T T T T
75k AR 1 2Ll o HiR 1451 | |
e — — —Hbr 2 BEHIE + HER 2 (S
=60fF e Fbi 3 JOSS0UE o FAR 3 fiitus | ]
& 45
=
‘é 30
15F
0 45 90 135 180 225 270 315 360
Jitifa /(°)
(a) 75 HARERER 2 R
(a) Tracking results of each acoustic target
360 90
300 75
DY 60
~ ~
& 180 & 45
& =
= 120 = 30
60 15
0 ) P S S—
0 20 40 60 0 20 40 60
B /s ] /s

(b) FbR75 L ff A A £ SRR 45 2R
(b) The tracking results of the azimuth and elevation angles
K8  HiR3 BRI T IERERSS

Fig.8 Tracing result when the target 3 is always present

PAE = MAN [R]85 R ER 4 SR b, A H AR 2.3
HIERER S5 RAFAE BB, R EE R T HSE DOA 1
5B H FRTERD AR 2k B AN IE L, T TE
SIEREEN A HAR 24 3 R b & ARk s, S

(b) HF5 75 L Fr AR 7 BRI 2 R

(b) The tracking results of the azimuth and elevation angles

B9 Hbx 3 RESHIUFIL T AR ERSE R
Fig.9 Tracing result when target 3 suddenly appears

90 : . . . :
75k FR L ICSUE e FAR 1 ks | |
— — — — R 2 HSBUE 4 FAR 2
=60 e 3 T o BbR 3 AT | ]

& 45}

=

&S
15F
0

I S ———

0 45 90 135 180 225 270 315 360
ks /)

(a) 74 FFRBRER 255

(a) Tracking results of each acoustic target

360 90
300 75
S o40k 60
~ ~
& 180 & 45
& s
= 120 =30
60 15
0 0 f i —
0 20 40 60 0 20 40 60
I /s I /s

(b) AR5 ff RORE A ff B
(b) The tracking results of the azimuth and elevation angles
K10 HAR 3 SRR A IL T IERERSS R
Fig.10  Tracing result when target 3
suddenly disappears

023 H ARG TH PO AELE F . AE IR —
AN R G 1 DR 2R A% S 38 1 B R 22, BT 8~10
Bt B AR ERER 25 RT3, Cum-AMMS-GLMB
SAS TR H AR IR BRI 5 A IE S SR —



2 M RO & B T R AL A S ALY R I 2 L3N 5 H ARER BR ik 397

Y, R R AT A K.
6 5t

AT AVS 1 Cum-AMMS-GLMB
Bk, iR T AVS TTERES HFRECH b BREFPE BRI
ZE ) . S rb s o R AR B 1 5N A B
LLER bR B B R N, AN SR T v B R
wiE AVS MBI E, 1Em T TR ER A H AR AL
H. Cum-AMMS-GLMB HiE B IERL T/ H iz 3)
WA Z FER SEPRIZ B, 7E M6 -GLMB JEJAELE T,
SRR IE I 2 Rl O2 sh AR AL AR & LB T H bR
SIBFPIRAS, SRR T T B — @ SR I PR EE AR
ZER T T SN — I ) R BRI REAE PRI
TEVE AR PG A AT SRS, TR 7 Tikb 3
RERER TS . BRib 2z Ab, HvkiE I —1k
o A 2 ] B S G AS WU ABE 2R bR B A, 358 T
(D2 % AR i1 S 3 16 IR E b A Al 1 G
IS IAIE T SRR AT YE R R, HEs e H T
AVS {7 HbREREFEIERIPERE A, BARFTH/NR
SEOfEHE AVS 02 Hir DOA FREE, SR SKALZEA
Wr i PRER R AT A BB S EANME.

References

1 Leslie C B, Kendall J M, Jones J L. Hydrophone for measuring
particle velocity. The Journal of the Acoustical Society of Amer-
ica, 1956, 28(4): 711-715

2 Nehorai A, Paldi E. Acoustic vector-sensor array processing.
IEEE Transactions on Signal Processing, 1994, 42(9): 2481-2491

3 Bereketli A, Guldogan M B, Kolcak T, Gudu T, Avsar A L. Ex-
perimental results for direction of arrival estimation with a
single acoustic vector sensor in shallow water. Journal of
Sensors, 2015, 2015: Article No. 401353

4 Zhang W D, Guan L G, Zhang G J, Xue C Y, Zhang K R,
Wang J P. Research of DOA estimation based on single MEMS
vector hydrophone. Sensors, 2009, 9(9): 6823—-6831

