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Fig. 4  Structure of action network

AT 285 0 i A5 T LA E
na = walln(t> ’
1 -e™

h,(t) =tan sig(w_ I (1)) = —,
1 +e™"

(27)
v(t) =w,h, (1),
u(t) =tan sig(v(e)),
HA1,(1) e R 2 A & u(t) S&40 i m i,
h,(t) ZBREENR SR w, e R™? BHAZE]
B 2R A w,, e R RS Z 352
P[] 4t
S8 SCIAT 915 22 R B
e (t)=J(). (28)
e/METT TN H AR BR &L, DL BT PAT M 45 i)
D&

E(1) = (0.

PHAT I 2% 119 A T B ks B TR B R R
2%, ik o TR R 25 0 B R B s A A B B
T RBUETE R R R R

wa(t+1)=w,(1) +Aw,(1),
Hor Aw, (1) e R,

Aw' (1) =- la(aE.‘f(t) J=

aw;, (1)
_y [3Eu(t) oJ(t) ou(t) ov(t) oh,(1) ana(t)J
“LoJ(t) ou(t) ov(t) oh,(t) om,(t) ow,,(t)

(29)

(30)

- 1,ye,(1) [;(1 -u’(t)) } w', [;(1 -K(1) )} .

50 X Wy (1m0 (31)



DG, 25 T HRAT U e 2Bl 2 I A AR DR 8 £ 2 B DL

14 NGUYEN Quangduy, et al.Online optimal control for ship fin stabilizer system based on action dependent heuristic dynamic programming.

Hob i BAERFATEL, ] RIEFFIEL L, > 0 ZHAT R
2] H, AT I BT SRR n S PR
LN EREAINE 6 s
Be 5 J2 3 0 0 )2 A O ek
wolt+ 1) =w,(1) +Aw,(1),
Hdr Aw ,(1) € R,
Aw'y(1) =- z(aE] =- zu(aEa ‘9“"5”) -
ow! oJ ou dv ow,,

a2

~Lye (0] 3 (1 =) [0 -

(32)

Hl

2, [wi:z;u - k(1) >w:‘.a"}.

1=1

2 EXGH)A(33)H, 0E, (1) /9] (1) H
(28) F1(29) I, 1T oJ (1) /0u(¢) i hE 2RI FR
A5 AZ I 5 50 T I e (A A G

3 EHR
AR A AR AT O L IR SR 1 PR,

(33)

x1 MASH

Table 1  Vessel parameters
S HfE
AEPIAE RS /m 79.38
WEPE/m 9.6
Z7K/m 3.1
Heok /1t 1100
AR B TR /m® 3.8
W EE T /m 5.6
FHIIREE R 0. 06
MEANEK A/ () 48
AEAARIAS M B/ m 1.012
BT/ knot 18

P AAREE S A RS =S ] T FR AT

0 1
x(t+1)= [—O 56 -0 18}x(t) +

09500 * )
0.05 u(t) 0.05 W),
RO RO LA R

U(x (i) u(i)) =¥ (i) @x(i) +u"(DRu(i), (35)
o @ R A E R AT LG © = [(1) ﬂ ®

Je— M IEER, AT LR R = [1].
ARV T BA WA M2 E) ADHDP 42 1
i, B SEANT AT 3-6-1 251

(34)

HA 3 A ARZIT 6 MR Z T 1 A
PRZTE, AT N 2-6-1 2544, 45 2 A A ML TT .6
BT R ZETTH 1 A A 20T PR R PR AT
BRI R =1, =0.005; WA EH G w, e R™?
Mow,, e R G0 PFA I FEA T I s A2 2B
FRBUEH I WIRAE i w, € R7Hw, €
R ZR A PEA R T 99 r 9 g 7 2 3 i o J2 1
BUEFERE  BUERE [ - 1,1] PREPLERE ) iR A E 4R
PEZEREANT .

