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Fig. 1 Ship heave motion curve
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End
HERYHC 4= 1
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break
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End
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Fig. 4 Pseudo code for identifying longitudinal motion parameters
of ships based on IWHO
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KA S B 1 R

x1 HESH
Table 1 Ship parameters
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RS, /m 30
FR A RO TR s /m? 16.2
AR R ) F ¥ 33 3.15%10°
AR R ) R B ess 6.83x10°
WA R 156 R 8 s 6.83x10°
ARSI 1 R ¥ ess 6.54x10¢
A Wi 3/ m 227
MERAMTE v /kn 18

XTG4, iR S 800 0 R R R
/NN =40, Fh DA L 6] P = 0.25, FlVEE 2 58 %
Pc = 0.13, FE R R ERRKEL T = 200, AP
A Wpin = 0.1, ey = 0.9 AR LA L 51, XF
A ARTE 45°08 38 1 0 S5 AT O B BOE AR E
WIT =0.5s, 75 AN B TWHO 18 1 B #R £ 8L
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Fig. 5 Convergence curve of fitness function
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Fig. 6  Ship heave motion curve
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Fig. 8 Identification curves for parameters as; and b;;
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Fig. 9 Identification curves for parameters ass and bs;s
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Table 2 Accuracy of ship longitudinal motion parameter identification under Sea State 4, 18 knots speed, and 90° wave en-

counter angle

2% i i PSO WHO IWHO
PHRE FART IR ZE /% PHRME FHRT R Z /% HHRE AHXTRZE /%
ass 8.045%10° 9.446x10° 17.42 8.098x10° 0.65 8.050x10° 0.06
ass 7.753x10° 8.902x10° 15.66 6.979x10° 9.98 7.720x10° 0.43
ass 2.595%10° 2.830x10* 9.05 2.336x10* 9.88 2.592x10¢ 0.12
as3 1.479%107 1.777%107 20.17 1.332x107 9.94 1.477x107 0.14
b33 9.369x10° 7.901x10° 15.66 8.496x10° 9.32 9.363x10° 0.06
bss 1.159%107 1.480x10 27.72 1.043x107 10.02 1.155%107 0.35
bss 2.885x10* 4.077%10¢ 41.31 2.637x10* 8.60 2.874x10¢ 0.38
bs3 3.324x10° 2.296x10° 30.91 2.995%10° 9.90 3.322x10° 0.05
R34 BN 18 kn ALE 135°FRIEE R THMMAESSBIHRBE
Table 3 Accuracy of ship longitudinal motion parameter identification under Sea State 4, 18 knots speed, and 135° wave en-

counter angle

- i PSO WHO IWHO
PHRE XS RZE/% PHRE FHRARZE Y% i HARTIRZE %
ass 6.311x10° 5.569x10° 11.70 6.157x10° 2.44 6.304x10° 0.11
ass 3.281x10° 5.248x10° 59.95 2.955%10° 9.94 3.274x10° 0.21
ass 1.525%10° 1.541x10° 1.01 1.373x10* 9.97 1.524x10° 0.07
as3 7.865x10° 9.509x10° 20.90 7.090x10° 9.86 7.842x10° 0.29
b33 8.033x10° 7.635x10° 4.96 7.394x10° 7.96 8.028x10° 0.06
b3s 9.429x10° 7.879x10° 16.44 8.486x10° 7.71 9.412x10° 0.18
bss 2.091x10* 2.716x10° 29.88 1.882x10* 10.01 2.087x10¢ 0.19
bs3 2.267x10° 1.616x10° 28.72 2.073x10° 8.56 2.263x10¢ 0.18
R4 4%ER 18 kn fLE 180°FRIEB A THAMMEIZ S S EIHAE
Table 4 Accuracy of ship longitudinal motion parameter identification under Sea State 4, 18 knots speed, and 180° wave en-

