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Ship Trajectory Tracking With Nonlinear Gains
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Abstract
and unknown external environmental disturbances is analyzed, and a recursive sliding-mode dynamic surface adaptive

The trajectory tracking problem of three degrees of freedom fully actuated ship with model uncertainty

robust control method with nonlinear gains for ship trajectory tracking is proposed. The recursive sliding-mode surface
which considers the relationship between position and velocity errors is designed. Neural networks are constructed to
provide estimation of model uncertainty and feedforward compensation for control amount. The adaptive laws based on
leakage terms of o modification are used to estimate bounds of neural network errors and unknown external environmental
disturbances. A new function with nonlinear gains is used to construct the dynamic surface control law. With a new
Lyapunov function, all signals in the ship’s closed-loop trajectory tracking system can be guaranteed to have the uniformly
ultimate boundedness by using the proposed control law. Simulation results show that the tracking speed is fast and the
accuracy is high, and the proposed controller is strongly robust to model uncertainty and unknown external environmental

disturbances.
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2, = 500 sin (o.ozt i %)

ya = 500 [1 _ cos <0.02t + %)]
ba = 0.01¢

HNERATE BN
dy = 10° x [sin(0.2t) + cos(0.5t)]
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dg = ].05 X
d3 = 106 X

[sin(0.1¢) 4 cos(0.4¢)]
[sin(0.5¢) 4 cos(0.3t)]

A ARG 7 B AN BEIR AR B

[2(0),4(0),4(0),u(0),v(0),r(0)]" =
[100 m, 400 m, %, Om/s,0m/s,Orad/s]"

RBF i 22 W 25 1) [ )2 70 mUBGke %0 61 A4,
B cjn Flocjo #E [—18,18] Z 83401, ¢js FE
-03,03) ZIUFR, by = by = 3, b, =
1,7 =1,---,61; MEBEMGTTBIEE N @ =
[wi,hwi,g, e ,u?i,l]T =[0,0,---,0]T,i=1,2,3; Bt
LM RS E a = 1; PSSR SEOERE N
K, = diag{0.08,0.08,0.08}, K, = diag{100, 100,
100}, €y = diag{1,1,1}, C, = diag{10°,10°,2 x
108}, T = diag{10%,10°,10}, 0y = 05 = 10°°, o
= 1072, Q = 10° x diag{5,5,10}, A = 107 x
diag{1,1,0.2}, 6, = g5 = 1, e3 = 0.01, §? = §9 =
89 = 0.1; JEPEASHIRIFE T = 0.3; BOYIEHE a,
as W2 1/(4a1)+as < (1/T) = 3.333 } a; < 0.08
A DL, AT ARE  EEBLEMAT, PRIEMFIA RS
PR 1E5 B AU, SE B iR

TR FEFOL T, SR AR SCRE 5 SCHR [6] HL T
25 ) 2 1 T 0 A8 TR S XA e B v e R AT
P, RGEMBIMGA A, PSRN 2~
8 FI/R.

Bl 2 AR OL T, K22 AL 55 & AR
R B A A ST e S IS A T B o
FEIK S AT (1 52 PR B, 2R IR BN 2 A
RAIMFAT R SAEAER T LR, A SO i
BT H BTN 5, GRS R PR F I
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Fig.2 Desired trajectory and actual trajectory under

external environment disturbances
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Fig.4 Curves of surge velocity u, sway velocity v and

yaw rate r versus time under external environment
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Fig.5 Curves of learning behavior of neural networks



e

Eihd 44 %

L
2

1840 E] 3h
ZXIO“
N o N
g
_2 L L L 1 1
0 50 100 150 200 250 300
_ P — : : ‘ :
<, _
RS
5 . ‘ . . ‘
0 50 100 150 200 250 300
x]10°
TE\ 5 T T T T T
é OM
4 L L L L

150
t/s

100 200 250 300

K6 i et i

Fig.6 Curves of controller outputs

3y 8,/kN

150 200

3 5,/(kN'm) 4, ,/kN

50

100 150

i/s
K7 %%B%f%ﬁfj]fﬂigﬁﬁﬁﬂﬁﬁ 01, 02, 03 M H:
flitHH 01, 02, 03 PIHFHILZE

Fig.7 Curves of the bounds of external environment

200 250 300

disturbances and approximation errors d1, d2, d3 and their

estimations 51, 32, 53 verse time with proposed controller

400

- - DsC
350 = = =Proposed method |

3001
250¢
& 2000
150t
100t

‘‘‘‘‘
N ~

50F

S L ILLILILIT T YRS
150 200 250
/s

P8 AHIF AL N AR SCAS B RS A T SR IR ERE RE L L

Fig.8 Comparison of tracking errors under the same sea

=
-
i
[0
1
1
1
1
i
1
I

0 50 100 300

conditions between the proposed method and the dynamic

surface control method

i, HLER RS B s B 3 @ KIS A s & A
F IR A . S B RE AR AR SO T4 i K B
MOMUAT ) SE PR . SEPRABHE A D sk h £, R BAA
MAFE R 50 Ze A7 B R ROAR R 5 _E AR s & 4
SEHHEHE w. BEELHUE v FIERE AR r B D
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