BHSRE

Control and Decision

EHTElR B &N RMPCHIMHRSEIH T %
U IR, XEAR, KA, FhIEE

FIHIARSL:
AUNFIE KRR AR AN 25, BT ik & 1938 Rz B M PC I AR RETA 5 VA ). 42 S5 5k, 2024, 39(1): 336-344.

TEZRIR]IE View online: https://doi.org/10.13195/j.kzyjc.2022.0260

BT BRSO HAB S EE

Articles you may be interested in

FET B HEA A D I P i R 8 IR A 47 i S s
Best phase matching based control strategy for ship stabilizer at low speed

P S U5 2021, 36(4): 940-946  https://doi.org/10.13195/).kzyjc.2019.1028
T R AT D T5C 1 42 8 A 42 i SR

Best phase matching based control strategy for ship stabilizer at low speed

Pl 5P, 2021, 36(4): 940-946  hitps:/doi.org/10.13195/j.kzyjc.2019.1028
T o 1 PR AR A ) ) 2 H M2 Tt A o 4

A model predictive torque control for induction motor based on high order sliding mode speed controller

PR 55, 2021, 36(4): 953-958  hitps://doi.org/10.13195/j.kzyjc.2019.0650

LT e 1 P A A ) i ) A P BTS2 T At o 4 il
A model predictive torque control for induction motor based on high order sliding mode speed controller

Pl 5HIK. 2021, 36(4): 953-958  https://doi.org/10.13195/).kzyjc.2019.0650
BT PE AL B T AcrobotZe Mk H B & FRHLE

Robust stabilization of planar Acrobot using linear active disturbance rejection control with immune optimization

PRl 5P, 2020, 35(12): 3053-3058  https:/doi.ore/10.13195/).kzyjc.2019.0289


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2022.0260
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1028
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1028
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0650
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0650
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0289

39% 51 W % 5 2 K Vol.39 No.1
20244 1H Control  and  Decision Jan. 2024

ETEH% Bi&E R AHEMPCHIRERRSEIA T &

FLFEL?, AL, IS, Fhm A2

(1. WAJRVE TRE RS BRERI 5 TR B, WA/RIE 1500015 2. W /RVE TRE K2 AR 4 B B AL BoR 5 15
U B A SEI E MUK 150001 3. P EAAIERBIA R AR E-EO=M5HT, M/RIE 150078)

W OE: WANE ASEAN TR S 2B K IR TR RN S Z IR R T Tk, T RS AN TE R
FUFPESAE R 10 1B BhEE 1 ) 851, 38 - 04 i R ML ) RIS T 4 i, B2 1 — R A A 1B sh &2 v g il 28, LU p 4= DK Bh
MEARTE BB AN 8 12 AT BHEAN . ARENFRIE B DL K = B AR 5 DR 35 52 1 B RE AR B ZhEE v in) . & Jel i
= H R AT 2 Mk AL A0 B S f b Ak B AR 4= SR SRR A4 SR SR A B e BT AT SR I SRR 1
SRIG AT R SRR T, B W — P T T A 1 11 3 7 T 38 B T 42 1) 5 S8 AT AR e M o i B S v —
A IRBIARAAEAT 7 B IR0, B BT (s U7 R 5 HoAth O A0 U5 vE AT X b SRR 45 BRI, BT s 4a ) 7 AN
AE B 5 B2 B 1, 1 L EL A B A A s ol R R

SRR MEANHES . MUK BBNAEI: BORITIUE s S A

hES S TP273 XERPRSAS: A

DOI: 10.13195/j.kzyjc.2022.0260

IR S0 IE, XU, AR, 2. 2T FH ik 5 & R 5 MPC IR ANSET 77 []. 3805 3R, 2024,
39(1): 336-344.

Ship berthing based on event-triggered adaptive horizon MPC

YUANShou—zhengl’Q, LIU Zhi-lin¥?t, ZHENG Lin-he®, SUN Yu-xin'?

