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Abstract: This paper proposes an Improved Grey Wolf Optimization-based Strong Tracking Cubature
Kalman Particle Filter algorithm (IGWO-STCPF). The proposed method first employs a Strong
Tracking Cubature Kalman Filter (STCKF) to incorporate measurement information for dynamically
adjusting the particle mean and covariance, thereby enhancing the effectiveness of importance
sampling. Then, an entropy-weighted GWO is introduced into the resampling stage to mitigate particle
degeneration and improve estimation accuracy. Simulation results demonstrate that, compared with
STCKF, PF, PSO-PF, and PSO-CPF algorithms, the proposed IGWO-STCPF improves trajectory
estimation accuracy by 13.41%, 18.58%,21.86%, and 21.33%, respectively. These results confirm the
robustness and effectiveness of the proposed method in complex underwater scenarios.
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Table 3 Time complexity under different algorithms

Bk I 52 2
STCKF O(TL?)
PF O(TNL?)
PSO-PF o(TT,, NL)
PSO-CPF O(T(NL* + T, NL + NL?))
IGWO-STCPF O(T(NL* + T, NL))

K4 AFEFEREATR ]

Table 4 Runtime under different algorithms s
SRS BT [E] P IE AR ]
STCKF 0.036 6 0. 000 366
PF 0. 063 4 0. 000 634
PSO-PF 0.909 3 0. 009 093
PSO-CPF 1.726 1 1.007 261
IGWO-STCPF 0.769 7 0. 007 697
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Table 5 Position and angle RMSE of different algorithms

Bk {7 B 1R /m X5 mRER IR 2E/m YT IR IR EA IR 22 /m Pitch 1% 2% /rad Yaw 1% 2%/rad
STCKF 1.3373 0.999 8 1.009 0 0.0790 0.1117
PF 1.4222 1.204 4 1.201 6 0. 080 4 0.093 7
PSO-PF 1.481 8 1.0420 1.1079 0.0913 0.0909
PSO-CPF 1.471 4 1.042 4 1.090 1 0.090 9 0.0891
IGWO-STCPF 1.1579 0.8775 0.8808 0. 060 2 0.076 0
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Table 6 Position and angle RMSE of different algorithms under mixed Gaussian noise

ER7R {7 B 1525 /m X7 mERER R 2E/m Y ERER R 25/m Pitch %2 /rad Yaw 1% 2 /rad
PF 3.3033 1.374 4 1.453 6 0.076 5 0.124 1
PSO-PF 2.3941 1.0505 1.1514 0.0957 0.1017
PSO-CPF 2.462 7 1.0518 1.1496 0.100 8 0.1029
IGWO-STCPF 1.523 4 0.9230 0.9629 0.0615 0.096 7




74 iRz (HARHERR H3E30)

%65 4

— kbR
PSO-CPF

z/m

-60 e
200 o

200

—-100

y/m
—200 —200 x/m

E119 IRE SRS T AUV BRES 2k

Fig. 19 AUV tracking trajectory under mixed Gaussian noise

15 T
PSO-CPF
— - -PF
semne PSO-PF
=—===IGWO-STCPF
10t o g
g [ | l ‘l
a ; : \ = (‘
B
= J é ! ," it ||
I ; il
iﬂﬂ | l\. !E ;ll '\| :'II ;
5 L '! O R T
j ot " -" [ ,z, h i
! | 1 I 'i“ﬁ iy
iy A LRIAE 1N ST TV A%
i D ASAAER AEL AR A iy
HITRREANIT LT ,?ﬂ TR LA AT By
’."‘ “""""’dyl.""\‘ﬁ" ,'& j 41 -"' '('(. /\
o Lt LK Al ‘ ‘
0 20 40 60 80 100
t/s
K120 TRG R T AUV BRER R 22

Fig. 20 AUV position error under mixed Gaussian noise

4.3 EZHBENK

T8 IR T A 0 35 T e R R A I 1 K A
745 U R G2 EAT LI B0k . B SE R E A
SRS PSR 1 o 5 T B AT i A 2 P Xk
T SR 2l ok A 3K R AT A S A
Az LA, BRI AT DA R SL A8 G £ & AUV (1932 3))
SR Bl A AUV SAE A S5 A (5 Bok A
Wang et al.(2023) .

