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Abstract: Off-road path planning plays a strategically important role in special mission scenarios such as emergency rescue.
However, existing algorithmic models often suffer from low accuracy in passability modeling and poor computational efficiency in
complex terrains. To improve planning accuracy and efficiency, this study introduces the Soil Moisture-Strength Prediction model
(SMSP 1I) to estimate the rated cone index (RCI) of soil, and combines it with the vehicle cone index (VCI) to construct a

traversability grid map that integrates multiple constraints and soil passability indicators. On this basis, an improved NSGA-II
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algorithm is proposed, incorporating a divide-and-conquer strategy and heuristic search, and is further integrated with the Dijkstra

algorithm to build a multi-level hybrid path optimization framework. Experimental results demonstrate that the proposed method

improves computational efficiency by approximately 45% , enhances path passability by 2%, and reduces path length by about

2.1% , while maintaining path feasibility. The findings verify the superior performance of the proposed technical framework for off-

road path planning in complex geological environments.

Key words: off-road path planning; geomechanical constraints; soil modeling; NSGA-II algorithm; multiscale; divide-and-conquer

strategy; remote sensing.
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Table 3 Quantitative analysis of soil type traversability
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51 %

TE B HE 9 NSGA-11 55 3% B, population X, 3% #
BEN 4L, generations £X 32 2 AR %L, crossover _rate 18
22 XMEZR  mutation _rate 18 3248 548 % |, resolution
R M H% M 5] 43 % %, obstacle _penalty 13 4% i

x5 HESH
Table 5 Algorithm parameters

SR Z R
population 200
generations 300
Crossover _rate 0.5
Mutation _rate 0.5
resolution 30
obstacle_penalty 10°

#*6 A'5DijkstraZEEEFMRI XS L
Table 6 Performance comparison between A" and Dijkstra

algorithms for global path planning

ok RS REEE TR RRT

# (km) 178 i [ (s)

AH% 211 22.18 0.642 4.2107
Dijkstra 55 9% 211 22.36 0.771 0.544 2

x 7 2BAXNESERAXI
Table 7 Performance comparison between global and seg-

mented planning approaches

AR Ty RS R P ATE %A% B B (km)
4 R LR 91 351 0.629 19.647
Sy B A 50 305 0.642 19.234

i 14 B KAESTH

2.2 M NSGA-IIEAEZREAMIER

221 ZRBEMYAZFENR LR RHAEKRR
FEEAT S5 N 64T 4 R B AR A AL 7E 90 m =S
] 43 W23 M ) A R A5 45 1 T R AT I AR R, A5 3
A'Fl Dijkstra 52 i A2 VEREXT L R a0k 6.

TE I % A% 1 0 1R B B 42 AT 55 T Dijkstra
SR RS T AR BE B A 22 BN AR B AT
i 2 209, R B A 46 87 Vo, e B BB Y AR
SE PR R BRI AR SC %k #F Dijkstra 95 7E B KR
JiE 4 JRy BRI A FE Ak B 0k
222 SEMURBER AHRE -HER
4 Jey B AR SR L IE AN AT — 5 BT IR, R Dijkstra 554k
PEAT KRB 4 5y i A2 B R, He A A Y 42 T an 5] 6
P .
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Fig.6 Large-scale global route planning
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3 KAk NSGA-THR &8 %2
S A S Ol A m Ty

A 5 3 BUEE A B 5% X PN 15 km X< 15 km /9 F
X3 1 AT 40 AT 6 L S5 L S5 43 51 R AT Dijkstra
K PRM & 5 o gk NSGA-TTEEM 4 SRS
B AEAT AR R L A T G L S DL IE o) B
SR W 1R A RLCME L Ok 3 0ROk e M O B UK B BIL IR
25, A SR Y AR TR B B R AR B AT 10k, BOF
By ok R AT AR R

AR SR R A B R A EOR B2 R %
B — Fofr AH X5 e A A A0t NSGA-TTR A i 12 31 K 3
PAE N UE 3 B SCE T A” Dijkstra #l PRM 3 F 55
ARy B A SR W 10 5 B 1k BE X L, A OG5 R
WmE 7R .

3P UE IR A A kR LGS R R, AT S
HENSGA-TTB LSS & 17 RBCF e, b B2
o HmAT B, R & BGR TR RCR U
B R K U AR R AR Bk R e e

* 8 AEEEMBETL
Table 8 Algorithm performance comparison

WRMAE P AR

"k

# L3 (m)
A+ NSGA-TT 50 305 0.642 19 234.00
Dijkstra+ i NSGA-II 165 967 0.663 19 516.46
PRM + 83l NSGA-II - 0.635 19 521.17
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Fig.7 Path comparison of different algorithms
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T [1s) A S B T 52 3 20 Sk Oy 1) A - (1) IF AT
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