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"he use of the SWIR (Short Wave Infrared) spectrum, generally between 0.7 and 2.5 pm, has opened up new perspectives in the field of imaging, particularly in the
development of autonomous vehicles (AVs). While current obstacle detection solutions demonstrate appreciable effectiveness under favourable weather conditions,
there is still room for improvement to increase the safety of AVs in partially unknown road environments subject to difficult weather conditions (rain, snow, fog,

glare, etc.), both day and night. This is the context of this study, with the integration of a SWIR camera [1] into the sensory architecture of AVs.

Light Spectrum

3 SWIR

% & @ & &

380 750 1100 2500 8000

Figure 1: Light spectrum - [Fig. SWIR Spectrum from Exosens, October 5, 2023].

Context & Motivation

» This study aims to overcome the current limitations of detection systems by
exploiting the particular characteristics of the SWIR spectrum, thereby offering
more reliable perception of obstacles in degraded weather conditions.

» The use of a SWIR sensor reduces the spread of dust, rain and fog, among other
things [2]. Such sensors would complement the conventional sensors (lidar,
radar, camera...) already present on AVs.

» These advances would not only enhance the safety of AVs, but also promote
their long-term autonomy, particularly in rural areas where road infrastructure
is less developed.

Ongoing Work

. Comparison between the visible spectrum and the SWIR spectrum in degraded
weather conditions, with the support of Cerema’s " PAVIN Brouillard & Pluie”
platform [3].

. Comparison of SWIR sensor technologies (InGaAs and CQD).

Methodology

» Comparison between the SWIR spectrum and the visible spectrum in a control
environnement (PAVIN BP platform at Cerema) under different weather condi-
tions, such as fog and rain of varying intensity, both day and night. Acquisition
of images using both a regular camera for visible light and a SWIR camera.

» For the comparison between the InGaAs and CQD SWIR cameras, we used two
different cameras, one of each type:
> a SWIR Acuros® CQD® 1280 camera from SWIR Vision Systems
> a Bobcat 320 SWIR camera from Xenics Exosens Group

SWIR & Harsh weather

» The experiments carried out at Cerema, have enabled us to obtain images such
as the one shown in figure 2.
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Figure 2: Artificial fog during daylight, at Cerema, visible spectrum (left) and SWIR (right).

» List of parameters tested : (All the experiments are a variation of those.)

Values

Day/Night ; LED SWIR/halogen/model car headlights
Fog (gradual dissipation) ; Rain (20 to 170mm/h)
Visible ; SWIR

Exposure time ; NUC

Parameters

Lighting
Weather
Spectrum
Camera

» These experiments showed an improvement in visibility in thick fog and
heavy rain in the SWIR spectrum compared with the visible spectrum, even at
night, as long as there is a light source in the scene emitting in the SWIR.

Experimental Setup
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Figure 3: Diagram of the acquisition process at Cerema.

InGaAs vs CQD

» InGaAs is the most commonly used technology. CQD® sensors recently allow
new technology to emerge. Some characteristics are listed below:

Sensor types InGaAs CQD

Resolution 640x512 1280x1024

Spectral band 09um-1.7um 0.4 pm- 1.7 pym

QE or D* High High in visible, low in SWIR
Cost $$ 5

» InGaAs SWIR cameras, despite their high production and sales costs, remain
particularly reliable and high-performing sensors due to their high performance
in low-light conditions, attributed to a high EQ.

» Colloidal quantum dot (CQD) cameras represent a promising breakthrough
thanks to their properties, offering adjustable spectral sensitivity and higher
image resolution.

Figure 4: Camera Bobcat 320 (right) and camera Acuros CQD 1280 (left).

Conclusion

SWIR technology effectively enhances vision for autonomous vehicles in low-light
and complex weather conditions.

The SWIR camera improves visibility of road markings, signs, and obstacles, even
in rain or fog, offering promising prospects for autonomous driving systems.
The widespread adoption of SWIR technology across multiple sectors highlights
its usefulness and significant potential.

Future Works

» Integrating the sensor into a multi-sensor fusion architecture for the perception
of obstacles and road conditions.

» Acquisition and creation of multimodal data sets (GNSS, IMU, lidar, radar,
cameras, SWIR, odometry, etc.) using the platforms available at the Institut

Pascal (in particular PAVIN, EZ10 and ZOE).
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Introduction

" Les nouvelles pratiques agroécologiques requierent de nouveaux équipements robotiques, capables d'intégrer leurs outils
dans la chaine decisionnelle (gestion de 1’action des outils par exemple). A cette fin cette these vise les développements
suivants:

» Perception des plantes d'intéret

» Controle direct d'un point de I'outil

» Coordination des mobilites de I'outil et du robot

I1 s'agit de pouvoir realiser des actions précises et répétables pour une améliorer les perforamces agro-écologiques
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1 Contexte 3 Premiers tests
Analyse sédimentométrie
Situation actuelle Solution envisagée 5 o " ’
- ™ o 0t
ST Chaud I\
- \\\\‘ - « N\ % — p— 3 @ .
f N :
Vi 1 Chaud ': \\\ )
™, L R X T
Al ¢) \ . "\ Diambtoe des particales
S T e T T O TR TR
Argile Argile . .
brune blanche Bagasse Sciure de bois
x Matériaux de construction v Matériaux de construction Teneur en humidité 16,30 % 2517 % 21,51 % 42,47 %
énergivores économes en énergie (1), (2)
x Batiments non éco-durables v/ Béatiments éco-durables (3) Teneur en cendre _ _ 2,42 % 0,77 %

x Bilan carbone cycle complet élevé v Bilan carbone cycle complet bas

2 Méthodes

Procédé de fabrication
des éprouvettes

Matiéres premiéres L%
Argile blanche, argile brune, adjuvants

F matiéres pi

Mélange matiéres premiéres

Mise en forme de la péite
Par extrusion

Cuisson

Nouveaux produits
‘

U Essai de compression sur brique cuite entiére dans le sens de la pose,
a la 32¢me sec. la brique se rompt avec une force de 83, 81kN

EERE

-

Essais i {
associés : Al

Essais de caractérisations "

Limites ' Atterberg,
Analyse granulometrique, . . ce s s . .
Analyse minéralogique et chimique U Essai de compression sur la moitié d’une brique cuite dans le sens
Teneur en eau, absorption en eau

Taux de cendre de la pose , elle se rompt avec une force de 67,65 kN a la 60¢™me sec.
Analyse thermogravimétrique (ATG) N

Sciure de bois
e

Briques
KWILU-BRIQUES

4 Perspectives

0O Conception des briques d’argiles a base des matériaux locaux

Essais propriétés d'usages 0 Réalisation des essais mécaniques et analyses des résultats
Mécaniques (compression, flexion) e . N . .
Thermiquse O Identification des parametres mécaniques par LSA
jstiques

O Proposition d’'un modéle numérique de briques et adjuvants
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4) Résultats

» Estimation de S,  avec 16 essais sur mini-CT d'acier 1T6MNDS non-irradie

Incertitudes significatives sur I’estimation de T:

= Matrice d’essai (dimension d’éprouvette CT,
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= Variabilité intrinseque
a la rupture fragile
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Introduction

A Reducing the carbon footprint by replacing concrete with _ JA demountable structure allows for reuse.
pusenoids Mining &
WOOd (CLT). 9.5% \ Quarryging
Other economic = 23 4%,
= activities
F"\“\ | .. = 108% Manufacturing Annual construction waste is
| 5 10.9% expected to reach 2.2 BILLION
: TONS globally by 2025.
REPLACE WITH
Construction &
1m3 1m3 save 1 tonne Denolition Energy
CONCRETE WOOD CO2 37.1% 2.3%
Environmental impact of replacing concrete with wood [1] Quantity of demolition waste worldwide [2],13]

d Determine the mechanical behaviors of steel-CLT composite floors.

JdStudy of the spacing between CLT blocks.

J Study of steel-CLT connection systems via bolting.
Cross-sectional view of steel-CLT composite floors

Experimental Study Numerical Study Parametric Study

250
Steel-CLT floor

Displacement

.

2800 mm
[.=3000 mm

'Load'(kN)

200

150 |

100 |

Spacing
—3 blocks without spacing
/\ 3 blocks with 1 mm spacing
CLT B1 CLT B2 || CLT B3 ——3 blocks with 2 mm spacing
HEA 160 —HEA 160 Beam

50

Displacement (mm)
0 L A

1200

[ g Plastic Stra: igo“Yield Stress [ L_a!‘llegle) I:(_)llg(cj._s)_ 0 20 40 60 80 100
[ 0 oo Module =~ MPa ; b C b l k
ww—| L& or | st Effect of spacings between CLT blocks
b 0.0214 898.34 Plastic Strain | Yield Stress i = =
7/\ 0.0625 988.34 L1 [MPA] Ep =E, 300
I 0.0980 985.13 0 0 E — E 300 ) [
e o | T e me | Improvements in the steel-CLT connection
““Poutre en acier = 0.0953 489.5 Gir = Gy3 | 560
y v oo | oisss | ;s | LGrr=Ga3 50 -
‘ meee———l I I 02281 23375 Lamelle. Trans (C24) Poi
S B N 400 E =By | 11000 | g;=9dy | 048
Face arriére  droite Face arriére a gauche BT 2 _ Steel bolt M16 emme] | | ig:ﬁ; | ggg [ Orr =93 | 024
Gir=G 690
. . . 200 IR.= G13
Three-point bending test of the composite floor — Steel HEA 160 G =G | 690
RT = U23
Plastic strain ( )

d The failure mode of this floor was associated with wood :
crushing, which occurred in a direction perpendicular to the Mechanical properties of steel and CLT wood
fibers. Brittle rolling shear and cracks occurred in a direction
perpendicular to the fibers.
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180 .
i 1 o 1 103 % ! o | = M16 Bolts + Epoxy oval section
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Results of the mixed floor bending test Results and validation of the numerical model

—With M16 + Epoxy (case d)

= =Tie constraint

Conclusions

» A steel-CLT composite floor can support a maximum load of 232 kN, with an initial stiffness of 6.93 kN/mm
before contact between the CLT blocks, which increases to 7.55 kN/mm after this contact.

»The combination of CLT with a HEA160 profile results in a slight increase in the stiffness of the composite floor,

but it doubles the maximum strength compared to using only a HEA160 beam.
[1] The Impact of Cement Sustainability Initiative on the

»Increasing the spacing between CLT blocks reduces the mechanical behavior of the composite tloor. South African Cement Industry’s Performance - ProQuest.

[2] P. M. Pereira and C. S. Vieira, “A Literature Review on the
»The use of epoxy around the bolts at the CLT level improves the connection between steel and CLT. Use of Recycled Construction and Demolition Materials in
Additionally, increasing the contact surface between the CLT and epoxy enhances the degree of connection, Unbound Pavement Applications.
although it does not achieve perfect contact. 31 Bi Rentz,”
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] Context :

properties obtained for this type of material.

J Problematic

d Objectives

1 Bio-based concrete:

properties).

Compaction
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T Y KU A AT
FEX vl e :

Pef;giiicular dirctin
 Tests setup:
* Cyclic compression tests with a global
deformation between 1% and 10% with an

Increment of 0.5 % after each cycle.
* Loading speed: 3 mm/min.
« Unloading speed: 10 mm/ min.

* Floating modulus calculated at an interval of
0.1% in deformation.
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Introduction

Bio-based concrete I1s a composite material comprising bio aggregates ( hemp, rapeseed,
miscanthus, bamboo, ...) mixed with a mineral binder ( prompt natural cement, lime-based
binder...) and water. The formulation of these constituents directly influences the mechanical

The main problem Is the heterogeneous response of this type of material based on the constituents
and the orientation of aggregates. The variability of the mechanical properties according to the
type of aggregate or mineral binder used in the composition of bio-based concrete Is very crucial
which gives a general approach to what extent the type of constituents used can affect the
mechanical properties of bio-based concrete. Another major factor that needs to be considered is
the interfacial transition zone (ITZ) which corresponds to a non-hydrated zone around the
aggregates that imparts significantly the mechanical properties of bio-based concrete.

Generally, the objective Is to evaluate the effect of the constituents (aggregates and mineral
binder), and the orientation of bio-aggregates on the mechanical properties of bio-based concrete.
In order to scientifically investigate this influence, the mechanical properties of bio-based 10
concrete are determined under two scales: macroscopic and local.
properties are determined by means of digital image correlation which enables quantifying the
floating modulus from the displacement and deformation maps of the bio-based specimen.

Experimental methodology

The local

1 type of mineral binder (the most optimized mineral binder with highest mechanical

» 4 types of bio-aggregates ( Hemp, rapeseed, bamboo, reed).
* Formulation: Aggregate:Binder:Water ratio of 1:2:2
Except for Bamboo-based specimens (same rheology): Aggregate:Binder:Water ratio of 1.2:2:2

Compaction

1 Method of measurement

Non-contact field measurement

Digital image correlation

N

Uy {mm)

W0t - I 10§

Results

d Mechanical macroscopic properties of CEMIV-based specimens with the
different types of aggregates

» Compressive strength (CS) and Useful strength (US)

Mechanical properties of bio-based concrete
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Example of cyclic compression stress-strain curves for a particular bio-based specimen (CEMIV-Hemp)
with 19 cycles of loading-unloading, and the exploitation methodology of the floating modulus (orange

\ lines) for the two aggregates’ orientation, (a): parallel orientation ; (b): perpendicular orientation./

(b)

Uy (mm)

60 &0 100
X-gimension

Uy'(m@)

X "Jlm(c;-)on
Maps taken at 5.24% of strain, (a): hemp
(b): rapeseed concrete, (c): reed
concrete, (d): bamboo concrete

Conclusions and perspectives

* The specimens tested In parallel orientation are more rigid at low strain than those
tested perpendicularly except the bamboo-based specimens.

« Useful strength in the parallel orientation determines the coating strength between
mineral binder and aggregate rather than the actual strength of the material.

* The most damaged specimen (Hemp concrete) iIs the least displaced and vice-versa.

* Future perspectives are about determining the local mechanical properties around the
aggregate in a zone commonly called interfacial transition zone (ITZ) as seen below.

ITZ <

i

iji(«;}n \(d)
Maps taken at 2 % of strain, (a): hemp

concrete, (b): rapeseed concrete, (c): reed
concrete, (d): bamboo concrete

4
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1 Introduction

Roquette uses advanced modeling and simulation techniques to optimize their
industrial processes, focusing on aqueous mixtures of polyols, specifically
sorbitol and mannitol. These compounds have similar structures, but
different solubilities in water. We employ the COSMO-UCA model,
developed by Institut Pascal’s GePEB team, which integrates quantum
mechanics tools and molecular dynamics simulations to predict phase
This allows

equilibrium properties based on the molecules’ structures.
accurate predictions of physicochemical properties like activities and
solubilities in aqueous solutions.

OH OH OH OH
7 A__OH
HO/\_/H/\/OH HO/YIY\/
OH OH OH OH

Figure 1: Mannitol (right) and sorbitol (left) structures.

Figure 2: Simulation box containing 10 molecules of sorbitol (left) and COSMO surface of the sorbitol molecule (right).

2 Methods

2.1 Molecular Dynamics Simulations

Aqueous systems
containing sorbitol 1 2 3 4
and mannitol were
studied via
molecular dynamics
simulations at 298 K.
The OPLS-AA force
field and SPC/E
water model were
used.

NVT Equilibration NPT Equilibration Production run

- Energy minimization

Steepest descent algorithm, with long- For adjusting internal energy distribution
range electrostatic interactions calculated and achieving stable temperatur
using the smooth particle-mesh Ewald
(PME) meth d.

Ensuring stable density and structural
properties at specified conditions.

Figure 3: Flowchart of the calculation method on molecular dynamics.

A time autocorrelation function is used to measure hydrogen bonds and to
compute lifetimes.

2.2 COSMO Models

4 Fast statistical
thermedynamnc&
- ca!culatlons

" o-profile of
_compounds

ﬁ—-pa’tentlai cf :
: the mixture

Molecular \
_ structure

- calculatmns

Figure 4: Flowchart of a COSMO calculation.

Activity values were calculated using the COSMO-UCA approach. The
solubility of sorbitol and mannitol in water was modeled using the following

equation:
AH? . (Th) (T ACp, T T
—ln(ﬂfz’“}/ZL) _ fus( ) m 1 | Pi. fus In m 1 m (1)
RT,, ik R ik T
3 Results

3.1 Hydrogen Bond Lifetime

Polyol-Water Lifetime Intramolecular Lifetime

60 4
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Figure 5: Lifetimes of the hydrogen bond between polyol and water for different concentrations (left); Lifetimes of the polyol
intramolecular hydrogen bonds for different concentrations (right).

3.2 Solubilities
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Figure 6: Solubilities of sorbitol (left) and mannitol (right) as predicted by COSMO-UCA.