06 BAG B0HE AT 10004 BT 3k FH G B
££°420220822 0 7, MR Hb 5 R i X, AT 4
— B, A SCR AR SR R ARG (UTMD) B 4

SO K
SCE F“”V‘]'?AUVEI’JT‘JJﬁL‘QE %ﬁ
(0,0, -12.094 1), Fﬁm 7N W A, o

Q = diag(1, 1, 1), M B 7 22 A R = 2><eye(1

KAEBT ] EIBE R ¢ = 1 s BRI T = 1000 %1
NN =100.P,, = diag(0.1,0.1,0.1).

l’§l 21 R A VA AR L0 S AR L Y 0 R
ERAE R S5 RERY], I AR R A AR ER AUV Y
B SR T AR S BRI T s Y Al AT
&, K22 &8k B AR
IGWO-STCPF 55 11 F- 44 RMSE 4y 1.285 3 m, fii T
HAbB Y. A STCKF #7%(3.680 0 m) , {7 B A i1
KB4 T 65.07% ; AH Ho A% 58 PF 54 (6.623 6 m) , {if
B AN TR Tt 80.59%; A b PSO-CPF % ik
(3.4149m) , $2F+ 17 62.37% FIE NI KE o

— FSE

- - - STCKF
----- IGWO-STCPF
- - -PF

————— PSO-CPF AN

100

y/m
0 =50
K21 BAESET AUV Btk
Fig. 21 AUV tracking curve in dataset
|—' = sBTCKE e IGWO-STCPE = = = PF =eme= PSO-CPF
’,J‘ ,/A' vvvv Jrr e -
7 PO
ol ' N
6 1 ”'.'l' !
I
i M e
g5 v P LA
= y i S U { R L A
2 w T ! ™
41 i\ A
gﬁj lfii Mol . “'lf" %‘L'\‘(rm\ .
= 4] b e W
=~ 3r 'l"s LD ﬂ )
gt Mg ety
I "l.‘,‘l‘q 11 f'i'
2|4 [yw%
| Lhy ‘
Y/ K W ity *“"‘ 3
M, o v
0 LAY ' : '
0 200 400 600 800 1000

It 1) 25
Bl22 KR ET AUV EiRze 2k

Fig. 22 AUV position error curve under the dataset

R MBS0 25 10 S, IGWO-STCPF & 3 AV 52
T /AR 22 e R A S R v iR
LHELARSEAE 2 m DL N AR K



%1 TRAE4S, %, HTIGWO-STCPF () [ /K F AT Re iR ik 75
5 45 % HoRMEL AR, 0 L e AR 2 e S5 IR T AN

A SCHE B IGWO-STCPF By 4 X 4% 4t i hir
TRV T . — R R B
K H STCKF 532 falt & e 19 WL A& i B RS 6 1Y)
L, L 4 3 LSS S MR R B R IR RS
FE R e M s R H IGWO Bk AL U D% Y

S Lk :

THEGA, R AR, 2022, 51 AL CAT 5 shASAE 1 e R AR
ST AL TR SR, 58(23) : 74-82.

Rl Il Hot, AP e &, 45,2025, R SIS £ B
PRRL T RECAC T[T ] AR 224 (B4R L, 63(3)
845-854.

MBS, R, B0 00, A5, 2024 BUHEAR A SRR AR T 08
Wit 22 HARERER D5k [T ] LIl R, 47(3) :84-90.

T3, BRI, 2023, 2 T PSO-PF-SVM Fy A0 v [ i i 12
Wi L] 795 R e CH AR B2 R L 44 (2) £ 221
228+234.

ET A L A, 2024. TR AUV TC8h 3R H RIS
SFFPERETE LT ] AR R, 46(6) 1 104-111.

TR BN, 2R 6], 2024, 3£ T IGWO-STCKF 1 H AR B
Bk [J/OL L. db 5T 23 i 2K K % 22 4l , 1-13. doi:
1013700/j.bh.1001-5965.2024.0623.