[-0.8317 - 0.8883]
~0.7334 -0.0205
~0.6522  0.0317
Mo Tl 02195 -0.1437
0.6640  0.2987
| 0.6081  0.2380]
(- 0.452 97
0,144 1
~ 0.965 4
W =1 0. 061 4|
~0.653 4
|- 0.777 8]
[-0.1326 -0.9634  0.657 47
~0.700 1  0.3316  0.6430
| 09005 -0.9623  0.456 8
o=l 04361 -0.8488 -0.7025]"
0.0163  0.0550  0.3161
|- 0.1380 -0.868  0.0526)]
o 0.148 17
0. 046 7
0.579 4
Mo T 00733
~0.131 1
0.818 9 |

N T SRR TR ] A AT R, AR SCs T
PR ARG B8 1) 2 M — R R A4 T A R AT LU R
Ak — W M Y A 2 il 4% (Linear Quadratic
Regulator, LQR) F/RUNTF .

u, (1) == Kx(t), (36)
Hr K =[B)PB, + R] 'B)PA, J& RSB A4 25
P J& Riccati J5 T2 B9 2 IE & f#,P = A;(P -
PB,(B)PB, +R) 'B,P)A, + Q.

P 5 Dy ELAT D88 8 AN LA U8 S 42 ) 265 1100
PR AR SRR AR B AR AR B0 18T 5 a] L et



B AR 25 22 RN ,2021,13(1) 110-16

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2021,13(1) :10-16 15
IR R B 42 T i 1) A SO R 1] 6 AR SCR Y LOF= =
) 78 ADHDP ) 2 4 — Y 5 2 £ ] 28 (LOR) oo —
19 LA, SRS SCETH 0 45 1 4% 2R AT LU B A 42 ) 0.4 -
R FELT L8 SRRV A 4 RIS I 4 R I e
WG R, AR AR S 3 4, X SR 4 R Y -02f
Pl o FLAT IR AF RO PR o4t
50 — -0.8F
o l P nEA YT ;?%%%ﬁﬁw ‘ -0 50 100 150
TE 0 L-|| ||||‘\"|I!I l'. ‘h I‘,'\" '.‘ "I ) nl ,“l A |nx|." i |“"I I"‘ H. .ﬂ. tls
s V T P8 PTIRIZ AL T A
50 ) ) Fig. 8 Weight matrices of action network
0 50 " 100 150
W O T \
i e pas '-_._ Tﬁﬁd%cfﬁfﬁi | 4 ZEFRIE
i T?""‘ Ay AROAANAN ASCHE T B IET ADHDP J7 3k 0 AL 4
= | | B AR G BB MR o) 8 A SCF B 1 19 7 o S R P
0 s 100 150 V‘H 25 SR 38 T A NS AR S S ) AR ST RO PR RE

B5 HAT ISR SE RIS BLA R 8 O 26 A D
B R AL AL Ol

Fig. 5 Roll angle and roll rate with and without fin stabilizer

8
6 Hi "
T — ADHDPFHI2
ik Rt
5 b A
43; 0 }' ; '{‘ \’(‘\UP‘/\WWWWWV
ﬁ&“} —2 ‘l" =|_I|\ II
oy H
= -6 lL |l|I
iy
_10 1 1
0 50 100 150

t/s

K6 ADHDP #l LQR il %f b
Fig. 6 Comparison between ADHDP and LQR controller

1.0
| — W,
0.8 — W,
— W,
w
0.6f — uf
3 04+
ok
-0.2 7 L L
0 50 100 150

t/s

BT VA I 45 A A R

Fig.7 Weight matrices of critic network

R BRI AL #@ﬂ%ﬂ W 28 K A% B P 4 A
ADHDP ffJ 5 2 %5, ADHDP 2544 Hr i o 4>
wexméﬁamu@m%aw@;fm (7] Fsf i, T A 9
/b PR TR 138 2 AN B 2 T D s g, DA T i 1
TR B B0 UE T %07 s B RIS

S 3Lk

References

[ 1] Perez T.Ship motion control ; course keeping and roll sta-
bilisation using rudder and fins [ M ]. London ; Springer-
Verlag,2005

[2] F#bE, ik R)%E LT Backstepping 5 T3 25 sUE 119
VBRSP4 [ 0] R4 ¥ 5K 2 2441, 2008, 34 (3)
89-92
WANG Xinping, ZHANG Xianku. Fin stabilizer control
based on backstepping and closed-loop gain shaping algo-
rithms[ J]. Journal of Dalian Maritime University, 2008,
34(3):89-92

[ 3] Liang L. H,Zhao P,Zhang S T.Roll reduction control dur-
ing ship turns using fin stabilizers with PID controller
based on Monte Carlo optimization[ C] // IEEE Interna-
tional Conference on Mechatronics and Automation,
2018.749-754