(1. College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China;
2. Key Laboratory of Intelligent Technology and Application of Marine Equipment of Ministry of Education, Harbin
Engineering University, Harbin 150001, China; 3. Harbin Marine Boiler and Turbine Research Institute, Harbin 150078,
China)

Abstract: Ships may be disturbed by various factors such as wind, waves, currents and shore wall effects in automatic
berthing. Therefore, we design a ship automatic berthing controller based on event-triggered mechanism and model
predictive control to solve the automatic berthing problem of fully actuated ships under the influence of model uncertainty,
actuator saturation, unknown environmental disturbance and shore wall effect. Firstly, a three-degree-of-freedom model
of the fully actuated ship is linearized and discretized, and out-of-berth stabilizing followed by parallel berthing is adopted
according to the characteristics of the fully actuated ship. Then, an event-based adaptive horizon model predictive control
scheme is proposed to improve the computational speed, and the proof of stability is also proven. Finally, simulation
experiments are conducted on a fully actuated ship to compare the proposed control scheme with other known methods,
and the experimental results show that the proposed control scheme not only significantly reduces the calculation time,
but also has better control performance.

Keywords: ship control; trajectory planning; automatic berthing; model predictive control; event-triggered control
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70 % HI S FH M S EHN B REAEA B |
TR E 28, AT EREFIH AN TS
X 2161 (artificial neural networks, ANN) X & i
A AB SEVH. Namkyun 5507 52 1 — M 7E [R5 )= o B
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7 FLSEIGAE 2 AN I SR EE AL S B T B E
TH. AT BEBE A TH RS AA R 0 K Bl 7 A3 B)), Zhang
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5, TR 4N RN S B0 AT . SR, AR M RE ) S
R EEVE L FE v, 75 22 A 0 4 i WA S5 T, DLk 2 T
ANN Z A5 428 i %) S 4 3 DA DR B o3 — 5 1D, EH T4
22 W 2% T E AT H AR R ZR R AR T A B A &
P, 5T ANN GRAR (142 1) 7 V2 3k LA 32 2 T M
afsne HEL IR

B 7 ANN Z2 A5 75 25, JE 28 Pk B e 2 ) 5 v th
JUiz AT A s EE T, B AT A 0 e
JEE A SRR B R 0 % 112 (model predictive
control, MPC) Fl Hp J5 Z& J B & N i3 fb 5 i3] 2%,
MPC A= - TP AU 52 B 3 H, 2 B ATl Ak
AT R TR —, BRI S miAL I
FER B A A S5 A AU P ) AR A, [R] A o Ak 3
AEAR Y B BhEETA @8, Mizuno 25U B T — Pt T
3¢ /)N B[] (1) 7SI BF iy 3 1) 7 v, I 8 T SIS
o, SR 12 77 V278 5 1A 1 R 5 i 0] £ O 22 580K, A0 75
P . LSRN X RIS AR SR Y T — b gk
T AE 4 1 45 A 130 4% i) (nonlinear model predictive
control, NMPC) ] 77 %, #2 48 i A B A0 AN [5) 5 VA B B
YA TPR A AR B AL EE, 3] I 4 42 1 i N 3 A S A A
AR i 25 % 1, S IR AR B B AR VA. %07 V4 i ROR
ELIF, SR T NMPC v 5 8 8K, M DLORIE 5& vE 42 i 1Y
S, STHER (1614 45 80 B 3 59 In) 38 3208 B8 2k
5 /)N IR ) g e 42 1) 1 AL, 6 6 S 4 A4k i) Rty Sk ) v BT
PRIHE, S FH 91 7 222 10 0 3 33 A S e ot S AR B AT
Pt SR A _EAIE FE AT JE 2R MRS R AT SR, 1 5
IR, H AT [EBAA 2 PEAT 5 BE S T,

52 B Bk TAER R &, A SO 4 SR A Af E 35
TE BRI KR 4 ) 7 VR AT W AL KRN =
HOE AR AT BB A Ze VAL, e Ak D B AR e, I
[F) N % FE M SS9 AN e A Sy i AR iR 52
BRI EEIBN 5 R BE RN AE MR AR )2 1, AR
50T A9 ) 2 TR BN AR A, SR IS W A A E PP AT SR

P (1) 77 AT FEV B LR, IF 51N DLZE R il 2 %)
BT AL, AEFE I JZ T, D 1 AR ORUE S5 i 2R B
[ S 9 /> MPC S0k B B &, B Y — A 3 T = Ak
R A S B 3 AR A i 4% 1) 7 5 (event-triggered
adaptive horizon model predictive control, EAHMPC).
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M+ Dv =1+ R'(¥)b+d. )
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P(a) =(1—a)*Py + 3a(l — a)’ P+
3a*(1 — a)P, + 3P3, a € [0,1], (12)

