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Position in ANITI 5

Core to the theme “Data & Anomalies” and 
some contributions to the “Explainability” and 
“Automated reasoning and decision 
making” themes.



What have we done ? 



Escape game JEPIA and other popularization events 7

• Toulouse is AI "Comprendre l'intelligence Artificielle, Apprendre et Entreprendre" (L. Travé-Massuyès
& N. Barbosa Roa) − Sept 2019 

• Nuit Européenne des chercheurs, Table Ronde "Intelligence Artificielle: comment (bien) préparer
notre avenir" − Sept 2019 

• SIANE Salon des partenaires de l'Industrie, Plateau télé "ANITI et Interactions avec l'Industrie" − Oct
2019 

• Petit Illustré d'IA, “Le diagnostic, c’est quoi ?”, authors: Louise Travé-Massuyès and Yannick Pencolé, 
co-edited by CNRS Occitanie Ouest and La Dépêche du midi − December 2020

• Conference debate of the “Club Audiovisuel Numérique de Toulouse Métropole”: How does AI work? 
(L. Travé-Massuyès) − March 24, 2020

• Posd-cast Investiga'Sciences: Industry and crafts: maintenance, same methods? (L. Travé-
Massuyès) − December 7, 2020

• YouTube video in the series « Qui cherche cherche » - Louise Travé-Massuyès − March 2021



8Scientific event organization

ØA"erwork “Data and Anomalies” − April 8, 2021. 
ØFuture Intelligence 2021, Workshop « Diagnosis and maintenance: 

where and when? » (L. Travé-Massuyès & E. Chanthery) − May 3, 2021 
Ø32rd InternaUonal Workshop on Principles of Diagnosis (DX-22), 

Toulouse, France, September 14-16, 2022 (Chairs: E. Chanthery & P. 
Ribot)



9Teaching 

ØAI lab sessions at INSA by Adrien Dorise
ØInvolvement of Elodie Chanthery in the creation of two new lectures:

§ Introduction to Machine Learning (M1)
§ Machine Learning (M2)

ØOne lecture “Diagnosis and Supervision” by Louise Travé-Massuyès at 
ENAC (M1)



10Scientific outcomes

ØImplicit knowledge extraction from process data flows 
ØNovel methods for anomaly detection

§ DTW based AD in irregularly sampled and distorted time series
§ Christoffel Function based AD in data streams
§ Dynamic clustering based for frugal embedded AD

ØMachine learning architectures for fault and performance loss 
diagnosis

ØTree based diagnosis enhanced with meta knowledge



11PhD students 

Predictive Maintenance and diagnosis of  robots and cobots

Integration of Machine Learning and Business Knowledge for 
diagnosis and Prdictive Maintenance

PhD theses defended

On going PhD theses
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A bit of what is going on



Model based diagnosis tests 16

x : state vars
(unknown)

f : faults

u y

obs
Diagnosis tests:

Relations s.t. R(obs) = r(t) such that lim
!→#

𝑟 𝑡 = 0 for all obs consistent with normal behavior. 

outputs
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Model based diagnosis tests 17
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ok Faulty 
M1

Faulty 
M2

Faulty 
M3

Faulty 
A1

Faulty 
A1

R1 : A*C + B*D – F = 0 0 X X 0 X 0

R2 : E*C + B.D – G = 0 0 0 X X 0 X

R3 : A*C – E*C – F + G = 0 0 X 0 X X X
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Symbolic classification

Symbolic
Regressor

à Candidates c

Dataset 𝒟 of 𝑝pairs (𝑥, 𝑙𝑎𝑏𝑒𝑙)Set of operators
(ex: +, *, -, /, sin, arctan, ln, ²)

Threshold ε

𝐹𝑖𝑡𝑛𝑒𝑠𝑠 𝑐 = −
1
𝑝 ,

!,#$%&# ∊𝒟
[𝑙𝑎𝑏𝑒𝑙 ∗ ln 𝑡 𝑐 𝑥 + (1	 − 𝑙𝑎𝑏𝑒𝑙) ∗ ln 1 − 𝑡 𝑐 𝑥 ]

IF 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 𝑐 < ε THEN algorithm stops and 𝑓 is found ELSE 𝑀𝑢𝑡𝑎𝑡𝑒 𝑐𝑏𝑒𝑠𝑡 AND 𝑅𝑒𝑝𝑒𝑎𝑡

Evaluation of the candidate c with the log-loss fitness function 

Stopping condition

𝑥 = 𝑥1, 𝑥2, … , 𝑥𝑛 	∊	ℝn 𝑙𝑎𝑏𝑒𝑙	∊	{0,	1}𝑎	∊ ℝ
𝑓 𝑡

Algorithm to esBmate a funcBon 𝑓	such as: known
unknown

Transformer
à Class 0/1 𝑓

Symbolic classification

Gene5c algorithm

c(x)
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PolyBox Results – Single Faults

𝑓2 =A*C + B*D - F𝑓1 =-A*C - B*D + F

𝑓0 =B*D + E*C - G

Nominal Fault M1 & Fault A1 Fault M3 & Fault A2 Fault M2

ok Faulty 
M1

Faulty 
M2

Faulty 
M3

Faulty 
A1

Faulty 
A1

R1 : A*C + B*D – F = 0 0 X X 0 X 0

R2 : E*C + B.D – G = 0 0 0 X X 0 X

R3 : A*C – E*C – F + G = 0 0 X 0 X X X



PolyBox Results – Double Faults
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Faulty 
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Faulty 
A1

Faulty 
A1

R1 : A*C + B*D – F = 0 0 X X 0 X 0

R2 : E*C + B.D – G = 0 0 0 X X 0 X

R3 : A*C – E*C – F + G = 0 0 X 0 X X X



PolyBox Results

Be#er results + formal expressions of residuals
... But s5ll a lot to do ...

Randomly generated datasets with 10 084 
tesSng samples and 22 937 training samples



Next ... 28

More adventures in 
ANITI 2 ?
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