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Visual perception J

( Sensory Data )
/ Knowledge stored in
: the brain

Image Source

“when we open our eyes on a
scene, we form an immediate impression of

recognizable objects, organized coherently

Inference about what is
out there

in a spatial framework “ (Treisman, 1980)
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Human Perception?

“when we open our eyes on a
scene, we form an immediate impression of
recognizable objects, organized coherently
in a spatial framework “ (Treisman, 1980)

A sensor captures a scene, and the computer will
make sense out of the gathered data through available
and output a semantic representation.
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Keynote summary

1. Can we mimick our perception system powers? (geometry, semantics & interpretation)
1. The high-level workflow
2. Point cloud processing automation
3. The Smart Point Cloud
4. Interpretation for decision-making
2. Can we play on multi-layered perception and representation?
1. Reality Capture methods for geometric consistency
2. 3D Geometric representation
3. Semantic representation
4. Level of Detail and Semantics
5. The viewpoint case
3. Can we address widely different applications and concepts?
1. Method adaptation to the needs
2. ANI vs AGI vs ASI
3. Detection, Classification and Segmentation
4. Seemantic augmentation methods
5. 3D Geometric representation
6. Semantic augmentation
4. A word on generalization?
5. Identified Perspectives
6. Conclusion
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system for Decision-Making?

Geometry, Semantics & Interpretation
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Workflow

Real world Low-level digital model High-level digital model



Automation
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L Aﬂmm 1 Different evel of perosption and representation 3. Widely different applications 4 Genenalzatien potestial 5. Futufe perspectives

-
Pre-processing K
- B
Registration y
Segmentation

Classification

Structuration

Application

G G SR G G S
) O O U

Image sourceVR Modeler: From image sequences to 3D models
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Acquisition

( Registration )
( Segmentation ) -
i ST
( Structuration ) : b toas,
( Application )

.
]
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3. Widely different applications 4 Gesenalzaton potestilal 5. Future peripecthves
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( Acquisition )
( Pre-processing )

()
L e

( Classification

( Structuration

o W W

( Application
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3. Widely different applications 4 Genenalzatien potestial 5. Future perspectives
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Difterent kevel of percogtion and represemtation 3. Widely different applications 4 Gesenalzaton potestilal 5. Future perspectives
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The Smart Point Cloud '

CLASSICAL

"'?"l
THE SPC .. | }

DELIMNIRYRRERATIONTION
SMART POINT CLOUD: DEFINITION AND REMAINING CHALLENGES, Poux et al., 2016 EXTERAPIEI) NIbaked.on

SIVRehadhTinly, ...
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2 Dittereat levad of perteption and reprisentation 3 Wigehy ditterent Spplicataans
.

4. GEnarskaation pesenial

5 Future perspectives

A specialized workflow |

DATA PRE-PROCESSING FEATURE COMPUTATION & SEGMENTATION

Semar descripiion Shape descriplony

Laoscal devcrypian Shructare desorijod

MOINT 1
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SEGMENTATHN
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DATA

Sl
ORITCTS FEATURES

OBJECT CLASSIFICATION IN REGARD TO ONTOLOGY

3D Point Clouds in Archaeology: Advances in Acquisition

ORIECT FEATURES TO ONTOLOGY

1. User Requirement

-

Ana]%’sis

Applied to Quasi-Planar Objects, Poux et al., 2017
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Processing and Knowledee Integration

al., 2020

2. Conceptual Design
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ing for geometric and semantic interpretation

A Built Heritage Information System Based on Point Cloud Data: HIS-PC, Poux et
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1. A parallel to our perceptual system for Decision-Making? J

Geometry, Semantics & Interpretation +/

Enhanced Sensing
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2. Multiple levels of representation and perception?

-

Precision, Geometry & Semantics
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Wigehy differeat Spplications 4, GeneraEzation potential 5 Future perspectives

Instance 3D Data Representation
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1. Avisial pefcegtion SuStem 1 Difteret lews of peesaption snd rEpTesarEInan 3. ‘Wigely different applicatians £

Scene Data Representation

Cubes

Cylinders Weirdos
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Obj. Semantic Representation