4 Conclusions

Through molecular dynamics simulations, we determined the lifetimes of
hydrogen bonds between water and polyols, as well as intramolecular
hydrogen bonds. Interestingly, sorbitol exhibits significantly longer average
hydrogen bond lifetimes with water compared to mannitol, potentially

elucidating its greater solubility. Conversely, mannitol displays longer
lifetimes of intramolecular hydrogen bonds.

When computing the solubilities of sorbitol and mannitol in water
using COSMO models, the COSMO-UCA model demonstrates favorable

agreement with experimental data, boasting standard deviation values of
0.041 for sorbitol and 0.008 for mannitol in mole fraction.
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Methods to assess and improve the QolS®’ of an
agricultural/environmental CT*

auvergne

I ntrOd U Cti on The Quality of Information Service

In the litterature, we found that Quality of Information was already studied
in some papers. The Qol 1s usually related to one of the previously evoqued
data layers.

The advent of connected devices, often referred to as the Internet of Things (I0T), has
revolutionized numerous sectors, with environmental and agriculture being among the
most profoundly impacted. These devices, embedded with sensors, software, and other

technologies, are capable of exchanging data with other devices and systems over the In our study we define QoIS relatively to the process of transforming data
internet. This interconnected network enables real-time data collection, analysis, and from 1ts first layer (raw data) to the final one (knowledge). We aim to find a
decision-making, paving the way for smarter, more efficient practices. method that deduces knowledge from raw data with the less energy cost in

connected devices.

In the following thesis subject, we focus on a metric that we define as «The Quality of , . :
> J Quaity Deducing knowledge from raw data susually takes a decision making

Information Service». This metric defines how much is a connected device providing

useful data to the user, but also, how much the decision making process is correct, and all process that relies on machine learning. The training phase 1s much more
of that must be achieved while respecting the energy, memory and computational costing in energy and computational concerns. An innovative method to
contraints of connected devices. have the best QoIS of a connected device accordingly to our definition is

Federated Learning.

irrigation meaonitoring Flamt counting and
dmd grlanning Erop Ermergrroe

Federated Learning

In federated learning, the model is trained 1n each device locally, then the
weights are aggregated to develop a global knowledge. It 1s more energy
S s efficient since big amounts of data are not transmitted between devices but

only the model weights.
‘g Y

" 6 J
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Layers of data Res U |tS

We define 3 levels of data : Raw data, Information and Knowledge. Example :
for a classification/object detection task done by a smart camera, data exist as
one of the following layers :

We can get the same performance with Federated Learning compared to the
classical centralized Machine Learning scheme but with less energy loss.
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Conclusions

The use of IoT and connected devices in environmental and agricultural use cases showed
great benefits. But the use of big amounts of data and 1ts transmission can be problematic.
In our study we proposed a method to achieve a good decision making process by limiting
the energetic waste : Federated Learning. The metric we used to evaluate our novel

© Christoph Molnar method 1s the Quality of Information Service as we define it. An implementation of the
system using RaspBerry Pis connected to cameras showed a good performance of
Federated Learning compared to a classical centralized Machine Learning scheme.
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Human activity recognition

Smartwatch: Fall detection, sports recognition
Security camera: Abnormal activity recognition
Smarthome: Gesture control

Normal behavior Abnormal behavior

It looks like you're
working out.

Record
Outdoor Run

Record

~ Indoor Run 5 .
— — Detecting unusual behaviors

(lying on the stomach or falling, for instance)

Skeleton data
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Physical topology =2
Does the skeleton topology well represent the skeleton data ?
GCN over-smoothing problem =2
How to overcome GCN over-smoothing problem ?
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Conventional Spatial connection:

Fixed, maintains topology of skeleton data
Structural connection:

(a)

Conventional spatial graph convolution

To increase the flexibility

Structural graph convolution

Final output of SpSt-GCN block
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Algorithm 1: Structural Adjacency Matrix Calculation

Input: input sequence ¢|Cjy,, Tin, Vin|
Output: structural adjacency matrix As with size
Vin, Vin]
1 D: an all-zero array with size [V;,,, Vinl;
2 I: an identity array with size [V, Vinl;
3 edge: edge nodes set;
4 foreach i do

5 for a in edge do
6 for b in edge do
7 if @ # b A D[a][b] == 0 then
8 D[a][b] = FastDTW(i[:,:,a], i[:,:,b]);
9 D[b][a] = D[a][b];
10 end
11 end
12 Alg = 0=
13 |end

000000

" Depth —

TCN

Attention

(a) Initial block (b) GCN layer (C) GCN block

score
fusion

e * \nitial block | GCN block | | GCN block | GCN block I | GCN bilock | | Classifier e
fe , 624 "i 24, 48 | "! 48, 64 |ﬁ4 128,02 | 123 256,12 256. N
Syl * |nitial block | GCN block | | GCN block | GCN block I | GCN block | | Clazsifier —
" 6 24 "'i' 24,48 | "! A8 64 lﬁ-tl 128,02 | 123 256. 12 256 N >
Sk * nitial block | GCN block | | GCN biock | GCN block I | GCN biock | | Clazsifier B
fe , 624 "'i' 24 43 | "! 48 64 lﬁd 128,02 | 123 256. 12 256 N

Inputs Sp&ti'dl GCN SPHﬁHl—SU‘ uctural GCN Model Acc FLOPs Param
Joint 86.89 87.88 ST-GCN* [28 81.5 16.32*  3.10%
Velocity 87.17 87.29 SR-TSL* [23 84.8  4.20* 19.07*
Bone 87.82 88.20 AS-GCN* [[10] 86.8 26.76*  9.50*
: _ 25-AGCN* [21] 88.5  37.32%  6.94%
Joint+Velocity 90.19 90.69 SGN [33] 800 - 0.69
Joint+Bone 89.53 90.02 AGC-LSTM [22] 89.2 22.89
Velocity+Bone 90.66 91.03 PL-GCN [7] 89.2 20.70
NAS-GCN | 89.4 6.57
JUiﬂt-l—VﬂlDCity'l'Bﬂﬂﬁ 91.10 91.62 DGNN ].] %0 9 _ 26.24
_ _ _ EfficientGCN-BO [23] 902 273 029
TABLE I: Comparisons of different inputs on NTU60 X-sub 4s-Shift-GCN [6] . 90.7 100 2.76%
. DC-GCN+ADG™ [5] 90.8  25.72%  4.96%*
benchmark in accuracy (%) MS-G3D* [12] 015 4888% 640
Dynamic-GCN [30] 915 - 14.40
MST-GCN [4] 91.5 - 12.00
Inputs Spatial GCN  Spatial-Structural GCN CTR-GCN [3] 924 197 1.46
. Sp-GCN(ours) 91.1 4.25 0.44
Joint 01.82 92.35
Velocity 9327 93.53 SpS{;GCN(DurS) 91.6 4.90 0.48
Tl 92 27 92.94 - These results are implemented by [23]
Joint+Velocity 95 08 95.23 TABLE V: Comparisons with SOTA methods on NTU
Joint+Bone 94.10 94.47 RGB+D X-sub benchmark on accuracy(%), FLOPs(x10”) and
Velocity+Bone 95.28 95.51 parameter number (x10%), Sp-GCN has only spatial branch in
Joint+Velocity+Bone 95.61 95.79 GCN layer, SpSt-GCN has both spatial and structural branch
‘ ‘ _ _ in GCN layer.
TABLE II: Comparisons of different inputs on NTU60 X-view
benchmark in accuracy (%)

various samples.

represent symmetrical human structures and edge nodes.

edge nodes to address the over-smoothing problem in GCN.

1. We propose a spatial-structural graph convolution method which can better

2. We adopt a differential approach to initialize the structural connections of

3. We utilize the inverse adjacency matrix to discern information pertaining to




R!EI;EBLIQUE \‘g lm . clermont t':;

FRANCAISE UNIVERSITE auvergne

Liby | Clermont NS TITUT
o Cerema Auvergne metroPOIe FASCAL

Artificial Intelligence: The Driver of Autonomc
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Introduction

Autonomous cars aim to drive without a human driver. But what happens when clear skies turn into a storm? Rain, fog, or heavy
snow can disrupt sensors, making object detection tricky. This is the challenge tackled by the ROADVIEW project (Robust Automated
Driving in Extreme Weather). In partnership with Cerema, my thesis is part of this project : Simulation and Measurement of Degraded

NECATN E (Y[ () ") | N A — .‘l‘l a=~1010 YL - ) [ | [ ] 11 (] N/() () A

P A B R N B N N N I
{ Texas a

Lo (G.D)=E,,,. (log D(x}) + E, og (1 - D(G{2)).

1. Jun-Yan Zhu, Taesung Park, Phillip Isola, Alexei A. Efros, Unpaired Image-to-Image Translation using Cycle-Consistent Adversarial Networks,
Zhu2017

New Methods and Resuts

We propose a new method called Group2Group, which involves parallelizing sets of images differing only in weather conditions

Usual Methods Methods Group2Group

!/ Real . Real e Y~ Real ' . Real

Dépéchez-vous de manger, les
enfants, la voiture autonome — S - ~ —
arrive dans 15 minutes. Vos O s e | ant . i 2
= ' s es enfants savent que ces voitures
G grands-parents nous attendent = _—— a

2 r O l l , : pour 11h, Ii = = 3 | autonomes prennent toujours le plus court
) - T - 3 | chemin car, en s’inspirant du comportement
' e - - T i * i ' | des mycéliums, des chercheurs japonais ont
=, 3 . 2 ( 2 : A O \ ) :
- N N l ..L.-" : . v'} 4 ‘. : 7

s |

ooy O

pu résoudre le probleme du voyageur de
commerce.

Quelle époque!
Avec le
réchauffement
climatique, les
voitures ne sont
gue collectives.

4 La voiture est
arrivée !

J'essaie la nouvelle 2
Les voitures autonomes nous ont permis de |_Mmise a jour. _ v

réduire drastiquement la consommation de - :
4 | carbone. Mais les aléas de la météo restent une
| épine.

| JaivuauJT que des chercheurs du projet européen
| ROADVIEW ont fait des progres énormes
- | concernant ce probleme. Essayons une mise a jour.

| Chéri, peux-tu avertir ton
| pére que nous serons en
| retard ?

Une mise & jour de “ ‘]“ i —— s . .
I'lA est en cours. Yy : Z Les chercheurs du CEREMA et du projet

=| Ne vous inquiétez pas. — <. ROADVIEW ont fait d'énormes progres.
Vous repartirez dans 5 | i
__minutes.

La voiture ralentit. VVoici un probléme
: gue nous n‘avons pas encore résolu. |,

Remaining Tasks:

Develop an initial prototype model for weather detection Bhvrdmcicancd) . |
(measurement.) s -

ute to a better world, contact us!

Reduce data costs by exploring other methods to minimize L % gl 2N p e ] o

Vous étes
bloqués
sous la

pluie.

\ Sacrée voiture Mo these og ic':oueisie o\ans Pe cadne

autonome, -

toujours pleine Les enfants, la voiture & 3 du rneret emhst\é&n ROADVIEW 6"»’“

de surprises ! VOus a encore joué un gl = 7 t"iq) ’ ea d. } OLO
e, vise & am@ftﬁeh concuie

Vous étes arrivés a o See = _—. :\ eei}u&eb ou.'lsnsmea dens &5 %

inati 3 . e en e = SO G T -~ 7
destination. Nous avons héate A i o il 2 Cenoll'{isf\s mc] | .
— . N et (s
— 3> =~ U ‘.:-’{

de vous transporter a

=~ ROADVIEW

Pépé, méme.

Hameo! Cua il
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y Introduction h 4 Results Y
» Stereo Digital Image Correlation (S-DIC) 1s a powerful technique used In » 3D finite element mesh projected into the reference image of the Stereo-DIC
experimental mechanics to measure the 3D displacement of a sample surface Challenge data set [1].

during mechanical testing. S-DIC requires at least two cameras.

* Two avenues exist for S-DIC formulation: Local or Global approaches. The N ==
global framework iIs chosen In this work, especially because it enables
measurements expressed In the physical coordinate system based on a finite |
element model. |

* Maps of Initial difference residual r;_ and convergence of the residual map

LeamiJ cam
after S-DIC Iterations.

Initial residual map Final residual map

£50 R T B e 250

500 - 500 A

750 - 750 -

1000 - 1000 +

1250 - 1250 +
1500 - 1500 4

1750 - 1750 -

Figure 1. Aerotech stage setup with two usual stereo-based camera systems. The front system relies 2000 ; = o e o 2000 i — — — — .
on two 16-mm lenses, and the back system on two 35-mm lenses. (Stereo-DIC Challenge data set [1]).
G()als » Comparison between proposed method solution and DIC-Challenge [1] solution,

> _ - for the multi-camera system calibration. (Right camera of 35-mm system figure 1.)
* To propose a unified framework for multi-camera system calibration, shape

fine-tuning, and kinematic measurements.

» To freely provide a robust FE-based S-DIC Python library. Well-known and Rotation (radians):
optimized open-source libraries will be extensively used for computational cost r ry r,
reduction.
Proposed method solution : :
M eth OdS 0.0105 0.184 0.0053
_ . DIC-Challenge [1] solution -0.0103 0.185 -0.0051
Introducing the unified framework:

The usual S-DIC problem is formulated in the object reference system. The
formulation uses a mesh representation of the object of interest. With N cameras,
the S-DIC criterion writes:

Translation (mm):

N— N L, L L,
9* F* = argmin z Z (ricam: jcam)z where: Proposed method solution -17.5133 -3.6308 -301.371
0,5)ERON x].2
&2 ‘ca =0 Jeam=leam +1 DIC-Challenge [1] solution -17.692 -3.581 -301.74
icam»jcam = IiCClm ° P ()—( + E’ Qicam) - cham ° P ()—( + E' Qjcam)
» I; __:Image taken by the ith  camera. CO”CI usions
o / : : :
» P: World to sensor plane projection operator; where collects the camera The algorithm converge very quickly towards an acceptable solution.
extrinsic parameters. v T_he c!isplacement expressed In the finite element space IS calculateo_l In the 3
» X: 3D integration points, defined within the mesh of the object surface. directions betwe_en 4 reference state _and the defor_med state on the basis of a 3D
_ o geometry and this one Is expressed In the same discretization space as that used
» 0: Vector collecting the extrinsic parameters of N cameras. for the simulations.
" Ticamicam - RESIAUAl corresponding to the perception difference of the object v' Python library designed to perform (S-DIC) with (FE) analysis, directly in the
surface between i q, and jeqm Cameras. reference system of interest.
Experimental scene fine tuning: v' Results are in agreement with the exact solution of Stereo DIC Challenge set [1].
Two steps must be performed before 3D displacement measurement. They aim
at adjust the calibration of the camera systems and to update the CAD shape of
the object to make It corresponding to the real one. “y -
Kinematic measurments: B I bl IOg raphy
1 4 , 1. Balcaen, R., Wittevrongel, L., Reu, P.L. et al. Stereo-DIC Calibration and
F* = argmin 5 z z (rit ; ) Speckle Image Generator Based on FE Formulations.
N camoscam
(QE)ERTXLE ® 123 icam=0 Jeam Toam+1 2. COLANTONIO, Guillaume, MARENIC, Eduard, et PASSIEUX, Jean-
ritcam»jcam = 1€Cam o P(X+F, 0. ) — I]tc _oP(X+F0 ) Charles. Stéreo-DIC globale appliquee a I'identification des parametres

d'une loi de comportement. In : 24e Congres Francais de Mécanique

> % :Image taken by the t camera at i.,,,, instant. (CEM). 2019.

lcam "
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\]P s Investigation of the crack pattern of an FRCM eco-composite using  auvverane
NI wsmesmniom — the digital image correlation method (DIC): effects of mineral pre- ~ MEtropole

Introduction
Mineral matrix -|—

Portland cement,
calcium aluminate
cement, phosphate
cements...

Continuous yarns

Nature of fibres: glass,
aramid, basalt, carbon...

= textile technology: weaving,
knitting, braiding...

Fabric Reinforced Cementetious
Matrix (FRCM)

v' high tensile strength

v" Compatibility with substrates

v’ Easy to apply ...

& Synthetic fibres + Cement I:>Non—neg|igib|e environmental impact

U Problematic:

(" The cracking mechanism of FRCM composites is an important aspect that highlights )
the capacity of the composite action, which is essential for the effectiveness of
reinforcement systems. It is therefore important to focus on the crack pattern and
its evolution during loading. Commonly used measurement methods such as LVDT
and strain gauges have limitations when it comes to characterising mechanical
behaviour at the local scale, especially regarding the propagation, number and
opening of cracks in FRCM composites. Moreover, they often tend to confuse out-
of-plane movements with deformations, leading to an overestimation of the actual

\_deformation of the material.

