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Abstract: Objectives: To address the challenges of vehicle trafficability assessment in roadless environ-
ments, this study proposes a remote sensing inversion method for evaluating vehicle support mobility on
soft terrain, validated in Zhangzhou and Chuzhou test areas. Methods: A gradient boosting tree model was
developed to invert shallow soil moisture using remote sensing data, supported by satellite-ground synchro-

nous experiments. A knowledge distillation model was constructed to classify soil unified soil classification
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system (USCS) types, verified through in situ measurements. Soil mechanical parameters and vehicle dy-
namics models were integrated to predict sinkage and speed for tracked/wheeled vehicles on digital road
networks. Results: The soil moisture inversion achieved root mean square error (RMSE) values of 6.3%
and 4.9% , respectively, demonstrating high accuracy. The USCS classification model showed 75.0% con-
sistency with field data. Vehicle sinkage predictions exhibited errors below 2 cm, and speed estimation ac-
curacy exceeded 90% in practical validations. Conclusions: The proposed full remote sensing inversion
method enables efficient calculation of maximum vehicle speeds, supporting navigation path planning and
vehicle guidance in unstructured environments. This approach demonstrates a novel and valuable applica-
tion of remote sensing technology in mobility assessment and analysis.

Key words: off-road environments; maneuvering navigation; trafficability; soil moisture content; soil uni-

fied soil classification system types; soil mechanical parameters; vehicle dynamics models
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Table 1 Validation Results of Soil Moisture in Test Areas
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ptO1 731 0.216 0.274 0.058 01 0.241 0.260 —0.018
pt02 (731 0.242 0.306 0.064 02 0.207 0.194 0.013
pt03 i 0.169 0.275 0.106 03 0.249 0.187 0.062
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Table 2 Validation Results of Soil USCS Types
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Table 4 Vehicle Speed Records
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Table 6 Soil Parameter Input

Vehicles at Monitoring Point a, Zhangzhou Test Area P T3 X TR X
BERERE WE/m WE2/m PHE/m RE/m ¢/kPa 1.480 16.187
0 1.375 — 1.375 0 @/(%) 24.600 17.786
1 1.413 — 1.413 0.038 K./(kN-m ") 1963.500 1096.716
2 1.423 — 1.423 0.048 K,/(kN+-m"?) 13 589.660 38 238.912
3 1.425 — 1.425 0.050 n 1.010 0.938
4 1.421 1.447 1.434 0.059
5 1.422 1.449 1.435 0.060 @@ﬁ@%i%%fﬂ%ﬁééi%j}%%ﬁTﬁﬂ
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Table 5 Rut Depth Measurement Records for Tracked
Vehicles at Monitoring Point b, Chuzhou Test Area
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