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Recursive sliding mode dynamic surface output feedback control for
ship trajectory tracking based on neural network observer
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Abstract: To solve the trajectory tracking problem of 3 DOF full actuated ship with immeasurable velocity vectors, a
recursive sliding mode dynamic surface output feedback control based on neural network observer is constructed to estimate
ship velocity vectors, and a neural network is introduced to provide estimation of the model uncertainties. Combined
with ship position error and velocity error, a recursive sliding mode function is constructed. Moreover, the trajectory
tracking control law and the parameter adaptive law are designed by dynamic surface control technique, and the low
frequency learning method is introduced to eliminate the high frequency oscillation control signal caused by external
disturbances. The application of a new Lyapunov function proves that all signals in the closed-loop trajectory tracking
system can be guaranteed the uniformly ultimate boundedness by the proposed control law. Simulation results show the
controlled ship achieves fast tracking response speed, and the proposed controller has strong robustness against model
parameters uncertainties and unknown external environmental disturbances.
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*E?Eiﬁ(zziﬁﬁﬂ"ﬂﬁihﬂﬁﬁ&r W ARG IG5, v,
oS4, 81, 8o, Wy, Wi, YO — E I & Tt % fEng
[ SR A5)@) T EIn, 0 5t BB A FH
MIR(17)(19)20)(S) AT Hleer, v Mu A T 25 18 w;
w? FIS KA FLAE T RIPSd,, by, Wi MO F, MM 153
FIMEANPOL BRER IR R AN T E B 5 10— BUR&
Sk, BT TR N 25 1 3 W88 mT LAAR B (0 0
WS BRIE S, BT B4 )4 B8 0% SR AN ) S s PR it
H#7.

6 i EWFFE(Simulation studies)

NIRAIE BT B T ) 5 A A, AT DL — A Ak gy

Fis Rt B AT 1 EAR SR, %A K NT76.2 m, RN

4.591 x 10° kg, A = S5 AN K 3 A7 B 1k 241

AR M, BEHRRLOHEFEC (v), KB HLE S 506

B DS 40U 5 53R [1914H ).

PR AN TR Y
xq = 500sin(0.02¢ + 7/4),
ya = 500 [1 — cos(0.02t + w/4)],

BB ML)
dy = 10° x [sin(0.2t) + cos(0.5t)],
dy = 10° x [sin(0.2t) + cos(0.5t)],
dz = 10° x [sin(0.5¢) + cos(0.3t)] .

M RARIRIRE A BAE IR AN

[2(0) y(0) ¥(0) u(0) v(0) r(0)]" =

[100m 400m 7/4 Om/s Om/s Orad/s]”.
NI R RBEAHIZE [ 2 (5 2715 AOPs] = 61, HLoPse;
B—/rB1E[—30, 30) Z P45 4, midii L iR éﬁzau
fEoPsb, ;= 3, WESAUEAS TG A

s s =0,i=1,2,3, j=1,---,°";

°bsI¢ = diag{111}, °* K, = diag{5 5 5},

°bs (g = diag{1,1, 1},
s [ T AIERICRIINI0, P05 = 1. FEHIZERBF
P2 IR 28 RIBR B 200 R B = 61, Ble, 281, 2,4, 5, 7,
8 /AL [—30, 30] ZIAPF¥I40 A 3, 6,9 S ETE[—1
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7w oo 5 MM

H35%
BUE T ) 4 (s, =0, i=1,2,3, j=1,---,1; = ]
K;=0.03 x diag{1,1,1}, K,=diag{10°,10°,107}, $ 2t . . . L Ty
Cy = diag{0.08,0.08, 1}, I} o X AL 7T E K105, I 0 50 100 150 200 250 300
KEFETEERAL0%, 010 = 1075, 05 = 1075, T XT A ts
Lotz N 0.02, 3 AR AL B AN SR B
Q= 10° x diag{?), 3, 30()()}7 Fig. 3 Desired position and actual position
A = diag{107%,107%, 107 *}, _
€12 = 1, €3 — 01, 5?~3 = 017 ;
U IF AT = 0.3, =
TERAIRIHEOL T, P A SO A B 5 T4 Hh 5 I e IR e
T A1) 505 55 SR (1 1 ) Rl & T i e e i R0 t/s
FRARREAT U R R, U7 LA R AN 1-7 s, o
T T T T T T E 10 : :
~ 0 _ -
1000 + B E; :;g ___obs,v :
800 4 ‘;» I L
BEHE 60 80 100
g 600F Hsh A& 1
P ——= AR SCH: : o
400 | - »
- 02 T T =
—‘3 0.0
200 i et 70'2 — |
E& ., I _I__ obsr
0r 1 = %% 20 40 60 80 100
-600 -400 -200 O 200 400 600 800 t/s
ca@lmo Pl 4 bR R At b
1 eSAFE S LA S i Fig. 4 Actual speed and their observer estimations
Fig. 1 Desired trajectory and actual trajectories
400 : : : : : Ll , , ;
L e AT i
300 % -3
b 60 80 100
$ 200 1t 1
: — - WEHEESINN,
100} 1
t —
0 VN e T E i
0 50 100 150 200 250 300 g -
t/s = 60 80 100
Kl 2 ERERVERELEEL
Fig. 2 Comparison of tracking errors - == AR 2NN,
0 50 100 150 200 250 300 - 6|0 8I0 T
t/s
T T T T T t / S
8 1000r I —fy e B INN - 057 SINN,
> S0p_ — Y 1
S S S ] 5 Pl AR L
0 50 100 150 200 250 300 Fig. 5 Comparison of controller neural networks
t/s

