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When it comes to anticipate rockfall failures, segmenting overhanging masses has not seen a mapping solution yet. In this communication, we propose a Cloud Compare approximated solution to resolve these geometries, demonstrate its use, successes and limits.

An overhang is a portion of unsupported cliff that can only be accurately rendered in full 3D, because several elevations Z do occur for a given XY position. An overhanging mass stands ahead of the deepest recess of the cliff. But where lies the deepest recess and can it be mapped automatically ? The Move Min/Move Max signal processing technique helps resolve this question. The function samples the signal with regular cells and assigns the maximum (or minimum) signal value to the cell centre. In Cloud Compare, the rasterize tool accomplishes this in 2.5D. When meshed, the minimum and maximum surfaces define the outcrop envelope. A Cloud2Mesh distance from each mesh to the original cloud expresses the distance in front of the minimum surface (overhang), or behind the maximum surface (recess) (Figure 1). Thresholding positive or negative Cloud2Mesh distances segments either cavity points or overhanging points. This approach only approximates the vertical limits of overhanging masses or cavities on a grid. The exact near-vertical gradient is atan(dZ/[2*grid step]). The narrower the grid step, the steeper the gradient and the closer to true vertical. But grid steps cannot be too narrow or some cell will remain empty and miss data. Gridding also induces some degree of aliasing (jagged plan view edges of the overhang/cavity). To minimize aliasing issues, three solutions are at hand : (i) attributing the maximum (minimum) value to the actual point position instead of cell centre, (ii) reducing cell size yet making sure to maintain at least one point per cell, (iii) reducing grid obliquity with respect to cliff strike by aligning the local grid coordinate system to the cliff trend. This method was applied to a coastal chalk cliff at Cape Fagnet, Fécamp Normandy (northern France). Cavities undermining the cliff occur at two elevations. The expected first level lies close to high tide level at the foot of the cliff. The second level sits near 15-20m elevation. The higher cavities are 10-15-m-high and 2-10-m-deep. They happen to be perched just above the Upper Cretaceous Turronian/Coniacian impermeable stratigraphic contact and undermine the upper section of the cliff (Figure 1). On 23 February 2023, an overhanging mass of 12 000 m 3 , as a first field estimate, collapsed from the cliff. The geometry before and after failure was constrained thanks to oblique aerial photographs (and their associated 3D topographic models) shot five years apart, on 16 April 2018 and 19 April 2023. This event is adequately predicted when applying our method to detect overhanging masses on the 2018 photogrammetric model of the cliff. The Move Min Move Max method is therefore a precious tool to help determine the likely magnitude of future rockfall events. 

Figure 1

 1 Figure 1 Principle of MoveMin and MoveMax point cloud filtering along Z coordinate. The MoveMin filter equates to rasterizing the point cloud, retaining only minimum Z values in each pixel. Overhangs stand in front of the raster Zmin mesh surface (in red). The MoveMax filter equates to rasterizing the points cloud retaining only the maximum Z value in each cell. Cavities stand behind the raster Zmax mesh surface (in blue). At Cape Fagnet chalk cliff site, the impermeable contact between Turonian (Tr) and Coniacian (Cn) (Upper Cretaceous) roots a level mid cliff cavities that decouples lower and upper cliff. White rectangle delineates the 23 Feb 2023 cliff collapse event. The collapsed mass only involved the upper cliff section undermined by mid-elevation cavities, not the entire height

Acknowledgments : This research was funded, in part, by ANR grant ANR-16-CE03-0008. A CC-BY public copyright license has been applied by the authors to the present document and will be applied to all subsequent versions up to the Author Accepted Manuscript arising from this submission, in accordance with the grant's open access conditions.