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The case study: the collapsed arch F29-30 in the nave
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Collapsed arch (GT Pierre — Bruno Phalip)



Juxtapositions of 3D Data in Aioli

Point cloud Point cloud surveys post
Tallon 2010 fire : vaults and nef
before fire (cleaning operations)
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The physical anastylosis test

Physical anastylosis
by LRMH and Stone
working group

(Leroux Lise, LRMH)



Digital and physical reconstruction

Digital: Physical:

2010 Tallon point cloud | > Tarpaulin printed at scale 1 (shapes and
dimensions of the voussoir slots)

¥

Virtual anastylosis:

Volumes & shapes reconstruction

N
\//

< | Physical anastylosis:

-Initial reconstruction hypothesis

Isometry on the digital ,. -Archaeological predicates for the reconstruction

model of the fallen F29- |\ _ . o
30 arch, fitted closest to \ it (=reconstruction criteria)

the Tallon point cloud
(Antoine Gros, 2020)




Digital and physical reconstruction

Lapidary mark

Input of the physical anastylosis Visualization of the physical in situ
results in the parametric model anastylosis in the virtual
environment




The anatomy of a voussoir

Side 2 EXTRADOS

Side 5 SEAL SURFACE Side 4 Side 6 SEAL SURFACE with MARK  Sige 3

Notches on voussoirs (GT Pierre
— Elise Baillieul & Arnaud Ybe

Side 1 INTRADOS

cross lapidary mark

moulding features
ie.(“tore” (fr.), “throat
moulding” (en.)

polychromy



Fiche descriptive Bloc

Rapport Claveaux GT Pierre - novembre 2020
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Lapidary study of the voussoir collection

Digital:
+No accessibility obstacle
+Digital surrogate

- Need for digital tool appropriation

-> Adjusting digital protocols and
tools as close as possible of
archaeological research

Physical:
+Direct observation

+Traditional workflow for
archaeologists and other specialists

-Accessibility obstacles (work
authorization, safety protocols,
disperse teams, storage location)

-Handling problems (heavy, pallets)



How to replicate archaeologists or heritage specialists’

work using the 3D models of voussoirs ?
Method:

-questionnaire
-interview & work session with archaeologists from the Stone working group

-feedback to 3DHop team

Test utilisateur du Viewer Claveaux 3D Vue 1

http://veg istienr.it/~callieri/notredame/

Information générales
Nom de 'utilisateur [Nom Prénorm] : | Moulis Cadric We2
Date [YYYY-MM-DD] = 22/02/2021
Groupe [GT.., MOE, MOA, chercheur | GT Pierre - -
indépendant) :
¥ Bloc visualisé avec le yigwyer 3d Nla
[exemnple N1b) : Vue3
Navigateur Web utilisé [Chrome, Chrome Vue3
Safari, EKJ
Vued
o 1/ Accessibilité : WieS

Est-ce gque le modele3d était facilement accessible ? Avez-vous rencontre des problémes (Si oui,

lesquels) Wb
Temi de mariemenl :

+ 2Vues et manipulation:

& Onthographic View

De maniére
générale, la vue
orthographique
est nettement
plus intéressante.
Mais la vue en
perspective
permet
d'approcher les
détails. Les 2
vues restent donc
utiles.

Choisir des vues différentes en cliguant sur les boutons vues 1,2 3,4, 5, 6 et en (de)jcochant
* grahosraphic wisw, ». Exporter chaque visuel en cliquant « ggrrenshol, » dans le panneau a
droite. Copier-coller les visuels dans le tableau suivant et indiguer les commentaires que vous

souhaitez. Au total, 14 visuels vont étre crées.
Vue Perspective Ortho Commentaire
utilisateur
{utilieé,

probléme,
question)

Vue Perspective : Axonométrie :
(autre)

On aimerait
beaucoup
pouvoir avoir la
face 6 visible en
perspective avec
des angles
identigues & celui
de la face 5 (voir
le

> Here there is an interesting feedback about the difficulty because of t

the origin of the

model placed on one face, The manipulation in 3d is not homogeneous

* 3/Outils:
* Mesures:




Trajectory of a voussoir
after its collapse

Voussoirs in the Cleaning operations by
remains of the nave unmanned machines




Trajectory of a voussoir
after its collapse

Remains sorting, temporary Inventory number attribution

storage on pallets & initial inventory
- .

