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Autonomous berthing strategy based on LQR

Yin Jian,Chen Guoquan

( Navigation College, Jimei University, Xiamen 361021, China)

Abstract : Autonomous berthing is a prominent topic in ship automatic navigation research. To effectively address the challenges of path
planning and control during ship berthing, this paper proposes an improved LQR control method based on the Frenet framework along
with an adaptive berthing strategy decision model. The approach integrates ship motion control, path planning, and berthing strategy
selection to achieve adaptive autonomous berthing. First, a ship dynamics model accounting for wind flow interference is established, and
the berthing mode is automatically selected based on the spatial relationship between the current wind flow environment and the berth.
Next, the berthing path is planned, and the LQR controller is utilized to enable the ship’s autonomous berthing. To verify the controller’
s effectiveness, the simulation experiment fully considers the ship’s large drift angle characteristics and the shore effect during berthing.
The simulation results demonstrate that the proposed method exhibits strong robustness against environmental disturbances, can select
appropriate berthing strategies under varying conditions, and successfully achieves autonomous ship berthing

Keywords : autonomous berthing strategy ; frenet framework ; LQR; bank effect; large drift angle

FAAEY F SRR — DR IR S S AR W S
SRR SR, Shouji F 1 E UK AR AN 11 B FEIN R
RS AR L P S0 B B e D04 L e K SR TR R [A]

FEAN A S0 — BRI B BT RGE . RSO B bR, R SRS Y MR 20 T K A
—o MRARTESEIANS , — AL TARHCRES IO AL il e SR A BRI ) (H Bl Y R YA R AR R A SRR ROR
YOKILA-I3ATBR X G R TR R BESEAN IR XA e AR LI R DL T AR AL A B I A S PR R
ARERIPERE RS2 BRI SEIR 2 —Am BEAR R ME R A ShARIARIRE ST 0 5 B AR TR A R O XU IR A7 UTIE
HRizhid e, ) SR ML 2 A 28 N T AR BRI i 22, & LA 1) R

0 3l

il

sk H 39 . 2024-02-06 Received Date: 2024-02-06
w AT, B R H AR 2R 4T H (51879119, 52371369 ) AR A H SRR 3 3£ 4 100 [ (2022J01323 ) 48 748 B H 1 R 4 4 1 T H
(202310019) A4 B TR BEME AN SCAF AR 98 5465 D0 /A F6F- 5501 H (3502Z2CQXT2021007 ) % Bl



228 f# £ ¥

a5k

TILX P S B 04 5 T 51 30 b 328 PR SR T O =X, S8 PR AR
AAE B B 22 A P EE AR 67

Shimizu 55" 2 H—Fl il B (58 Ab 27 20 5 ik 3l
AEIZRTIE SO AR SC B TR ARTE AL 3 T i B 25
I Yuan S5 —Ph 5L 504 i 2 1 00 R0 R0 5 B
BRI i 725 SE K 2l i 05 ELEAEE R SEEL AN 8y A
EHEA . Wang 555 2 1 —Fh 4328 R0l A
THIRA AT RSB KB /Y A 581
FUSLH, ARIAE R AR SR B ST 2 T R TR
FERERON , TE D ELERBE b ) S 20 vk 5 3 285 T 42 1 AH 45
BRI T RIARY A ShEEIE . LA ERTREI B E
T E SRR R AR AN, AN BE A AR AT AR A A
IO B B AR I SR . Zhang 4511 ] FASE A8 351 00 4% 1] 2
(model predictive control, MPC ) ff Pt T AL IR 78 B 45
KIS BT /Y B S AT R, 2 S T B A AR AU Y
R T T 0 A Sh & ) 8, T R T
T AJK T (unmanned surface vessel, USV) 7£ & 2%
TE‘J%?%EEE%%%U, TR T LR (line of
sight, LOS) il Frenet A R AE S 45 G A fif 42 00 Y] JEL it | 9
R BB R4 e S 1 AR B R4 1]

SCHRL 5, 14-16 ] BIBTFEAL TS REKGAL A T B 0540 1) G
rh ST AR S T R A B 52 R TR B AR G M S I R
e RR IS, CHR[4,17-19] 4087 T 3 AR M0
3500 AR 5T BUIR R A2 J a4 23 [ i 46202 g Y
AEARROBIESE b HRAS T — & R, TR REAR N C 20 8
ST RE K BRI A T2 0 Rl | AT B R R 45— 2R 91 H S A
I\ B B EMATHY BF — 2 B B E ESREIN AR
BRI , AESEBR AR T AR P ARz S [R] I A2 BR T
WO TR A A B R Y B L AR 20 R, ST
[4,18-19,22 ] Z0g 1 HEI v B B A s AR K 3l ) 728
A FEE IS HIT AT o 1) BE 80N 45 8 2 R 1k ) S i 3
5 BRI —E I 22 5

£ oS I (27 7 N 1 I DRV 1 NS e S RS <0 = 4
il la] B, A SCHR T —FhEE T Frenet HESLAYATAN H F 5
TR S T AP FEIREE T H0T IR AR ) ) “#EA
[Fi) o e S 6 b 25 R T AR S T e R AR R T A K B
JIAE AR BE IO TR 3R A IR 02 Sl AL B A 5
AASEPRIRM R Bl ) 2 R, SRS [/ T80 T AR AA A 32
AT RGN B

1 FHiEfk

1.1 Frenet ¥EZE

Frenet 4 #5 & J& Werling EIBIYE 2010 4E 2 10
FHIE S AL AR R O R
I &g

Frenet A8 Hr R WA 1 Fros 38 KB A0 69 07 BOIR S
Ry s B LTI b is Bl Yk A bR R = A — 2
e A DN K oy = N N N W A /B Y= S e NS e
NZHL S, x Al r FoRFE— 2T RS R RIR
BFRR N RRH (x,y)) BESHELNGNAIE (s, 1) AT L
it NI B S s RO 1) BE S 1 43 500 R | 38 2 X B[R] oK
— B B, 0T LA F 5 ek B A, Han %Y
T T R IR A bR R 2 Frenet A2 5 & 1Y B 5t

v

N = T

JE(% _B zIl_ N\ e

/S NEFR T

/ / l \{V; f P

# \: i 9{ % S
a3 Sl

Kl 1 Frenet 28455

Fig. 1 Frenet coordinate system
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Table 1 Parameters of the simulation experiment ship model
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Fig.7 Direct berthing diagram
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Fig. 10 Position error changes of two berthing strategies

under different working conditions
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Fig. 12 The result of the verification data of the actual ship
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