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 Abstract 
 

The rock face diagnosis is a follow-up and 

check operation of the earth works along the 

national rail network, requiring a structural 

analysis. At present, this fastidious expert 

work is generally completed in a simplified 

and often punctual way on the site. To 

increase its technical performance, the SNCF 

suggests setting up a methodology of 

acquisition and processing of 3D data, 

leading to an optimization of these structural 

studies. 

 

1. High-risk site 

3. Diagnosis 
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2. 3D model 

Acquisition 

Processing 

Study 

Rock risk in railway environment 

 

 

 

 

 

 

Current methodology and limits 

 

31.000 km of railway tracks 

8.000 risk sites including 50% of rock 

faces 

8 clashes and 1 or 2 derailments  

a year 

On-site measurements remain generally specific and allow only an estimation of the rock 

face dimensions.  

 
Lack of geometrical information  

+ safety margin 

Overestimation and cost 

overrun 

3D laser-scanning 

- Distance measurement by laser beam (time of flight) 

- Horizontal and vertical angles 

3D georeferenced point cloud 

The Leica C10 laser-scanner 

scanning while TGV runs, with 

spherical acquisition principle  

(360° x 270°) 

 

Maximal range : 300m 

Scan rate : up to 50.000 pts/s 

Future works :  
 

•     Validation of the 3D point cloud clustering compared to classical measurement 
 

•      Combine 2D images and 3D data in order to measure the fracture orientations from 

both the fracture traces and the facets 

Terrestrial laser-scanner and photogrammetry, used in railway field, is introduced for 3D mapping and documentation of rock faces. Laser-scanning and digital imaging data 

provide information on discontinuities without having to make physical contact with the rock surface. Bigger statistical samples are also available and not restricted to a small 

part of the rock face. By reducing the time of the on-site survey, these technologies are very appreciated in the railway environment.  

These results lead to an improvement of the quality of the diagnoses, and allow us to consider an optimization of the reinforcement works. 

Information : 
SNCF 

Direction de l’Ingénierie – IG LG ATT 

6 Avenue François Mitterrand  

93574 La Plaine Saint-Denis, France 

European Geosciences Union | General Assembly 2012  

22 – 27 April | Vienna | Austria 

Dense image matching 

Textured 3D model obtained by 

matching a set of 7 photos 

- Camera calibration 

- Matching multiple overlapping images 

- Ground control points 

3D georeferenced and colored point cloud 

Main idea 
Geological discontinuities inside a rock solid mass do not have an arbitrary orientation, but are often organized in directional 

families. Extracting the orientations of the discontinuities, from 3D models, can lead to stability prediction 

The reinforcement issue 

Rock risk Railway risk 

Risk management 
Hazards suppression 

Limitation of the consequences 

3D Point cloud processing : semi automatic process 

Point cloud clustering using the normal vectors 

Extraction of  the orientations of planar discontinuities 

User interface and workflow developed using R/C++/Qt 
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Maximizing the criterion : Equal-areal projection 

Eigenvectors and eigenvalues 

2.  “Spherical K-means” 
clustering on the normal vectors 

3. Stereographic projection  

(Schmidt net) 

4. Poles isodensity  

and family characterization 

1. Choice of the number of 

families 
5. Check and validation 

If need be… 

Orientation matrix : 
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M 3D textured model By normal colored point cloud By cluster colored point cloud 

Schmidt net with isodensity plot Example : 

Geological planar features  characterization 

http://lsiit-cnrs.unistra.fr/trio-fr/

