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images, the data can be processed to a 3D point cloud using a bundle adjustment or similar
algorithms. Hence, in both cases, 3D point clouds are the outcome of the object sampling.

In principle, the comparison of two point clouds is possible in five diffedefibrmation

models (Ohlmambb. auber and Sch?f er ,-to-rReBhlcamparisor @M2M)i n , t
and the multiscalenodetto-model cloud comparison (M3C2) are included. For more details,

see Wunderlich et al. (2016), Neuner et al. (2016) and Holst 04l7lg).

In M2M comparisons, each point cloud is meshed firstly and, afterwards, the shortest distance

Is calculated between each triangle of the reference point cloud to the ineamessponding
itriangle of the other e prsan$ thé nupberohgointcdf o u d .
one epoch is reduced by building core points that should represent the geometry of their
neighbourhood of size D. These core points are gained by filtering. The difference to the other
point cloud is then calculated alongceh cor e pointos nor mal %
neighbourhood d. Hence, two neighbourhoods of size D and d need to be specified for this
point cloud comparison. For a more detailed explanation, see Barnhart and Crosby (2013).

In general, these point cloud cparison do not only give the magnitude of the differences
between correspondences but also a sign for each difference. Therefore, the directions of the
normal vectors of each triangle or each cylinder, respectively, are used. These directions are
consisten for neighboured correspondences if the surface of the reference point cloud is
continuous.

Both methods for point cloud comparison, i.e., M2M and M3C2 comparisons, have been used
widely for deformation analyses (Neuner et al., 2016). However, depeodehe type of
deformationi rigid body movement or shape deformatioand dependent on the direction of
deformationi in-plane or oubf-plane i point cloud comparisons can lead to false
interpretations and, hence, misleading deformation analyseg @tlals, 2017a, b).

The aim of this study is to further investigate the usefulness of point cloud comparisons for
revealing deformations, dependent on the type and direction of deformation. Therefore, point
clouds are simulated with different deformasobetween two epochs. The resulting point
cloud comparison is evaluated: Can the true deformation be revealed? These findings are
transferred afterwards to a concrete water dam, several artificial test objects and
geomorphological processes. Since the ltesof the M2M and the M3C2 lead to similar
conclusions, only the results of the M3C2 are shown in each case.

2 ANALYZING SIMULATED DEFORMATIONS

Holst et al. (2017a) already showed that the significance of a point cloud comparison for
revealing deformatios strongly depends on the type of deformation (rigid body movement or
shape deformation) as well as on the deform
measured object (owtf-plane or inplane). The result was that enftplane shape
deformaions are detectable best whileptane rigid body movements are more difficult.

This can be explained by Figs:21 If the surface changes its shape in the-dfdlane
direction, the points assumed to correspond between two epochs indeed represene the sa
part of the surface. Contrary, if the object moveplane between both epochs, scan points

that are assumed to be corresponding might represent different parts of the scanned surface:
this especially holds for parts of the surface that are flat witlawge curvature, see Fig. 2.

Here, the differences between both epochs do not indicate a deformation of the surface since
they are not larger than without any movement. In regions, where the surface is curved or
edged instead, differences are visibleywsell. Hence, although the surface moves in whole,
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the magnitudes of the point cloud differences vary noticeably. Consequently, this kind of rigid
body movement is harder to detect.
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Fig. 1 Differences (red) between point clouds of epoch 1 (blue) é&e@n) when a surface
(blue/green dotted line) is deformed by an-ofiplane shape deformation
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Fig. 2 Differences (red) between point clouds of epoch 1 (blue) and 2 (green) when a surface
(blue/green dotted line) is deformed by asplane rigid bodymovement

These phenomena are studied further in subsequent simulations. The focus is led on the
detection of rigid body movements {lane as well as owdf-plane) and additional owf-

plane shape deformations. Therefore, a 3D point cloud is geneested bn scan points lying

on a plane with a point spacing of 5 mm. Random errors of 2 mm standard deviation are
added to every point. Additionally, an edged but planar object, i.e., a cuboid, and a smooth
but curved object, i.e., a Gaussian distributiorvepare incorporated (Fig. 3). In the second
epoch, these two objects either only mowplemne or their height grows additionally.

Fig. 3 Sketch of crossection of simulated edged (blue) and curved (red) object (scaled
between horizontal and verticaxis)



