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Contexte and Introduction

New sustainability challenges > -- Research Gaps >
3

The government has signed voluntary sustainability commitment

charters with major e-commerce and warehousing actors Challenges in sustainability supervision due to inadequate

instrumentation and  information  systems  overlooking
environmental and social considerations.

o 5.5 to 10% of global GHG emissions are attributed to transport
=E|  and logistics activities
Scarcity of literature combining digital twins and sustainable
?hmi of which 11% are due to warehousing activities N warehousing.

Problem Description and Methodology

Distribution centers

= Clients

/ L _ L \ Inbound networks (supply and reception flows)
Traditional carbon accounting methods offer vague and unspecific insights, plagued by :

. . . . . - T Contextual t t data and inf i
Static analysis, Data complexity and integration, Limited predictive capabilities and unallowed ontextual transport data and information
seamless Implementation and Monitoring Digital Twin

K / * Detailed Intralogistics processes’ monitoring and analysis
v  Data processing to identify process and resource emission
ratios
. — . “p; 11
Step 1: Designate a pilot and define objectives — Carbon fOOtpl’flnt aSSQSdstnt _k' Bilan Carbone
N — (for strategic decision making) * identify and compare similar work situations, distinguishing between
B B p—— those that were problematic and those that were not.
Step 2: Identify the boundaries to be considered ' . Breakdown into Operational problems
[ - . . . . 3 *
Step 3 : Data Collection and processing |dentifying the main sources of emissions < Optimizad Work Processes
2 . Identifying environmental
é Cartoit’:\apnfllitf%iéﬂ:s flux [terative data collection transition’s risks and 1
e opportunities . _ Based on historical data and
- o —~ Breakdown into operational problems +— > performance analysis, the digital Recommending optimized workflows
o Restitution for management :|—— twin suggests the best practices and procedures.
L g = for known situations.
© 5
n c
_ § 8 -
Z Step 4: Emissions reduction action plan Qualification and prioritization of (operational) problems
% (current emission level vs. target level)
a0 Annual monitoring of Upstream assessmen t of Low bon't t . .
@ business dat theactionplan | |~ vision N What-If Scenario Testing
i o | Evaluation of different change strategies to reduce environmental impact.
A
Step 5: Summary of the methodology Search for root causes (RC) <«
(Internal RC vs. external RC & Operational (or management) RC vs. tactical or strategic RC) . .
Initial carbon footprint report Improvements report COSt and Carbon FOOtprlnt Evaluatlon
- — - * Itassessesthe financial and carbon costs associated with different
inal Report . . . .
- = Which operational problems can the JN be used to help operational solutions. | | | o
Carbon Footprint Assessment Methodology { “Bilan Carbone” solve? And how ? * I['C*:'egnttl'fymg tze carl:isne footpring cost for clients/suppliers relationship,
itigation and penalties
* The digital twin helps create a realistic action plan to implement the
most sustainable and cost-effective strategies.
|

Contextual transport data and information

Outbound networks (delivery and distribution)

Next Steps and Research perspectives

Next steps : Establishing the experiment using a 3PL’s data > Next steps >

Quantitative and iterative Top-Down and Bottom-Up evaluation
of the results obtained from both methodologies (classic vs
digital twin enabled carbon accounting)

@ Digital twin assisted calculation of the environmental impact of
warehousing/intralogistics (lifecycle analysis).
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Introduction

Transforming Waste into Value: The Circular Economy

« The circular economy (CE) aims to decouple economic growth from resource consumption by keeping products and materials in use as long as
possible. This involves reducing waste, reusing materials, and recycling efficiently.

* The CE is a fundamental shift from the traditional linear model of "take, make, waste" to a closed-loop system that minimizes environmental
impact and maximizes resource efficiency.

The Power of Al in the CE

« Artificial intelligence (Al) is a powerful tool for enabling and accelerating the transition to a circular economy.

» Al can analyze vast amounts of data, optimize processes, and predict outcomes, making it a valuable asset for driving sustainability and
resource efficiency.