learning behaviour
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% 8 1
e x10*
E 4 C T T T T -
-2 L . _
E 0 i\\_,., ‘b"l;'-.:.;_;‘-‘._v,-;x::;?{.__:‘,--,'
= 0 20 40 60 80 100
t/s
-------- [ = I s T 2
— x10*
E ".l-r T T T
.Z 0 "H“‘-— . a1 )
= 5 E{{' 7
l~\“' -10F 1 | 1 I i
0 20 40 60 80 100
t/s
-------- [ B T 2
X108
8 8 C T T T T ]
: 4+ _:"'. an, i
~ -4 f—‘ ’"’:'.'7'*-" W 1 L o
& 0 20 40 60 80 100
t/s
------ TAERE S ——— AR )
Bl 6 il s g
Fig. 6 Comparison of controller outputs
g p p
~ XIOS
E 2 - . ,
E ! CR "N " "N 2 a N ae ] ¥ _5}
- 0 -==9,
S phanea 60 L300
< 0 100 200 300
t/s
P XIOS
:'EZ 1000
&, s00
=
<’ %0 : 300
<0 100 200 300
t/s
’é‘ %108
z
=3
(tQm |
<" 0 100 200 300
t/s

Bl 7 SRBNFIRPZE I @R 2 ) S B A THE
Fig. 7 Bounds of disturbances and approximation errors

and their estimations

19 K A AR 22 M AR T H B2 030 AR FH 3 A
TR THI i HA R U (0 A SR S SOk (1117 B
A5 T R SR IR S A AT B SEBR . B2
AH RO AR SO 58 J B 245 TH iy R R 1)
PR B LE B (B R A e, = ||m — mal| B ER
PEAL B IR ZEVER). BRI LLE Y, A RENELE
50 s /247 R RE R IR b WHERBNTE, T SCHR (1115957680 s
ZJEA Be REERER F AR, HASCEIEARR T3
Wk [11] S92 R BA I n, R ALE A5 R 22 H]
AHH 5% R 8 VATE R VR — e R B4 1 B
PRER A B RORE FE . I3 K A AR 22 M A 1 391 22

P I RGRE A RO SR IR S M A T K S B
B SBRAGEE A B DI #ZR, AT DR HARAATESO s AE A
REAT DAERER b BASE [RIPEE; K4 B AAAABR 5T AR
(1 SEZ o T 00 B, V9K o AR G 22 0 38 P B WL
BB P50, ©PS, PSR 2R, 7T LA H Tt
SR 28% P DAAR - b U000 2] iz s B 1) 2 A A — 20 R
IR T IR, B5-645 T AR SCHIRAE TS
AT SRR AT ST G b il 28 JLrh, IS g
1) AR RBFH 22 X 26 06 2 G0 Nl o 350 70 (A ST i 28, T
DA H AR AT 3] i % il B A 22 X 28 7280 s A A7 %
AR EREE T ENE T AR E T, HLEASIIRAREE > ()
RBFHIZE [ 45 il 25 58 013 6 09 A ST v 42 il 2
v, AT DA H AR ) A4 20 X 2 ol A 56 i
AL BT RN IR Sh A% ] 25 4 I 45 8 I
PR FE (K1 FL0,, Og, O B FLAK T AES,, 0o, 01 17 16T 1 25,
JHOK 60 sF300 s IR I # 28, 7T LLE H BT st & IE
MR FE NS HOEIUAE, RE N SMTIA L
S RIE IR 2 [ R T i, AME R AN R B 5h
FEITIRZE, HE5H RS Ep k.

7 %5 (Conclusions)

Bt = B FR R A IR B ANTE R e S R )
TER AR S HOR ANTIR BE B R AR R, A
SO T — b A 2 R 4% 1 T N U0 0 4 X i A 1)
AT WAL T, 51N IS BT, 45 A RBF#Z4 N
2% ARAEE ) AR ShASTHH AR G s AR, it
T BE T 4 X 28 O 5% ) P R 203 IR 328 U Y A )
ST S e A S R A 2R R B
KRB T B2 BRI AN R R AT 15 5 — U
2 5, RIFT T W28 n] DR G- Hi il T2 BR IR
R ARAS P T B A JE, BT T3l 28 T ASEIL AR AR
IR PR IR, 5 CA— R AR5 MR R T 05 R EE, 36
E T BTS2 28 00 R, 1 EgE R, SR
Wit B4R 7 2k, FEH IR e el A, A
FERA 0 SEPRERAE SR, 78 T AR SEhrh B —E 5%
IrfH.
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