
Figure 4: Visualization of the clusters of the discontinuity set JS1

Analysis of  the persistence and normal spacing of  discontinuities 
via 3D point clouds: a practical discussion

The continuous improvement of remote sensing techniques is having a considerable impact on the characterization and monitoring of rock 
slopes. Rock slope characterization can be conducted by analysing the coordinates of the points or the mesh derived from point clouds. 
Previous works on rock slope characterization using 3D point clouds have focused on extracting both the number and the orientation of 
discontinuity sets, together with the development of different techniques for point cloud segmentation into different discontinuity planes. As 
different planes of a discontinuity set are available after the previous process, normal spacing and persistence can also be calculated. Although 
different conceptual and computational strategies can be adopted for computing normal spacing and persistence, this process is not always 
straightforward. In this work we enumerate the different approaches for extracting the spacing and persistence of discontinuities, describe 
their fundamentals and discuss how the classification process of 3D point clouds in discontinuity sets and planes can affect the estimation of 
normal spacing and persistence of rock slopes.
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1. Introduction. Extraction of DS and classification of the 3DPC
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Figure 1: 3DPC of a rock slope in Braga (Portugal).
Figure 2: Density of normal vectors' poles.

Extraction of discontinuity sets.
Figure 3: 3DPC coloured by discontinuity sets

2. Issues when analyzing normal 

Rock mass discontinities can be analyzed through 3D point clouds 
(3DPC) (Figure 1). Several methods can be found in the existing 
literature. In this work, Discontinuity Set Extractor (DSE) open-
source software is used (Riquelme et al 2014).

For each point and their k neighbours, the normal vector is 
calculated and its pole is represented in a stereonet (Figure 2). 
Discontinuity sets (DS) are extracted according to the poles' 
density, and points are assigned to a DS according to their normal 
vector (Figure 3). Once the points are classified, for each DS 
points are extracted and they are clustered according to the spatial 
density. Then, the points of each cluster correspond to a plane 
(Figure 4).

Issues of measuring persistence through 3DPC are the extent 
limitation of the sample window, the curvature of the surfaces and 
the need of merging clusters in order to measure real persistence.

Figure 5. Planes of JS1 and measurement of their normal spacing. Planes are oriented 
according the DS extraction and centered in each cluster of points.

Figure 6. Measurement of normal spacing considering small clusters. Acknowledgements

3. Issues when analyzing persistence

Figure 7. Scheme of the procedure to measure persistence though 3DPC.

Other issues appear when considering small clusters extracted 
(Figures 4 and 5). Figure 6 shows their planes. Accordingly, 
measurements will be smaller leading to a reduction in the 
measured normal spacing.

Figure 8. Extraction of persistence through the identification 
of coplanar clusters.
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ReferencesFigure 5 shows various issues found when normal spacing is 
extracted. First question arises when the upper plane (308/47) is 
considered. Its orientation is slightly different from the extracted 
(318/62). This leads to different measurements depending on the 
point. Additionally, if distances are measured using the planes, 
values will be different.

The present work shows that when discontinuities are studied 
though 3DPC, attention must be paid to the fact that they are not 
planes but irregular surfaces. Fieldwork allows the engineer or 
geologist to apply its own criterion. Software applications should 
aid them to extract discontinuities, but the experience must be 
present. As a result of this, semi-automatic methods are preferred.

4. Conclusions