Al Categorization and Capabilities

Al's Potential in CE

Al can support national-level initiatives by
forecasting resource needs, promoting
sustainable business models, and developing
policies that encourage circularity.

\

Al : Application-oriented Al categorization

Decision-Making Al: Uses algorithms to analyze data and make informed
decisions, for example, identifying the most efficient way to sort waste,
optimizing resource allocation, or predicting potential product failures.
Generative Al: Creates new solutions and products, such as designing
sustainable materials, developing new recycling techniques, or generating
innovative business models for circularity.

Optimization Al: Finds the best solutions to achieve specific goals, including
optimizing supply chains, reducing transportation distances, etc.

Al can be integrated into industrial parks and
smart cities to optimize resource flows, manage
waste effectively, and enhance transportation
networks.

Al can be used within individual businesses to
optimize waste sorting, improve product
design, and track product lifecycles.

Al-Powered Approaches to Boost the CE Challenges and Future Directions

-

Waste Management

classify waste, improving recycling efficiency
and reducing contamination.

Al can also optimize waste collection routes,
reducing transportation costs and emissions.

-

Al-powered systems can automatically sort and

~

)

Predictive Maintenance
Al can predict equipment failures, enabling

timely maintenance and extending the lifespan
of products, thus reducing waste and resource

consumption.

-

.

» Al can optimize vehicle performance and

» Al-powered traffic management systems can

~

Sustainable Transportation

energy efficiency, reducing fuel consumption
and promoting cleaner transportation.

reduce congestion and enhance public
transportation networks.

/

-

» Al can optimize supply chain processes,

« Al-driven systems can also track products

~

ensuring that materials are used efficiently and
waste is minimized.

Supply Chain

throughout their lifecycle, enabling efficient
reuse and recycling.

Overcoming the Barriers

e Data Availability and Interoperability: The lack of readily
available and standardized data can hinder Al applications in
the circular economy.

e Ethical Considerations: It's essential to address potential
biases, privacy concerns, and societal impacts of Al
applications in circular economy initiatives.

e Implementation Costs: Adopting Al technologies can require
significant investment, potentially posing a challenge for some
businesses.

A Sustainable Future

e To fully realize the potential of Al in the circular economy,
ongoing research, development, and collaboration are crucial.

e Policymakers need to create an environment that encourages
the adoption of Al and supports circular economy initiatives.

e Al has the potential to revolutionize how we manage resources
and address environmental challenges, paving the way for a
more sustainable future.
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Spatial-Temporal Graph Neural Networks for On-Street Parking
Space Prediction

Agoube Ayman, Abdessamad Ait El Cadi, Thierry Delot, Martin Trepanier
LAMIH, UPHF, Polytechnique Montreal, CIRRELT

ayman,agoube@uphf.fr

Introduction

Parking management play a significant role in supporting sustainable urban development :

Challenges and Methods

Challenges Methods

Challenges associated with on-street parking demand prediction : Spatial-Temporal Graph Neural Networks for POR prediction

Results and future work

POR prediction of a randomly selected parking block with a 15-min time horizon = In the future, we plan to design a novel matrix to describe the interactions
on a weekday and a weekend between different parking locations.
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Adaptive Learning for Dyslexic Students in the Metaverse
Using Generative Al

EYAA NAIMI

Thesis Supervisor : MR. MOURAD ABED
UPHF, LAMIH CNRS 8201, FRANCE

Approach

We will use Generative Al to create adaptive learning experiences for
dyslexic students in the Metaverse.

By collecting user data, we will personalize educational content to meet
individual needs. This content will be delivered through immersive VR/AR
environments, ensuring interactive and engaging learning.
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Location routing problem in a Physical Internet context

Hadjer LOUZIM, Tarik CHARGUI, Anne-Laure LADIER. Abdelghani BEKRAR, Fouad MALIKI’
1(LAI\/IIH UMR CNRS 8201) Universite Polytechnique Hauts-de-france, Valenciennes, France

*Institut national des sciences appliquées INSA-Lyon

3High school of applied sciences ESSAT Tlemcen, Algeria

Introduction

Context Physical Internet network
* Anew c_:oncept to ensure the global mobility  Designed to be more adaptable to supply

of physical goods. chain disruptions.
* Inspired from the way computers are » Shared network infrastructure among multiple

interconnected through the (digital) Internet. companies.
* Encapsulating products in standardized » Centralized hubs facilitate efficient distribution.

modular containers.

