2026 %5 A KiE A2 May 2026
FS5H BF 647 H Port & Waterway Engineering No.5 Serial No. 647

=T R iFf "Z*IEI’JWFJ%HHIL & fift fiH

73 , HE, MERE?
(1. ZHEBAARZTERARNG, Z# A2 230000; 2. KNI KF AEFRE, b KX 430000)

FE. ARG s 7 A A S BALE & B B PR T AAUE P oo & AF 3R, W Bk 1 BRSBTS R §
R A ER R F AL, 3R — ARk ik RAFAS LA A0 E A R 42 4] 7 ik . 5 sk 3 B T At e ALK R § 4,

AR T AR ERAFIAFEORO RS E, THER—FHE T CXGRRBRAERE, EAFEREA HZR
%7, B HE SRy PH T A IAMEREINT SR E D ) ERAF A PID 454 B 38 A ST A a4, MRS
O ERM R IR A%, ESEREAN, E2mis BHATHRT, ZFETRAPITRE RS, SEMEYEGRIDEALES
MR TG ERA 34.4%, FILBRAAGHEME, AFRIES, 7 xR RTERs ARENBERARS, ARITELLS
FRAIRASARARAT B R T e Mk 7 %,

KB RIFMAZL; AT T wALE; FAWE; PID 424

FESES . U675.9 XHEFRERG: A XEHS: 1002-4972(2026)05-0159- 08

A rudder-propeller coordinated control method in inland curved

waterways based on good seamanship
CHEN Yong', HUANG Liwen*, CHEN Jiahao®
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Abstract: To address the insufficient safety margins caused by traditional control methods for inland curved
waterways, which are limited to precise centerline tracking and neglect key navigation practices such as“holding
high and taking low”, a ship rudder-propeller coordinated control method integrating this good seamanship is
proposed. The method features an improved LOS (line-of-sight ) guidance law at the guidance layer. It
algorithmically implements “holding high and taking low” by introducing a lateral offset, calculated based on
operational conditions like vessel speed and current, to proactively generate a strategic, off-centerline reference
trajectory. Furthermore, its adaptive integral mechanism effectively compensates for environmental disturbances
and eliminates steady-state errors. The control layer employs a conventional PID (proportional-integral-derivative)
controller for precise control of the rudder angle, forming a complete rudder-propeller coordinated control system.
Simulation results verify that under a 2 m/s cross-current disturbance, the proposed method successfully executes
the predetermined strategy, increasing the minimum safety distance to the concave bank by 34. 4% compared with
traditional methods and exhibiting superior robustness. The research confirms that the method effectively
integrates navigation practice with modern control theory, providing a new solution for enhancing the navigational

safety of ships in complex and confined waterways.

Keywords: good seamanship; inland curved waterway; rudder-propeller coordinated control; PID control

KmBEE . 2025-09-18 FHABHE. 2025-10-28
{EB®Y: %HF(1983—), B, A LIEIF, BRI GAED HHid T4,



- 160 - K iz L A2

2026

PRI VR o R 45 G is R 2 i B T 2
By, RBP4 b A A, BEE
FRAA R A A iz 5 BE B 3, IR, AR
LB, FIOHATE A | KB Ak,
XA ERNG BE S AT T g i T IR PR .
PR, AR5 3 32 286 FR ) 1 K sl 1 o A o 2l 45
Wk, X TR T 4 HESIAN A 3 fkik
BAAEZENEIE 5TERE L

AR AR BR A4 o E‘Jﬁﬁnl_ ST AE ] A5
Wil AR 2z 1, BRI E )2 3R g A U 2R A
], PR RS R G AEAL A THL e B 2
ZIRAP ) FEH 2 m, ML (line-of-sight, LOS)
il R L B, R, R B
JZ WS . SR, 1258 LOS il R AHEAFTEAR
APEGRPE . FETE A 0] K A R S R R R B
ARG AT R TR AR m IR R R 22, TP
ST RS Aot nl B, E NS R
T Z RSy ., Hoh, Bl Ml 5 A
(integral LOS, ILOS )i o 75 il T4 5| A g ) i
2EWIRR ST TORAG THFIAME Hh PR 58 ) 51 ke 1 B A% A

