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ABSTRACT

Taiwan's mountainous terrain makes highway slopes highly susceptible to rockfall hazards.
Initially, the safety assessment of Taiwan's highway slopes relied on visual inspections with limited
visibility. To expand the monitoring range and enhance assessment capabilities, the Highway Bureau
gradually introduced technological tools. Among these, UAV photogrammetry has broadened the
inspection field of view and provided preliminary identification of slope conditions and unstable
rockfalls through 3D modeling. However, it struggles to penetrate vegetated areas to acquire ground
surface data, creating monitoring blind spots. To overcome this limitation, this study further
introduced Unmanned Aerial Vehicle Light Detection and Ranging (UAV-LIiDAR) technology,
utilizing its high penetration capability to collect topographic data in forested areas. Taking a
rockfall-prone slope at Taiwan Provincial Highway 21, 141k+415, as a case study, multi-temporal
UAV photogrammetric and LiDAR-derived Digital Elevation Models (DEMs) were used in
conjunction with the Multiscale Model to Model Cloud Comparison (M3C2) algorithm for change
detection analysis. The research results indicate that the integrated technology of UAV
photogrammetry and LiDAR provides quantitative and full-slope assessment data. This not only
effectively identifies and tracks the sources of unstable rockfall material and tension cracks but also
more accurately determines the location, extent, and size of rockfalls. This, in turn, offers crucial
reference for short-term clearing and long-term maintenance strategies. The study provides more
comprehensive and precise results for slope monitoring and geomorphological change detection.

(Keywords :  Rockfall, Unmanned Aerial Vehicle, Highway inspection, LiDAR, Topographic
variation)
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Figure 1 Topographical map of the study area
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Figure 3 Environmental geological map of the
study area
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(F)(g) UAV imagery of rockfall deposits on the
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Figure 6 Enhanced inspection effectiveness

using UAV photogrammetry: (a) rapid

execution of aerial imaging and video
recording, (b) generation of orthophotos and

digital surface models (DSM), (c) 3D slope

modeling to overcome limitations of visual

inspection coverage.
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Table 3 UAV Modeling Accuracy and

Resolution
Average Root
Ground mean
= Sampling square

Distance (GSD) error

2023/11/25| 441cm/1.74 25 mm
2024/04/25 | 4.27 cm/1.68 24 mm
2024/8/06 | 4.38cm/1.73 25 mm
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Figure 10 Previous UAV photogrammetry
results
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Figure 12 UAV-based modeling results for
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HiA Georeferencing | Point Density
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2024/8/06 5.38 cm 332 pt/m?
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Figure 13 UAV LiDAR for the study slope
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Figure 16 Change detection results during temporary mitigation perio (a) Full-slope change detection
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Figure 14 Gaussian distribution of change detection (a) During temporary mitigation period(b)
During long-term mitigation period
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