* Promotes collaboration and resource sharing
Research
Problem description Research methodology

Location routing problem in the context of Physical internet

Economic aspect : Z1 =minTC () SN Dy Yt
Minimization of total costs " ’

(4 k
D> > D Disty - Xyt
h i j k
y: y: y:_, Dy - Zﬁm) + Z Och-on
i h k h

Environnemental aspect :

Minimization of total gas
emissions 72 =min FE - FC () ) >. N Dy Vit

h

(] k
> ) > 0> Disty - Xijnrt
i j K
> 2> D Zﬂtk) + Z(I/OCh) - Qn
i h k h

Results
Comparing Results of CPLEX, SA and SA-Epsilon greedy Comparing Physical Internet and classical supply chain
Scenario Physical internet Classical
Scenario CPLEX | SA-Epsilon greed | GAPY% SA GAP% F1 F2 F1 F2

Scenario 01 | 26225 26255.8 < 1% | 262824 | < 1% Scenario 01 | 26225 | 1830.96 | 26247.8 | 1860.60

Scenario 02 39352 39362.3 < 1% 39370.5 < 1% Scenario 02 30352 27653 | 3039056 | 2821.07

Scenario 03 | 52447,2 52554, 50 < 1% | 525459 | < 1% Scenario 03 | 52447.72 | 3658.28 | 52494 | 3719.12

Scenario 04 | 104948 1050216 < 1% | 105026,7 | < 1%
Economic aspect : F1 Environmental aspect : F2

\ \
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Visual memory, biometrics and applications to cybersecurity

BOUHAMIDI Mehdi
BLANCHARD Enka

GALLAIS Antoine
Département Informatique LAMIH, UPHF
Mehdi.Bouhamidi@uphf.fr

Background and issues :

Pupil size can be considered a physical and behavioral biometric. [1]

Something you are Principle: When we present an image (a stimulus), the pupil contraction reflex indicates how

Something you know Biometrics new the stimulus is to the user.

Password .

Critical challenges: Data collection and processing, Variability of pupillary reflexes.

Something you do/ \ N | Research question:
Smart card R V‘;_Tjo Lnlgo‘;it’ reo How can we optimize automatic image recognition detection using
| w ICTU
password the pupillary reflex, while taking into account the limits of human

! . -
Limits : Vulnerability to attacks (e.g. brute force, sim swapping), reproduction of Image recognition capacity:

biometric characteristics.

[1] Cantoni, Virginio, et al. "Demographic classification through pupil analysis." Image and Vision Computing 102 (2020): 103980.

Aimed solution :

Image type used

Fluctuation
of environment

Image display
time

State of the art :

Aston-Jones, G. and Cohen, J.D., 2005. An integrative theory of locus coeruleus-norepinephrine function: adaptive gain and optimal performance. Annu. Rev. Naber, M., Frassle, S., Rutishauser, U., Einhduser, W.: Pupil size signals novelty and predicts later retrieval success for declarative
Neurosci., 28, pp.403-450. memories of natural scenes. Journal of vision 13(2), 11-11 (2013)
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Shedding light on dark data: Circular economy perspectives
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1. Laboratoire d'Automatique, de Mécanique et d'Informatique
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*Miratul. Mufida@upht.fr

Dark Data: The Problem

Environmental IMPACT CAUSES Technological

Massive data generation leads to increased energy

. o Data obsolescence, insufficient metadata, and
consumption and carbon emissions from data centers.

rapid technological evolution.

The production, storage, and disposal of data storage
devices contribute to pollution and resource depletion. Procedural

\J

Lack of data governance, curation, and

Societal integration.
Inefficient data management hinders decision-making
and research progress.
Human
Data waste can lead to privacy concerns and ethical Inefficient data handling practices, data

challenges. duplication, and outdated data.