MIMA R BR TR RZEY ) fFival -, A&
N LOSP! | WAL LOS' SR R AR 4k p $E i,

— SR T T R G I AR AR AR

SR, S IX SE T VA AR A0 S A i O i A 1
RFEPERE, BT H AR JR BR T A IE o
LAKEIRRE, X — RSB A B S E
BUPER I S B b O B« BB 2 AEAE S 2
W FESEERAUAT Y, 2k DO AN £ [ H i
OLMUAT, M SRIGATE L B AR &1, £
BRI R BUE” SR RS PR, DA sk XU |
PETIRCR . A T TR 1A B = X RS AT
FERIPRRE J), (f5 A AR R L LS
Rt mAATEEA AN, TEER)Zm, e
4r-1843 ( proportional-integral-derivative, PID) 4 il
TR AS R MR AT AR LA, B0
P AL Ty 42 o] v ) 2 A0 BRI ™ RO TR M 5 1Y
PID 454l g XF A A s 22 20 7 27 (9 3 1 PR B, (H
RS RGAE R PR E R, S A

BrHOTE A 7 3 RE 08 o 25 HUHE 1) E AT B IE, AT
ARORFN TR JZE P i S R e i AR Al
PR, PRUET RGURARIY IRER R R

RGBSR S 5 AT S5 R = (] Y 25
PR, ARSCRAETH SRR )RR, Rl AT
o e I AT S B T PN TRTH A T AN 2E AE
PRSI i A SO B ST BT
—Fpr Al LOS W A, 38 3 3l A s B O
LRREE S H ALl , S BUR T X — AT
LT AR AL [E, il e EER T A
I R HILA DA GRAIE SR A 2l T 10 BRERRS B . AE g
W2, SR A H B PID il a4 , A4 B A7 37k s 2k i)
TR RS, ASCKE 0 KL, REHE
TR BT B 7 1 AR A T P T 25 AL T AT 28 A T I
AR

1 ARREEh SIS AR
1.1 Ais shesfe

fiiAf iz 3 A T B AL 5 Abkowitz B A Y A
A Nomoto M h I #5 AIT Rl MMG 45 25 AU A5
RO o Abkowitz 5B ME LA BT B J IR 8
FFR A B8, 1 Nomoto A5 #Y TG 1 4 1 1 ik £
HilEiZsh, #HEZ T, MMG £ 8% 75 5
ACRBE AR K ATIR L SRNE 2 R RE 1Y K Bl ) iR
iy, HASE P Al 45 48 RE 08 A7 RGRAE KU, Ui 55 AP
oh, HXFRSHEHEBIE, T EN
PFEF K, P, Z0F5E 2 i MMG BB A Oy
Bl g il

TEMARE SR TS, W Z ISR RE . 9
BMEGRR, RETED . DG SWHE3 D
Bl HEEE, $Ei, ASCESL T —DFER
SRR = A i MMG B8 HEe Rk T .
(m+m)u+(m+m)rv =X, +X, +X, +X,
(m+m)v=(m+m)ru =Y, +Y, +Y, +X, (1)
(I, +J,)i= N, +N, +N, +N,
KA mo om, o om, AR TR B 1,
J,, G B M S u, . vﬁ‘jﬂJ‘
WG, B SRR a v, e R R A E



%5H OB, ¥ ATRIFALHATE WALE A F AR I ik - 161 -

BE; X, Y, NaSlh3 ~AmELMEERNS
JIFE, HARA(H) | BEER (P) | ME(R) MAMEHA
Bi(B) Ry=A:, SSHEARITE S %30k 1],
1.2 25 iiE SR

SRy SIS A DA TRT A5  A B 1 23 R R A
T ETERIUAT RS AT TR, T R A O
SR AT IE S A BT A AR IR R B Rk
REERIAR . TR LA A LT AR AR SR
W S MTTE A OS2I . M L B AR B R
W 2T N AR ) R b A AR — A 4
BRI BRER M) B, B — B S, B —A~ 1l
TR Z I {a, b, ¢, d}5E L, TR A n] A X
B, BRSBTS O B DR AL, i,
PR T AN T ZER R S PGh . W S BT
AR, R —ARoE R . RO ) 4 Bk
PEEEAR, F IR B4 A5 i A 40 A L IR 1,
PP AR AR b s 7 S AT IR B e Akl —
YIESHIN LT 205, hyiz g4 il # B 44 77 0 22 1y
AT FEAE

B1 THALERFURE

Fig.1 Digital model of curved waterway
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