Horf Py Pry Py R Py 4303 9 = DLZE R il 28 1 4 il
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P A B L B VA T R AT DA IR O AR R — S T
Mwp sy, FHREMERFI O = [uf,uj,. ..,
wiy,, | DA B8 B B de /N, AT A5 A AR 2 9T R A
TEHRIK VAR, B AT 2 40 E G e

minVN k) (z,u, Np(k)) =

Np(k)—

Z e
st.x(k+i+1k) =
Ak +i)x(k+1) + B(k +i)u(k +1),
i=0,1,...,Np—1;
Lz, u) =z, ' Qx, + u' Ru;
y(k) =C(k)x(k), k=0,1,...,Np — 1;
u(k) eU, k=0,1,...,No — 1. (13)
For: VO 2R MR U Ak 328 R, N p (k) D9 28 F500
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HI 15 S AR5 i 55 A IR 5 S BT sE & S 3
5 AR A O SE IR AN R, BT AT BE S PR R RS AR
SE VE. 2 B B N FRARAE B S iR T R 4t
R SE fe A 7 1, T IR AR, SR A Ak AL ) A
Ik 5 BRI R GE T SRR AR — i, i
to = O RIAEAd A I 8], € SOMTAAEE H 1] e 72 A R
ERBY BURI i A B
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tir1 = inf{t > t;|||ye(¢)|| > m}. (15)
oy Jy SEBR ) B 0T EE e B 1A
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w (k) RAESRR S AT (14) Bl 2 I BEAT B8, A 2
I 428 1] 28 AN 22 AT SR, LIS b — B 20 P N S
T ARG, b RGN & 3 .
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X T A fd 4% 1, BT Zeno B R IAFAE, 12 1
i ] BE 2 CEAG PR B [ A 43t 0 BIR fid A, 33 T 2 5 i 42 11
RGHIRE . i RGNS E R T 2 2 MPC 2
JE T R 52 ), 3 5 /M ik R B T) A 5%, O T 3kE 9 Zeno
LG, K F A5 SIS 8] [ B 1 Sy A2 ik I ] [ B8 1)
Tiff L, [5) Bof 0 2 80 A fi 0 50t A7 IR 1], 2 H A KO
BEANih IR Tnax, TRAETE ] R GE IR E .

X T MPC H AT 728 PR B3 i) R, G 3 ) 0 s A
I R TPRUE T2 1) 3 G B R 0E 1, 16 2 BRAK T &,
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DA 25 i, SR FH I s 1 o v £ RELARL, 4 MIPC ) ol
BWREAE b — i 2% 22 AR AT AR A, BAR R AT
7N

step 1: HILATLIN [A]25 k = O FI T A N p (0) =
50.

step 2: KA AL 1 (12) 193 BB L 51 w* (k).

step 3: BT HIH w* (k) I 1A R ARNEE
Hl RG IR T — M2 PRS2 (k + 1).

step4: BB 2P & = k + 1.

step 5: THE AN R ZEMITEEL WER ||y, (¢)]] > m,
DU OR 35 =4 BT P N 485K Np(k + 1) = Np(k) FFi% ]
step 2; 753 W, 92D R — I 20 BN 3 N p (B + 1) =
Np (k) — LORT /NGNS 380), FE44 b — INF 20425 il 4
NAE N B 2] 7 4% o i N 22 1 BB 8 fik R R B
KT Thnax B, 3R [F] step 2.

step 6: #7 A IE Bl e K AH IR R EL IR [9] step 4; 75
T A5 LA 2R

MPC 4% 1] 85 F R0 BN 43803585 A2 AR 2%

Npmin < Np(k) < Np(0); (16)
Np(i+1) < Np(i),i=1,2,...,Np(k) —1. (17)

Hort: Np i 9 TR I 35 1 52 /MEL, Np (0) A #4861
Mlinps
2.3 REMSH
EIE1 RIEHR ~ B3, 0 T2 T A A
JERGA T RAL:
Ve (ki) (A + By, 611) (®)) = Ve () (2) <
— Uz, KN k) (T)). (18)
UERH (BB ) (13) 7E ke B 21 6 B e 42 il
AN