counter angle

PSO WHO IWHO
ZH G (E
HERE AARTRZE /% HHRE AHX 1R 72/ % HHAE FIRHRZ /%

ass 6.101x10° 5.815%10¢ 4.69 6.102x10° 0.02 6.107x10° 0.09
ass 2.663%x10° 2.396x10° 10.03 2.583%x10° 7.81 2.652x10° 1.10
ass 1.377x10¢ 1.348x10? 2.14 1.368x10° 0.65 1.373%10¢ 0.29
ass 6.611x10° 6.594%10° 0.25 6.093x10° 7.84 6.610x10° 0.02
bs3 7.400%x10° 7.782%10° 5.16 7.058%10° 4.62 7.409%10° 0.12
bs 8.951x10¢ 8.835x10° 1.30 8.216x10° 8.21 8.960%10° 0.10
bss 1.873x10* 1.944x10¢ 3.79 1.825%10¢ 2.56 1.879x10¢ 0.32
bs3 2.356x10¢ 3.123%10¢ 32.57 2.167x10¢ 8.02 2.360x10¢ 0.17
*5 AEBREBAT 3 HEENEHIEITHIE 5 QE =

Table 5 Average running time of three algorithms under dif-

ferent wave encounter angles

P AR LE AN )9 B0 T ALAT I, MR 78 2 R

FYIEAT I E)/s

XS AR ZS 7 e — R o O SRR T
14 5 B 2 50, DR IE A AR AT I % AR RE 1k R 22 4

IR/ ()
PSO WHO IWHO
90 7.903 0.935 1.122
135 7.661 0.928 1.194
180 7.681 0.972 1.180

P, P T R T Rt A AR AR B R A S
PR o 3% AT DU AR AT IR A 28 25
El‘u_n # EEEU" @Jﬂnﬂﬁﬁﬂ‘ H—J‘ E/Jg}}km%/u Flzuxo




94 B REMAE BN P L 2025 4F
Xof P A 08 A (] T VR A A A BT ST, A (101 FREIHR. K HUTABT S MIAE Az Sh 2B Y

R UIZ S BT 125 A0 AR X 15 22 3% 5 4/, Ak
F— BT REPHENIRELE N, NIEE T
IWHO HER 7 e kg ek . FseE tE Al 174

&% k-

(1]

(2]

[3]

(4]

[3]

(6]

(7

(8]

]

IN—T7, S8, ZHIR. AAATEBOR -9\ iz 8 5456
TR LR [0]. P EALAEITFSE, 2020, 15(1): 1-12, 47.

SUN Y F, ZONG Z, JIANG Y C. Review of longitud-
inal motion and controls of ships on waves[J]. Chinese
Journal of Ship Research, 2020, 15(1): 1-12, 47 (in
Chinese).

B R, TR, 254, S BRI SRR AT 5T B
SRYE [J]. MATRRAHOR, 2021, 43(23): 21-24.

ZHAO B G, ZHANG X K, LI Z, et al. Research on
ship motion identification modeling[J]. Ship Science and
Technology, 2021, 43(23): 21-24 (in Chinese).

HOU X R, ZHOU X Y. Nonparametric identification
model of coupled heave—pitch motion for ships by us-
ing the measured responses at Sea[J]. Journal of Marine
Science and Engineering, 2023, 11(3): 676.

K, SO, PN, 5. IS ST SRR TS
Lk [)). Sl A5 B5 %4, 2022, 40(5): 1-11,155.

ZHU M, WEN Y Q, SUN W Q, et al. A review of
parameter identification methods for ship dynamic mo-
dels[J]. Journal of Transport Information and Safety, 2022,
40(5): 1-11,155 (in Chinese).

ZHU M, HAHN A, WEN Y Q, et al. Optimized sup-
port vector regression algorithm-based modeling of ship
dynamics[J]. Applied Ocean Research, 2019, 90: 101842.
o, 28 Ak, L 2 AR T REMC AR IR T S LR
AR 1], TRERl2ER, 2021, 43(6): 745-753.

