SHIP ENGINEERING i fn T
Vol.47 No. 11 2025 RS 47 4, 2025 45 11

S5 UK DU T A AE BB PR BB A R A 1 O v

AREF, # &', WEe', THERAY, A #°
(1. JLHRHE RS ARG TRESRE, VIMEEYT 2121005 2. FiBASE RS, a. M vE T4 H H S i =,
b. MEAMEEE S #5 TSR, il 200240)

W OE: (EWARABBESS KA TN LW RBEREY, [FERE —MAEETRE
Fo £ 49K #) Theta* (RAC-Theta*) H k5 &M A TN EF (MPC) 77 %4 A KL IHE R .
RAC-Theta* 5 7 #1813 28 &% & AR AR R AT AT KRS Fo B T R A SR 2 S R B 645, 6 45 o 1 AR %% 1 B AL
Pt E R ELE MPC FiEb AR BB E %R, RANMEE LKA THREEH Y. (£
RIGELERERA: ZEHAGRETERREMBRFMTEEZN, LERZ YHMEES ATRF
TR AR A B, e A T B R B R LR A Ok ML AR AL s JE & MPC £ HI B EA T R G R
EEH7THEARANEENE, BRABBEAMATLAM BN A, [ER]REWHE KR4
R B AL R, AMEEAKRZAMATRBEENEALE.

XA kX BE; BAEMK AR T

hESES: U671.99  CEIFERE: A [DOI] 10.13788/j.cnki.cbge.2025.11.03

Ship Extrication Path Planning and Control Method
Under Severelce Conditions

YAN Lingxiao', HAN Sen', SUN Jiahao', DING Shifeng”’, ZHOU Li

(1. School of Naval Architecture and Ocean Engineering, Jiangsu University of Science and Technology, Zhenjiang
212100, China; 2. Shanghai Jiao Tong University, a. State Key Laboratory of Ocean Engineering; b. School of Ocean
and Civil Engineering, Shanghai 200240, China)

Abstract: [Purpose] With the increasing demand for Arctic shipping channels, the safety and extrication
capabilities of ships in severe ice conditions have become significant challenges. To address this issue,
[Method] a risk and angle constraints-based Theta* (RAC-Theta*) algorithm combined with a nonlinear
model predictive control (MPC) method has been proposed for the extrication strategy. The RAC-Theta*
algorithm can dynamically adjust the route to select the optimal steering time and escape route, considering
both the ship's navigational risk and the extrication cost. The nonlinear MPC effectively follows the
extrication path, enhancing the ship's extrication control in complex ice conditions. [Result] Simulation
results demonstrate that the control system can maintain navigational stability in dense ice areas,
particularly when the ship encounters large ice floes, allowing for rapid extrication through path planning
and secondary planning. The nonlinear MPC controller exhibits strong robustness in controlling surge and
sway speeds, which improves the ship's navigation safety and maneuverability. [Conclusion] In conclusion,
the proposed extrication strategy optimizes the timing and path of extrication, providing crucial technical
support for the safe navigation of ships in ice-covered areas.
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Fig. 1 Environmental Modeling Diagram
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parent:=s.p

Cost:=c(s.p)+c(u, s.p,)+R(s)

else
parent:=s
cost:=g(s)+c(u, s)TR(s)
end if
end if

return [parent, cost]
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Fig. 4 Schematic of Ship Extrication Path Planning
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