’U/*(k) = [uo*(k)aul*(k)ﬂ"'>uNc71*(k)]T- (19)
#2019 AN (13), 15 ZAH B ) S RS 751
u* (k) = [uo*(k),u1*(k),...,un._1*(k)]".  (20)
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A, B X MPC fE #I R RRm N
k() = uo"(k), 1)

MTIAFELE T — ISR k + 1R RRES BN

z(k+1) = Ax(k) + Ben(x). (22)
Mk A
ﬂ(k) = [ul*(k)7 u2*(k)7 . 7uNC*1*(k)’ UNc (k)]T
(23)

EFun. (k) € U,MBRFELE Np (k) B FPIRE 2
S[I(Np(k?)) = A:I:(Np(k’) — 1) +B’U,Nc(k) < Xf,ﬁﬁ

Vi(@(Np(k))) + l(z(Np(k) = 1), u(No(k) - 1)) <

Vi(®(Np(k) —1)). (24)
M (16) F1 (24) 152

Ve (®(k +1),u, Npy(k +1)) <

Ve (@(k +1),w, Np(k)) <

Ve (@(k),w, Np(k)) — £z, Knpy(2)). (25)
FH 1t

Ve (@(k+1),u, Np(k)) <

Ve (@(k +1),w, Np(k)) <

Ve (@(k),u, Np(k)) — £z, Knp (). (26)
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3 EEK

A SCIE AT A B S5 AT SR A 1 Ak EE 2 B A
AMD Ryzen™93900X, 3 4 3.8 GHz, EHLiz 1T N 17
932.0 GHz. DA AHEE K242 I8 1 < 70 Lo &2 il 1
Fif A% Cybershipll (CSIT) 1 42 il % G 18 k47 15 . 5K
5, CSIL /KB S S Hn 3% 1 firos. ¥ 05 H b (i i A
AW E RN AM = 0.1MyAAD = 0.1D,.

=1 CSlUfizs#

ZH 18 D2 ZH 18 LA
m 23.8 kg Ny —1.0 kg-m?
Iz 1.76 kg-m? Xu —2.0 kg/s
Xg 0.046 m Y, —7.0 kg/s
X5 -2.0 kg Y. —0.1 kg-m/s
Ys —10.0 kg N, —0.1 kg- m/s
Y; —0.0 kg-m N, —0.5 kg-m? /s

BRI R BRSO B R 2 s, N TH
L b A T B 8 LR A ) 7 2 B AR, 20 a0 A i v
FAE R SE AP Rl ST 1 1.

TEAT R EETA G 55 v, WA AT 46 A B AT I A 152
B o =[—40,10,90°]T; 2 (11) H Py = (—40, 20),
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2 EEIEHISH
RS 18
RABH(N) 2300
{5 BRI [RI RS (T's )/s 0.1
WA TR (N p (0)) 30
RIS (No) 5
fil R RE (m) 0.05
B RIELEA R IREL (Trimax) 5
i BUMERRE (Q) diag(10, 10, 0.2)
EHIBUERRE (R) diag(1,1,1)
T RIEHIHIN T4 max [1.5N,1.5N,2N-m]"
e/ MEHIHIN 75 min [-1.5N, —=1.5N, —2N-m]"

a1 = [0,3,90°)7, FHA7 B ALFRXT R (11) H i Ps;
BEIA AL i B AL R A B E N a2 = [0,0,90°]T.

TE A LS W e v R AR BT 46 A B AN ) £ 1
B HNno = [40,10,—90°]%; 411 F Py = (40,20),
Py = (30,25) ,P, = (—10,3), JARLAMEE S E N
na1 = [0,3,—90°]", HALE AL bR XS B3 (11) 1 Ps;
HIER AL AL B AL A A 1 E R nge = (0,0, —90°]T.

K — B B R B R FE R om R a3 7 AR
SR WA 7 WAk <]

d = J"(1)b,

b=—-T'b+ pn.
He:b € RRAFEERATHFRAERT. =
diag(10%,10%, 10%) % BO 1 5B, n o XA &
M, p = diag(1, 1, 1) A n WIREFERE. BLA0, MR
VB TR =25 R BE RS (1) 31 8 ) A3l 0 A

sin(0.2¢) -+ cos (0.2¢ + g)
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