FENG Q, LI Q, QUAN W, et al. Overview of multiob-
jective particle swarm optimization algorithm[J]. Chinese
Journal of Engineering, 2021, 43(6): 745-753 (in Chinese).
LIANG H B, ZOU J L, ZUO K, et al. An improved ge-
netic algorithm optimization fuzzy controller applied to
the wellhead back pressure control system[J]. Mechanical
Systems and Signal Processing, 2020, 142: 106708.
BAARAE, MG, BB BB U S O 22 4 kAL
BRI (7). SR SR, 2021, 38(7): 271-280.
HU F N, DONG Q N, LU L. Modified differential evol-
ution algorithm based on adaptive secondary variation
and its application[J]. Computer Applications and Soft-
ware, 2021, 38(7): 271-280 (in Chinese).

ZHU Y B, LI T, LAN X L. Feature selection opti-
mized by the artificial immune algorithm based on genome
shuffling and conditional lethal mutation[J]. Applied In-
telligence, 2023, 53(11): 13972-13992.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

B [D]. PRI MR TR RE, 2017,

ZHANG L N. Research on firefly algorithm and its ap-
plication in parameter identification of ship motions[D].
Harbin: Harbin Engineering University, 2017 (in Chinese).
i, TR R, MR AR T T SO SRR B 1 A AR
BRSO [T, PR RIS TR R 2 24 4, 2023, 44(8):
1304-1312.

MENG Y, ZHANG X F, CHEN Y N. Parameter identi-
fication of a ship mathematical model based on the
modified grey wolf algorithm[J]. Journal of Harbin Engi-
neering University, 2023, 44(8): 1304-1312 (in Chinese).
IE. TR T2 A A S REIEITR D] B3 R
K, 2019.

LI J. Study on learning-based cuckoo search algorithm
[D]. Wuhan: Wuhan University, 2019 (in Chinese).
NARUEI I, KEYNIA F. Wild horse optimizer: a new
meta-heuristic algorithm for solving engineering optimi-
zation problems[J]. Engineering with Computers, 2022, 38
(Supp 4): 3025-3056.

ZHENG R, HUSSIEN A G, JIA H M, et al. An im-
proved wild horse optimizer for solving optimization
problems[J]. Mathematics, 2022, 10(8): 1311.

UMEDA N, HASHIMOTO H. Qualitative aspects of
nonlinear ship motions in following and quartering seas
with high forward velocity[J]. Journal of Marine Sci-
ence and Technology, 2002, 6(3): 111-121.

FEAR, 220K, IR5, S KN MUATAY T VS I TR B
{5 BT [9]. A RL 224 R, 2023, 45(8): 90-96.

QI Z G, LI B, SU Y, et al. Research on depth control
of underwater robot and its simulation when diving[J].
Ship Science and Technology, 2023, 45(8): 90-96 (in
Chinese).

MOSTAFA S, ELHALWAGY Y Z, ABOZIED M A H,
et al. Control system design for steering and depth sub-
systems of autonomous underwater vehicle[J]. Journal of
Physics: Conference Series, 2021, 1721(1): 012031.

R EL, e, ¥, . JCA KT AE IR R SR AL B
iR [J]. P EIAEIESE, 2019, 14T 1): 7-11, 22.
XIANG L K, LI X, JIANG Y, et al. Model identifica-
tion of unmanned surface vehicle propulsion system[J].
Chinese Journal of Ship Research, 2019, 14(Supp 1):
7-11, 22 (in Chinese).

AN, BRET RN, SCRERE, 45, RIS shokim Z 30 fZ
WAFEAE I EWEGE (7] MR TAR A2 4), 2004,
25(2): 167-170.