Addressing Data Waste: Circulanr Economy, Principles

Data Management: A Key to Reducing Waste The 5R Concepts in Data Waste Management

The Importance of Data Management

o Effective data management practices, including governance, quality
assurance, and sharing protocols, are crucial for reducing data waste.
m Data Governance: Establish clear data management policies and
protocols.
m Data Curation: Implement effective data storage, organization, and
metadata management.
m Data Sharing: Promote open data initiatives and foster collaborative
data management practices.
o These practices help ensure that data is collected, processed, stored,
and utilized efficiently, minimizing unnecessary accumulation.

The Circular Economy Framework for Data Management

o The CE framework, particularly the 5R concept (rethink, reduce, reuse,
recycle, repair), offers a comprehensive approach to sustainable data
management.

Challenges and Future Directions

/ Overcoming Barriers to \ / Towards a Sustainable \
Circular Data Management Digital Future

e Data Silos & Interoperability - Organizations struggle to share and
reuse data due to isolated systems and inconsistent data formats.
o Solution: Develop common data standards, metadata frameworks,
and open data initiatives.

e Develop Data Governance for Circularity - Establish guidelines
for responsible data collection, storage, use, and sharing.

e Invest in Circular Data Technologies - Fund research and
e Data Privacy & Security - Sharing data raises concerns about privacy, development of data anonymization tools, data cleaning algorithms,

security, and intellectual property. and sustainable data storage systems.
o Solution: Implement data anonymization, secure sharing platforms,

and robust data governance frameworks. e Foster Collaboration & Partnerships - Encourage collaboration

e Resistance to Data Sharing - Some organizations are hesitant to share .among busir?esses, researchers, and policymakers to develop and
data due to concerns about competitive advantage or misuse. implement circular data management solutions.
o Solution: Promote a culture of data sharing and collaboration,

k highlighting the benefits of open data.
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The Role of Industry 4.0 Technologies in Enhancing Reverse

Logistics and Transportation in the Context of Circular Economy

Jahanafroozi Mozhgan
Sarkis Joseph, Ait El Cadi Abdessamad, Bekrar Abdelghani, Artiba abdelhakim

Mozhgan.Jahanafroozi@uphtf.fr
Background

Collection

Separation and

Inspection

:
Disassembly
Processing
Outbound
Logistics <

Objective/ Methodology

Objective:

» |nvestigates the fundamentals of digitalizing transportation within the
context of a circular economy.

= Develop new optimization algorithms and evaluation frameworks for
quantifying and analyzing tradeoffs between ecological and economic
objectives.

Methodology:

= Empirical Analysis

= Matehmatical Programming
= Optimization

» Analytical tools: Python, Cplex, Excel, SPSS

mloT
m Cloud
Big Data
m VAR
AM
m Robotic
m Al
m Cyber-Security

Min cost/Max profit
impacts

Deal with Uncertainty and Forecasting using
Machine Learning
Implement and Solve the Model
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Metaheuristic Optimization of Waste Management in Circular

Economy Using Smart Bins

1
Niama YAHIAOUI, Abdelghani BEKRAR, Mehdi SOUIER
(LAMIH UMR CNRS 8201) Université Polytechnique Hauts-de-france, Valenciennes, Franc;e1

High School of applied sciences ESSA- Tlemcen, Algeria ?

CIRCULAR ECONOMY

CONTEXT

loT Integration

/ \
Smart Bins —
v Vo~

GPS Tracking

CIRCULAR ECONOMY (CE) : concept was developed
to reverse unsustainable patterns of development and
create long-term prosperity [1]

/

Waste Level Sensors

INDUSTRY 4.0 : Integrate mechanical and virtual
systems into comprehensive cyber-physical systems Contral Monforing Systems
(Al, machine to-machine connectivity, and real time data l

management) [2]
L

\

Data Analytics

Environmental Impact Reduction

/

Operational Efficiency \L

SMART Waste MANAGEMENT : Supply of Information

Cost Reduction

about collection, organization, transmission, storage,
and retrieval

Jacqueline Maria Bloemhof-Ruwaard. Sustainable Logistics Management:from
castle on the cloud to cathedral. Wageningen University, Wageningen UR, 2015.