Y,
U Objective:
(= Evaluate the influence of textile pre-impregnation in the mineral matrix |
on the mechanical behaviour of the FRCM.
= Evaluate the influence of short fibres in the matrix on the mechanical
behaviour of the FRCM
(= Quantify the number and propagation of cracks in the FRCM )
Experimental mode
= Flax texile . U Experimental configurations

Short Flax fibres (6 mm):
volume fraction
substitution (0.5%)

Vs

FRCM.2L.FL:
Flax-FRCM
composite  with
two layers (2L) of
non-pre-
impregnated
linen fabric (FL);

..4’

FRCM.2L.FL.I:
Flax-FRCM
composite  with
two layers (2L) of
pre-impregnated
(1) flax fibre (FL);

FRCM.2L.FL.F:
Flax-FRCM  with
two layers (2L) of
non-pre-
impregnated flax
textile (FL) and
addition of short
flax fibres (F) in
the matrix;

Prompt Natural Cement (CNP) /= 05
Experimental method

Tensile test with a load rate of 0.3 mm/min
Use of stereo digital image correlation

Data processing software: MatchlID stereo

FRCM.2L.FL.F.I:
Flax-FRCM
composite  with
two layers (2L) of
pre-impregnated
(1) flax textile (FL)
and the addition
of short flax fibres

<

i

Figure 1. Test setup

(F) in the matrix.
—/

5 5
FRCM2L.FL | —FRCM.2L.FL.I.1
—FRCM2LFL1 [ FRCM2LFLI2
4 A —FRCM.2L.FL.2 4 + —FRCM.2L.FL.I.3
) )
Py =
2 =)
v 2]
7.3 17}
& g 2 4
n n
1 4
0 e
0 2 4 6 8 0 2 4 6 8
Strain [%] Strain [%]
5 5
—FRCM.2L.FL.F.1 —FRCM.2L.FL.F.I.1
—FRCM.2L.FL.F.2 —FRCM.2L.FL.F.1.2
4 —FRCM.2L.FL.F.3 4 —FRCM.2L.FL.EF.1.3
< <
& 3 & 34
) 2
v [72]
2 9 § 2
bl od
& &
1 1 1
0 - 0
0 2 4 6 8 0 2 4 6 8

Strain [%] Strain [%]

Figure 2. Mechanical behaviour of Flax- FRCM
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Figure 3. Cracking mechanism of  Flax-FRCM: Each jump in displacement is
representative of the appearance of a crack, and the difference between the
displacement values at the ends of each jump measures the crack width, the distance
between two jumps in displacement represents the spacing between the cracks.

350

B FRCM.2L.FL
300 H -=--FRCM.2L.FL.I

F --s--FRCM.2L.FL.F
E o5 & <wx-- FRCM.2L.FL.F.I
k) 2
2 200
g E
< o
& 150 ff
3 &
E 100 %
O X

01 Ve
0

Strain [%]
Figure 4. Crack spacing evolution of

Flax- FRCM

Figure 5. Failure mode of Flax-FRCM
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) )
Conclusions and future works

Digital image correlation was used to quantify the number and width of cracks and
the distance between cracks

Pre-impregnation and short flax fibres had a beneficial effect on crack propagation,
particularly the number and width of cracks.

The best response of the FRCM composite is used to reinforce planted concrete:
bending reinforcement, diagonal compression of planted concrete walls.

/




Query Answering in Incomplete Databases under
Causal Specifications of Missinghess Mechanisms

M..DAOUADI, F. TOUMANI, M. BURON, LIMOS, Clermont-FD, FRANCE
L. BERTOSI, SKEMA, CANADA

@ Research question @ Block independent probabilistic database (BID)

Missing values (MVs) in databases are often noted as 'na’ or 'null’ and * Probabilistic database (PDB). data coupled with probabilities.
can arise from various reasons (data entry errors, technical glitches, non- « BID: PDB with independent blocks and disjoint tuples within each block.
response in surveys ...).

Incomplete Database D*
Unreliable QA

v -!ow can we query a DB.D contaln.mg MVs and.ensure high q_u_a!ﬂy QA.
v/ How do we address the issue of an incomplete discrete data utilizing miss- “1 “ “2 o lﬂ“ﬂ ot probable iass (MPC)
ingness mechanisms, with a focus on aggregate queries? o=

Wn: P(Wn)= Pn s

* A class in BID: the set of possible worlds that share the same empirical
joint distribution.
The Missingness graph (MG) is a DAG (V.E) where V=V°uUV*UV™Ul. » The probability of aclass C: P(C) = » . - P(w).
« V9. the fully observed variables (i.e attributes with no MVs in D).

» /™. the missing features in the D™. : : T :
» IV the complete version of VV* (unobserved). @ Fmdmg the MPC (optlmlzatlon prOblem)

» [: the indicator variables (taking values O or 1). * input: database with missing values D*, MG
1. Recover the joint distribution of D* using MG.
2. Transform D* into BID.

_ {Um 17 =0 » Each tuple ¢ in D* is a block B; in BID.

n U . A ~
na fl" =1 Vt € B; : p(t) = P(health™ = v | partner® = t[partner®], stud_h® = t[stud_h°])

v Each v* € V* is associated withav™ € V™ anda |’ € I.

MCAR MAR MNAR 3. Organize the BID with respect to the notion of super blocks.
ifvmuve T | fv™ 1L I[V° | otherwise (e.g. self-censorship) « Within the superblock, the blocks share the same domain B =

Study h° partner® Study h° partner Study h° partner® t
® 15 m

.\ /. Health .\ / \ "‘{-—-—u Hea
Hea.thn‘i\ A Hea.thm\ I L Hea.thfi\ ks  The set of superblocks in BID is {S51,...,5;}.

Health' Health’ Health' » P;(t,;) is the probability of tuple ¢, in superblock S;.

4. Solve an optimization problem to find the MPCs:
[Ticicr (P) (Pu(t)) 0 (57 Fon) (Pata))Fon (150 =Romany (it ) )R

@ Global strategy (imputation) s.t.VS; € BID, Y, ., ki

An incompIEte database D™ Is a finite set of database instances W = o kzg IS #t] Coming from Superb|ock Sz

Missingness mechanism in graphical representation

’____

! (7) Experiment results

90

Compare:
* Joint distributions (KL divergence)
* Query answers (percentage error)

| — Introduce MV: a—a imputation
Incomplete database Probabilistic database 2 g | = = '-.. ) |

* Under MMs (MCAR, MAR) " * MPC imputation

» The possible instances can be seen as multiple imputation. CompletedstabaseD . Djfferent missingness rate  "ompletedstabased’ . CART imputation (Mice)
. . . e PMMi tati Mi
We aim to choose the optimal instance — evaluate the query. . KNN irIn":)?,ll’:aficI;n(s(,ckli:T;arn)

D1, (P || Q) Percentage error

P(x) QAcomplete - QAimputed
P(x)log =—< ABS
2ozex P(z)log Q(x) ( QAcomplete

Avjiqeqoid g vivd

) X 100

(4) Recovering distributions using MG [1]

The attributes of the DB that can be queried are V° U V™.

MCAR (miss_rate =0.1) MCAR (miss_rate =0.

« MCAR:

P(Study_h°,partner?, health™) = P(Study_h°, partner®, health™ | I"¢th = ()
= P(Study_h°,partner®, health™ | [health 0)

a pm
Imputation Methods

* MAR:

P(Study h°,partner?, health™) = P(Study_h°, health™ | partner®) x P(partner®)
= P(Study_h°, health™ | partner®, [health 0)

* P(partner®) « MPC imputation exhibits better effectiveness across MCAR, MAR, and
— P(Study_ho7 health™ | pa,fr'tnefro, Ihealth o O) VarYing m|SS|ngneSS rates.
« P(partner®  Future work: It is necessary to explore the MNAR cases.
(p )
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4 Introduction - Results Y

Y
Stent: Cylindrical eﬂdOprOStheSiS Wid@ly USEd for 1 o Analytical Von Mises Stress o,(x. y) in a bending Timoshenko beam T
The treatment of coronary artery disease, formation - A

of lipid plaques hindering blood circulation in the N L e
coronary arteries. N | :
Stent placement: Percutaneous Coronary

—— Exact 0, unconstrained: g,, =0

Intervention (PCI) 1 in 5 deaths in Europe in 2014
(~1.8 million),1 in 4 in 2019, leading cause of :
death among cardiovascular diseases. Figure: Percutaneous Coronary Intervention with a stent T e RN

e Numerical oy, unconstrained: o, =0

301 =« Numerical gy, unconstrained: o, =0

+ Mumerical g.» unconstrained: o,, =0

INCCI, Institut National de Chirurgie Cardiaque et de Cardiologie Interventionnelle T Numerfcal Ty CD"Etm_'"Ed: =0
https://www.incci.lu/fr/les_maladies/maladie-coronarienne/ Numerical 0z, constrained: £, =0

——  Oyx = EEyy, elastic beam: g, =0 and g, =0
20

ODB: Analyse Poutre_B32 Elasti

Advantage: interventional installation less invasive than surgery :
Problem: Long-term effectiveness could be further improved, particularly for more
complex clinical cases, risks of complications (restenosis, etc.)

15 4

10 4
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Current models efficient for theoretical artery representation

L

yet need to be adapted for patient custom data

Aim: Allow the dep|0yment of stents to be simulated precise|y Figure: Stress-strain curves for a 2D elastoplastic traction test Figure: 4 point bending of a beam: von Mises stress o, for 3 models:
[M.Bonnet, 2005], with different modeling assumptions Analytical Timoshenko beam, Numerical Timoshenko beam elements,

and with limited calculation times in in vivo conditions using
Images collected during the PCI

Numerical solid brick elements (from top to bottom)
Beam model assumptions (here &, = 0 and

: : _ _ _ = o,y = 0) Incompatible with the constitutive
Stent in the form of a long wire with a thin section Figure: Drawing of a stent laws like Hooke's law for linear elasticity

Cardiac Interventions Today, https://citoday.com/news/ivascular-
launches-long-lengths-of-angiolite-des

—> more precise modeling on the axis of the wire « Beam model assumptions 2> different stresses - different plastic strains
than along the section = beam model

~ z ] 44 1350400

- +3., e+ 4 - +3.358e+00

s A ; 3 +2.5190+00

= +1.679%+ £ 3 - +é.g;ge+010

end 2 3 18390 F_“E.. : R o t8305e 01 | e ' - e = s
-8, e. I Gt —_ = - > I
I i - R e+ - } = 9 . .‘— 3 S .: SR ik ;_____ (.7 i ;K 'i ~4 B .: . <3 - >
end 2 o A = S5 I D Y -
1 ™1 : e+ B " J p s ) : /i i 7 = = 4 ’ Vs P J B gy = £
1 end 1 | A XK KL &6 ¢ (LK ( &
end 1 v ‘ SRR R o S , Sy Sy
(a) Linear element (b) Quadratic element 2 - node element 3- node element

(8-node brick, C3D8) (20-node brick, C3D20)

t_entierement._python_cae reel_elastique.odb Abaqus/Standard 3DEXPERIENCE R2019x  Mon May 13 09:5 g ) t_entierement python_cae reel elastique.odb Abaqus/Standard 3DEXPERIENCE R2019x  Mon May 13 09:5

Figure: Continuum solid elements vs beam elements in ABAQUS software
ABAQUS, Inc, https://classes.engineering.wustl.edu/2009/spring/mase5513/abaqus/docs/v6.6/

Figure: Stent (Ultimaster Nagomi by Terumo) modeling and inflation in ABAQUS

Fewer nodes with beams - less computation time | | | | | |
« Stent sampling data usable in ABAQUS for imposed inflation (radial

- Modeling of stents using beam elements = proof of concept + reduction of calculation displacement)

times compared to other models for free deployment (without contact with an artery
model) [C. Krewcun, 2020]

\Can this method be used for personalized patient stent and artery data?

/ IVI et I l O d S \ Figure: Part extracted from the stent: modeling using brick elements (left) and beam elements (right)

 Consistent solid/beam section assignment
Stent model design: master student project
;z o Sal.'npled P.'oints from Bézier Cur\..res . | / = \
=) 1 - é | : S I
== PR Conclusions
Commercial ,s_fiiz f - ' Eé::’ff‘f
Datasheet ;% /E, :;,:,._ * Possible to implement a custom stent on ABAQUS and apply free deployment
= = AN
S e 00 . e , N : : .
= B 5 & b ik B B & et « Computation time greatly reduced with beam elements
Stent crown Crown 2D stent Folding—>
vector drawing  sampling assembling 3D Stent => Need further investigations to quantify conseqguences on plastic strains induced by
beam model
1. Simulation of stent inflation with commercial finite element software 5 SIMULIA
ABAQUS with solid and beam elements [Dassault Systemes, 2006] ABAOUS =>» Implementation of the stent deployment in real artery geometries
2. Implementation on SOFA, open-source framework for interactive . >
mechanical simulation, with emphasis on biomechanics .jéOF Al
> implementation of personal patient data B I b I I O g r- ap h y
— Beam model theory used in ABAQUS consistent for elastoplastic beams?
1. C. Krewcun (2020). Simulation numeérique de déploiement de stent coronaire en
1< & , 3 TS Ifivf-'f_fj vue d’un traitement personnalisé — validation sur fantdome acquis en imagerie
Oy = Ez z (01 —05)" + 32 o YN - - YN microdensitométrique. Bio-informatique [g-bio.QM]. Université Clermont
Nt k=1 777 ” I | = Auvergne [2017-2020], 2020. Francais. NT : 2020CLFACO086. tel-03518646
_ - _ aL _ _ aL 2. Dassault Systemes (2006). ABAQUS Analysis User's Manual, Section 23.3 Beam
If 6, > Gyresnolg 2 PlaSEIC strain 1.e. irreversible deformations (i.e. stent inflation at the end elements. Retrieved from
of the PCI) _ _ _ _ _ https://classes.engineering.wustl.edu/2009/spring/mases513/abaqus/docs/v6.6/index.
- Reference test with analytical case: 4 point bending of elastic beam html

3. M. Bonnet (2005). Analyse des structures mecaniques par la méthode des éléments

—> Stent data: segments (1D) = how to assign consistent section orientation ? finis. Ecole Polytechnique, Département de Mécanique, Majeure 2 SelSM.
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ABSTRACT

ECOLE DOCTORALE ,
DES SCIENCES POUR LINGENIEUR

CLERMONT
4 AUVERGNE

High-performance computing and large-scale computing require a careful management of the power and energy. Much of the
work to achieve these energy consumption limitation goals i1s and will have to be done with hardware improvements. On the
other hand, the work of using the hardware tools made available falls to the software but also to the applications. If hardware
consumption "measurements” exist, software measurements must also be available to evaluate the consumption of
applications and particularly those of high-performance computing in the context of artificial intelligence applications. Several
deep learning applications will be considered and evaluated on recent hardware.

REPRODUCIBLE RESEARCH L
Definitions [1]

Measures have to be done with the declared precision
by the same team using the same measure procedure,
the same system of measurement, in the same
conditions.

ENERGY MEASUREMENT

Repeatability

Measurement

Different methods :

Different units :

CO,eq (Carbon dioxide equivalent),
gCO,e (Grams of carbon dioxyde
equivalent), J (Joules), W (Watt), kWh
(Kilowatt hour).

captors, Sensors.

How to make precise
measurements ?

Can we standardize it ?

WORK

Experiment on language benchmark reliability

We are comparing the time and energy consumption of a program
written in different languages. We use different existing benchmarks
to check result consistency.

The objective is to check if using different benchmarks can lead to
different scientific conclusions, questioning the implementation of
solid benchmarks.

:'? Diffe re nt tea m’ Sa me expe rience EfficientNetB0-187, 0.794, 83.13, 4.05 T R P S
=i Measures have to be done with the declared precision
@ . EfficientNetB5-444, 20.9, 83.7, 28.52 .
3 by another team using the same measure procedure, » o T
= the same system of measurement, in the same © .o &
Q ° ° 235 o o -
&J CO n d It I O n S . _ . . EfficientNetV25-413, 5.75, 83.37, 20.33 DenseNet201-561, 8.63, 83.12, 18.32
i;- . ‘ EfficientNetB4-384, 8.97, 82.98, 17.68 s S s
o - = &EJ . . - | ) h | InceptionResMetVv2-500, 26.4, 82.67, 54.34
7| Different team, different experience o o ® ‘. ~ L o
=11 Measures have to be done with the declared precision el T @ veisswor s e
m . ° 27 EfficientMetB1-308, 1.41, 82.42, 6.58
= by another team using a different system of S ———
Q ResMets0W2-105%, 65.99, 82.37, 23.57 Xception-118, 16.8, 82.48, 20.86
&J m e a S u re m e nt . B15 -.MnbiFENE’EUESmEII—IEI, 0.174, 81.53, 1.53
@ nasnemvoblle-617, 1.15,81.3,4.27 MobileNetV3Large-193, 0.564, 82.74, 4.23 ResNet101-150, 15.2, 82.64, 42.66
Same team, same experience FLOPs(giga)

» Hardware-based : Meters, Embedded

» Software-based : Build power models
to estimate the power dissipation [2].