[4] Bai WW,L TS,Lu Z K.Adaptive backstepping-based
nonlinear disturbance observer for fin stabilizer system

] // Tnternational Joint Conference on Neural
Networks ,2014 ; 1258-1264

[ 5] SunSA,HuJQ,Yin] C,et al.Design of simplified fuzzy
controller for ship fin stabilizer[ C] // Proceedings of the
33rd Chinese Control Conference,2014:4534-4538

[ 6] YinY,XiaL,Li H K.The stochastic optimal control of fin
stabilizers under the ship IPMS networks[ C] /IEEE In-
ternational Conference on Mechatronics and Automation,



DG, 25 T HRAT U e 2Bl 2 I A AR DR 8 £ 2 B DL

16 NGUYEN Quangduy, et al.Online optimal control for ship fin stabilizer system based on action dependent heuristic dynamic programming.
2010:969-972 [12] Tan F X,Guan X P.Kernel-based adaptive critic designs
[ 7] Zhang P, Yang H S, Yang Y. Multi-dimensional Taylor for optimal control of nonlinear discrete-time system[ C ]
network optimal control for ship roll stabilization[ C] // // 2018 37th Chinese Control Conference, 2018.
IEEE 2nd Advanced Information Technology, Electonic 2167-2172
and Automation Control Conference,2017:966-970 [13] SiJ,Wang Y T.Online learning control by association
[8] JinHZ,LiuZ Q,Qi Z G,et al.Design of fin stabilizers and reinforcement| J | .IEEE Transactions on Neural Net-
control system with optimal added resistance[ C] // Pro- works ,2001,12(2) :264-276
ceedings of the 32nd Chinese Control Conference,2013; [14] Xiao G Y,Zhang H G,Luo Y H.Online optimal control of
7525-7529 unknown discrete-time nonlinear systems by using time-
[ 9] Miller W T,Sutton R S, Werbos P J.A menu of designs based  adaptive  dynamic  programming [ J ].
for reinforcement learning over time [ M ] // Neural Net- Neurocomputing ,2015,165:163-170
works for Control.Cambridge , MA ; The MIT Press, 1995 [15] Zhang S T,Zhao P, Liang L H.LQR-based ship roll re-
[10] Mu C X,Wang D,He H B.Novel iterative neural dynamic duction control using fin stabilizer[ C] // IEEE Interna-
programming for data-based approximate optimal control tional Conference on Mechatronics and Automation,
design[ J ]. Automatica,2017,81 ;240-252 2018:1031-1036
[11] Xie Q Q,Luo B, Tan F X.Optimal tracking control for [16] TLi H,Guo C,Li X F.3-D visual simulation of irregular

ship course using approximate dynamic programming
method[ C ] // Proceedings of the 32nd Chinese Control
Conference ,2013:2911-2916

ocean waves based on Matlab[ J].Acta Simulata System-

atica Sinica,2003,7(15) ;:1057-1059

Online optimal control for ship fin stabilizer system based on
action dependent heuristic dynamic programming

NGUYEN Quangduy'> LI Tieshan' YU Renhai'

1 Navigation College, Dalian Maritime University, Dalian

LIU Qi
116026
2 Faculty of Navigation, Vietnam Maritime University , Haiphong 180000, Vietnam

3 School of Automation Engineering, University of Electronic Science and Technology of China,Chengdu 611731

Abstract

the health of the crew.Therefore ,the ship roll stabilization device has become one of the indispensable equipment on

When ships are sailing on the sea,roll motion will greatly reduce the safety of ships and cargo,as well as

the ship.As an active roll reduction device,fin stabilizer is widely used for roll reduction due to its good anti-rolling
performance.In this paper,an online learning optimal controller based on action dependent heuristic dynamic pro-
gramming ( ADHDP) is proposed for the ship fin stabilizer system.The input and output data,instead of a system
model ,are used in the design to obtain the system state.Two back propagation neural networks, including a critic
network and an action network ,are used to approximate the performance function and obtain the control law,respec-
tively.The two neural networks can use real-time measurement data,and reduce internal model error and the uncer-
tainty disturbance ,thus improve the robustness of the system.Finally,the effectiveness of the proposed ADHDP con-
troller is validated by simulation results.

Key words action dependent heuristic dynamic programming ( ADHDP ) ; adaptive dynamic programming ;ship fin

stabilizer ; optimal control



