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1. Michelin 

Automobile

Road transport

Specialities

Connected solutions
for fleets

Mobility intelligence

Connected 

services 
platform

Experiences

Hydrogen3D metal printing

Tires tailored to customers’ needs
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Tire conception levers

  - Real-time performance prediction

   -  Early integration of industry contraints

2. General Context 

Design process 

Constrained Models

SIM R&D

Michelin’s 
expertise

Physical laws

Diana Sol Fonseca
levels



Auteur/Dép : Date de création : Classification : D3 Conservation : WARéf./Document : 

5

1. State-of–the-art review 

2. Choice of approaches

3. Study of use cases 

3. Objectives
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4. Constrained Models
Physical

constraints

• Physical 
phenomena

• Material 
properties

• Monotonicity

Geometrical 
constraints 

• Regarding  the 
domain, 
shape, aspect, 
size.

System 

Expert

Observations
Domain Knowledge

ML
ModelModel Explanations

Testing

Data
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4.1 Constrained Learning approaches 

LearnerData*
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Transforming the input data 

Transforming the loss function 

Transforming the model Model



8

Auteur/Dép : Date de création : Classification : D3 Conservation : WARéf./Document : 

4.2 Chosen approaches  
Standard NN Architecture 

Domain Constraints

MultiplexNet

Monodense

- To enforce 

monotonicity 

constraints by defininf 

a new type of layer 

called Monodense.

- To enforce domain 

constraints defined 

as a differentiable 

layer.

- To enforce multiple 

domain constraints 

directly in the output 

layer of a NN.
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5.1 Generative design of tire’s components 
Data description:

 279 samples 

 27 products conforming an « épure »

Sampling Generative model New generations
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Constrained NN

5.1.1 Model architecture and constraint definition 

Architecture

Constraints

Two approaches to include the 
constraint:
• After training 
• During training

Unconstrained 
reconstruction

Constrained
reconstruction
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Constrained NN

5.1.2 Diversity study 

Generation from latent space

Classification Model Train

Reconstruction

Generation

Diversity of composants 

Small differences

Performance
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Constrained NN

5.2 Damage prediction case
Prediction of the cumulative damage and final damage.

Synthetic data to 

predict damage 

Constraints

LSTM Transformer Convolution

Dense MonoDense

Models

The predicted wear (d)  should be:

• 0 ≤ 𝑑 ≤ 1.0
• Monotonically increasing.

Expected damage evolution



17

Auteur/Dép : Date de création : Classification : D3 Conservation : WARéf./Document : 

5.2.1 Results domain constraints 
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5.2.2 Monotonicity constraints 

Only Monodense layers model
Monodense and dense layers

model

Balance should be foundModel Constraints
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1st case

6. Analysis and Conclusions
2nd case

• Help the model to focus

Python Library

• Constraints respect

• Scalability

• Simpler models

• Monotonicity constraints

• Diversity study
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7. Retrospective and 
Feedback

Experience at Michelin 

Skills development

Future career
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Thank you!
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