MACHINE LEARNING

Model accuracy vs floating point operations. Bubble size represents the number of parameters.

An example : Multiple ML architectures have been tested to
diagnosis Lyme disease from images [4]. Are these results
reproducible ? What is the energy cost of each architecture ?

Energy measurement tools [3]
Date |Toolname  |Tooltype _ |Alonly_

| only
2009 pTop Command line NO
2013 Pyloules Python library NO
2019 Energy Usage Python library NO
2019 ML CO, impact Web NO
2020 Experiment impact tracker Python library NO
2020 Carbon Tracker Python library YES
2020 Cumulator Python library YES
2021 Green algorithms Web NO
2021 CodeCarbon Python library + Command line NO
2022 Powerloular Command line NO
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Le calcul parallele au service de la robotique

Contexte

Louis Guigon, Andrés Kecskeméthy, Chedli Bouzgarrou, Benjamin Boudon, Youcef Mezouar

Les algorithmes de controle modernes requierent plus de ressources pour respecter les

contraintes de temps réel.

"y

‘Q .y Mécanismes
IA complexes
Communications
Ve
(- A
? Algorithmes Jumeau
l—Q* de décision numérique
I

Source: Universal Robots

Observer

Déplacer

Sécuriser

paralléle:

Déplacer Observer Sécuriser

simultanément

Observer Sécuriser

A série: les étapes sont effectuées successivement
T — -

., Contribution scientifique

Déplacer

De la détection d’objets, a la coordination de plusieurs robots dans
requierent

un méme espace, les demandes d’automatisation
toujours plus de puissance de calcul.

Exemple avec le Kuka Robocoaster :

Simulation en réalité virtuelle de

’environnement de roller-coaster

Synchronisation du robot avec la
simulation pour imiter les

accélérations du roller-coaster

E 3
Les atouts de la GPU

Les processeurs multicceurs tels que les cartes graphiques,
ou Graphic Processing Units (GPU) permettent d’effectuer
les calculs simultanément en parallele.

les GPUs sont présentes dans la plupart des machines modernes.

les étapes sont effectuées

Les algorithmes sont d’autant plus rapides que le processus est
parallélisable

Larchitecture GPU est en constante évolution et est tres convoitée pour
ses performances

| S A N

-

L’objectif est d’optimiser le controle de robots sur des processeurs paralleles pour une exécution en
| temps réel de différentes taches au sein d‘une cellule robotisée.

g Concurrence Parallélisme
L'objectif est d’effectuer un Des études sont menées pour
maximum de calculs optimiser les algorithmes en

simultanément

Q D
QO s

Formalisme

La reformulation de la
dynamique multi-corps est
considérée pour accélérer son
calcul en paralléle

M(q,9).G +b(q,9) = Q(q,9)

calcul paralléle

090 9@0
@ o(logz(n))

Portabilité

L'objectif final est de concevoir
un compilateur de code
paralléle fonctionnant sur toute
machine équipée de GPU

L L

Simulateur de dynamique

Un premier cas d’application consiste a calculer les
équations de la dynamique d’une chaine série sur
processeurs paralleles:

—CPU 17-7700 —GTX 1060

Temps de calcul en
microsecondes

5 10 15
Nombre d’axes du robot

20

La GPU est performante pour les systemes complexes
avec un temps d’exécution proche du constant tant que
des ressources sont disponibles mais reste plus lente

que la CPU si peu de calculs sont a effectuer.
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Clermont Clustering for Trajectories Analysis
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Auvergne (0 1
CL **Digital Health Hub, Université Simon Fraser, Vancouver, Canada L

armel.soubeigaluca.fr -armelsoubeiga.github.10

Introduction Methods

> Context > Diverse formulations for

Clustering for trajectory analysis has received growing interest in various re- Feature-Based
search fields in recent years. Research work has multiplied around autonomous
solutions applicable to diverse fields and topics. However, in social science, this
task becomes more challenging when multidimensional trajectories are charac- |
terized by discrete or categorical longitudinal data or time series. ey 7% l

onal
Model Parameters

Modelling/Discretization

Distance-Based Distance-Based Similarity matrix
(a-1) Cross-sectional  (a-2) Cross-sectional  (b-1) Longitudinal (b-2) Cross-sectional (C) Longitudinal
Relational clustering  Feature clustering  Relational clustering Feature clustering Relational clustering
Nonparametric approaches Parametric and semi-parametric
approaches

> Feature-Based Clustering : approches multicanales

- A trajectory x'?) is a three-tensor multichannel sequence data in R()*MxT

. . . . . Feature-based approaches use feature extraction and selection techniques, but
- Possible classification of the different types of trajectories. PP q

are limited due to ignoring time dimensions : (! € R()*M,

> Row-Data-Based Clustering : approches multicanales

Trajectories
data Raw data-based approaches for clustering multichannel sequential trajectories
| L include :
Sequential Temporal Spatio-Temporal b Multich 1 e
trajectory trajectory trujectory trajectory > Multichannel sequence analysis
= care pothway dato = sensor-bosed doto * [PS-bosed doto ) EPS_DDSE,EI doto . > Sequentla‘“ proceSSIHg : methOdS (1)
* web browsing data = signol-bosed dato = troffic octivity data " geographic coordindte daota c 1 e . .
. e courees-bosed dote it . Climotichosed dote = roster doto - Sequential similarity measures : methods (2),(5).
= hiogrophy-bosed doto . ; |
~ Relational Clustering : methods (3),(4).
Methods Multidimensional Parsimony Interdependence
> A lications & Problems 1- Combination of states (Cstat) no VeS local
pp 2 - Combination of costs (Ccost) Ves VeS local
- Identification and characterization of care trajectories : the case of chronic 3 - Combination of distance (Cdist) Jes Jes no
ain. 4 - Combination of clusters (Cclust) Ves no global
P
~ The eDOL project and eDOL mHealth application for patient monitoring. 5 - Globally Interdependent Multiple
yes yes global

Seqguence Analysis (GIMSA)

—

Every three and six months
comortiditios o psyehological ond > Soft clustering-based approach
physiological states related to chronic pain.
Soft clustering based on fuzziness or belief functions, addresses ambiguity, im-
. pmn.dltdm”h J precision, and uncertainty :
pehadpral and professional date >(1) Fuzzy Clustering : only imprecision
_ 2
Efurnmek::i?:eg:]iu: data measuring pain, J ]FCM(U’V) o ]C:1 Z:l:]‘ u;/’]/ldz] (1)
comors, sport and nemsport ottty subject to 2521 uij=1lu; >0 vVi=1,..,n
>(2) Evidential Clustering : imprecision and uncertainty
_\n | b 12 n 2. b
FIGURE 1 — System and circuit for eDOL data acquisition. JEemMLV) = Y1 Ya0 4 Mijdij + Liz1 Mg (2)
SllbjECt to ZA]-QQ,A]-#@ mi]' + m;p = 1, mi]- >0 Vi=1,..n
> Soft relational clustering with distance collaboration
— (2) Healthcare challenge : the sub- 5
(1) Problem of multidimensiona- jectivity and uncertainty of data and A relational version of adapted ECM allows for the characterization of uncer-
lity : care trajectories are multi- typology. tainty and imprecision within a collaborative learning framework by integra-
channel ting distances weight locally for each cluster (3) or globally (4). Designed as
follow :
- x By : L o
> Interesting Questions Explored Jmecmad—rwi(M, V, A) = Z Z ‘Af| mi]-Z ()‘ﬂ) diji + 251 Zmi@ (3)
i=1 Aj£D =1 =1 i=1
n x B p p X n 8
A A S
Imecmad—rwc(M, V,A) =) ) | A mi]-Z (M) i+ )07 ) mi  (4)
Q1 What clustering techniques are used for medical trajectories? i—1 A],?é@ ]—1 ]—1 i—1
With p the number of distance matrices included in the collaboration. A; the
@ estimated relevance weight for cluster j and distance matrix .
(QO 5 How do we deal with the multi-dimensional aspects of
' Q medical trajectories?
Conclusions

Clustering methods for sequential trajectories in social sciences are based on
How to deal with uncertainty in trajectory data in the context of . . . .« . .
03 multidimensional clustering? sequential analysis, using both additive and combinatory approaches. Collabo-
ative methods that take uncertainty into account are particularly effective.

2023 — Journée scientifique de I'ED SPI 2024
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Fire behaviour of fusible links for fire walls in single-storey

steel-framed buildings

Thi-Thuy Mai .2 ; Abdelhamid Bouchair ?); Sébastien Durif ®; Christophe Renaud &); Bin Zhao &

) Fire division, CTICM
(2) Université Clermont Auvergne, Clermont Auvergne INP, CNRS, Institut Pascal, F-63000 Clermont-Ferrand, France
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3D FE models for thermal analyses of two fusible links

Introduction

"fusible" ties

Purlin
- Localized collapse of the building parts exposed to % g
fire is acceptable when the overall stability of the ' = ﬁ
building is preserved. : B :
- Fire-walls are used to limit the fire propagation and
the effect of local collapse.
- To achieve the stabllity of fire-walls during local fire,

L v o
Beam e

- Column

Fire wall

fusible links can be used. -
- The adequate fire performance of fusible links
has never been really investigated.

The thesis aims to study the fire behavior of "fusible" links for fire-walls installed
In single-story steel buildings using :
 Finite element numerical models are developed (mechanical and
thermal effects).
 Experimental results (Fishwall European project) used to validate the
models.
« Parametric studies performed on different configurations of "fusible"
systems to propose practical recommendations and calculation rules for
engineering.

Modeling of fusible links

— — — — — — — — — — — — — — — — — — — — — — — —— — — — — — — —— — — — — ——— — — — — ——— — — — — — ——— — — — — ——— — — — — ——— — — — — ——— — — — — ——— — — — —

Restrained
displacement Uy

|
|
|
|
" |
|
X |
= |
B b :
5 |
|
;
Restrained |
displacement Ux i B ' I
Restrained displacement Ux |
Restrained displacementfd [ R :
Ux, Uy, Uz 555 j Restrained displacements Ux, Uy, Uz |
~— ey B b ' 7z |
- BN 6 B L4 B s
- e ™ |
w .\\, 1% Lo |
e ,I
/l
3D FE models for the mechanical analyses of fusible links /
/
// \\\\
ANSYS 2020 R2 N
et oies B Build 20.2 \
Build 22.2 \
APR 4 2023 AER 3 2023 ‘|
16:05:07 14:09:39 :
NODAL SOLUTION NODAL SOLUTION |
TIME=2171.2 TIME=1710.3 |
USUM (AVG) USUM (AVG) |
RSYS=0 RSYS=0 |
PowerGraphics PowerGraphics |
EFACET=1 EFACET=1 |
AVRES=Mat AVRES=Mat |
=.025185 DMX =.046232 |
=.025185 SMX =.046232 i
0 m i
.002798 .005137 |
.005597 B 0274 |
.008395 B 515413 |
.011193 B 0547 |
.013992 B 75654 |
.01679 B3 030821 |
] |
.019589 [ 035958 |
.022387 BE 041095 |
.025185 NPT /
/
/
o o o o /
Deformed shapes of fusible links at failure time S
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Experimental results
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Numerical model of tested specimen

Conclusions

The developed FE models can predict successfully the fire behaviour of fusible
links In fire situation.

The results of the FISHWALL project fire test have fully confirmed the relevance
of the studied fusible links.

The detailed analysis and interpretation of the test results validated the three-
dimensional FE numerical models developed.

The parametric studies on different configurations of "fusible"” systems is In
progress.

D N N N
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Modeles numériques évolutifs du systeme ferroviaire :
Outils d’aide a la décision dans une approche par I'analyse de risques
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lﬁl Contexte

A ce jour, dans un contexte de transformation numeérique de I’en-
treprise, les différents métiers de SNCF RESEAU (ingénierie, exploi-
tation et maintenance) ont la nécessité de batir une représentation
commune et partagée du systeme ferroviaire afin de faciliter leurs
interactions mutuelles. Par ailleurs, cette représentation permettrait
aux métiers de mieux appréhender la complexité du systeme ferro-
viaire par une meilleure identification et caractérisation de I'intri-
cation de ses constituants, due aux interdépendances entre sous-
systemes.

1. Jakob VoN UexkULL, Milieu animal et milieu humain. Deux étres vivants évoluant chacun dans
un méme monde se construisent une représentation différente de ce monde, de par leur perception
sensorielle unique. De maniéere analogue, les différents métiers de SNCF REseAu ont chacun leur
perception du systeme ferroviaire, construite selon leur besoin métier et leurs usages.

AR

Figure — Deux représentations d’'un méme monde : 'une construite par I’lhomme
(2 gauche) et Pautre construite par la mouche (a droite)

® Problématique

L’absence de représentation systémique commune pourrait
conduire a une mauvaise compréhension du systeme ferroviaire
global, engendrant a son tour, nombres de risques pouvant aller
jusqu’'a compromettre la disponibilité du réseau, la robustesse de
I'exploitation ou la sécurité des personnes. Des lors, comment
construire cette représentation globale, évolutive et partagée
du systeme ferroviaire?

Qs Méthodes

@ Finalité de la thése et contribution visée

La these vise a établir le socle scientifique nécessaire a [’évaluation
des effets de bords induits par certains systemes et acteurs sur le
reste de ['écosysteme ferroviaire et réciproquement. Notre contribu-
tion, d’'ordre méthodologique, guidera I'entreprise dans sa trans-
formation numérique pour lui permettre d’atteindre un optimum
global de ses activités.

Notre travail de recherche s’articule autour de la gouvernance de la donnée de SNCF REseAu, référence numérique de l'entreprise. Plus
précisément, notre travail s’inscrit dans le cadre de la construction du modele systemique ARIANE, selon la démarche suivante :

i £ % 2 B

@ - 8 IX
U
=
S Représentation
O p T
S . Modélisation
= systemique numérique

partagee
O Matériel
Q roulant
Etat du
réseau
. Représentation

Ontologies Architecture Fonctionnelle et numérique
8 dysfonctionnelle du systéme
o) ferroviaire
o
e
S :
QO N ) Fonctions Description
2 Pl du réseau Usage du

orientee ,
objet reseau
Compor- Physique
tements

[+]

S

) i

r &

Analyse de
risques

Ai,dg a la
décision

Incidents
d’exploitation

Optimisation
Machine
learning

Etude
des risques

ferroviaires

Shreté de fonc-

tionnement Multi-métiers

Maintenance Ingénierie
Incompatibilités

matériel/infras

Identification
Caractérisation -
Exploitation
Pannes
Incendies

INGENIERIE DIRIGEE PAR LES MODELES

>

[ Premiers résultats

> Glossaire des notions clefs de la these
> Ontologie pour les modeles conceptuels de domaine
> (Meta-)modeles (systeme, processus)

> « Framework » pour produire un Jumeau Numérique avec une
approche dirigée par les modeles

> Identification de cas d’application industriels ferroviaires pour
la simulation et I'analyse de risques

BN Publications

Alexis CHARTRAIN, Gilles DEsSAGNE, Noél HADDAD, David R.C. HiLL. Vers une simulation globale du
systeme ferroviaire : atout pour Uaide a la décision guidée par [analyse de risques. ROADEF °24, 5
Mars 2024, Amiens, France.

Moussa IssA, Alexis CHARTRAIN, Flavien VIGUIER, Bruno LANDES, Gilles DEsSAGNE, Noél HADDAD,
David R.C. HiLL. Railway system Digital Twin : a tool for extended enterprises to perform multimodal
transportation in a decarbonization context. TRA 24, 17 avril 2024, Dublin, Irlande.

Alexis CHARTRAIN, Gilles DEssAGNE, Noél HADDAD, David R.C. HiLL. Retrospective on the Digital

Twin concept and perspectives for railways : the case of SNCF Réseau. SAGIP "24, Mai 2024, Lyon,
France



Multi-doped bioceramics for the regeneration
of large bone defects

Alice Szmytko?!, Charlotte Vichery?, Stéphane Descamps* and Jean-Marie Nedelec!

lUniversité Clermont Auvergne, Clermont Auvergne INP, CNRS, CHU Clermont-Ferrand, ICCF, F-63000 Clermont-Ferrand, France

IEF

Institut de Chimie de
Clermont-Ferrand

Alice.szmytko@sigma-clermont.fr

Introduction

Background

Arthroplasty, trauma, infection, or tumor resection may lead to the formation of a critical bone defect, where the tissues will not regenerate spontaneously. One of the emerging solutions is to use synthetic bone filling
materials such as calcium phosphate ceramics. Hydroxyapatite (HAp), B-tricalcium phosphate (B-TCP) and a-tricalcium phosphate (a-TCP) are already marketed and used for their osteoconduction properties®

Objectives

This work aims to synthesize and study biphasic calcium phosphate (BCP) doped with transition metal ions such as copper and zinc and alkaline earth metal ions such as strontium.

