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Automation

Increased productivity

Higher quality output

Shorter workweeks
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Key take-aways



3D Point Cloud Specificities
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Representation & Structuration
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Automation
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Point Clouds

1. Specificities

2. Representation

3. Automation
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How to extract and integrate
knowledge within 3D point clouds 
for autonomous decision-making 

systems? 
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Point Cloud Specificity

Unstructured and too sparse
for DBMS per-row insertion
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Gestalt’s theory
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Visual patterns on points
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Visual patterns on pointsDeep learning > feature-engineering
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Point Cloud Datasets
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Point Cloud DatasetsDeep learning < feature-engineering
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Constitution of labelled datasets
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Unsupervised direction
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Segmentation (unsupervised)
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Overall 

Precision

Ceiling Floor Wall Beam Door Table Chair Bookcase

0 1 2 3 6 7 8 10

Baseline (no 

colour) [16]
0.48   0.81   0.68   0.68   0.44   0.51   0.12   0.52   

Baseline 

(full) [16]
0.72 0.89 0.73 0.67 0.54 0.46 0.16 0.55

Ours 0.94 0.96 0.79 0.53 0.19 0.88 0.72 0.2
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Methodology
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Data analysis
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Normal estimation
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Region growing
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Refinement
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Segment-based feature extraction
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Classification
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Supervised classification

Model = Random Forests 

Hyperparameters = standard (no fine-tuning)

Training = 1 Area

Testing = the other 5 areas



Isolation

Relation « host/guest »

Extract

Knowledge-
driven
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Context / 
Proximity
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Segmentation results

Data
set

Over
Seg.

Under
Seg.

Sharp-
ness

Med-
ian

75% Max 99% Max

1 11 17 3883 1 9
89.92%

2
12 20 644 1 13

90.34%

3
11 21 427 1 9

91.25%

4
9 19 896 1 15

89.86%

5
10 18 1525 1 21

86.10%

6
11 18 794 1 9

90.61%
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Classification results
Areas

Ceil. Floor Wall Win. Door Table Chair Board Clutter

0 1 2 5 6 7 8 11 13

A-1 98.8 98.4 86.8 80.0 73.8 84.6 83.9 33.1 83.1

A-2 97.0 89.2 89.0 97.6 67.9 87.6 97.2 33.4 67.2

A-3 98.5 99.3 87.0 72.8 79.0 88.5 93.1 30.4 78.0

A-4 95.3 98.8 89.4 82.5 79.5 86.6 89.9 16.3 71.5

A-5 97.6 99.0 89.4 69.0 83.7 85.9 81.3 4.1 71.7

A-6 98.1 98.8 86.5 77.6 76.5 88.9 90.1 19.9 80.7

Weighted F1-score = 88.1% 



Key take-aways

Relatively simple approach (good replication)

Object-based classification = high scalability

Good performances (both in terms of accuracy and comp. d.)

High potential for semi-automated classification

Usable for a large panel of applications (registration, modelling …)

In-test for highly variable scenes
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A classified entity
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chair

CRGID 2020 Florent Poux - PC, Segments, Semantic and Automation 54



CRGID 2020 Florent Poux - PC, Segments, Semantic and Automation 55



CRGID 2020 Florent Poux - PC, Segments, Semantic and Automation 56



Connected Elements

▪ Aggregated-Element
▪ Normal-Element
▪ Sub-Element
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Chair = AE
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Part segmentation
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Characterization refinement
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Semantic Representation
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Semantic
Representation
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How to extract and integrate
knowledge within 3D point clouds 
for autonomous decision-making 

systems? 
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1. Using a multi-level conceptual structure 

2. Parsing PC at the lowest possible level

3. Plug a domain formalization through an 

ontology of classification

4. Generate a modular semantic 

representation

… Automatically …CRGID 2020 Florent Poux - PC, Segments, Semantic and Automation 69



CRGID 2020 Florent Poux - PC, Segments, Semantic and Automation 70



CRGID 2020 Florent Poux - PC, Segments, Semantic and Automation 71



CRGID 2020 Florent Poux - PC, Segments, Semantic and Automation 72



Florent Poux - PC, Segments, Semantic and AutomationCRGID 2020 73



V R  A P P I LC AT I O N
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A R  A P P L I C AT I O N



The SPC in 5 points
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- Interoperable point cloud data structure…

- … leveraged for automated object detection…

- … providing a large domain connectivity…

- … unsupervised and robust to variability…

- … modular and efficient.
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- Define powerful SPC-based AI Agents

- Increase generalization / specialization

- Dynamic data and LoD management

- Enhance unsupervised segmentation

- Enhance classification

- Integrate natural processes
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Projet 1

Statut: Ouvert à la BETA

Création d’une plateforme en ligne
pour les professionnels
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Projet 2

Statut: Recherche de financement
(sponsors, projets, autre)

Création d’une plateforme
d’entraînement pour la 
communauté (gratuit)
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Projet 3

Statut ouvert: 
learngeodata.eu

Segmentor 3D en pre-order

Formation en ligne 3D Geodata 
pour les sociétés, 

entrepreneurs et étudiants.



fpoux@uliege.be – learngeodata.eu
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