RESEARCH

PROBLEM DESCRIPTION

Objective Function:

RESOLUTION APPROACH

Vehicle Routing Problem:

* Optimizing the collection
and transportation routes

Constraints:
« Considering vehicle capacity
and time windows constraints

 Enabling dynamic  route
planning
 Enhance efficiency  and

reduce cost

RESULTS

Comparing GUROBI Solver and Metaheuristic

Scenario Gurobi MOGA GAP
Scenario 1 F1=844.3 F1=2844.3 F1=0%
F2 =1504.2 F2 =1504.2 F2=0%
Scenario 2 F1=1413.25 F1=1445.13 F1=2%
F2 =2517.84 F2 =2574.64 F2 =2%
Scenario 3 F1=2011.75 F1=2136.85 F1=5%
F2 =23584.13 F2 =3807.05 F2 =5%

1.Abraham Zhang,Barriers to smart waste management for a circular
economy in china. Journal of Cleaner Production, 240:118198, 2019.23

2.Amirhossein Salehi-Amiri, Designing an effective two-stage, sustainable,
and iot based waste management system. Renewable and Sustainable
Energy Reviews, 157:112031, 2022

Economic Function

Environmental Function
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Al applications in automotive manufacturing industry
for predictive maintenance and energy consumption

Douimia Soufiane, Bekrar Abdelghani, El Hillali Yassin, Ait El Cadi Abdessamad & Fillion David
LAMIH, IEMN & TMMF

soufiane.douimia@uphf.fr

Introduction

Process of manufacturing for Toyota car : Yaris / Yaris Cross

* Production capacity: 300 000 cars /year

« 5000 workers

5 Millions cars produced in TMMF

 Robots and humans working in
harmony

-66%

-80%
\’

2001 2022 2030 2040

To Zero CO2 emission in 2040

Challenges, applications and methods

Challenges Methods
+ Quality inspection « Statistics analytics
» Maintenance and fault / anomaly detection * Machine learning
« Energy consumption * Deep learning

* user ergonomics inspection

Results

Machine learning model applications in energy consumption prediction
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Application of FML for risk prediction in SC: A case study of

Vietham’s textile industry

Thanh Tuan NGUYEN?, Abdelghani BEKRAR?, Thi Muoi LEP, Abdelhakim ARTIBA?2, Tarik CHARGUI2, Thi Thu Huong TRINH¢
aLAMIH, Universite Polytechnique Hauts-de-France, Valenciennes, France
b CRISS, Universite Polytechnique Hauts-de-France, Valenciennes, France
¢ School of Economics and International Business/Foreign Trade University, Vietnam

Corresponding author’s email: Thanh Tuan.Nguyen@uphf.fr

INTRODUCTION
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ISSUES & PROPOSED METHOD

Problem Methodology

« Data Privacy

o Privacy, « Cost Efficiency

O Security, * Improved Collaboration

o Competitiveness, « Better Data Utilization

o0 Leakage « Scalability

0 Oportunisticsm * Real-time Updates

0 Cost * Regulatory Compliance
D Dlu D,U--UD,U--UD, * Increased Trust

 Enhanced Model

Performance
\wr

DATA SHARING

Fig. 6 Framework for applying FML to delivery delay risk prediction in the SC

. %
s > NEW v
[t SUPPLIER

= Framework: Tensorflow
ACTING = Algorithm for aggregating the Common Model: Federated Averaging (FedAvg)
ALONE = Algorithms for local training: ANN, CNN, LogReg, MLP, Decision tree, ...