5 Levin D, Habets E A P, Gannot S. Maximum likelihood estima-
tion of direction of arrival using an acoustic vector-sensor. The
Journal of the Acoustical Society of America, 2012, 131(2):
1240-1248

6 Hawkes M, Nehorai A. Acoustic vector-sensor beamforming and
Capon direction estimation. IEEE Transactions on Signal Pro-
cessing, 1998, 46(9): 2291-2304

7 Wong K T, Zoltowski M D. Root-MUSIC-based azimuth-eleva-
tion angle-of-arrival estimation with uniformly spaced but arbit-
rarily oriented velocity hydrophones. IEEE Transactions on Sig-
nal Processing, 1999, 47(12): 3250—3260

8 Miron S, Bihan N L, Mars J . Quaternion-MUSIC for vector-
sensor array processing. IEEFE Transactions on Signal Pro-
cessing, 2006, 54(4): 1218-1229

9 Tichavsky P, Wong K T, Zoltowski M D. Near-field/far-field
azimuth and elevation angle estimation using a single vector hy-
drophone. IEEE Transactions on Signal Processing, 2001,
49(11): 2498-2510

10 Wong K T, Zoltowski M D. Extended-aperture underwater
acoustic multisource azimuth/elevation direction-finding using
uniformly but sparsely spaced vector hydrophones. IEEE Journ-
al of Oceanic Engineering, 1997, 22(4): 659—672

11  Zhang J, Xu X Y, Chen Z F, Bao M, Zhang X P, Yang J H.

12

13

14

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

High-resolution DOA estimation algorithm for a single acoustic
vector sensor at low SNR. IEEE Transactions on Signal Pro-
cessing, 2020, 68: 6142—-6158

Mahler R P S. Statistical Multisource-multitarget Information
Fusion. Boston: Artech House, 2007.

Mahler R P S. Multitarget Bayes filtering via first-order multit-
arget moments. I[EEE Transactions on Aerospace and Electron-
ic Systems, 2003, 39(4): 1152-1178

Vo B N, Ma W K. The Gaussian mixture probability hypothes-
is density filter. IEEE Transactions on Signal Processing, 2006,
54(11): 4091-4104

Vo B N, Singh S, Doucet A. Sequential Monte Carlo methods
for multitarget filtering with random finite sets. IEEE Transac-
tions on Aerospace and FElectronic Systems, 2005, 41(4):
1224-1245

Mahler R. PHD filters of higher order in target number. IEEE
Transactions on Aerospace and Electronic Systems, 2007, 43(4):
1523-1543

Vo B T, Vo B N, Cantoni A. The cardinality balanced multi-
target multi-Bernoulli filter and its implementations. IEEE
Transactions on Signal Processing, 2009, 57(2): 409-423

Ristic B, Vo B T, Vo B N, Farina A. A tutorial on Bernoulli fil-
ters: Theory, implementation and applications. IEEE Transac-
tions on Signal Processing, 2013, 61(13): 3406—3430

Wong S, Vo B T, Papi F. Bernoulli forward-backward smooth-
ing for track-before-detect. IEEE Signal Processing Letters,
2014, 21(6): 727-731

Vo B T, See C M, Ma N, Ng W T. Multi-sensor joint detection
and tracking with the Bernoulli filter. IEEE Transactions on
Aerospace and Electronic Systems, 2012, 48(2): 1385-1402

Vo B N, Vo B T, Phung D. Labeled random finite sets and the
Bayes multi-target tracking filter. IEEE Transactions on Signal
Processing, 2014, 62(24): 6554-6567

Vo B N, Vo B T. Labeled random finite sets and multi-object
conjugate priors. IEEE Transactions on Signal Processing, 2013,
61(13): 3460-3475

Reuter S, Vo B T, Vo B N, Dietmayer K. The labeled multi-

Bernoulli filter. IEEE Transactions on Signal Processing, 2014,
62(12): 3246-3260

Chen Hui, Deng Dong-Ming, Han Chong-Zhao. Sensor control
based on interval box-particle multi-Bernoulli filter. Acta Auto-
matica Sinica, 2021, 47(6): 1428-1443

(FRHE, XS0, s, 34T X [ A 0L T 240 S5 R DR 48 0 1% 1k
RN, E 3SR, 2021, 47(6): 1428-1443)

