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Abstract: To address the safety and economic requirements for ships navigating the complex ice environments of Arctic
waters, this paper proposes a multi-objective improved Sparrow Search Algorithm (SSA) to optimize both wind resistance
and ice resistance. The Risk Index Outcome (RIO), calculated by the Polar Operational Limit Assessment Risk Indexing
System (POLARIS), and the safe water depth threshold are adopted as constraints to ensure navigation safety and mitigate
the impact of resistance on navigation efficiency along Arctic routes. First, meteorological and ice data for the Arctic route
are processed, and a grid environment map is constructed according to ship type. Second, safe navigable areas are
identified, and a multi-objective function model is established. Finally, the improved sparrow search algorithm is applied to
optimize the route and is compared with other typical path planning algorithms to verify the effectiveness and feasibility of
the proposed method. The results indicate that the optimal path generated by the improved sparrow search algorithm, based
on the multi-objective model of wind and ice resistance, can significantly reduce ship resistance during navigation-achieving
a reduction of up to 10.9% . Moreover, there is no significant difference in path length or running time compared with other
algorithms. This study provides an economical and reliable optimization solution for ship navigation in Arctic routes.
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Fig. 11 Safe navigation area
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Fig. 14 Navigation resistance diagram

2.4 HFERBESH
ARSCAESE S B3 LA TR o H bR ek B0
ZEG AL B S, 45 4 Bk IS Y R R 1 R Bk
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SE LA S SSA Bk Xt s, 2 i 3 Uk HL ] A7 1
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Tab.5 Experiment parameter settings

AR SRR R
FIBESON 80 1, 55 1 1 i S FE 5 00 % K 0 4
50 80, 3 S A I E 200, 32 #0.6 4%
GA EZio;mﬁL““ﬁ RSB 06 U 0.8 TGt R B 0. 1 i
e PR A R AOR
bso FWEBCSO, ROCHSR YA 200, BHERLTE 08,4 WREELTN 0.8 47 (RAFA T ML, 72 105

AEJS 324 2T T 225 SCRk P T

b W2 2 3 O, BERUR AR A 5 60 B 9 478, A1 B
TR MIRR L mIT 5, 850 1 )5 1k AR fie sl &
RS BE o

LR Sp =0.6, KA Y Py =0.2, TIEIE R B1% LR AR IR AR 4L AT BB B0, B AR AT

PR T 1.2 dha T 1.2

GWO FHHERL 80, e RIKAQUCH 200, b A 2 Zibkisi 22 0

SSA
fERRRERYLLE S, =0. 1 R R B AR 23 AR e T2 AR
<AL LAAH Se =0.6, KIH LB Py = 0.2, BORFIVA o/ fi b b 48 b T A3 1 sk i 17 9 58 705 4, 344 o

fERIRER ELE S, =0. 1 SR AR PR A R

TEARIAIE B AT, S U ER AR H AR sy 1. 52 x
10" N, B2 K BE A 1 150 AH#: F PSO . GA ,GWO ,
SSA Bk, H bR ek BUE K K 45 /) 10.8% .3.9% |
8.2% .2.7% , J& 12 K FEAR WK 4 7 3.1% .0.7%
1.8% 1.2% .

3 HRG A

6 KT I3l B R TR RE AR AR AL ATIE P L
AUE D7 FOAER AR . ARG 15 (K] 16 W], Z Rl
SEZ 200 WOEUE Ais BA AL, 29 0 DAL H AR ek
BURHAF I TR e/ IMEL. AR SO Y SSAT 33

F6 FIAMEHFERESER

Tab.6 Simulation results of Northeast Passage

RPN ALA TR I/N FLATBEL ) X EE 4k FEAE /0 mile AR L X FE BT )/ s
PSO 1.715 x 10’ -10. 8% 1187 -3.1% 87

GA 1.592 x 107 -3.9% 1158 -0.7% 155
GWO 1.667 x 107 -8.2% 1171 -1.8% 159
SSA 1.573 x 107 -2.7% 1 164 -1.2% 66
SSAL 1.530 x 107 1 150 104

®7 BELAMERERKEER
Tab.7 Simulation results of Northwest Passage

Ak ALATEH A1 /N AT B X EEAE SR FEARICEE/n mile FEAR R BERS L A5 R BT a5
PSO 3.654 x 10’ -5.9% 342 -0.3% 76

GA 3.857 x 10’ -10.9% 344 -0.9% 118
GWO 3.529 x 10’ -2.6% 341 0 174
SSA 3.488 x 10’ -1.5% 341 0 88
SSAL 3.437 x 10’ 341 108
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Fig. 15 Results of objective function of Northeast Passage
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Fig. 16  Results of objective function of Northwest Passage
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Fig. 17 Results of Northeast Passage path planning
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Fig. 18 Results of Northwest Passage path planning
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