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Abstract

Landslide monitoring in the Xiaojiang Fault Zone of northeastern Yunnan haslong been constrained
by the limited spatial resolution of conventional techniques and the lack of multi-parameter syner-
gistic analysis. Taking the Xiaolongdong landslide, developed in a limestone-clay composite stratum
in Zhaotong, as a case study, this paper integrates the DJI M3T UAV multi-modal sensing system to
simultaneously acquire high-resolution 4K visible images (0.7 cm spatial resolution) and thermal
infrared images (640 x 512, sensitivity 50 mK), thereby constructing a “deformation-temperature”
co-evolution model of landslides. The results demonstrate that the improved Structure-from-Mo-
tion (SfM) algorithm achieves centimeter-level deformation monitoring accuracy (relative accuracy
1/1000), with a spatial resolution nearly two orders of magnitude higher than that of GNSS. A ther-
mal anomaly of 2.1°C + 0.4°C in the slope crest zone exhibits a strong correlation with slip zone seep-
age (R% = 0.86). After introducing a thermoelastic correction coefficient (§ = 0.08 MPa/K), the model
fitting accuracy improved by 23%. Furthermore, the dynamic early-warning system based on this
model reduced the response time for sudden landslides from 9 hours to 2.5 hours. These findings
provide a novel approach for multi-parameter coupled monitoring of landslides in complex terrains
and offer methodological and data support for geological hazard prevention and emergency man-
agement in remote regions.
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Figure 1. Study area map of Xiaolongdong in Zhaotong
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Figure 2. UAV flight path configuration for vertical and oblique photogrammetry
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Table 1. UAV system specifications, sensor parameters, and data accuracy
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Lf o
N, Do Wi B E (5 /km?), LB IKIE : Toaa- IR EBRE(C/m), or- P FEFRAEZE : AU RECEL
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DOI: 10.12677/ag.2025.1510128 1386 HOBRBL 2RI


https://doi.org/10.12677/ag.2025.1510128

JLig 4

AIEETES

TEMLEY) - BN e B R, 5NV R 3L = 0.08 MPa/K, HITRAEIREHLEh % FLER K
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fE45 SIM J7 iR, FERL R IRTREAT T : O ERFERIET BSI N2 RE SIFT 57, 6 1 395804
X IR RFAEVCECRS BE s @ FEMBE A = i B 5l AR T2 R A R AR A SR B, 5 25l RS R 2
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Table 2. Judgment matrix of the indicator layer
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s =1 o L CL
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CR <0.10, ZFIWriE R — SRS, AE DGV OEST LR B 2.
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Figure 3. UAV flight path planning and parameter configuration
3. TANMZERX S SHRE

FTFK5E M3T AN ZALIRES RGE, A 7 i I3 /N T8 IR Vi 0 e I T e i e i, szl 77 =22k
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Figure 4. 3D model optical image based on UAV
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Figure 5. Workflow for UAV data interpretation and processing
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RAEZ AT RDU BRI G = RIehr e 45 R, 0 FLBRAKIE ) - T R E(B_f = 0.15 kPa/°C), Jf
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Figure 6. 3D thermographic modeling and fracture imaging from UAV remote sensing
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Table 3. Comparison of model accuracy before and after introducing the thermoelastic coefficient

3. SIARGEMRYAEREERBE XL R

izt R2 RMSE (cm) MAE (cm)
B9 0.65 2.1 1.56
LSTM 0.74 1.85 1.38
LSTM (8_f) 0.8 1.62 12
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VoV WA BT 0.15~0.22, JARAEEIEINE 0.34 Db, HRRARTESR IS NBAE R AE SIS Bkt
Fo JUHAE 2025 4 7 H— kKGR MM (A H PEKE 93.2 mm)idfrf, GNSS Wl 10 5% 307 5% ok S b 48
5.8 mm/d, 576 AMLHGSAZ I B B H 3 E R 0.8% K i RS A oS R BT EL T, GNSS il
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Figure 7. Schematic diagram of the high-density electrical resistivity measurement system
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