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Nonparametric modeling method of ship maneuvering motion
based on the v-SVR with mixed kernel function

JIANG Lichao, SHANG Xiaobing, WANG Wei, ZHANG Zhi, LI Jiaqi
(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: Nonparametric modeling methods are widely used in modeling ship maneuvering motions. This study intro-
duces a v-support vector regression (v-SVR) nonparametric modeling method based on a mixed kernel function (MK),
optimized through a genetic algorithm (GA) called GA-MK-v-SVR. The MK aims to improve the performance of v-
SVR by combining radial basis functions with polynomial kernel functions, thus capturing both global and local charac-
teristics. A GA is employed to fine-tune the hyper-parameters. The performance of GA-MK-v-SVR was evaluated by
using KVLCC2 free-running test data provided by SIMMAN 2008, and the results were compared with several maneuv-
ering models. Experimental results show that the proposed GA-MK-v-SVR model delivers impressive prediction accur-

acy and robust generalization capabilities for ship maneuvering motion modeling.
Keywords: nonparametric modeling; mixed kernel function; system identification; v-SVR; ship maneuvering motion;
genetic algorithm; SIMMAN2008; KVLCC2
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) AR R DNz sh B s B AR Sk PRI X, ] Ry i 5 22
FEMT AN R F A AR 2R R, 8
W, AT 4 Bl 3B kAT LA Ok 8 ST AR iR A2 B
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] @021, BT uE B 4R, R H 7% 25 (mean
square error, MSE) YE A LAL H AR, 76 7% & T ALY
B THOINAS B A b 0 R S B T Ak -

H T RR R B AR RN iz 2l PR AE A Y
oM, ARSCHR M T —Fh BT MK ) v-SVR(MK -v-
SVR). A5, HT GA 4L MK-v-SVR
(genetic algorithm-mixed kernel-v-support vector re-
gression, GA-MK-v-SVR) #f FH T A5 9\ iz sl 1)
FES R, SIMMAN2008 4 22 ) KVL-
CC2 % H B H AT D85 40 ol F T A RS i I 25
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Hp K (x;,x,) 2 #% R %L, MR ¥E Karush-Kuhn-Tuck-
er 2&1F, 1E1 A pRECH

F@) =) (@ —a)K (x,x)+b (12)

22 BABREY
1% PRESCRT LUK R A DI AR 25 5] 2 46 3] v 4

ik 8], DT 380 Ao 2R PN AR B 1) 4R 0K ) 1k 1
BT, H R BB R ECH RBF . 270 U A% oR BRI £k
PEAZ R, EATI B0 0

K, (x,x") = exp(—=y, [lx —x'||)

K,(x,x') = (y,x'x" + 1)’ (13)

Kx,x)=x"-x
K P K(nx) K (xnx) MK xx) 48 i AR #& T
RBF . 2210 X A% R B A% R, oy, Ay, 20 )
RBF 1 22 W % pR B 19 7 96 R AL, do 2 W)
B8, roae AHRTALCE . LR BT Loy S 2R
% PRES RN A% PR R . RBF J&— i LY 1) =y 35 A%
PRIER, HAH [ RE I BE G 2 80y, WM T %, £
A REE — 2R, S dBR, £
Tt X% pR B A 1 BE B iR, 12 AR RE ) Bk s T
1M MK 256 T AR E L, AT Rm R

K,(x,x)=a,K,(x,x")+a,K)(x,x') +---+a,K,(x,x")

. 14
s.t.Za[ =1 (14)
i=1

A K, x)RET MK a(i=1,2,--,9) & A i
N B VTR F 5 g e A% R B AR SO
() 7% 5 F RBF fil 2 10 =0 A% ok 50 19 MK, Jr L
g=2. MK £xRX N

K, (x,x") = a,exp(=y,|lx = X)) + a(y,x"x + 1)’

(15)

s.t. a;+a, =1
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1 ny
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Fig.2 GA-MK-v-SVR algorithm flow chart
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Fig.3 Prediction results of Z1501S
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