Objects
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shape: sphere ¢ toilet
i wolor: red { - hEie Area: 2.2 ma oo
uﬂlﬂﬂ ll”lll[il:lﬂ[ﬂ waler i [0 El]m I ?Sm n 41][]1] \llﬂlﬂ' prism l'.'('tﬂl'la“i"r Coten
il U.:]:" ? il action affordance: sit on, lay on B chair
gy B refrigerator
: volume: 0.16m3 | | microwave
= | locotion: [-0.05m, -2.85m, 1.35m) potted |‘-I:|nI
% : | shape; prism reclangulor - :
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3D Scene Graph: A Structure for Unified Semantics, 3D Space, and Camera, Armeni et KitcrenCha

al., 2019

3D Point Cloud Semantic Modelling: Integrated Framework for Indoor
Spaces and Furniture, Poux et al., 2018
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Scene Semantic Representation

nightstand nightstand

floor

door

cabinet

“~P Supporting message ws =P Supported-by message
3D indoor scene example (bedroom) st Support = Surround ~  Next-to ===Jp Surrounding message = = Surrounded-by message
o Next-to message «www- Co-occurring message

SceneGraphNet: Neural Message Passing for 3D Indoor Scene Augmentation, Zhou et al., 2019
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Scene Semantic Representation

L -

le;l?}" RGE § (46,0 -u_n:n ke livifie £ ook E

pose: (3.8, 4.2,7.2, 0,-10, 55) shape: prism rectangular

resolution” 1024x1024 size: (6.5, 4.9, 3.5) living room é

; B bedroom
B bathroom
W hallway
M camern B dining room
"""""""""""""""""""""""""""" P
= bed B residential building
M oven — attributes
B vase — same parent building
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M bowl — occlusion relationship g
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: B clock — relative magnitude volume ~ *
_ _ color: blue, brown B ook E =
f . minterial: wood, fabric W il O e Riali’s
' B PiSH..2 R e B couch ) funetion: residential
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B microwave
B potted plant
B dining table
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3D Scene Graph: A Structure for Unified Semantics, 3D Space, and Camera, Armeni et al., 2019
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3D Level of Detalil

Dimensions and Levels of Knowledge in Heritage Building Information Modelling, HBIM: The

model of the Charterhouse of Jerez (Cadiz, Spain), M. Castellano-Roman, F. Puerto

LOD x0 LoD x LOD x.2 LODx3
- P O Y P
LODO.O LODO LODO.2 LODO.3

LoD.o LOD1.2

oD LoD13

Lop2. LOD22 LoD23

LoD3.1 LOD3.2 LOD3.3
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From the Semantic Point Cloud to Heritage-Building Information Modeling: A Semiautomatic Approach Exploiting Machine Learning, Croce et al., 2021
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3D Hierarchical Semantics |

POINT CLOUD RESOLUTION
0.2 em

~5¢cm

i HG‘I'-'-“' I-- Base
B Column H Shaft .
B Chain l_- — N Caputal

Vault Capital L mm statue
B Roof
l wall
I Buttress

Pavement

L1 L2 L3

LEVEL OF CLASSIFICATION

A Hierarchical Machine Learning Approach for Multi-Level and Multi-Resolution 3D Point Cloud Classification, Teruggi et al., 2020
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Semantics Interoperability J

- -

Explicit 3D Spatial IS

“ Semantic interoperability is the technical analogue to human
communication and cooperation “

(Kuhn, 2005)

( )
Standards
\

Semantic Web (RDF)

el _ opomis M LWSF L P W

( )
Standards
\

3D ARCH 2022 F. Poux - Point cloud processing for geometric and semantic interpretation 34



Flture perspectivies

Generaiatinn patenral

s

Wigely antesant Spplbeataang

3

& vizal percegtion cystem

1

Viewpoint management

=
L
=
a
|
(118
L.+
—
&
E
o
[




1 Awvisial pefcegtion system 3 TS Al ] ST TR Sl fRArCLEREITIn 3. Wigely diferentappliications . 4. Ganarakation patential 5 Future perspectives

2. Multiple levels of representation and perception? J

Precision, Geometry & Semantics +/

Extended viewpoints & perspectives
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3. Can we address widely different applications and concep

A unified automatic processing?
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A(N)I vs AGI vs ASI

Artificial Narrow
Intelligence (ANI)

Stage-]

Machine
Learning

P Specialises in one areaq
and solves one problem

1I "._7‘;4'-" I%)I

Siri Alexa Cortana

3D ARCH 2022

atiend 4 GInersk:ton pocential 5 Future perspectives

Artificial General
Intelligence (AGI)

Stage-2

Machine
Intelligence

» Refers to a computer
thatisassmartasa
human across the
board

Artificial Super
Intelligence (ASI)

%

Stage-3

Muchipe
consciousness

P Anintellect thatis
much smarter than the
best human brains in
practically every field
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3D Segmentation Taxonomy |

