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2. Data Acquisition: 3D Laser Scanning and Structure from Motion (SfM)
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Pros:
Effective for long-distance data acquisition

Cons:
Presence of shadow zones due to occlusions
Relatively high cost of equipment and 

operation

Pros:
Cost-effective
Wide coverage
Rich colour data

Challenges:
Precision varies (camera, geometry, conditions)
Reconstruction depends on texture, lighting, 

overlap
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3. Requirements and Expectations from Point Cloud Data
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3. Requirements and Expectations from Point Cloud Data
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Noise levels and filtering

Stone 
debris

Vegetation

Rock slope

Georeferencing and scale
Classified via 3DMASC
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4. Fundamentals of orientation Analysis in Rock Slopes

• 1st step: calculate normals: crucial
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K-NN Neighbours Hough normals
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• From normals to stereonet or sphere (new)

Towards Smarter Rock 
Mass Characterization: 

3D Point Clouds and 
Semi-Automated 

Techniques

1. Introduction

2. Sources

3. Characteristics

4. Basic principles

5. Analysis

7/10/25

8



Finnish Rock 
Mechanics Day

4. Fundamentals of orientation Analysis in Rock Slopes
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• From normals to stereonet or sphere (new)

• Edge effect, distortion (equal-angle, equal-area)
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4. Fundamentals of orientation Analysis in Rock Slopes

• Normals can be analysed on a sphere (R=1)

• No edges, no distortion
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4. Fundamentals of orientation Analysis in Rock Slopes

• Colour mapping via normals
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Source: https://bloag-assets.netlify.app/

HSV colourmap
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4. Fundamentals of orientation Analysis in Rock Slopes

• Key: Identify the number of discontinuity
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4. Fundamentals of orientation Analysis in Rock Slopes

• Assign to each point a DS
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X – Y - Z JS - Cl A – B – C - D

𝐴 ⋅ 𝑥 + 𝐵 ⋅ 𝑦 + 𝐶 ⋅ 𝑧 + 𝐷 = 0
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4. Fundamentals of orientation Analysis in Rock Slopes
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Source: https://link.springer.com/article/10.1007/s00603-018-1519-9/figures/2

The 3DPC is classified in joint sets 
and clusters, with their 
corresponding plane equation
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5. Analysing Classified Point Clouds for Discontinuity Characterization
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Source: https://link.springer.com/article/10.1007/s00603-018-1519-9/figures/3

Check whether two planes are coplanar
Adjust the parameter accordingly
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https://ars.els-cdn.com/content/image/1-s2.0-S0013795215002045-gr1.jpg

Measure the normal spacing:

(a) Assuming persistence

(b) Assuming no persistence
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https://link.springer.com/article/10.1007/s00603-018-1519-9/figures/5

Measure the persistence:

Consider ‘aligned’ clusters
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