Fig. 5 Traditional and proposed methods

FML BASED MODEL FOR SCR PREDICTION

<+ Objective: To predict whether a given order will arrive on time or late :“SLr;)E))lIJit:r Name (ID)
* Data: Historical data from 2018 to 2023 * Product type
* Data source: Textile companies (2-5 companies) * Quantity ordered
 Performance metrics: Accuracy, Precision, Recall and F-Score (normalized * Contractual delivery time

* Shipping mode

* Days for shipment (scheduled)
* Location

* Order method

* Order created

* Material

* Gross weight

confusion matrix)
* Tools: Python, Google Colab

Fig. 8 The process of inventory financing
Qe Output Source: Jiang & Liu (2018)

* Late delivery (AL) = Delay
= Actual time — Contractual
time ( If AL>0: « Late »;

Fig. 7 Process of the study «On time»1 otherwise)
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CREATION OF A TEACHING AVATAR BY USING THE GENERATIVE Al AND THE
METAVERSE

NOOMENE WAHA
UPHEF, LAMIH CNRS 8201, France

Thesis supervisor: Mr. Abed Mourad

waha.noomene@upht.fr

CONTEXT AND RESEARCH QUESTIONS

1. How can avatar creation improve student engagement in virtual learning
environments?

2. How avatars can be used to provide personalized support and guidance
to students throughout their learning journey?

3. What are the main technologies and methods used to create a teaching
avatar with Al and AR?

4. What are the main benefits of using personalized avatars for students in

education?
The integration of Al with AR:
wMore realistic avatars
wAllows users to interact in a more immersive way.
APPROACH
Steps to create an avatar Technologies used to create an avatar

develop
Define the Choose the adaptive
objectives technologies behavior

oses (reateand animatethe [ Dislaythe avatars nthe real M cantyre and track user movements
avatr wor and allow users o B and geture, enabin the avatarsto J - representation o the avatars

NP, [ interactwith them nthereal M piemic and their environments.

Incorporate Machine ooy
feedback Learning
mechanisms algorithms

Capture the movements and Enable the avatarsto I e and process the large amount
evpressions ofrealpeopleto | understand and respondto ¥ of data requiredfor ceating and
- avatars, Spoken commands and animating the avatars

ONGOING AND FUTURE WORK

wApplying Al,ML,NLP,and facial and emotional recognition to create an
adaptive teaching avatar that delivers personalized and effective learning

experiences for students.

wDetermine how the avatar will adjust its language, level of difficulty,

examples and explanations according to student reactions.

wUse Machine Learning algorithms to analyze feedback data and adjust

avatar behavior according to student preferences and needs.
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Blockchain Technology 1o Enhance Transparency
And Trust In Supply Chain Networks

Youssef Sellami, Chaima Zormati

Youcef Imine, Antoine Gallais,Abdessamad Ait El Cadi, Abdelghani Bekrar, Tarik Chargui
LAMIH-UMR CNRS 8201, Université Polytechnigue Hauts-de-France Valenciennes, France
{Youssef.Sellami, Youcef.Imine, Antoine.Gallais, Abdessamad.Aitelcadi}@uphf.fr

Introduction
- Traceability, transparency, and sustainability are becoming increasingly
Important in transportation and supply chain networks.
- Blockchain technology has emerged as a potential solution to these
problems. Access
Permissions
- The selection of a suitable consensus mechanism, on the other hand,is
critical in assuring the reliability and efficiency of blockchain-based -
systems in various sectors
. . N / . . \
- This study seeks to determine the best consensus mechanism for / Retailer\
balancing scalability, security, energy efficiency, and governance
requirements in various circumstances
Supplier Hubs Manufactures
Consumer
Context
Traceability in the supply chain Consensus Methodology
Consensus Energy Scalability Centralization Security Governance
Consumption Risks Challenges
PoW High Limited Potential High Low
PoS _ow Moderate Potential Moderate Moderate
PBFT _OowW Limited Low High Low
PoS + PoW Variable Variable Variable Variable Variable

How to implement new hybrid consensus mechanisms that
iIncorporate supply chain requirements and limit centralization
Challenges ?

Benefits and advantages of Blockchain for the Supply chain

- Saving the time delivery

Cost savings
Traceability

Higher efficiency

Improved customer satisfaction

Increased competitiveness

Advanced supply chain > Security

> Transparency
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