WA 5T IR LA , 55,2021, AEA R HARsR BRI 2R BUR /R
SR BB PRSI T]. H AR E i (T2 /D) L, 51
(4):1482-1489.

B3, B2, VT, 45, 2022, BIGHERL - I8 9 T A LT 500
T[T AL SRS, 41(5) :148-151.

SRPLMNG , T4, 47308, 26,2025, L TRk R PR AL 5k
AR T[T ). A28 S IR L, 44(4) :40-43+47.

HKICF, AR, SR, 2025, FE T IS TR A R R LA 1Y
TNML=ZE R [J/OL . VE2FR TR 74k, 1-14.
https://kns. cnki. net/kcms2/article/abstract? v=Ks9d5K
SMf4X3INplb2giyOM300Y 0tpJqFY YriUqfuPVgoho9mb
nPA-XTDSsxjPTXuHvhFPFbB4xq5XQp8BBU-3jG5Z¢e
QiDvkzSW2mywpxg7JDpsWC9zGxRHGgmIW 11m6L15
8uXwNsOHrAg4-47k_pwFABVGqq8Qa6xAz2qvnVFex
djVXGUxZzw==&uniplatform=NZKPT&language=CHS.

ARASARATNAM I, HAYKIN S, 2011. Cubature Kalman
smoothers[J]. Automatica,47(10):2245-2250.

CHOPPALA P B, ADEOGUN R, 2025. Auxiliary particle
filtering with multitudinous lookahead sampling for
accurate target tracking [T]. IEEE Access, 13: 42874~
42886.

CHU S, QIAN H M, YAN S Y, et al, 2023. Adaptive robust

maximum correntropy Cubature Kalman Filter for

HUH, IERORE WS048 v A0 35 A ok A
H AR BRSO HER . (7 B 45 &, IGWO-STCPF
TEALE AR Ah T A L T STCKF Ml PF 49 53
2, JUHR TR W RRL T B AR B4 B AT 8k AT
DULERER AT ) BRERRG B o LS MR R BT T 1 5K
IE B B R A % g AT 5

spacecraft attitude estimation[J].Adv Space Res, 72(8) :
3376-3385.

DAI Q, XIAO G R, ZHOU G H, et al, 2024. A novel
Gaussian sum quaternion constrained Cubature Kalman
Filter algorithm for GNSS/SINS integrated attitude
determination and positioning system [J]. Front
Neurorobot, 18:1374531.

GE J Y, CHENG J H, QI B, 2024. A non-rigid terrain
transformation particle filter suitable for terrain—aided
navigation without sound velocity profile[J]. Ocean Eng,
294:116858.

PARK S, HWANG J P, KIM E, et al, 2009. A new
evolutionary particle filter for the prevention of sample
impoverishment [ J]. IEEE Trans Evol Comput, 13 (4) :
801-809.

PENG D, XIE K, LIU M S, 2024. Application of Gray Wolf
Particle Filter algorithm based on golden section in
wireless sensor network mobile target tracking [J].
Electronics, 13(13) :2440.

WANG C, CHENG C S, YANG DY, et al,2023. Underwater
AUV navigation dataset in natural scenarios [J].
Electronics, 12(18) : 3788.

YANGJY, YAOY T, YANG D H, 2023. Particle filter based
on Harris hawks optimization algorithm for underwater
visual tracking[J]. J Mar Sci Eng, 11(7) : 1456.

YILMAZ M K, BAYRAM H, 2023. Particle filter—based
aerial tracking for moving targets[J]. J Field Robot, 40
(2):368-392.

ZHANG A, BAO S D, GAO F, et al, 2019. A novel strong
tracking cubature Kalman filter and its application in
maneuvering target tracking [J]. Chin I Aeronaut, 32
(11):2489-2502

ZHANG J Y, ZHANG T, LIU S D, 2023. An outlier-robust
Rao-Blackwellized particle filter for underwater terrain—
aided naVigation[J]. Ocean Eng,288:116006.

ZHANG J, ZHANG T, LIU S D, et al, 2024. A robust
particle filter for ambiguous updates of underwater

terrain—aided navigation[J ]. Mechatronics, 98:103133.

(REHE EiBE)



