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Parametric Identification of Ship Maneuvering Motion Response Model Based on
Square Root Cubature Kalman Filtering

Abstract

Abstract: The system identification algorithm, based on the square root cubature Kalman filter (SRCKF) is
proposed to address issues such as low accuracy, poor robustness, and weak generalization ability
encountered by the extended Kalman filter (EKF) algorithm in parameters identification of ship
maneuvering motion models. This algorithm, within the framework of CKF, replaces the original
covariance matrix with its root mean square and utilizes triangular decomposition for prediction and
update to enhance identification stability. The EKF is used as a comparison algorithm to identify the
parameters of the second-order nonlinear response model of a ship with rudder angles that comply with
changes in the rudder servo system using the numerical simulation data solved by the fourth-order
Lunger Kuta method, and the obtained identification model is subjected to a verification test of the
generalisation ability. The results indicate that the SRCKF algorithm has higher identification accuracy,
stability, and generalization ability than the EKF algorithm.
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Abstract: The system identification algorithm, based on the square root cubature Kalman filter (SRCKF)
is proposed to address issues such as low accuracy, poor robustness, and weak generalization ability
encountered by the extended Kalman filter (EKF) algorithm in parameters identification of ship
maneuvering motion models. This algorithm, within the framework of CKFE replaces the original
covariance matrix with its root mean square and utilizes triangular decomposition for prediction and
update to enhance identification stability. The EKF is used as a comparison algorithm to identify the
parameters of the second-order nonlinear response model of a ship with rudder angles that comply with
changes in the rudder servo system using the numerical simulation data solved by the fourth-order Lunger
Kuta method, and the obtained identification model is subjected to a verification test of the generalisation
ability. The results indicate that the SRCKF algorithm has higher identification accuracy, stability, and
generalization ability than the EKF algorithm.
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Fig. 5 Generalization validation result of yaw angle for

10°/5° zigzag test
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Fig. 6 Generalization validation result of position trajectory
for 10°/5° zigzag test
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Fig. 7 Generalization validation result of yaw angle for
10°/10° zigzag test

y/m
K8 10°/10° Z T AR5 B E 2 AL BRIE 45 1

Fig. 8 Generalization validation result of position trajectory
for 10°/10° zigzag test
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Fig. 9 Generalization validation result of yaw angle for

20°/10° zigzag test
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Fig. 10  Generalization validation result of position trajectory
for 20°/10° zigzag test

http: // www.china-simulation.com

* 1797

https://dc-china-simulation.researchcommons.org/journal/vol36/iss8/5

DOI: 10.16182/j.issn100473 1x.joss.24-0195



Li et al.: Parametric Identification of Ship Maneuvering Motion Response Mod

536 %5 8 ) ARG B Vol. 36 No. 8
2024 48 H Journal of System Simulation Aug. 2024
80 16 EKFAHRAT JALE
o 28 N\ EKF# )5 2 SRCKFHHR 1 FLEN
26 SRCKF#FRAf F = = = SR AL
40} 3637 38 = = —sfRfiH 8
S 20} £
=
0 of
-20¢F
-40 . : : . ; -8 : -
0 20 40 60 80 100 -10 0 10 20

t/s
11 20°/20° Z ARG 1 1) Az AL 6 IR 45
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Fig. 12 Generalization validation result of position trajectory

for 20°/20° zigzag test
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Fig. 13 Generalization validation result of yaw angle for 35°
turncircle test
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Fig. 14 Generalization validation result of position trajectory
for 35° turncircle test
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Table 3 RMSE and CC calculation results for yaw
angle and position trajectory(EKF)
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Table 4 RMSE and CC calculation results for yaw
angle and position trajectory(SRCKF)
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