» Stoichiometric HAp ceramics are well incorporated in the body after 5 years, but 15 years may be necessary for it to be replaced by new bone tissues.? Additionally, to avoid soft tissue invasion, bone filling materials
need an adapted degradability to keep a constant volume occupancy inside the bone cavity. A fine tuning between materials biodegradation and new bone formation kinetics is thus mandatory.

» Copper, zinc and strontium ions are added to the BCP composition to control inflammation?, bacterial growth* and stimulate bone cell activity.’

TCP + CaHPO,§ | Deficient hydroxyapatite HAP + Ca(OH), Cat/_P BCP has been synthesized through the co-precipitation of deficient HAp, followed by a
Tricalcium phosphate @U Hydroxyapatite thermal treatment allowing HAp and TCP formation.
T EaTBION 1 i Ca/P In the HAp structure, strontium ions replace calcium ions, preferentially on less dense Ca(2)
a 7 ratio . . . . . _ .
o 1,50 1667 t site (Wyckoff 6h), and zinc and copper ions are inserted and thus form an interstitial solid
Cayo(PO,)e_(HPO,),(OH),_, - (1-X)Ca,o(PO,)s(OH), + 3x Cay(PO,), + xH,0 solution at the Wyckoff 2b sites.

Synthesis protocol NH.OH

Reactant concentrations used for the synthesis of undoped and doped samples (2.102 mol)

A

dopant ions
Ca(N03)2-H20 (NH4)2HPO4
CU(N03)2'3H20 Zn(NO3)26H20 SF(NO3)2 (-)
HAp 0.2 M 0.12 M 0 0 0 Ca(NO,),4H,0 (NH,),HPO,
HApCu, 0.2 M 0.12 M 0.002 M 0 0 Cu(NO,),-3H,0
HApZn1 0.2 M 0.12 M 0 0.002 M 0 Sr(NO3)2
HApSr, 0.196 M 0.12 M 0 0 0.004 M
HApCu,Zn,Sr, 0.196 M 0.12 M 0.002 M 0.002M  0.004 M n
£ : :
Sintering
( ) ( ) Filtration dryi 1200°C=15h
m Ca_,Cu,Zn, Sr, (PO OH)»>_»,_>.,(0 ne rying or
10—z X yorl z 46 2—-2x Zy( )2x+2y Rinsing freeze-drying
: Particles size histogram of the HApCu,Zn,Sr, sample, . .
SEM image of the HApCu,Zn,Sr, sample fitted with a log-normal distribution function Nominal and measured (MP-AES) samples composition
' Sﬂ || || 1 || || || 1 1 || I || 1 || || 1 1 || || || I || || || 1 1 || || 1 1
i D. =1.9%0.4um i Nominal Nominal Nominal Nominal Measured Measured Measured Measured
. avg T T - Cu/Ca Cu/Ca Cu/Ca (Ca+Sr)/P Cu/Ca Zn/Ca Sr/Ca (Ca+Sr)/P
or i ratio ratio ratio ratio ratio ratio ratio ratio
s [ :
g a0l _ Hap - - - 1.667 - - - 1.9+0.1
Q B -
; [ i HApCu, 0.01 - - 1.667 0.0028 + 0.0005 - - 1.8+0.2
Q0 B -
S - -
E 20F i HApZn, - 0.01 - 1.667 - 0.0029 + 0.0007 - 1.9+0.2
i i HApST, - - 0.02 1.667 - - 0.018 £+ 0.001 1.99 +0.06
10 -
i - HApCu,Zn,Sr, 0.01 0.01 0.02 1.667 0.0029 + 0.0002 0.0029 +0.0002 0.017+0.001 1.9%0.1
{]D- L L [ [ [ ] ] L I2 [ ] L L ] ] L [ [ 4 ] Ll 1 l:-E
Particles size (um) IR spectra
X_ray diffractograms 1 ] ] ] | 1 ] ] | ] I ] ] ] I ] ] ] I ] ] ] | I ] I
e WHapCU1znlsrz
Phase %  Ca, (PO,)¢ (OH), a-Cay(PO,), B-Ca,s(PO,), —
Rietveld analysis HAp 98.9+0.8 0 1.1+0.3 - —" =
'T.'——-f’—_\‘_ a8 HapZn,
HApCu, 98.5+0.9 0.9+£0.3 0.7+£0.3 g S ‘
s HApZn, 97.1+0.9 1.8+03  1.0+0.1 g g MY \/
G| HapCu,Zn,Sr, kS £
£ HApSr, 99.5+ 0.6 0 0.5+£0.2
= 1R Hap
L HapSr,
HApCu,Zn,Sr, 94.5+0.9 4.7 +£0.3 0.8+0.3 ) T T f
. |- | HapZn, OH t1vipos OHTT v2(PO4)
; E ; | R More intense without doping v,(PO4) v,(PO4)
L N - 4000 3500 3000 1200 1000 800 600 400
Hap Wavenumber (cm ) Wavenumber (cm )
0 25 | 30 — 35 — 40 " 45 — 50 " 55 T 60
* B-tricacium phosphate , JCPDS 09-0169 20 ()
¢ a-tricalcium phosphate, JCPDS 09-0348
unassigned peaks correspond to hydroxyapatite, JCPDS 09-0432
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Zn?* or Sr?*, or multi-doped with the 3 ions, were successfully synthesized.
» XRD and IR spectroscopy were used as qualitative analyses and Rietveld as
quantitative analysis to determine their phase composition. / Acknowledgment
» All the dopants were not inserted in the phases, as shown by the atomic emission , ,
_ The authors acknowledge the support of the French Agence Nationale de la Recherche (ANR) for the PIMyBone project
spectroscopy analyses on the synthesized powders. under reference ANR-21-CE19-0055.
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Exact and metaheuristic approaches for
short term open pit mine scheduling
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Context: How to find the best short-term

=1

| Panel | y:

I___..__l r

I
Parcel |

extraction process schedule?

|dentification of the best spatio-temporal machinery affectation and the feeding

; R of the extracted grades. All of this is constrained by a number of factors:
| . — 1
| | s Operations sequencing . Machines motions
i 40m ! i
,:i Machines compatibility . Priorities of layers (urgency of obtaining
Machines avaibility certain qualities)
__________________________________________________ N L
| A
SR 4 o (&
Site prepqration Blasting Site preparation Loading i
for drilling for stripping |
3 8 i
Drilling Stripping i

'Problem formulation: Flexible Job Shop Scheduling Problem with generic
minimum Time-Lags (FJSP-GTL)

FJSP represents an extension of the job shop scheduling problem which allows an operation to be processed by any processor from a given set. The problem is to affect each opera-
tion to a machine and to schedule the operations on the machines, such that makespan, the maximal completion time, of all operations is minimized. An NP-hard optimization problem
(Dauzere-Péres et al., 2023) that introduces additional complexity due to generic minimum time-lags and additional precedence constraints. The time lags are used to model the ma-
chines empty travels.

/I
i < £ < 2 < £ e £ 2

A —
£ < < < < < < < < < ECh::ei | b b : Job 5 o Job JobObS : Job 1 é
& o . R — ;
- b\
5 T
|
MILP formulation for FJSP-GTL
Data sets & parameters y Objectif function
J=A{1, ..., |J|} Set of jobs | o Minimize Cyr.. (1)
° = {(C)),-,h gj,Z, s O,goﬂ } get o: operat/.ons of the job j Subject to
= O,UOU...UOy et o Opel‘atIOI.’)S | | Stojo + Pojo < Coax, ¥ O o€ O (2)
Mo; o Set of compatible machines with O; , _
2 . . Zm YOjom_1 VojoeQ (3)
Poj.om Processing time of O; , processed by the machine m
i Mini t | bet 0O Jd0 Pojo = Zm Yojo,m pOjomy VO]OEQ (4)
GA;)];,OI’,O’,I?? Glnlmu.mt.lmel agb j Weeno o a:; O 4 XOj,o,Oj’,o’,m + XOj’,o’,Oj,o,m - ij,o,m - _VOj’,o’,m —'11 4 Oj,o; Oj’,o’E Q; Oj,o;éoj’,o’;v m e-I\/IOj,o M MOj’,o’ (5)
0.0 0" m eneric time lag between O, , and O;:
S 0,050, Th tof O ‘g /- 1o ZXOjo Oj,0,m + 2XOj’o’Ojom - ijom - y0j’o’m SO 4 Oj 0s Oj’o’E Q Oj o;éoj’o’:vm EMoj o N MOj’o’ (6)
UeCojo © SCLOT Y0 S SUCCESSOPS Stojo + Pojo + TLojo.0r0'mS Stojpo+ H(1- Yoiom), ¥ Oj o€ Q, ¥ Oy o€ Succo;, , ¥ m eMo; o (7)
H A large positive number

_ , Stojot Pojo + GMToj0,070:m < Stojot H(1- Xoj0.07.00m), ¥V Oj0,0p0€ Q¥ meMo; o N Moo (8)
Continuous variables

Pojo Processing time of the operation O; ,
Stojo Starting time of the operation O; , interface
Cmax Makespan, i.e. the completion time of the last operation

Binary variables Instance to solve Best
Yoiom =1 if O; , is assigned to the machine m framewsrf&d solution
X0j.0,07,0"m =1 if O; , is processed before Oj:,-on the machine m parameters

Metaheuristic

Computational experiments:

Job sequence on .
g One solution

Avg. GAP (%) Avg. CPU Time (s.) machines
Instances - ”
MILP GRASPmMELS MILP GRASPmMELS Longest path < Oriented
Small instances 0 0.2 11 45 algorithm disjunctive graphe
Medium instances 0.1 0.1 6972 1
Large instances 18 20 31744 81
*CPU time limited to 12h

26/06/2024 Contact: soufiane.aallaoui@emines.umé6p.ma
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commendations to Optimize
Group Dynamics
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3s3 22 O-8
# Improving the group dynamics = T : =]
by leveraging the power of Al.
e e oy
!
ecc g’
~ ECCIPE serves as a collaborative i | &
platform for students. &'
) . 1
3a2 3e2

(3] Approach

The identification of primary antecedent behaviors.

Formal description of the group dynamics.

Crafting a hybrid reasoning mechanism, including both inductive and
deductive reasoning.

Providing timely and contextually relevant feedback founded on group
dynamices.

(D4

Messages Dy

mic
Fe nJlr ch

<4
o)

ecc

Logs

Feedback

» The usage of statistics and Al-driven solutions to process real-time data and provide
dynamic recommendations.

Y —— |

e e 4 al_fime: imestamg

Bahavior

| Individual Behavior

Group Behavior

_—
+ mathod{typa): type

Socio-Affective
Interactions

+ behavior_weight: type

L &

o — ] Raw indicatons
Indicatar

| + nama: type
+ Indicator_welght : type

—

+ mathodilypa): ypi

O Priminary Rl © ruurowork )

Class Distribution

1000

Text Generation models:

» Leveraging the established NLP building
blocks to enhance results.

Llama2 w=10 30.73s ) y ] .
800 ~ Developing an automatic dynamic context
Hermes w=5 63% 34.37s detection block, incorporating relevant
g revious messages.
g o GPT35 w=5 56% 355 P 9
£ P GPT4 W=5 79% 3.5s » Conducting several analyses on the logged

GT + Deberta 40%

TL-BERT-v1 79%

TL-BERT-v2 81%

Class

» Donelson R Forsyth. Group dynamics. Wadsworth Cengage Learning, 2014.

Text Classification models (without context):

e e

data aiming to induce rules.

Distance from Group 1 for Each Student

5

1.44s

0.27s

#

0.28s

Distance from Graup

O Referonces *IIII

Studen!

» Robert A Sottilare, et al. Designing adaptive instruction for teams: A meta-analysis.International Journal of Artificial Intelligence in Education, 28:225-264, 2018
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Réglage adaptatif et genérique de lois INRAZ)
de commande pour un robot agricole
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Problematique

Introduction

» Reglage fastidieux, energivore et chronophage.
» Reglage sous optimal, ou instable, si les conditions d'utilisation évoluent
dans le temps (dU au terrain, aux interactions de l'outil, etc..).

Defauts des methodes actuelles de reglage de gains :
* Non applicables en temps réel [1]
* Non adaptees a l'utilisation sur microcontroleur [2]
* Non génériques [2], [3]

Contexte

Pour le suivi d'une trajectoire T a une

vitesse donnée v, on déetermine
W = Wy + We .

We

\

— ky (7; — arctan (1 _ki?s)y))

B v cos (1))
= <) 1 —c(s)y

avec k, et k,, des gains, et w. un terme
qui peut étre adapte par une approche
prédictive.

Approche

Proposition d'une nouvelle approche permettant I'adaptation des parametres de
guidage d'un controleur backstepping avec un terme de prediction feedforward

0.14

0.12

Angular speed w[rad/s]

ou MPC.

7 7' 2

y. ¥ | Lateral compensation | wy
= Backstepping

. / ) _I_
2 +

;) Curvature compensation
5 Feedforward - MPC We

v? C? y? /lp .

0.1

i

H‘ Robot

— Observer Kk——

IT

L'observateur non linéaire évalue la reactivité du systeme robotique via
I'estimation d'une constante de temps 7 associee a un modele d'ordre 1. Les
gains du backstepping, et les parametres des approches predictives sont ajustes.
Le controleur est ainsi adapté aux capacites du véhicule.

lllllll

= Objective
= =Command backstepping
Response backstepping
— Command feedforward
Response feedforward
------- Command MPC -
------- Response MPC

1.5
Time t[s]

2 2.5 3

Journée scientifigue des doctorants de 'TEDSPI — 26 juin 2024

>y

Le réglage de gains est une étape cruciale de la synthese d'un controleur pour
robot agricole. Souvent, il est réalise par un expert, qui fixe les parametres de
controle pour toute la duree de vie du vehicule autonome.

Lateral deviation y[m]

Lateral deviation y[m]

p

§

Résultats expérimentaux

Réalisation d'essals avec le robot Ceol d'Agreenculture.
volontairement les performances du bas niveau pour créer différents scenarios,
et ainsi evaluer la faculte d'adaptation de I'approche proposée.

50

-— reference

-557¢

770 .60 .50 .40

Slow system

Estimated time-constant 7[s]

8 & Bp e O

On dégrade

= =
o ~ (o0} o) = = N
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s’
llllllllllllll

LTI TTLLLE T

g Slow system |-
= Fast system

o
N

20 40
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80 100 120
Achieved distance s[m]

0.2 i

0.15|- 5
0.1~  \. "

0.05 . o T i A

-0.05
0.1
-0.15
-0.2 -

------- Expert tuning
— Adaptive tuning (with feedforward)
= = Adaptive tuning (with MPC)

-0.25 | | |
0 20 40 60

Achieved distance s[m]

Fast system

80

100

120

0.1~

0.05

o

0051

-0.1

------- Expert tuning
— Adaptive tuning (with feedforward)
= = Adaptive tuning (with MPC)

40 60
Achieved distance s[m]

La nouvelle approche permet d'adapter les gains et parametres de prédiction en
fonction de I'estimation de 7. Ainsi, de meilleures performances de suivi de
trajectoire sont obtenues quel gue soient les capacités de la machine.

Conclusions

Avantages de la solution :

 Gains qui s'adaptent aux conditions d'adherence changeantes
(vitesse longitudinale, terrain, usure véhicule, etc...).

» Performances optimales en toute situation.

» Genericite, applicable aux vehicules skid-steering et ackermann.

» Adaptee pour l'utilisation temps reel sur des cibles embarquees.

Perspectives :
* Tests a grande e¢chelle (RX20, Karl, ...).

