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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 1II) 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
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passability indicators. On this basis, an improved NSGA-II 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;
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Figure 1. Off-Road Mobility Environment Construction Data.This is the first dataset that fuses 30 m topographic and 250 m soil RCI layers for off-road
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Table 1. Performance Comparison Between Polynomial Interpolation and Exponential Decay Interpolation Models
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Figure 2. Results of exponential decay fitting
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Figure 3. Surface cover factors
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Table 2. Quantitative analysis of geological hazard threat buffer zones
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Table 3. Quantitative analysis of soil type traversability
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Figure 4. Soil rating cone index (RCI) distribution
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Figure 5. Off-road trafficability evaluation results
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Table 4. Raster merging process workflow
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Table6. Performance comparison between A* and Dijkstra algorithms for global path planning

Rk FEAE MRS L SIEE (km) 11847 ST I A
FH
A*E 211 22.18 0.642 42107
Dijkstra 572 211 22.36 0.771 0.5442
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Figure 6. Large-scale global route planning results
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Table 7. Performance comparison between global and segmented planning approaches

PRI T RS AL AT B BARFE R (km)

2 R K 91351 0.629 19.647

7 BN K 50305 0.642 19.234
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Table 8. Algorithm performance comparison

UAFS R M 2L PIIEAT Y B 4% B S (m)
A*+30E NSGA-TI 50305 0.642 19234.00
Dijkstra+i{i# NSGA-II 165967 0.663 19516.46
PRM+U803# NSGA-IT - 0.635 19521.17
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Figure 7. Path comparison of different algorithms
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