[ 5= —

SRA Archaeologists and LRMH: Pallet temporary storage
bucket unloading and sorting



Cleaning operations
dataset:

Trajectory of a voussoir
after its collapse

Photo sorting/indexing, metadata
extraction
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Trajectory of a voussoir
after its collapse

Decontamination Voussoir digitization

Eloi Gattet. Mercurio, Feb. 2021



Aioli for tracking and identifying voussoirs
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A. Image selection B. Element in image [2D annotation] C. 2Dto3D propagation to other images

Claveau
A X001

06/07/2019 13:09
Wi 09/07/2019 16:46:00

4 _; ‘4 Yin

photos basing
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et N RS range

T+3 T+2 > 09/07/2019

D. 2Dto4D propagation for selecting the temporal range _16:46

F. Object
recognition
based on visual
similarity

Use of Aioli for the spatio-temporal tracking of the voussoirs (De Luca, 2021)



Fall position of voussoirs in the nave
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The collapsed arch reconstruction as an

optimization problem

Linear Programming:
minimisation of the objective
function to be framed by a
set of constraints gathered in
a system of inequalities

1. Problem statement+ Problem
modelling

2. Import of libraries
3. Declaration of the solver

4. Creation of variables
(constants and decision vars.)

5. Definition of the objective
function

6. Definition of constraints
7. Invocation of the solver

8. Display and analysis of the
solution(s)

Archaeological
predicates

4

Fonction and
constraints definition

Width

Marks

Fall location Notches

(Gros Antoine, Duvocelle Benoit, 2022)



The collapsed arch reconstruction as an optimization
problem

s | 2 = g é 3. Z g
. s | @ = 2 = =
s| 2|E|8|2|E2 (8225 |£|2s2
2| 3 | E|2]| 2 B3 2| 52 E
solution type = | £ E ¥ |O|[Z| Z 3 =l 252 S| 2 E 3
Physical Anastylosis | x X 36(50%) |4 | na
Digital ‘gl X X T1(100%) | 2 | 19.46%
Digital “glec’ X x [ x | x T1(100%) | 2 | 32.72%
Digital ‘glecr’ X x [ x | x 71 (100%) | 0 | 62.20%
Digital ‘glecrt’ X x [ x | x T1(100%) | 0 | 62.44%
Hybrid x | x X X | x | x X T1(100%) | O | 73.55%

Table 1. Detailing of the milestone models for reconstruction hypothesis with their performance and uncertainty. With gl:
gaussian distribution of width; ec: notches and crosses; r: matching fall location with slot location; t: notches locations; hybrid
hypothesis: full LP model with pairs from the physical anastylosis input.



The collapsed arch reconstruction as an optimization
problem

sifs onrs
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Visualization in the 3D viewer of the reconstruction hypot' Grs, bergel, 202)



Impression 3D de claveaux
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Reconstruction hypothesis tests,
communication about different
hypothesis, general audience

dissemination
(Journée du Patrimoine, 2021)



FSP-REPERAGE Project and Notre-Dame Working Groups

REPERAGE Project team:

Livio de Luca (MAP), Dorothée Chaoui-Derieux (SRA), Antoine Gros (MAP), Anais Guillem (FSP), Lise
Leroux (LRMH), Olivier Malavergne (LRMH), Thierry Zimmer (LRMH).

Stone Working Group: especially Elise Bailleul (UMR 8529-IRHiS), Cédric Moulis (EA1132- Hiscant-MA),
Bruno Phalip (Université Clermont-Auvergne)

The whole team of the Digital Data Working Group
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