 Utilisation d'un modele véhicule plus representatif.
 Adaptation aux vehicules évoluant dans un espace 3D.
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Etude des interactions contenant-contenu entre des préparations ophtalmiques

et des flacons de collyres multidoses
M. Barrieu, P. Chennell, V. Sautou
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| Context | Problemati \
Les pharmaciens hospitaliers mettent en o©euvre des | Certains additifs contenus dans les articles de conditionnement et
preparations pharmaceutiques (PP) pour apporter une les dispositifs medicaux d’administration sont susceptibles, dans
reponse thérapeutigue a des pathologies pour lesquelles il | (- ~o certaines conditions, de migrer au sein de la preparation. Lors
n'‘existe pas de solution commercialisee disponible et/ou | d'etudes de stabilite simulant un usage patient, il a été constate que
adaptee. Le pharmacien, en plus de verifier la faisabilite ) des phénomenes d’interactions contenu-contenant peuvent se
clinico-technique de la préparation, doit s'assurer de sa | PF=? produire. Par exemple, lors du developpement d'un collyre de
sécurite et du maintien de son intégrite, de l|étape de | tacrolimus, des phenomenes non prevus de relargage ont ete mis en
preparation jusqu'a I'administration, via des etudes de stabillité évidence lors de la mise en contact de la preparation avec le
i physico-chimique et microbiologique. )| &=—/ dispositif de délivrance multidoses (1). )
Ces phenomenes de relargage soulevent plusieurs questions, comme celle de la toxicité potentielle pour I'ceil des composes relargués ou encore celle de la
presence de ce(s) compose(s) dans d’'autres preparations que le tacrolimus, conditionnéees aussi dans les flacons multidoses. |l en decoule les objectifs suivants :
1. ldentification et quantification des extractibles et relargables des flacons multidoses sans conservateur en contact avec des preparations hospitalieres
2. Analyse des materiaux et de lI'interface matériau/préeparation
] 3. Analyse de la toxicité cellulaire des composes identifies )
 Matériel et méthodes |
g PARTIE 1 : IDENTIFICATION ET QUANTIFICATION DES EXTRACTIBLES ET RELARGABLES
;;L:m, Recherche des extractibles et des relargables (2,3) Quantification des extractibles et des relargables
| e, “""f"l“" gt "';r
g aagy| X1 RACTIBLES RELARGABLES IDENTIFICATION DES COMPOSES' :
SR VALVE W Contact des pieces avec des solvants : U Contact_du DOM avec des PP : 0 Composés non volatiles > LC-MS/MS
e Polaires : !Eau pH 3 et pH 9 - Tacrolimus 0,2 mg/ml, 0 Composés semi-volatiles > LC-MS/MS et GC-MS
e 3‘* P’LUS; = ApOlalr’eS- ..He).(ane* | - CIClOS.pOrlne 1et10 mg/ml, ) COmpOSéS volatiles = HS/GC-MS
- Inte,rmedlalres. IPA", IPA/H,0 (1:1), - Atroglne 0,1 mg/ml, 0 Composés inorganiques - ICP-MS
Acétone - H,0/Ethanol 1:1 (4)
BOTTLE | O Macération pendant 3 jours 1 Analyse a t0, 4 et 6 mois de stockage SEMI-QUANTIFICATION :
1] 1 Analyse a t0, a 24h, 48h et 72h 1 Analyse de flacons couchés et debout RREcomposé = AUCRS CIS - coompose = AUC composé _ CIS
C Bl 0 Simulation d’administration (essai in-use) AUCIS CRS RRF compsé_ALFC 18
Pieces constituant le dispositif PARTIE 2 : ANALYSE DES MATERIAUX ET DE L’INTERFACE MATERIAU/PREPARATION
ophtalmique multidose (DOM) _ _ _ _ ) _ . ] _ -
FTIR Microscopie optique électronique + EDS XPS Potentiel zéta Angles de contact
PARTIE 3 : ANALYSE DE LA TOXICITE CELLULAIRE DES COMPOSES IDENTIFIES
T /000000000000 = (O0000000000\ «= 600000000000\ <= DOOOOOOOOOOON
Anal de Ia littérature 00]0]0/0]0]0/0]0]0]0@, = 00]0/0]0/0/00]0/0]0]@, = 000000000000, = o, [ o] [0/0ele0e] @
2lsie e latl g U | 000000000000| (] 990000000000 (] 000000000000 e L Jo] Jolelelele] @
+ 00000000000, 0.0/0/0/0/0/0/0/0/0/0]@, 000000000000, o, [ ol [oo/eele] 1@,
= g totoxicite —) 000000000000 | =) | OOOOOOOOOO00 | Emmy | O OOOOOOOO0OO0 O0@0@00000@Q | mummm)
Ssal de Cytotoxiciie In Celliles | OOOOOOOOOOQQ | Composss | OOOOOOOO000O | M |OOOOOOOOOO00 ¢ | 00000000000
vitro au MTT selon ISO 1929 Q000000000 Q0 | atestr | OOOOOOOOOOOO 000000000000, o I lo] lo/eelee le Détection absorbance 570 nm
10993.5 \OOOOO0O00000Y/ \QOOOO0O00000Y/ \OOOOO0O00000Y/ \OOOO0O00000Y/ % viabilitg =2 iamin
i Jour 1: Ensemencement Jour 2 : Traitement Jour 3 : Révélation
y y | | | | | . \
Resultats preliminaires et discussion Exemple du 2,4 di-tert-butylphenol (DTBF)
Bottom (Polyéthylene haute densite) Bottle (Polyéthylene basse densité) Valve - Plug (Silicone) 1 L
LLJ =
- > - - 2
0 =IPA/H20 Q72 . Qo N
- = IPA = e — © I.I_J
g vhosone B R b I - X0
Y Hexane " © g
- m Eau pH 9 o = — O ol
G sewpts B R i I e T —
— 24 S
- E—— I ——
L 0) 100 200 300 400 O 20 100 150 200 250 300 O 500 1000 1500 -
— Concentration du 2,4 DTBP (ng/ml) extrait des pieces du DOM au contact des differents solvants
Y - 2,4 DTBP retrouveé dans les differentes pieces analysées mais principalement au sein de la valve/plug en silicone
< 1,0 ] — CT)
=] iizos | ;
| Concentration du 2,4 DTBP retrouveé dans des préparations apres 4 mois de — 2 £ e o1 __ IC
stockage. Moyenne (ng/ml) + Ecart type n=4 Q.= o9 '+ . [ ] __ ©
<5 € 06 + iU » 1]
'-_'IJ Type de conditionnement Ethanol/H,0 (1:1) Atropine 0,1 mg/mi c:, § g 0.4 }, H % - CC) I:
O = ’ } " -
2 Témoin (flacon en verre) 23+0,5 3,3+0,3 S o 3 ' __ ¢ » © E
0 T =
8 Stockage flacon couché (DOM) 15,5 + 19,6 2,3+0,4 T P % 0.2 GCJ &
< Stockage flacon debout (DOM) 1,6+ 0,8 2.2+0,3 'qc',' ﬁ g 0,0 &
d o E = 0 200 400 600 800 8
Y - Impact du mode de conservation sur le relargage du 2,4 DTBP 3 ?g_; O Temps (heures)
e - Issu du contact du plug en silicone avec la préparation en stockage couche =~ - Relargage du 2,4 DTBP des les premieres gouttes
?

- Présence du 2,4 DTBP dans les temoins : Contamination par process de fabrication - Décroissance au cours du temps
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IPA : Isopropanol — LC : Chromatographie liquide — MS : Spectrométrie de masse — GC : Chromatographie gazeuse — HS : Headspace — ICP : Spectrométrie a plasma a couplage inductif — RRF : Relative Response Factor — AUC : Area
Under Curve — RS : Standard de reference — IS : Standard interne — C : Concentration — FTIR : Spectroscopie infrarouge a transformee de Fourier — XPS : Spectroscopie de Photoelectrons X — EDS : Spectroscopie a rayons X a dispersion
d'énergie — MTT : 3-(4,5-diméthylthiazol-2-yl)-2,5-bromure de diphényltétrazolium — DO : Densite optique
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Introduction Results

Managing unstructured and heterogeneous data, integrating them, and enabling their Given the dependency tree of a multidimensional cube
analysis are among the key challenges in data ecosystems, together with the need to

accommodate a progressive growth In these systems by seamlessly supporting

extensibility. This is particularly relevant for OLAP analyses on multidimensional cubes = R infectedPlants e h
stored In data warehouses (DWs), which naturally span large portions of heterogeneous QGfaphschem - S i o B o
data, possibly relying on different data models (relational, document-based, graph-based). Cetation schommn
} O ol dateld+teamld+plotid+farmerid
l E-; j O Collection schema age M——— plotName
cityName
B \
Relational M
\ saLoamasases i e o The xCube approach can extend it to add new measure (a), hierarchy (b) or

level (c) and execute OLAP queries other the extended cube
In a previous a paper we have investigated a schema-on-read scenario aimed at granting
the extensibility of multidimensional cubes by proposing an architecture to support it and | Wap— Y
discussing the main open issues associated. N\ O /Darea
=
/

associationName day month year

data data V -
data collected i (':r}w'f’a — data collected 2 : SR T e type Q( O(‘-“.."‘~~ farrnerName '--;"‘/ >_)Q—’©
collected at | | esign tim| S S Cofectel M| | design timf S g — R -
_ - \ _— “Tdateld+teamlid+plotid+farmerid
m M role O‘ / .
A g // '\J \
,. teamName ~
age C  plotName
DW (MM) J
DW !
r ) ] )
\} ‘J\/ cityName é
(oLap (oLap | (a)
speciesName
infectedPlants breedName familyName

\ ) (

associationName

type Oﬁ Q farmerName

Oy OAC

day month year

e Ye%e

Data lake MMDW OLAP "Q* ——
_ o " T dateld+teamid+plotid+farmerid
. Warehoused data 5 role Q | (j
o — — 5 ' teamName e
o s — = age O/ H)p'm“a“‘e
°c o — = = . &
{.} , ® - : :7;‘ , L
l;(*: il TS e 9.86~ ‘25 ,690 0 cityNameO (b)
 Runvelues } \ .
Rm::::m.:u f..:"" Zs "$schem '\htt chema.org/draft/2020-12/schema” tutorName infededp'ants
e f-oinl R L 4 Ve \erea
- O B i O@@
K Additional data | O T t.--j‘Q;wld+teamld+plotld+farmerld
— 4 role O‘ / C_j
age O/ teamName <> slotName
The main novel contributions with respect to the previous work are: regionName
v A lightweight formalization of the three models we will consider in the paper is \ cityName S ) ©
provided, and dependency trees are introduced as a tool to model multidimensional 4
schema and support their extension .
v The xCube approach is explained in detail, and the algorithms for extending gt g . e P s it TN
dependency trees are formalized View aliasstfarmersietwork!>
v' A proof-of-concept implementation of xCube using AgensGraph and Mondrian is select cast(n->>’farmerId’ as integer) as farmerld,
described. n->>’associatioane’ as association.
1->>’tutorName’ as tutor
from (match (n:farmer)-[:ismember]->(m:association)-[:supportedBy]->(
1:tutor)
M h d return n,m,1) as dev
ethods
</View>
/ <Level name="Tutor" column="tutor" uniqueMembers="true"/>
: <Level name="Association" column="association" uniqueMembers="true"/>
Step 1: Select an element for <Level name="Farmer" column="farmer" uniqueMembers="true" />
extension (fact, dimension or </Hierarchy>
hierarchie) QDimension> -
| - d | | We have presented xCube, a schema-on-read, supply-driven approach to extend
et |<_r ise— " Bddional ce1a 1= Biresdyin multidimensional cubes on demand using multi-model data sources. The motivation for
extending cubes comes from the need to accommodate a progressive growth in data
ecosystems, to let researchers add on-demand the fresh data they need to test their theories.
| By adopting an MMDBMS for storage, schemaless data can be seamlessly warehoused
True next to relational ones, so as to ensure maximum flexibility and extensibility. Users can
. v — then select how to extend the multidimensional schema of a cube with new dimensions,
Stﬁfe:;:bixg‘:’;fcﬂﬁga‘f‘.f}b“‘ levels, and measures, by selecting pieces of data from a data lake and having them
fonctional dependancy UploadEd (0] the MMDW Ia.yer.

SEp & s Bis Sxnded 1. Coulibaly, F. A., Sandro, B., & Rizzi, S. (2023). Towards a Multi-Model Approach to Support
B e User-Driven Extensibility in Data Warehouses: Agro-ecology Case Study. In Proceedings 2nd
d International Workshop on Data Platform Design, Management, and Optimization (DataPlat
l 2023) (Vol. 3379, pp. 1-5). CEUR.
2. Bimonte, S., Coulibaly, F. A., & Rizzi, S. (2024). An approach to on-demand extension of

multidimensional cubes in multi-model settings: Application to loT-based agro-ecology. Data &
Knowledge Engineering, 150, 102267.

Step 5: Query the extended
attribut tree for OLAP

analysis
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C Motivation O (e et i cattering N

Digitalization and robotics are revolutionizing agriculture by providing farmers with
advanced tools to enhance the productivity, sustainability, and profitability of their
crops, thereby contributing to the agroecological transition. This approach relies
notably on the use of optical sensors integrated into agricultural robots, allowing
for detailed monitoring of plants and soil. They are also widely employed for the
automated guidance of agricultural robots, whether for their localization or to

Major challenge: How to assess the impact of suspended dust in the agricultural c

environment on the reliability of these sensors?

The presence of dust in the air, resulting
from various agricultural activities involving
machinery equipped with tools for soil work
-~ or harvesting, for example, compromises the
a ,, performance of optical sensors. This affects
- = = the quality of collected data, compromising
. the results of algorithms dedicated to tasks
Sy O -"}f'f{"‘}?f such as crop monitoring or navigation.

This work aims to deepen our understanding of optical sensor performance in dusty
conditions, with the goal of enhancing agricultural practices to make them more
resilient and effective.

Mai n ObjeCtiveS Status of peanut harvesting operations in Henan, China [1]

» Build a controlled dust chamber for the Operatorifcombine

experiments

Unloading operator

» Develop numerical models to simulate
the impact of dust influences artificial
perception in agricultural settings

> Validate the numerical model based on Tru[kdriver
measurements

Methods

The methodology of this study combines experimental and numerical approaches
to simulate the behaviour of perception sensors (e.g., camera, Lidar, ect.) in

dusty media. A
4 A 4 A
Experimental /Essent]'a[ parameteb Numerical
approaches approaches
\ / = Dust type - /
. = QOptical depth ,
Vallda}te (dust Slmglate
numerical concentrations, various
approaches detection scenarios
distance) :
On site and laboratory Sensor type A,\']\zlggcgg fl';d
experiments k Wavelength / simulations
\ Complementarityﬂ /

Experimental prototype

The experimental prototype ensures repeatability of realistic scenarios. This will

allow to validate the numerical models to ensure their fidelity to reality.
19 Chn

101,5 Ch

Sensor

>
[«

15,5 Ch
Granuionerer | —

1,5m

Loudspeaker

Numerical approaches

Modeling the behaviour of perception sensors in dusty media is based on the the
radiative transfer theory, which allows to simulate the propagation of

Ly(r +dr,t +dt,u) — Ly(r,t,u) = —Scattering — Absorption + Multi_scattering

ensure the safety of their operation. 101, a3 (1)

v

Light /
i / \ r + dr
Absorptlon tt erm o

(t r,u) +u.V,.Ly(t,r,u) = — oLy (6,7, 1) — kL (¢, r,u) + Ly(t,r,v) ¢, (r,u,v) dv

Results

Experimental measurements of particle size distribution data collected in a field
in Montoldre at the AgroTechnoPole site of INRAE. That campaign allowed to
extract dust samples to be injected later in the dust experimental prototype.

a 4‘7T §2

AgroTechnoPdle site of INRAE — Montoldre.

Particle size distribution of the suspended dust

== Données expérimentales
Intervalle de confiance (99.7%)

[#)]
o

—— Ajustement : fix) = 15.21e~(x~412172(125)* ;. 18 0ge~{x~7-31*2(7.76)

) w i w
o o o =
1 1 1 1

Concentrations /(P/cm?)

=
o
1

s 100 10!
S Figure 2 Diameter /um

These initial measurements allowed
us to calculate the extinction
coefficients related to the dust
concentration put into suspension by
the tractor using Mie theory. The
transmittance of a signal was then
estimated as a function of its

a0+ —— PB=5.30e-02 m-1, C,=555.52 P/cm3 | . )
—— B=123e-01 m-1, C,=975.00 P/cm3 \ wavelength (520nm in the graph on
—— B=1.85e-01 m-1, C,=1462.64 P/cm3 \ . . '

100 A

80 1

60

Transmittance /%

—— pB=3.00e-03 m-1, C,=37.96 P/cm3

L e T W the right) using the Beer-Lambert's
—— B=7.40e-02 m-1, C,=585.05 P/cm3 law T = e—ﬁd , where ,8 is the

20 1

Figure 3 ’ . ? ? extinction coefficient.
Laser divergence 0,17°

—— Single Scatterin
Laser radius 1 mm e e =St o
Sensor radius e 8.1 1 «  Multiple Scattering

le-4 55 vs. MS
Sensor opening angle 5° i
Extinction coeff. 3.1073m™1! “§8'0_ -
Diffusion coeff. ¢ 2,42.103m™1 2 -
Absorption coeff. k 5,8.10"* m~1 8 "

o

Phase asymmetry parameter g 9.1071

i,
[00]
1

)

Flux is computed using the SWEET
simulator of Cerema [2] for the cases of ;-
single scattering (SS), Beer-Lambert (BL) 00 25 50 75 100 125 150 175 200
and multiple scattering (MS). Flgure 4 Jeeneeim

The simulated experiment is illustrated in Figure 1. These results show that the
relative error between the BL (usually used for sensors such as
transmissiometers) and SS models increases with distances. Moreover, it
demonstrates that the SS model is sufficient for this particulate simulation,
there’s no need to employ the MS model, as the relative error between SS and S5
is negligible. The parameters used in the simulation are provided in the table
above.

