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Variable universe fuzzy- least squares support-vector-machine
compound control for ship course-keeping

LIU Sheng, WANG Yu-chao, FU Hui-xuan
(College of Automation, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: A compound control strategy based on least squares support-vector-machine(LSSVM) inverse control and
variable universe fuzzy control(VUFC) is proposed for a nonlinear process of ship motion subjected to random disturbances.
This method utilizes the nonlinear mapping merit of the support vector machine inverse dynamic model and combines
the fuzzy control to form a closed-loop control; it improves the control precision and guarantees the robustness by the
coordination factor. The simulation results validate that the compound control algorithm has a high performance in ship

course-keeping, and good adaptive ability in various ocean conditions.
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2 HEARIE B AR R (Mathematical model of
ship steering)

2.1 FEPLEUA R B (Mathematical model of rudder)
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2.2 Wi AR AR AR S B 2R 1 B0 B RS (Nonlinear
model of responding ship motion)
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3 B AEHIZS ¥ (Design of compound con-

troller)
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Fig. 1 VUFC-LSSVM compound control structure
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3.1 AR RO 35 ) 2% ¥ T (Adaptive fuzzy con-
troller based on variable universe design)
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Fig. 2 Adaptive fuzzy controler with variable universe
structure
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Fig. 3 Ship motion inverse model based on LSSVM
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4 {HHE45 R (Simulation results)

H T B UE MR Al R FEVUFC-LSSVM & £ 3
48 (A RPE, 23 % B gl vk T (I PIDYE il 2%
A ST R A 13 74T T 800
TS B SHON: AKEK105m, MFE11.5m, 2
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Fig. 4 Simplex method PID control with encounter

angle 60°
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Fig. 6 Simplex method PID control with encounter
angle 120°

G N IR O 22 AR A AR IKY = [—3, 3], H 4 Bl 1
Ble,ec) =1 —0.9exp(—0.2¢2 — 0.8ec?),
fie fh i RV = [—35, 35], M4 A1

y(t) = 4 i}f; ei(r)dr + 1;

LSSVMAE {11 Z4le = 900, #4240 = 0.9, JIZtT:
AH = 500, FrEin =m = 3.

EI4RI 555 73 25 th AT Sk 3.8 m, 18 8 £f160°
N HR4JE VEPIDAIVUFRC-LSS VM A & 4 il it 17 475
T . o 70 i 45 AT LUK 3.8 m, i A
F1120° T 540 JZ 7 PIDAIVUFC-LSSVM & & 5 1l
LINCIR V=N ES

0.5 T T T T T
—~
[
~ 00
N
70 5 1 1 1 1 1
o 50 100 150 200 250 300

t/'s

0 50 100 150 200 250 300
tls
—~ 2 T T T T T
< WA
S e
0 50 100 150 200 250 300
t/s

5 WiBFH60° F VUFC-LSSVM A & ¥l
Fig. 5 VUFC-LSSVM compound control with

encounter angle 60°

05 T T T T T
~
< 00 A AW A it
3>
,0 5 1 1 1 1 1
0 50 100 150 200 250 300

t/'s

1 1 1 1
0 50 100 150 200 250 300

t/'s
~ 2 . . . . .
C OWWWWMMWWWWWANMM
s LR L
0 50 100 150 200 250 300
t/s

Kl 7 MiE120° FVUFC-LSSVME £ 47
Fig. 7 VUFC-LSSVM compound control with

encounter angle 120°
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i BR B I 101, PIDEEHI 8 S50 by, =
2.24079, k; = 0.02128, kg = 0.60533. H TR T
MAFAEREHLYE, R 145 B T 3 3.8 m, A [F)E

SR AR 0B RV, 3o B() M,
STD(-) A AFHERE, o AL ff, S A SE, A i A
SO, A TR AN D

F 1 AEAafLE) 4T 5 PID4E 4 5 VUFC-LSSVM A &35 %45 A 4 R4 it il
Table 1 Simulation statistics of course-keeping simplex PID and VUFC-LSSVM compound control

P = MiEf E(w)  STD(y)  E(6)  STD(§)  E(4)  STD(J)
30° —0.0079 03202 —0.0363 1476  —0.0077 0.9764
60° —0.0107 02628  0.0489 13821  0.0087  0.9521

HLAEEPID 90° 0.0018 0.1627 0.0039 1.0762  —0.0029  0.6511
120° 0.0092  0.1421  —0.0066 09311  0.0035  0.6503
150° 0.0013 0.079 0.0036  0.8366  0.0075  0.5027
30° —0.0101 03026  0.0324 13894 —0.0189  0.9239
60° 0.0096 02711 0.021 1.3719  0.0103  0.9477

VUFC-LSSVM  90° 0.0042  0.1437  0.0161  0.8693  0.0014  0.6016
120° —0.0038  0.1392  —0.0099  0.871 0.0046  0.5746
150° 0.0017  0.0807  0.0068  0.7372  0.0025 0.539

FH A7 3T &5 SR SR 1 g8 v s vl L A7 OB A
3.8 m, 7EAN [ &R 7] f1 K, VUFC-LSSVM & & %
il 22 48 B N 3 A0 bR e 22 5 RE A AR HE 22/ T Al B
VEPID:E il 8%, VUFC-LSSVM & & 4 il J7 1 % A
AL T 3 ) R G0 B R AN MG o 1 AR R 1 DL R A S B
FLTHREE = A R 52 i B AT B0 IR 18 . fig ) g
TS BE, e B ) BRSO 5
5 458 (Conclusions)

BEoF BAT o AR M B T 2% 1 AL ) 4
R, PEH T — P B/ e S ) LI 4 I
T RN o SRR P A 42 1 AH &5 4 i 4 il 2 e vh 7
%, VUFC-LSSVM & &5 il 76 73 A1) FH 22 18 S8l AR 42
AN T LSRRG 1 () B8 2 A Y B A 8 vy PR 42 RS
J5E TN /N e S ) AL B Ry AR AR R R Gk
HBEEE 7, T8 s Pl R 4 o DT S IR 4 ol SR TR 1 1 O
NP, A R AL T B A HIRE. i Rg R
W, AT 1A VURC-LSS VM5 | 2 48 B A i v ) &
P AR v PO A TR 82, I P T S s e
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