Hou Li-Ming, Lian Feng, Tan Shun-Cheng, Xu Cong-An. Ro-
bust generalized labeled multi-Bernoulli filter for multi-target
tracking with unknown statistical characteristics of glint noise.
Acta FElectronica Sinica, 2021, 49(7): 1346-1353

(R, eV, SRR, AR 2. DRI S SR I oL T
W) RS 2SS FIE B . BT AR, 2021, 49(7): 1346-1353)

Zhao J, Gui R Z, Dong X D, Wu S Y. Time-varying DOA
tracking algorithm based on generalized labeled multi-Bernoulli.
IEEE Access, 2021, 9: 5943—-5950

Sathyan T, Chin T J, Arulampalam S, Suter D. A multiple hy-
pothesis tracker for multitarget tracking with multiple simultan-
eous measurements. IEEE Journal of Selected Topics in Signal
Processing, 2013, 7(3): 448-460

Habtemariam B, Tharmarasa R, Thayaparan T, Mallick M,
Kirubarajan T. A multiple-detection joint probabilistic data as-
sociation filter. IEEE Journal of Selected Topics in Signal Pro-
cessing, 2013, 7(3): 461-471

Zhong X H, Premkumar A B, Madhukumar A S, Tong L C.
Multi-modality likelihood based particle filtering for 2-D direc-
tion of arrival tracking using a single acoustic vector sensor. In:
Proceedings of IEEE International Conference on Multimedia
and Expo. Barcelona, Spain: IEEE, 2011. 1-6

Zhong X H, Premkumar A B. Particle filtering approaches for


https://doi.org/10.1121/1.1908455
https://doi.org/10.1121/1.1908455
https://doi.org/10.1121/1.1908455
https://doi.org/10.1109/78.317869
https://doi.org/10.3390/s90906823
https://doi.org/10.1121/1.3676699
https://doi.org/10.1121/1.3676699
https://doi.org/10.1109/78.709509
https://doi.org/10.1109/78.709509
https://doi.org/10.1109/78.709509
https://doi.org/10.1109/78.806070
https://doi.org/10.1109/78.806070
https://doi.org/10.1109/78.806070
https://doi.org/10.1109/TSP.2006.870630
https://doi.org/10.1109/TSP.2006.870630
https://doi.org/10.1109/TSP.2006.870630
https://doi.org/10.1109/78.960397
https://doi.org/10.1109/48.650832
https://doi.org/10.1109/48.650832
https://doi.org/10.1109/48.650832
https://doi.org/10.1109/TSP.2020.3021237
https://doi.org/10.1109/TSP.2020.3021237
https://doi.org/10.1109/TSP.2020.3021237
https://doi.org/10.1109/TAES.2003.1261119
https://doi.org/10.1109/TAES.2003.1261119
https://doi.org/10.1109/TAES.2003.1261119
https://doi.org/10.1109/TSP.2006.881190
https://doi.org/10.1109/TAES.2005.1561884
https://doi.org/10.1109/TAES.2005.1561884
https://doi.org/10.1109/TAES.2005.1561884
https://doi.org/10.1109/TAES.2007.4441756
https://doi.org/10.1109/TAES.2007.4441756
https://doi.org/10.1109/TSP.2008.2007924
https://doi.org/10.1109/TSP.2008.2007924
https://doi.org/10.1109/TSP.2013.2257765
https://doi.org/10.1109/TSP.2013.2257765
https://doi.org/10.1109/TSP.2013.2257765
https://doi.org/10.1109/LSP.2014.2310137
https://doi.org/10.1109/TAES.2012.6178069
https://doi.org/10.1109/TAES.2012.6178069
https://doi.org/10.1109/TSP.2014.2364014
https://doi.org/10.1109/TSP.2014.2364014
https://doi.org/10.1109/TSP.2013.2259822
https://doi.org/10.1109/TSP.2014.2323064
https://doi.org/10.16383/j.aas.c180541
https://doi.org/10.16383/j.aas.c180541
https://doi.org/10.16383/j.aas.c180541
https://doi.org/10.12263/DZXB.20200960
https://doi.org/10.1109/ACCESS.2020.3048952
https://doi.org/10.1109/JSTSP.2013.2258322
https://doi.org/10.1109/JSTSP.2013.2258322
https://doi.org/10.1109/JSTSP.2013.2256772
https://doi.org/10.1109/JSTSP.2013.2256772
https://doi.org/10.1109/JSTSP.2013.2256772

398

H Zlj

S 49 %

31

32

33

34

36

37

38

39

40

41

42

43

44

46

47

48

multiple acoustic source detection and 2-D direction of arrival
estimation using a single acoustic vector sensor. IEEE Transac-
tions on Signal Processing, 2012, 60(9): 4719-4733