Next steps

» Finalize the construction of the definitive dust chamber,

> Include the analytical SS and BL models in the comparisons,

» Compare experimental measurements with those from existing models to
evaluate performance,

» Determine which model is best suited for each type of sensor.
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Infrastructure capacity:

O bJ e Ct | V e 1. Composter infrastructures 2. Collection infrastructures

Y — e ¢ _ e K5(t) = K5(0) + (0° — K*(0))f(t, d)
1. To investigate how integrating socio-technical dynamics, using a stock-and-flow approach, can Ke(t) = K°(0) + (0 K (O))f (t,d)

influence meeting local policy objectives for Households' biowaste management. 3.Shared Infrastructure
2. To model the interplay between technical infrastructure development and social behavioural 1. Methanisation 2. Professional composting
changes.
Introduction K0 = K7(0) + (o™ —KT(O)f (8. d) KH() = K< (0) + (07 — K*(0))f (¢, )
The integration of socio-technical dynamics in biowaste management policies is essential for 1. Methanisation 2. Incinerator 3. Professional composting
. - . _ _ . . e . — _ .
sustainability. This study uses a stock _and flow model to analyze how technical and behavioral B™(t)= (Z?:l B3(t), + Bg (t),-) 1 USH(t) Bi(t) = (Z?:l B (t),-) + USH(t) BE¥(t) = (ijl BY(t) j) + U™ (¢)
factors affect biowaste management outcomes.
(LPA) (LPO) b,
. 1. Lower food waste in residual households. Parameter A Parameter C . . .
L Reduce food and green A, A % w, Simulation Outcomes:
'waste production through ]:"-.. ’ 2. Lower green waste in the valorization centre. ey * . . y 1 - .
et Bowmerar T A S - Population Growth vs. ABP Impact: Trends in Households’ biowase production.
(ABP). - 3. More digested food waste in the methanisation
units. Table 6. Critical times (t*) occurrence and biowaste production in 2024 across Valtom Collection Territories
2. Develop technical VARIABLE i itors i
@ e sToCK oA Territories
\é\"_jj > - cal Critical time for food waste trajectory t* 2025 2025 2029 2026
M h Food waste production in 2024 B?(2024) 8698 11958 11242 31900 (-41.25%)
et O S Critical time for green waste t* 2023 2022 2026 2023
. = = trajectory
CO m p u tatl O n aI SI m u I atl O n Good waste production in 2024 55(2{124) 14198 22560 16583 53342 (-4.71%)
M O d eI Devel O p m e n t : Green Waste Production Over Time (2017-2030)
) . . . Food Waste Production Over Time (2017-2030) e e !
Stock-and-Flow Model: Integrates infrastructural developments and social behavioural dynamics. o v o w7 | J R et | |
-= t=2026 ) “*___d_+—————'*”"'=* """ . E A
Households' Biowaste Production Households' Biowaste Behaviour 0 N 't S | e ™ E i Net Difference
| 7 > : in Green Waste
i | el
/@ gt >3t a .:_k‘ : ‘ \ % i E i BCh:angel
e I | e i |
RS o | - :
ﬁg B;(t)+8‘;(t)§ E E il : § E o Emooo— | . ; i
Sesessresussave E E : anooo— i E‘ Behaviour-Driven E i
yc+ ! : BehaviouiDitven E Waste Reduction : : Population-Growth
: Waste Reduction : Phase : Dominant Phase
Biowaste households | I : — | . i | _
bR 3 [ 35000 - : : -41.25% | - 1
[E . Hedhamtieton : ' i : i Pupulaftion:-Grmvth E
Aﬁ ""“)1[:/ f$ P pneskne P I i !
B”(t) » : § ’ T 0% A ® o 5 W !ﬂ, = o 3 If\ o o o
i w_' | - | B™(t) : I S ws‘»" F& & & ,és‘n« {;'ﬁ” »PI“P ,P‘Ii‘ ,bg.ﬁ*’ & m°:”° G %&ﬁ:g?" G A . CANEE S
- | pP—t——GLABABREARRRRNN (Y, , | | W W S quesevsen ‘.f....i : :\f Year ‘3;’
ym LU i
A - ABP Impact and Technical Infrastructure:
. - : _: Table 7. The evolution of flows and stocks in comparison of the LPOs.
- B:‘(); ;:‘(t) Initial state in tons Local Policy Local policy  Impact of ABP in 2024 Impact of ABP in
- K'H'(t) o pter y:ar of X Objectives Ol()j;)c;:f]es '\.'.;Ith?ut z;nv 2(:24:ndtany
- S .- ’ development development
- =  Green surplus flow Food flow
3 e — v
:"": Limited Capacity i Infinite Capacity \ / households; Heasshelds (9) . R S
Bisat = 47944
= G b Step 1: Within a collection territory Step 2: Accessed by multiple collection territories Initial green waste Green Waste in
L
Model Parameters e
Table 2. Initial state variables and parameters, shared infrastructure capacities K™ = 20000, K“* and K* are Table 3. Fixed parameters used in the simulations food waste: 662t Waste Production +5700 -298t -298 t
infinite, Note:"-" indicates no infrastructure. {tons}
. . o , — Collection Anti-biowaste production ABP Initial total Total Methanized
f;lrlﬁztrl; ns D::;iz‘::;c w:;::E:r:iﬁiT :1ain Th:;:::::;:t;ann;on In:::::::;::re territories the objective of food the objective of green intention diffusion half-time o mEtha?isst:z . dB*":_"aS‘i +12000t 75t 175t
Kg/year (composting and Sorting) ~ (composter and Anti-biowaste waste reduction waste reduction (green and food) . _ ) i il _ ) _
. e Collction characteristics % % g - Social Behavior vs Technical Infrastructure: Comparison of different scenarios.
' g f % Y % SBA 03 0.106 35
SBA 165000 0.006 92 71 127 201 0 0 4255 0 CAM 0.5 0,049 35 - _
CAM 284672  0.009 78 77 3.3 4 36 3 1617 8660 H H H
TDM 37559 0004 100 75 41 55 0 0 304 o0 o0 0080 > Socia Dynamlcs Socio-Technical Dynamics
ALF 28197  -0.001 61 89 162 135 0 0 614 . ALF 03 0.155 33 TR _——— Faster change in sorting intention R R
s sms oo w s B s 0 0 nm st 0s ora ¥ S T P [ == ™
SCB 17804 0.004 86 91 9.6 10.7 0 0 318 - SCB 0.5 0.091 3.5 -5 ==asls = =L i S _§ 1
sDC 18216 0001 83 89 105 112 0 0 34 : sDC 0.5 0.094 35 = £ '
SHD 16001 -0002 84 107 78 75 0 0 230 SHD 0: 0092 Y 22 2 |2 ﬂ‘ h
Shared infrastructure capacities: K™ = 20000, K¢ and K* are infinite. : : : E 3 ,_3= 3 4 =
Simulation Scenarios: i = 1y i
o g o o 0 o o .% 6 3 i 6
- Scenario 0: Biowaste production with and without Anti-Biowaste Plan (ABP). A | | ﬁ‘f’\ . [ 7
- Scenario 1: No change in behaviour, increased infrastructure. 1 & : | f\
- Scenario 2: Behavior changes, no infrastructure limitations. =§ 1 / WW i w 5 | 5%
. . : . N s ;
- Scenario 3: Combined behavioural changes and infrastructure growth. : Gl @ L J 8 2 Q y o[
I A nlop) TP : 3
Plat of the linear function fit, d) = t /d Table 4. Values of the composter, collection unit capacities reached in 2024 in the simulations for the scenario 1 _% 2 g‘ WW lfi‘lk‘.“; ‘g 13 = o
1 onthe left, the scenario 2 on the right, with methanisation unit capacity at 20,000 since 2017. Note:"-" indicates ¥ Lo . 4 i
no infrastructure. g 0,75
Collection Scenario 1 Scenario 2 E u u
territories -:-; 05 K |
e | ey Findings
—— & 02 S y n
CAM 4228 10360 - - - infinite infinite - - : :
| N e L 8 988 EREEE « Population Growth and Policy Impact: Biowaste production increases with population
10 15 20 25 ® sCZ 336 i i i - finite i i i i Number of years since the starting date . . . . . . . . .
- - growth, but effective policies, such as the Anti-Biowaste Plan (ABP), can mitigate this increase.
o e 5 « Infrastructure Limitations: Improvements in technical infrastructure alone are not sufficient to
ft,d) = t/d o wE e - Z=7-= achieve waste management objectives.
infrastructure (£5+m®)  Importance of Behavioral Shifts: Shifts in behavior are crucial for meeting all policy
Key Equations: objectives and maximizing the effectiveness of infrastructure improvements.
1. Households' Biowaste Production

1. Food waste production 2. Green waste production CO n C I u S | O n S

p p p p
BP(t) =bP P(t) (1 —-0F z(t,mt Bf(t)=bgp(t)(1_ogz(t'mg)) .
AR ()( ! ( f)) Key Insights:
2. Households' Biowaste Behaviour - Balanced Approach: Integrate technical infrastructure improvements with social behavior
Interventions to achieve desired biowaste management outcomes.
L COTpOStable fc;od WESIE 1. CO”]POStable green waste - Gradual Behavioral Shifts: Encourage gradual adoption of composting and sorting
B: (t) = a(t)B; (¢) Bg (t) = o§(t)B, () behaviours to effectively complement and enhance infrastructure capabilities.
B Cariaesiio ey e e - _ _ - Future Work: | will Investigate ABM to capture the complexity of individual behaviours and
' p g ' 2. Green Composting Intention rate: further refine biowaste management strategies..
af (t) = af (0) + (1 — af(0)) z(t, m) ag(t) = ag(0) + (1 - ag(0)) z(t, me) : :
1. Sortable food waste 1. Sortable green waste B I b I I O g rap h y
E;g(t) = o5(t) B}f(t) + UE(E) 1’3;8(15) = o (t) Bg(t) * Huet, Sylvie. 2023. "2008-Huet-Deffuant-Differential Equation Models Derived from an Individual-Based

Model Can Help to Understand Emergent Effects._https://doi.org/10.25334/7205Z-0783

| (1 _ 4¢ (0 if af(t) + as(t) > 1  Mathias, Jean-Denis, Susan Clark, Nuri Onat, et Thomas Seager. 2018. « An Integrated Dynamical Modeling
1. Food Sorting al(t) = f f f Perspective for Infrastructure Resilience ». Infrastructures 3 (2): 11.
intention rate: ! ar(0) + (of — a;(O)) Z(t,m") otherwise https://doi.org/10.3390/infrastructures3020011
\ e Rogers, Everett M. 1995. Diffusion of Innovations. 4t ed: https://doi.org/10.2307/3104547.
2 Green Sorting (1 _ g¢ o S 1  Babalola, Micky A. 2019. « A System Dynamics-Based Approach to Help Understand the Role of Food and
ag (t) if ag(t) + ay(t) > . . . L
intention rate: as(t) = Biodegradable Waste Management in Respect of Municipal Waste Management Systems ». Sustainability
' G ay(0) + (05 — ag(O)) Z(t,m"%) otherwise 11 (12): 3456. https://doi.org/10.3390/su11123456.

\
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CONTEXT RULES Limilarly, there are several other
« Format - If "condition" then action. :;:Tr::t::::?
s Two kind of rule: .
a. Procedural Rules - Represent how to achieve a o ﬁ?tf]p;ijlg le_];riﬁi::dLoeg:::;:ga:oner
tack.
b. Declar_ﬂti\re Rules/Logic Programming - What 2. GEgnpgﬁguDe::;i:;Lnng Ifo;}cm:;mi:ﬁge
to achieve, base using areasoner and then
« Different kind declarative rules based on translate the inference to a rule engine
expressivity i

{aFather (* Jobn"
iabather("Faul

Virtual Assistant built on top of a knowledg et o g

METHODOLOGY

representation and reasoning system to assist pilot .
:lill;lg flight operation. But existing system ha R N v w oy
allenges: ¥ ir & s
1. Performance Concerns . !
2. Expressiveness isGrandfathar (X, Y):~1oFather (X, Z),
igFacher(Z,¥) & X
Finally, evaluate the reasoner with other
Exprissivity —— hybrid reasoners with respect to below
Ontologios — Doscription Logizs SierN = SOLUTION p?l E:ptreer:élvl
e :
T -:;;«uw:uﬁ&me;{'ga;:mm&mm 2. Reasoning Performance

3 Scalability

:
fEE‘f‘f:mmm o Hybrid Knowledge Base 4. Efficiency
Caeebe s Wi ot etk —— —
a e Description Logic EXISTING HYBRID REASONERS
- For exarmyie - Periorm eps to 40k incansistzot Logics Programming
“Alaim Gt iecaten o ol L L 4 \
“Mosat Cittig - h\aliﬂ‘—mn\lw e
il
| | + G
Benefits: o L A
1. Enhanced Expressivity. 5 tearire: resineslons
2. Combine Open-world and Closed-world reasoning. e on . eaacroratarmries - Somaeily
3. Combine efficient terminological reasoning feature . (oo, | e et
of Description Logics and query answering feature & lrgrition DU * Mo an anss
1. Define a language that capture the ahove of rule engines.
expressivity . Challenges:
2. Build a efficient reasoner for the language to 1. DL and rule has entirely different semantics. . E“t.f”.' thd:i;:lr_g hybrid reasoners which may be
H 2 a| or in: rial use cases.
execute the required reasoning tasks 2. Undecidability. . But?hese reasoners has expressivity limitations.

« Alsy, limitation in reasoner performance and

DESCRIPTION LOGICS RULES
FUTURE WORK

1. Implement a concrete using each
methodology and identify the limitations on
each.

2. Perform evaluations on the selected hybrid
reasoners with respect to existing
benchmarks.

3. Identify the areas needed improvements.

o Define knowledge in terms of classes,
properties and individual.
« Express relationships and constraints between
them using predefined constructors
» Web Ontology Language (OWL) is popular
ontology language based on Description Logics.
« Several sublanguage of OWL was introduced
with different expressive features.
a. OWL 2 DL - SRIOQ(D)

b. OWL lite - SHIQ(D) ih ——
" Exampl SWHL OLR DL- R les, ELP
d. OwWL2 QL - DL-Lite a Qu::i?n::notnnic - Based nn"nm—mnnctnnic FO semantics

e. OWL2EL Examples - Hybrid MKNF, OASP
1. Hybrid - Separate semantics for DL and Rules{

a. Loose Integration - Share loglcal consequences Example - DL-
Program
WTHor - Every avudent whe s snrelled in atlossf b. Tight Integration - Model-based interaction

oae phd progran ig & phd student Etampfe-BULag. HD-Rules
Studant sod (hagEnrellsd sons PhiProgram) fubClasslf PhdStadent Thomas Eiter et al, Combining answer set programming

with description logics for the semantic web,
hir Teantn eeRANE GENERAL ARCHITECTURES TO BUILD REASONER FOR - Matthias Knorr et al Local closed world reasoring with
f‘:::;:z::::i;,“ A e HYBRID KNOWLEDGE BASE deseriplion lagics under the well-founded semantics.
Ricardo Rosall Di+Hog: Tight Integraticn of description

PidProgras(computsrscience). 5
# arun enrolled in computerscience. Hybrid Enowledga Base logics and disjunctive datalog
hasBarclled{aren,conputerscionce) Bans et al, Heconciling Lescrnption Logics and Hules
s NoHR: An Dverview Reasoning with Ontelogies and
B Des 3 ot Monmonoionic Rules
[eem——

-

s Anexample is given above:
a. Student is class and hasEnrolled is a
property.
b. and, some, subclass are constructors.
c. Query - Is Arun a phd student? - Yes

ABax
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Contexte '
Il est nécessaire de considérer la précontrainte des boulons, car elle assure une action mixte
Le secteur du BTP émet 242 millions de totale (premiéres phases de chargement).
| z " Type de dichets produits 4% = . . . . . . . .
tonnes de déchets (chiffres 2020). un France en 2020 ut tau BEh i e ':l o O Essai de flexion 3 points des poutres mixtes acier/béton : comparaison essais/MEF
valoringi

| de valorisation matidre

% Trois configurations testées : 2, 3 ou 6 panneaux en béton

Dachets

La RE2020 exige une réduction
importante de I'empreinte carbone des
batiments neufs.