ZHAO X R, CHEN H L, AI X Y, et al. Estimation of
longitudinal disturbing force and tortuosity of ship move-
ment[J]. Journal of Harbin Engineering University, 2004,
25(2): 167-170 (in Chinese).


https://doi.org/10.19693/j.issn.1673-3185.01751
https://doi.org/10.19693/j.issn.1673-3185.01751
https://doi.org/10.19693/j.issn.1673-3185.01751
https://doi.org/10.3404/j.issn.1672-7649.2021.12.004
https://doi.org/10.3404/j.issn.1672-7649.2021.12.004
https://doi.org/10.3404/j.issn.1672-7649.2021.12.004
https://doi.org/10.3390/jmse11030676
https://doi.org/10.3390/jmse11030676
https://doi.org/10.3963/j.jssn.1674-4861.2022.05.001
https://doi.org/10.3963/j.jssn.1674-4861.2022.05.001
https://doi.org/10.1016/j.apor.2019.05.027
https://doi.org/10.13374/j.issn2095-9389.2020.10.31.001
https://doi.org/10.13374/j.issn2095-9389.2020.10.31.001
https://doi.org/10.13374/j.issn2095-9389.2020.10.31.001
https://doi.org/10.1016/j.ymssp.2020.106708
https://doi.org/10.1016/j.ymssp.2020.106708
https://doi.org/10.3969/j.issn.1000-386x.2021.07.043
https://doi.org/10.3969/j.issn.1000-386x.2021.07.043
https://doi.org/10.3969/j.issn.1000-386x.2021.07.043
https://doi.org/10.3969/j.issn.1000-386x.2021.07.043
https://doi.org/10.1007/s10489-022-03971-w
https://doi.org/10.1007/s10489-022-03971-w
https://doi.org/10.1007/s10489-022-03971-w
https://doi.org/10.1007/s10489-022-03971-w
https://doi.org/10.11990/jheu.202108013
https://doi.org/10.11990/jheu.202108013
https://doi.org/10.11990/jheu.202108013
https://doi.org/10.11990/jheu.202108013
https://doi.org/10.1007/s00366-021-01438-z
https://doi.org/10.3390/math10081311
https://doi.org/10.1007/s007730200000
https://doi.org/10.1007/s007730200000
https://doi.org/10.1007/s007730200000
https://doi.org/10.3404/j.issn.1672-7649.2023.08.018
https://doi.org/10.3404/j.issn.1672-7649.2023.08.018
https://doi.org/10.1088/1742-6596/1721/1/012031
https://doi.org/10.1088/1742-6596/1721/1/012031
https://doi.org/10.19693/j.issn.1673-3185.01200
https://doi.org/10.19693/j.issn.1673-3185.01200
https://doi.org/10.3969/j.issn.1006-7043.2004.02.009
https://doi.org/10.3969/j.issn.1006-7043.2004.02.009

5513 BRI A T okt YT O DA T A A A 2 OO vk 95

Ship parameter identification method based on
improved wild horse optimizer

QI Zhigang, ZHANG Hao', LI Bing, LU Zhe

College of Intelligent Systems Science and Engineering, Harbin Engineering University,
Harbin 150001, China

Abstract: [ Objective ] It is difficult to achieve comprehensive parameter identification in multiple dimen-
sions and degrees of freedom using traditional parameter identification methods. In order to obtain the real-
time complex parameters and attitude information of ships, and ensure the stability and safety of ships during
navigation, an improved wild horse optimizer (IWHO) is introduced into the ship parameter identification
method. It is then combined with traditional ship identification methods to improve the accuracy of ship para-
meter identification. [ Method | On the basis of establishing a longitudinal motion model of the ship, a
dynamic inertia weight design is introduced to further optimize the wild horse optimizer and complete the
design of the longitudinal parameter identification method. [ Results ] By comparing and analyzing the track-
ing performance of ship identification models using different algorithms, as well as the identification results of
ship parameters under different wave encounter angles, it is found that IWHO has an identification error of
about 1%, which is lower than those of other algorithms. Therefore, the identification model of this algorithm
has a more accurate tracking effect on the ship's attitude during navigation. [ Conclusion | The proposed
identification method can provide accurate parameters in real time, improve operability and ensure the stabil-
ity and safety of ship navigation.

Key words: ship motion modeling; identification method design; improved wild horse optimizer (IWHO);
dynamic inertia weight; identification (control systems)
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