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Integration of remote sensing techniques for slopes monitoring
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Geomatics techniques and methods have played a significant role in monitoring systems over the past two dec-
ades The two most commonly utilized techniques are photogrammetry and laser scanning, which we find in
both terrestrial and aerial versions usually from an unmanned aerial vehicle (UAV). These techniques provide
3D point clouds, allowing a multi-temporal analysis for both campaigns or continuous monitoring.

In the context of rockfall analysis, geomatics techniques are applied in characterizing hillslopes or cliffs, iden-
tifying unstable rock volumes, and monitoring their movement prior to potential falls (KROMER et al., 2019)
(BLANCH et al., 2021) (NUNEZ-ANDRES et al., 2023). Additionally, they are used to detect rockfall activity and
quantify detached volumes (ABELLAN, 2009). The information gathered through these methods is essential for
establishing the magnitude-frequency relationship (JANERAS et al., 2023) essential in the process of quantitative
risk assessment.

One of the main challenges lies in determining the most suitable technique for each specific case. In Castellfollit
de la Roca (Catalonia, Spain) we have observed the cliff composed of distinctive basaltic columns with all these
techniques, Fig. 1:

- Terrestrial photogrammetry. Starting from September 2021, we have implemented a continuous mode ter-
restrial photogrammetry system equipped with three Canon EOS 6D Mark II cameras. This system serves
for premonitory rockfall detection, capturing images with a ground sampling distance (GSD) of less than 10
mm, while for the models the GSD is approximately 20 mm.

- Terrestrial laser scanning (TLS). Since 2021, two campaigns per year have been conducted using the Leica
ScanStation P50 to detect and characterize rockfalls. The GSD of the models is approximately 30 mm.

- UAV Photogrammetry. Annually, one campaign has been conducted since 2020 using the DJI Inspire 2 with
the Zenmuse X4S camera. The resulting models have a GSD of 5 mm.

- UAV LiDAR. A pilot campaign was done in May 2022. The airborne laser scanning used is the Riegl VUX-
1UAV. The GSD of the models is 50 mm in Z, and 100 mm in the horizontal component.
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Figure 1: Techniques used in Castellfollit de la Roca (Girona, Spain)
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This overlap allows us to make a complete comparison of the different techniques in extremely challenging
terrain with significant limitations for some of them. The main drawback to the terrestrial techniques is the work
distance due to the river. Moreover, the riparian vegetation limits the visibility of terrestrial devices located on
the opposite side of the river Fluvia. In this comparison we consider factors such as accuracy, resolution, com-
pleteness, capture and processing time, versatility of the information and cost among others. Until now, the
three techniques have allowed us to detect unstable basaltic column and monitor their movement before the fall.
Fig. 2 shows the example using photogrammetry from UAV.
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Figure 2. Example of change detection with UAV Photogrammetry comparing three campaigns.

Any technique is completely suitable, the black color of the basaltic cliff, the position and vertical structure of
the prisms cause different problems in data capture and processing, such as unwanted brightness, homogeneity
of the surfaces, cracks and wet surfaces, and the rapid growth of seasonal vegetation, etc. It makes it necessary
to integrate data of different natures to get the best out of each of them for analysis. In this sense, before any
processing, the vegetation must be filtered and we try to take advantage of the use of the mask obtained from
terrestrial RGB or UAV images in the filtering process as it gives better results than the intensity of the LIDAR
data. This mask will be used in the 3D point clouds to reduce the computation time in uninteresting areas and
to avoid erroneous data.
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