310 millions
3 ranaus e dickens

e eleabrain 5
i dbsgarnat

7] ; g

Déchets produits en France en 2020 [1]

46 tonnes

Fiar kabam

Joas writre bus bilos

=

Structures mixtes
* Résistance et rigidité augmentées
« Déconstruction difficile et empreinte carbone élevée

= = Dispositifs d’essai de flexion 3 points
Objectifs » P
- Courbes expérimentale et numérique proches

Développer des structures mixtes démontables associant béton, bois CLT et acier il "]

- Apport notable de la mixité au niveau de la

- =i ¢ résistance Comparaison deslre.sultats numériques et
= . ; expérimentaux
+ B I _
Bloc béton Panneau CLT — rofilé en acier 4 5 § Ecart par Ecart par

Rigidité o Force ot
Configurations | initiale | "PPOT 2 |y imale| "2PPOMtaUX

. . . L. N N résultats k) résultats

- Proposer et étudier des connexions de cisaillement performantes | expérimental i
o . . . .. PRRSTApY lea s 3 Blocs 9.28 2.04% 176.54 0.62%

- Obtenir un comportement mécanique adéquat (résistance, rigidité, ductilité)
6 Blocs 8.09 1.37% 178.13 1.12%
- Améliorer les caractéristiques vibratoires et acoustiques 2 Blocs 975 0.78% 175.7 0.65%
Comparaison numériques et expérimentaux des Effet de nombre de blocs de béton

MéthOdOIOgie fissures

o Nombre de blocs de béton :
* Modélisation numérique sur « Abaqus » : comportement élastoplastiques, maillage [2], contact

[3], interactions [4],...

L’augmentation du nombre de blocs diminue la
rigidité initiale

* Expérimentation : Essais Pushout et flexion, comparaison avec les essais (validation de modéle) . L.
Pas d’influence sur la résistance

+ FEtude paramétrique : espacement entre blocs de béton, nombre de blocs, propriétés des
matériaux,...

o Jeu entre blocs de béton :

- Larigidité initiale augmente avec la diminution

) Application essai pushout : caractériser le comportement de la connexion et valider un .
du jeu entre blocs

modele MEF

Pas d'influence sur la résistance

Le jeu peut étre rempli par une résine ou L I3 AU, .
» .
ortier (paramétres a analyser) Effet de I'espacement entre les blocs de béton

Travaux en cours

0O Essai de flexion 3 points des poutres mixtes acier/CLT/béton : MEF

Load (KN}

Essais Pushout expérii et numéri

QO Application essai flexion de plancher mixte démontable acier/panneaux en béton

+ Numerical, {trans-long-trans)

E = Numerical, [long-trans-long)

Displacement {mm}

20 a0 0 = 80 kL] B0 s 0 110

Comparaison entre deux configurations des panneaux CLT (0°, 90°, 0° et 90°, 0°, 90°) dans le cas d’une
poutre mixte démontable acier/CLT/béton

Poutre acier-béton en flexion D’autres configurations en cours d’études
< Conclusions
Résultats
) Essai pushout acier/béton : comparaison essais/MEF * Comportement des connecteurs démontables satisfaisant : rigidité, résistance et ductilité.
i T s ¢ Modele MEF repré if du comport t observé lors des essais.

VDT sensors = —
A

' :' * Nombre de blocs et jeux entre eux : influence sur la rigidité initiale mais pas sur la

résistance.

* Connexion par boulons : augmente de fagon significative la rigidité en flexion par rapport

au profilé en acier seul.

EIXRETE

* Jeux entre blocs et formes des connecteurs : a évaluer pour les systémes bois-acier-béton
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INTRODUCTION

A continuous transfer of data, or data streams, have become a vital
source of big data which in various industries stands as the
predominant form of business data.

Data stream anomaly detection refers to the process of identifying
unusual patterns or events in a continuous flow of data.

TYPE OF METHODS

Spectral data is a type of data measured for specific wavelengths of
radiation related to a phenomenon studied.

N. Rojas Varela, J. Ah-Pine, E. Mephu Nqguifo

CHALLENGES

; i Jﬂk éta A\ 1\
‘Mamﬁw/ V\\m/ \HAW | \\\mmmhw

Categories for algorithms based on:
o Offline learning.
e Semi-online learning.
e Online learning.

Study and design of interpretable models for detecting anomalies
in spectral data stream: Application to the contamination of

/" Anomaly detection algorithms for ".

data streams

/" Based on semi-online )

U v A0 J Ll [ ™
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‘ a
| N B
| |
{
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_|_
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Compared to static data, data stream anomaly detection faces
challenges due to:
e Full dataset not available in advance.

e High velocity of streams.
e Data characteristics evolving over time.

Based on offline learning | : | ' Based on online learning
500 750 1000 1250 1500 1750 2000 2250 _Ea:uu:Enn N (© Based on \( Based on Yé _D_Mmeng \ 4 Offline Tr_amiug e | - 3 | ‘.. ( : .
:  Dispiwion || Pincpe || Pasioning || 108 Updates Updates : = 3 |
Fig 1: Example of Spectral data. | 1 \ |
E-means ) DEEPH“T
KNN 0CSVM é;f';zs; et | _ _il = o .
LOF s GANomaly | < Baedon \( D Y \ \ £ Y
AFAD Similagity of Based on Based on data Based on Based on data Bt o ADA
m: Classification distribution Subspace distribution || Based on Matrix sketching H SRR, DAGMM
)| Diswibution || Fonciple | | similatity || Partiioning | |  similarty || ARCUS
— <7 e g % 9> S-DPS
The deterministic
flow update algorithm

Sto Stlﬂmz 3 The stochastic stream YFDT

, i . update algorithm CVFDT

MiLOF EC-SYM MCOD ; iForestASD osPCA § Promaanc k of HAT

NEDS pMCOD LSHiforest OSHULL virtual war room and EFDT

[::ﬂ': matrix sketch-based GAHT

’ streaming anomaly
detection
Fig 3. Categories for anomaly detection techniques. [2]

Fig 2: Example of Data Stream. [1]

VALIDATION

1. Streaming Data

0 2000 4000 6000 8000

0 2000 4000 6000 E000

8000

6000

4000

0 | E[]ﬂﬂl
3. Anomaly Score

TS

Threshold

=== e o =

. e
0 2000
Anomaly score St

6000 8000

4000

FUTURE DIRECTIONS

Improve existing algorithms in:

* Real-time processing and learning capabilities.

o Effective handling of concept drift.

e Dynamic selection of adaptive thresholds based on current data
distribution or time period.

 Model interpretability.

e Energy efficiency to reduce computational resources and energy
consumption.
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Fig 5. Main ideas ARCUS. [5]

Output =0.4

Sex=F
BP =180
BMI =40

rate =0.1

4. Interpretability

Explanation

k— Age=65
— Sex=F
k— 8p =180
— BMI =40

Flg 6. Main ideas SHAP. [7]
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Introduction State of Arts ™

0 Context: **» Material scale: Characteristics of bio-based composites [1]
+ Modeling of hygrothermal transfer in bio-based envelopes in various " High porous micro-structure " Good thermal performance (4 \)
environmental conditions is important to accurately describe their behavior at = Low density = Moisture regulation capacity (MBV/)

the building scale.

e A=272x10"*%p + 4.44x1072 clah::i;(ij;ition Negligible Limited Moderate Good Excellent
0.08 -
. s =+t 6.5 1 3 A Wheat straw+lime-hemoglobin-caseine binder
D bl - _0.07 - X Hem crete 6 - A Wheat straw+lime-gelatine binder
P ro ematlc " . ® Sunfl‘;:vzr: c:ncrete Wheat straw+gypsum-gelatine binder
- - - - - - - = 0i06: ® Sunflower Bark concrete 33 7 4 Clay-based rape straw
» Lack of knowledge of the intrinsic characteristics of bio-based materials, Z oos o Sunflower BarksPth concret 3 9
; ; L. i} E 0.17 - 65 untiower concrete ~4.5 1 ® Lime-based hemp concrete
* High variability of the thermo-hydric parameters that depend on several 2 L Rapesran concre g 41 sarsen oo
= + Straw bale %~ 3.5 | ¢ A X ’
: £ £ n Startch-based h
factors such as water content, density, and temperature. 2 ofririn fescien %L - e
'g ¢ Corn concrete g 2.5 A X§ _ X B Clay-based sunflower pith
§ q(,g ¢ Corn stalk concrete = 2 A 2. u Clay-based sunflower bark+pith
= - . — B ¢ Corn concrete ly ash-based cork
1 Objective: : % ﬁf‘y % A=1836107%.0+0.01647 % Dare pameoncrete 15 1 x i
_ - - E 4 ; 'Srt'rt‘::-cglaayycc(c’)r:\ccr:tz & % x Starch-based beet pulp concrete
* Fully understand the hygrothermal behavior of bio-based materials at the : ot i 55 1
) ) g 0.02 . . . : . Flax+hemp concrete 0 , ; . ; - Lime-based flax concrete
material, wall, and building scales. 0 20 450 650 850 1050 —Lineer nesresio 0 00 S0 700 s00 *ehmerbewdomsukionr

a Methodology Y

** Modeling at the wall scale: Wood-cement concrete (WCC) [2] * Modeling at the building scale: Straw house
1 WCC characterization 2 Monitored building 1 Monitored building
/- T RN | |
Wood aggregate \ Wall configuration
80% wood volume | - Exterior
s, / :\ > additive in concrete | Vo
T\ ’2” 2

() Cement layer © Fermacell board
(@ Hardwood board () Air layer
¢ Wood wool () Gypsum board

Q Straw

In situ measurements of:
 Indoor and outdoor T and RH,
« Wall T and RH.

to 20/10/2023
In situ measurements of:

* Indoor T and RH, 2 Co-simulation HAM-BES
« Wall T and RH,

 Qutdoor T and RH.

/

_____’

properties are used as RH. (8 Wall model (HAM) Building Energy

input parameters. The Reduced Heat, Air, and Mass Simulation (BES) model

modely . _
\ (R-HAM) transfer model [3]: MATL AB TRNSYS

~ oT %

N _7 S P, . -
——————=-- Cmps 52 = div[K,VP,] EXcnange

4 Results N Perspective

| I Interior
The measured thermal lﬁl
| T; (t)
|
|
|

» Modeling at the wall scale » Integration of green roofs into bio-based buildings
Evaluation of T and RH at the center of the wood wall: measured vs. simulation Y oy y\ B——"— “/ .
28 wo = The R-HAM model validation:; Yy % - MLk
26 - The model generates results closely N o e
S z‘z‘ A 0 & matching the In-situ measurements A\ B ansfeL—"" | " Canopy and soil
g NV ©35 taken on the Northern wall. i e R on,\ €nergy balances
g2 A\ *0 £ a2 ﬂ Cops g = AWIAVTI + Lo ps 50
218 | \/ [ w2 = Calculated error: L.
§ . ﬂ 30 % : . = Cmpsﬁzdlv[l{mvpv]
g e T Measured T simulation 20 g - Er(E) 1 ) e
. RHmeasured — —RH simulation Root Mean Square | = To assess the evolution of T and RH Inside a green bio-based building.
20/4/23 20/5/23 20/6/23 20/7/23 20/8/23 20/9/23 20/10/23 Error (RMSE) 0.847°C 6.54 % - --O predi Ct energy demand and energy SaVingS

» Modeling at the building scale
Evaluation of T inside the straw building: measured vs. simulation
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30 = The T 1s well predicted inside 1. Bakkour, A., Ouldboukhitine, S. E., Biwole, P., & Amziane, S. (2024). A review of
25 ’M M\J‘ the straw building. multi-scal_e hygroth_er_mal cha_racteristics of plant-based building materials.
. H \H g MMJ\“ \'1\)}' = The predicted T trend follows Construction and Building Materials, 412, 134850. | |
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and Mass Transfer, 132, 105884.
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“ \k MJ PR that of the measured T.
NM \\ ik .
- \ = Calculated error:

Temperature (°C)
= =
o 9]
£
u

Average Error T (°C)

— T measured T simulation Root Mean Square Error (RMSE) 1.9 °C
0 Coefficient of Variation of RMSE 12.6 %
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Motivations and Context

In the context of global warming, research on alternative energy sources distinct from
fossil fuels is becoming essential. To this end, the use of hydrogen as an energy
source has emerged as a major priority in the current quest for clean and sustainable
energy sources. However, despite its many potential advantages, the deployment of

/

. - . . R
Scientific objectives

v' Development of advanced microsensor technology with high metrological performances
v Optimization of the sensing materials to benefit from high response to hydrogen

v' Measurements of low hydrogen concentrations to monitor hydrogen leaks

v Development of microsensors with higher sensitivity, high resolution and fast responses

hydrogen as an energy vector presents considerable challenges to overcome. \ /
Hydrogen is a colorless and odorless gas that exhibits explosive limits between 4%
and 75% in air. These properties demand rigorous safety protocols from production to Experi mental setu p and results
use via transport and storage.
N .
Experimental setup
I\/I et h O d S an d I\/I a't e r I a’I S Data Acquisition by Keithley
Atmospheric air 2700 (Multimeter)
ﬂ RDM control box
{riginal Conductometric microsensors implementing Copper PhthalocyanD | : E-h
(Cu{CgH,N,},) decorated by Nanoparticles of Palladium (Pd NPs) have been realized: lr" k \ = B
] VI for piloting an
T % § = Data collection
Nanoparticules of
Palladium deposited by b sontor
Drop casting g B e
Copper Phthalocyanine Zoom on the
[ mmmema- layer deposited by thermal LA
Upper face : screen-printed : : evaporation » Atmospheric air extracted by a pump passes through two silica gel columns to
platinum interdigitated -~ | remove humidity and an activated charcoal cartridge for gaseous pollutant removal.
electrodes (IDEs) Rear face : screen-printed > An ad-hoc VI (LabVIEW program) was developed to perform gas dilutions, to
T tepmlatgg[grreeffta;?c:n modulate hydrogen concentrations and to maintain a constant flow rate during
umina substrate ---- P g - experiments.
- » Humidity and temperature sensors are inserted into the fluidic line to measure all
Deposition process variations during the experiments.
» All variations of temperature, humidity, flow rates, microsensor signals. are
« Step 1. Deposition of copper phthalocyanine (thickness = 100nm) onto the synchronously acquired by a Keithley multimeter driven by the VI controller.
Interdigitated electrodes (IDEs) through thermal evaporation under vacuum.
g (IDEs) throug p Results
» Step 2: Elaboration of Palladium nanoparticles by wet chemistry from palladium ions Carme T » Tests with only a CuPc layer do not provide
reduced by sodium borohydride. We simplify the equation of this reaction as follow : . reliable responses to H2 exposure
2+ = :
Pd“™ + 2e~ = Pd° Tests with CuPc Layer plus PANPs show :
| | | | . o SNt Resistance increases upon H., exposure,
* Step 3: Dispersion of Palladium nanoparticles onto the copper phthalocyanine film > High sensitivity of microsensors to H, in the
through drop casting process. [, Rceneenaten 0.2%-1%)] concentration range,
i Y I > Variation of Resistance is correlated to [ H,]
/ Vacuum chamber : M\r | concentration, 5
i ol ’U > Good level of repeatability,
MHJ% el b et e e e "M“” > Response and Recovery times at room
Substrate Holder . temperature are estimated to 2.5 minutes and
7 ﬂ ﬂ | p ﬂ“"“’ AP B RS / minutes, respectively.
56210 r
Quartz Crystal = | |
Microbalance for s Zzz \ UUUUK 300
e e
mon ::;::in::)sos' on zzzz K. k k k K K k M 250 vy = 200,32x + 33,521 =
Material to Evaporate 670 700 730 760 790 520 850 80 510 940 970 1000 1030 1060 R*: D.EF'HE_I?I__'---"'-
200 i
— e
: - : - : % 150 __.----"
Linear calibration curve highlights : < e
Pumping system including > a sensitivity close to 2000/% , 100 .
primary and diffusion > alow hysteresiS, - ’
B > a limit of detection (LOD) estimated to
_ _ 0.07%  (700ppm) at  ambient °
J 0 0,2 0.4 0,6 0,8 1 1,2
Materlal s SeleCtlon temperature_ Hydrogen Concentration|%]
Copper Phthalocyanine (CuPc) thin film : Palladium Nanoparticles (PdNPs): _
: : o . o R
» High surface area SIS » High sensitivity and selectivity towards H, :
%iuig | o Conclusions and outlooks
» High gas adsorption N, ol )N »Catalytic power for hydrogen dissociation . _ o _
NN | » Promising results are obtained by combining CuPc layer and Pd nanoparticles.
» Nanostructured morphology /\"~w~¢ 7 » Great absorption > More investigation is needed to determine:;
> Very low intrinsic electronic conductivity * The effect of nanoparticle density on sensing performances,
* The effect of temperature on sensing mechanisms,
\ * The cross-sensitivity of devices to water vapor and other interfering gases.
\_ /
-
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