Zhong X H, Hari V N, Premkumar A B, Madhukumar A S.
Particle filtering with enhanced likelihood model for underwater
acoustic source DOA tracking. In: Proceedings of the OCEANS
IEEE-Spain. Santander, Spain: IEEE, 2011. 1-6

Zhong X H, Premkumar A B, Madhukumar A S. Particle filter-
ing and posterior cramér-rao bound for 2-D direction of arrival
tracking using an acoustic vector sensor. IEEE Sensors Journal,
2012, 12(2): 363-377

Gunes A, Guldogan M B. Multi-target bearing tracking with a
single acoustic vector sensor based on multi-Bernoulli filter. In:
Proceedings of the OCEANS Genova. Genova, Italy: IEEE,
2015. 1-5

Dong X D, Zhang X F, Zhao J, Sun M, Wu Q H. Multi-maneuv-
ering sources DOA tracking with improved interactive multi-
model multi-Bernoulli filter for acoustic vector sensor (AVS) ar-
ray. IEEE Transactions on Vehicular Technology, 2021, 70(8):
7825-7838

Fantacci C, Papi F. Scalable multisensor multitarget tracking
using the marginalized 6-GLMB density. IEEE Signal Process-
ing Letters, 2016, 23(6): 863—867

Fantacci C, Vo B T, Papi F, Vo B N. The marginalized &
GLMB filter. arXiv preprint arXiv: 1501.00926, 2015.

Wu S Y, Dong X D, Zhao J, Sun X Y, Cai R H. A fast imple-
mentation of interactive-model generalized labeled multi-
Bernoulli filter for interval measurements. Signal Processing,
2019, 164: 345—353

Yi W, Jiang M, Hoseinnezhad R. The multiple model Vo-Vo fil-
ter. IEEE Transactions on Aerospace and Electronic Systems,
2017, 53(2): 1045-1054

Mazor E, Averbuch A, Bar-Shalom Y, Dayan J. Interacting
multiple model methods in target tracking: A survey. IEEE
Transactions on Aerospace and Electronic Systems, 1998, 34(1):
103-123

Li Hao-Run, Bu Fan-Kang, Zhou Jian-Xiong. Improved adapt-
ive Markov matrix IMM algorithm. Fire Control & Command
Control, 2021, 46(9): 118-124, 132

(FB50H, NJLRE, S HE. & IE 1) S /R B R AR 5 & B IMM
Bk K 51R1ER], 2021, 46(9): 118124, 132)

Agarwal A, Kumar A, Agrawal M, Fauziya F. Higher order stat-
istics based direction of arrival estimation with single acoustic
vector sensor in the under-determined case. In: Proceedings of
the OCEANS MTS/IEEE Monterey. Monterey, USA: IEEE,
2016. 1-9

Bao M, Zheng C S, Li X D, Yang J, Tian J. Acoustical vehicle
detection based on bispectral entropy. IEEE Signal Processing
Letters, 2009, 16(5): 378—381

Mendel J M. Tutorial on higher-order statistics (spectra) in sig-
nal processing and system theory: Theoretical results and some
applications. Proceedings of the IEEE, 1991, 79(3): 278-305

Nikias C L, Mendel J M. Signal processing with higher-order
spectra. IEEE Signal Processing Magazine, 1993, 10(3): 10-37

Hoang H G, Vo B T, Vo B N. A fast implementation of the gen-
eralized labeled multi-Bernoulli filter with joint prediction and
update. In: Proceedings of the 18th International Conference on
Information Fusion (Fusion). Washington, USA: IEEE, 2015.
999-1006

Vo B N, Vo B T, Hoang H G. An efficient implementation of
the generalized labeled multi-Bernoulli filter. IEEE Transac-
tions on Signal Processing, 2017, 65(8): 1975-1987

Tichavsky P, Muravchik C H, Nehorai A. Posterior Cramer-Rao
bounds for discrete-time nonlinear filtering. IEEE Transactions
on Signal Processing, 1998, 46(5): 1386—1396

Schuhmacher D, Vo B T, Vo B N. A consistent metric for per-

formance evaluation of multi-object filters. IEEE Transactions
on Signal Processing, 2008, 56(8): 3447-3457

49  Kuhn H W. The Hungarian method for the assignment problem.
Naval Research Logistics Quarterly, 1955, 2(1-2): 83-97

sk & LT R A AR
LB A, BRI TT A G S
AbEE.

