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Abstract: In order to solve the problem that number of targets estimated is inaccurate and error of state
estimation increases too fast in traditional underwater target tracking, an underwater target tracking algorithm
based on Gaussian mixture probability hypothesis density filtering is proposed. The algorithm is based on the
bistatic observation model, which the Gaussian mixture probability hypothesis density filtering algorithm is
used to bearings and time-delay information and particle swarm optimization algorithm is used to process
the Doppler frequency to calculate the feedback vector velocity for improving the tracking accuracy of the
algorithm. The results show that the algorithm can track targets in clutter environment, and can effectively
achieve the purpose of estimating the number of targets and suppressing the growth of state estimation error
compared with the traditional association algorithm.
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Fig. 1 Bistatic sonar system model
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FRIANVC T, {6 75 FTINPIR 245 (B AH B T 3 S A ORI
w22, IRERRURBZE . K 3W AT A1, JPDA BiEXT
H Az 3 BRIEE, H A 28 ) AN UG e 45 45 BR 2 1R 22 AR 3%
T HbR LATE bR 2 M EREZOR, KAk, 15 4
JPDA BT H bR R i VT B B R AR 558 NN A
GMPHD 5% 5 5, B NN 5% GMPHD H% X}
PR AR (A G IE ) TU 4% 2 b JPDA 3 1. 1 AR BH
e H A @sh k4T, £+ GMPHD
PR PR R AT IR T AR JPDA SCIERER .

17 B e SEBR B AR IS S R o8 ) B
LRI27) OV I RVRI &) %4 CT R, HprEH
N3 A ABIZ S H FRBE 4 IO, ELAE % B AR A
Py = 0.9, HT BRI HBANE R o EER A
IR SRR VL IR, 7 BN 2T GMPHD % 2R
R B R AT AN [R5 M LU R s e E 1 BT R
FrEbds.

Hbr 1 ER2H NS EEL CViEs), Hix
3NE)HES CTizd), EaRES R E R AFTR,
GMPHD JEW (S HOE B S50 B — M. R FREE
ERRL AN E 500 S, A REAEE 100 1K 5]
PED P8 E 0.8, F8 HIFE AR MAT 1A B 52 1
¥ E 0.5,

BT H AR 0 BRI T R ER E I O, SR AP
OSPA Fi & () 7 1L AT R Z 00T S RIS
100 7% 40 dB T H 5 BREE [1)°F ¥ OSPA #2545 4k i
K16 fras, HARI- A B i vk A & 7 s . 3¢
FERIE 9256 100 78 32 dB T H AR BRIEE [ °F- ) OSPA
PEES AU B 8 B, H A% (1P 3 AN Bt H A2 4k 4o
Kl 9 B o

®3 ZHMERIRERE
Table 3 Tracking error of three algorithms

PRERS H b5 1 IRER R 72

Hbr 2 IRER R 2

H bz 3 BRER IR 22

X WiARAEZ:0.429 m X BhFR#EZE:0.249 m X FiFRUHEZE: 0.592 m
NN Y HikFiE#E:0.244 m Y BbRMEZE:0.238 m Y HlikRTEZ:0.399 m
GDOP i%#:0.494 m GDOP i#%:0.344 m GDOP i#%:0.713 m

X HhbrdEZE:0.102 m X BibRMEZE:0.096 m X BlibrvEZE:0.255 m
JPDA Y fidr#EZE:0.067 m Y HiARAEZ:0.088 m Y FibriEZE:0.301 m
GDOP i##:0.122 m GDOP i#%:0.131 m GDOP i#%:0.394 m

X HhFRHEZE:0.329 m X FhFRMHEZ:0.257T m X fARvEZE:0.454 m
GMPHD Y fifr#EZ:0.241 m Y §bRiEZ:0.258 m Y fliAr#EZE:0.337 m
GDOP ###:0.407 m GDOP i##:0.364 m CGDOP ###:0.565 m

x4 MEZBREIIRTS

Table 4 Simulation IT target motion state

H b BEIRE izghyial BT R
1 Xo=[-100m 4m/s 100m 0 m/s]T cv 1 20
2 Xo=[-100m 2m/s 80m 0.5 m/s]T Ccv 1 10

3 Xo=[-90m 2m/s 90 m —1 m/s|T

w=0.1rad/s cT 8 14
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Fig. 6 Average OSPA distance based on GM-
PHD filter tracking with different speed feedback
at 40 dB
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Fig. 7 Average number of targets tracked based
on GMPHD filter with different speed feedback at
40 dB
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Fig. 8 Average OSPA distance based on GM-
PHD filter tracking with different speed feedback
at 32 dB
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Fig. 9 Average number of targets tracked based
on GMPHD filter with different speed feedback at
32 dB
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Bl 7 AL O FT AN, AE P Bl S M BT AT DL i S
BT ARECE WA, B TR R T SRR AR AR
FRT EERN R BEE R

o R AN [ 45 M B T3 5 B it 7 92 OSPA
PH B HUAME, 19215 5.

x5 ATREIEMREETRMERE RIREER OSPA
EENE

Table 5 OSPA distance mean of two speed
feedback algorithms under different SNR

IFL 424 32 dB 40 dB
ZH 7.6337 m 5.4007 m
PR 5.3967 m 3.4484 m

HER 5 132 dB N, J& TR0 B R I R 1tk
FETHENT H bR OSPA P 2585 FE$2 71 29.3%, 40 dB
N 5T N 36.1% 0 1t B 3 TR R B ) SR A
THEARXT T A st R E A & B AR, DURAE
B e L N R PRI O B

N T o BT RL R R ORI s S
FR RS, S I b e 22 M R 5 SR DR T 5 H N 50,
100+ 150 FRL -~ F 5032 1 T 6 B [R) FH BR R 8CR, 15
F|5£ 6.
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Table 6 Time consumption and average OSPA distance of speed feed-

back algorithm at 32 dB

RTHH 50 R T8E R TE0H 100 Bk 8 K F3H 150 Bk TR

TR 7l
100 VCEACIEFERTA]  5.4375 s 18.4531 s
FHOSPAFERE  7.634 m 6.178 m

36.4063 s 51.9219 s

5.911 m 5.396 m

13 6 TR, 22 RS A0 3 P2 B SR 400 s
Bk, I HEEE R 7 B H 38, B3 5035 prif
FE RIS [A) 1 o b3k ELRRE T 505 O R R RS B2
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Fig. 10 Average OSPA distance tracked by par-
ticle swarm optimization algorithm with different

measurement errors at 32 dB
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