Classification

shape = cylinder width = [0.5;0.7] m

-

... ligneg

Instance segmentation

Semantic Segmentation

A BENCHMARK EOR LARGE-SCALE HERITAGE POINT CLOUD SEMANTIC From Acguisition to Presentation—The Potential of Semantics
SEGMENTATION. Matrone et al. 2020 to Support the Safeguard of Cultural Heritage, Ponciano et al., 2021
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Supervised Machine
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Review of Deep Learning-Based Semantic Segmentation for Point Cloud, Zhang et al., 2020

2 AD 1 W &y C D i (A e e TR e e A - e e e e R e T Y . AR
3D ARCH 2022 . Poux - Point cloud processing for geometric and semantic interpretation



A visid pefeegling SyEStem d Diftareat levad of perteptian Snd represantation - GEnsFIath PAEAAES 3 Future perspectives

SL: Hand-engineer features REFERENCE DATA

I_I_I / classes

.. CLASSIFICATION OUTPUT

|

Point Cloud Tutorials: https://medium.com/@florentpoux

Machine Learning Generalisation across Different 3D
Architectural Heritage, Grilli et Remondino, 2020
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SL: Learned features
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Deep Learning Framework
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Scan to (H)BIM

Point Cloud Semantic Segmentation Using a Deep Learning Framewaork for Cultural Heritage, Pierdicca et al., 2020
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Histogram

thresholding

v

Clustering

——» Maodel Fitting

Histogram

method

Gradient

~—+.chiun-gmwing_

method

A

Split and merge

h

Watershed
approach

Contour energy

Unsupervised segmentation
- Neighborhood | Point-based
Oblivious | methods
v
Hybrid method Edge-based
A methods
' Neighborhood | Region-based
Aware | methods
| Energy-based
methods
Miscelleanous
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Region energy

Graph-based

Unsupervised Point Cloud Segmentation for large point clouds, Poux et al., in press
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Elture perspectives

Self-supervised learning
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Y et Bxtmsction > "
q,:h“‘ . o
Graph structuration :t:r::;;l::: :
" @
° . !.'-“N‘
_] Analytical knowledge steps \..-“-"'\'\\.'
| Doenaan knowledge steps
SELF-LEARNING ONTOLOGY FOR INSTANCE SEGMENTATION OF 3D INDOOR
POINT CLOUD, Poux et Ponciano, 2020
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Obiject Semantic Segmentation in Point Clouds—

Comparison of a Deep Learning and a Knowledge-Based
Method, Ponciano et al., 2021
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3. Can we address widely different applications and concepts? J

A unified processing? X

System 2 Cognition Research

3D ARCH 2022 F. Poux - Point cloud processing for geometric and semantic interpretation a7



3

4. Can we generalize our ARCH-approaches?

Example of Knowledge-based learning
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Labelling datasets |
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5 Fltuse perspectives

3

2 Diftereat leved of perceptian and reprasentation

B visual perceptien System

1

Unuspervised direction
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SELF-LEARNING ONTOLOGY FOR INSTANCE SEGMENTATION OF 3D INDOOR

S-based feature extraction ]
POINT CLOUD, Poux et Ponciano, 2020

Unsupervised segmeniation

Extracting q Normal . :
parameters Estimation : ¥

h

Refinement < Region Growing

Ssegmented P, Cloud

IT F — - __l'_ -
] _ Supervised
Classifier i e .

| flattening s e - .

-.‘-}l.'lpl.' (1_”11\:\!1111] \ o
features features I

W,

Classified P. Cloud

UNSUPERVISED OBJECT-BASED CLUSTERING IN SUPPORT OF SUPERVISED
ED 3D POINT CLOUD CLASSIFICATION, Grilli et al., 2021




Geometry, Semantics
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(c) ﬁorent POUX - Smart Point Cloud - BUILD PRE-ALPHA
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Acquisition Pre-processing Registration Segmentation Classification ‘ Structuration Application

Poux et Billen, A Smart Point Cloud Infrastructure for intelligent environments, 2019
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Acquisition Pre-processing Registration Segmentation Classification Structuration Application

Poux et Billen, A Smart Point Cloud Infrastructure for intelligent environments, 2019
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From Acquisition to Presentation—The Potential of Semantics to Support the Safeguard of Cultural Heritage, Ponciano et al., 2021
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First pass perspectives

- Define powerful SPC-based Al Agents
- Increase generalization / specialization
- Dynamic data and LoD management
- Enhance unsupervised segmentation

- Enhance classification
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A multilevel fusion network for 3D object detection, Xia et al., 2021

C. Maurice, Sattelite photogrammetry for 3D tasks, 2022
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