E-mail: zhangjun 2018@mail.nwpu.
edu.cn

(ZHANG Jun Ph.D. candidate at
the School of Automation, North-
western Polytechnical University. Her main research
interest is array signal processing.)

B R E BRI AT
R TT R R AR AR S AL
b I N A RSP

E-mail: baoming@mail.ioa.ac.cn
(BAO Ming Researcher at the In-
stitute of Acoustics, Chinese Acade-
my of Sciences. His research in-
terest covers vector sensor and processing, intelligent
signal processing.)

B FR PEEBEEG R A TR
W R 2l W LIPS N R
i, AR,

E-mail: zhaojing@mail.ioa.ac.cn
(ZHAO Jing Special research as-
sistant at the Institute of Acoustics,
Chinese Academy of Sciences. Her
research interest covers vector sensor design and acous-
tic measurement.)

FRASIE P ERF B A S 7o o gt
Fo 0. BT 0] A AR R A1) Ak
B 7R YR RN 2

E-mail: chenzhifei@mail.ioa.ac.cn
(CHEN Zhi-Fei
searcher at the Institute of Acous-

Associate re-

tics, Chinese Academy of Sciences.
His research interest covers sensor array processing,
source localization, and acoustic measurement.)

e vadb Dok BB
. EEWTFTT RO KA S A,
Kol 5 PEHIEOR, 7 AN A A
PR UG AL B . A SO SR
E-mail: yangjianhua@nwpu.edu.cn
(YANG Jian-Hua Professor at the
A School of Automation, Northwest-
ern Polytechnical University. Her research interest cov-
ers sensor signal processing, detection and control tech-
nology, bionic robot, and biomedical image processing.
Corresponding author of this paper.)


https://doi.org/10.1109/TSP.2012.2199987
https://doi.org/10.1109/TSP.2012.2199987
https://doi.org/10.1109/TSP.2012.2199987
https://doi.org/10.1109/JSEN.2011.2168204
https://doi.org/10.1109/TVT.2021.3093063
https://doi.org/10.1109/LSP.2016.2557078
https://doi.org/10.1109/LSP.2016.2557078
https://doi.org/10.1109/LSP.2016.2557078
https://doi.org/10.1016/j.sigpro.2019.05.028
https://doi.org/10.1109/TAES.2017.2667300
https://doi.org/10.1109/7.640267
https://doi.org/10.1109/7.640267
https://doi.org/10.3969/j.issn.1002-0640.2021.09.021
https://doi.org/10.3969/j.issn.1002-0640.2021.09.021
https://doi.org/10.1109/LSP.2009.2016014
https://doi.org/10.1109/LSP.2009.2016014
https://doi.org/10.1109/5.75086
https://doi.org/10.1109/79.221324
https://doi.org/10.1109/TSP.2016.2641392
https://doi.org/10.1109/TSP.2016.2641392
https://doi.org/10.1109/TSP.2016.2641392
https://doi.org/10.1109/78.668800
https://doi.org/10.1109/78.668800
https://doi.org/10.1109/TSP.2008.920469
https://doi.org/10.1109/TSP.2008.920469
https://doi.org/10.1002/nav.3800020109

	1 声目标系统建模
	1.1 目标运动模型
	1.2 AVS量测模型

	2 AVS虚拟扩展的多机动声目标跟踪算法
	2.1 AVS虚拟扩展预处理
	2.1.1 高阶累积量预处理
	2.1.2 量测似然函数

	2.2 Cum-AMMS-GLMB滤波算法
	2.2.1 Cum-AMMS-GLMB预测器
	2.2.2 Cum-AMMS-GLMB更新器


	3 Cum-AMMS-GLMB算法实现
	3.1 新生目标提取
	3.2 检测概率模型拟合
	3.3 Cum-AMMS-GLMB算法的SMC实现
	3.3.1 初始化输入
	3.3.2 预处理
	3.3.3 预测器
	3.3.4 更新器
	3.3.5 剪枝、合并及状态估计

	3.4 算法计算复杂度

	4 声目标跟踪性能评价
	4.1 后验克拉美罗界
	4.1.1 基于多运动模型交互的PCRLB推导
	4.1.2 AVS的目标跟踪PCRLB

	4.2 OSPA距离指标

	5 实验验证
	5.1 多声源跟踪仿真
	5.2 算法对比仿真
	5.2.1 场景一
	5.2.2 场景二

	5.3 真实实验

	6 结论
	参考文献

