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➢  Context and implications

➢ Causes and consequences

Introduction



►  Road Authorities: critical progressive infrastructure deterioration 

►  Insufficient DATA:  allowing for long-term predictive maintenance

►  PMS indicators: Relies on functional assessment & distress data 

►Both might not completely capture the true structural integrity

►  Gaps: Structural bearing capacity assessment at Network-level

Functional assessment (serviceability) 

Surface cracking (distress) 

The state of the art Context Challenges Motivation

Reference (1) : S. Fontul, 2004, Structural evaluation…….
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Lasse Høi - Measure Road 



Traditional NDT deflection devices operational limitations

(𝑬𝒊): Fundamental mechanical propertyNDT Deflection measurement 

The state of the art Context Challenges Motivation
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Reference (2) : J-M, Simonin, 2021, correction

Source: Infociments.fr/

02.2020



TSDDs overcome FWD limitations via: 

❖ Continuous bearing capacity assessment  

❖ Measurement at traffic speed  (+80 km/h)  

❖ Secure with no traffic disruption

❖ Cost-effective for projects and networks levels

The state of the art Context Challenge Motivation
Source: GreenWood, Dynatest, ARA 

05/30 

Reference (3): Katicha, and Flintsch, Ten years TSD research…..



Reference: FHWA 
The state of the art Context Challenge Motivation

Reference:  SCDOT & US-FHWA, 2022 
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Reference (4): F. Xiao, Tongji University, Measurement, 2021 

Deflection (µm)      

D = 𝑥

∞
𝑆. 𝑑𝑥

Reference (5): Flintsch et al, Ten Years of TSD.., 

TRR, 2023



 TSD efficiently collects structural data at traffic speeds

 Processing, analyzing & interpreting TSD data: key challenges! 

Reference: Bast 
The state of the art Context Challenge Motivation

Reference: D. Jansen, TRB, 2019, Bast
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Strategic 

Industrial

Research 

Priorities 



The state of the art Context Challenge Motivation
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Data

Science

(ML)

Pavement 

Modelling

TSD (𝑫𝒔)

Estimation 
(𝑬𝒊)

► Main Objective : 

Develop an ML-based intelligent framework 

► Thesis proposition :  



➢  ML: Rational and significance 

➢ Research methodology

Method



►  Generalized model

► Adaptable to varying data population; quality and quantity

► Effective in identifying complex patterns in data

► High accuracy and high computational efficiency 

Method AI-Model Methodology

Reference (5) : Y. LeCun et al, “Deep learning,” Nature, vol. 521, no. 7553, 2015. 
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Finds the optimal hyperplane that maximizes/approximates 

Hard and soft margins

RBF (Kernal)

Higher dimensional

 space ϕ(x)



Forward Model  (Database)

𝑫𝑺: TSD deflection slope (µm/m)

- Sensitivity analysis (Temperature, Noise, Data structure)

Estimated Modulus (𝑬𝒊) 𝐌𝐏𝐚

𝑬𝒊: Target variable (y) Inverse model (Problem)

Supervised Machine Learning (ML)

- Classification               - Regression

- Support Vector Machine (SVM):  

- Protocol  - Optimization - Validation

Characteristics of 

the pavement 

structure

TSD                            

load 

configuration

Method AI-Model Methodology

𝑫𝑺: Feature variable (X)
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➢  Numerical simulation

➢ Synthetic database

Forward Model



6Numerical Forward Model Structure Simulation EDA: Analysis
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► Alize-LCPC: Trademark developed by the Univ. Gustave Eiffel

► French industry standard for pavement modeling/design for +30 years

► Burmister pavement model: Multi-layered, linear elastic, isotropic 

approach with infinite in-plane layers

Reference (6) : J.-F. Corté and M.-T. Goux, “Design of pavement structures: the French technical guide…….  



► Loading mechanism: Superposition

► TSD Reference Sensor: Uncertainty

► Sensor Positioning: Variability

6Numerical Forward Model Structure Simulation EDA: Analysis

TSD assumptions & observations

Reference 
sensor

1st
Sensor
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Reference: PIARC and Road-Measurement 

6Numerical Forward Model Structure Simulation EDA: Analysis
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➢ Modulus estimation observations 

➢ Advanced parametric study (optimization)

Inverse problem 



(TTV) Framework:

► Generalizability and Robustness test of the model

►Stratified Train-Test-Split: 70% training, 30% testing  

► Five iterations with 5/10 fold cross-validation for accuracy

6Numerical: Inverse problem Regression Classification Optimization 14/30 



Noise-less

6Numerical: Inverse problem Regression Classification Optimization 15/30 

Noise-Based



► Class (5) misclassifications : (High MPa)

Relatively less critical

► Class (2) misclassifications: (Lower-MPa)

More critical

Noise-less Noise-based

► Why the misclassification happened?

Numerical: Inverse Problem Regression Classification Optimization 16/30 



Numerical: Inverse Problem Regression Classification Optimization 17/30 



➢  Correlation analysis ( Θ °C  ∝  𝐸𝑖 ∝  𝐷𝑆) 

➢ Temperature uncertainty investigations

Sensitivity analysis 
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Correlation Analysis: Θ °C  ∝  𝐸𝑖 ∝  𝐷𝑆 

Temperature sensitivity analysis Forward Model Inverse Problem

• Temperature uncertainty influence

  

• Experimental representative cases 

18/30 
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►Layer effects:

Knowledge of known pavement properties (temperature), enhances soil modulus 

estimation

Temperature sensitivity analysis Forward Model Inverse Problem
19/30 

N/A

𝐸1

𝐸2

𝐸3



➢  Data acquisition & preprocessing

➢ Feature engineering (Global to Local)

Experimental validation 



Experimental validation Data Augmentation Dimensionality ReductionDataSet

• Location: Univ Gustave Eiffel, fatigue carousel 

• Testing method: Accelerated Pavement Test (APT)

• Project: I-Street project

• Instruments: Geophone and Strain Gauge

• Purpose: Simulate real-world traffic conditions 

•  Bottom line: Collect fatigue data for pavement analysis

Data Acquisition 
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Experimental validation Data Augmentation Dimensionality ReductionDataSet
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Zone C

Zone B

Zone A

Experimental validation Data Augmentation Dimensionality ReductionCase Study
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Experimental Validation Data Augmentation Dimensionality ReductionCase Study
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Global 

Experimental validation Data Augmentation Dimensionality ReductionCase Study

Local
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Experimental validation Data Augmentation Dimensionality ReductionDataSet
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➢ Challenges and limitations

➢ Perspective (future Work)

➢ Valorization & outreach

Conclusion 



► Experimental validation :

I. Experimental approach validates the accuracy and reliability of the numerical model

II. Local approach balances accuracy, while offering computational efficiency

► Numerical Forward Model :

     SCI, MLI, LLI, and are key pavement indices, incorporating other sensors with

     proportional significance is essential for a more accurate structural assessment

► Numerical Inverse problem :

I. ML effectively estimates soil modulus from the deflection slope

II. Noise impacts measurement accuracy, necessitating noise reduction techniques

III. Incorporating temperature thermal model leads to enhancing modulus estimation 

General conclusion                                                                    Conclusion Limitation Perspective Valorization
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➢Limited labeled data for supervised learning

➢Applicability across diverse environments (Generalizability)

Research limitations and challenges

General conclusion 27/30 
Conclusion Limitation Perspective Valorization



➢Validate with real TSDDs measurement data

➢Explore TSD applications for concrete and composite pavements

➢Vertical temperature analysis and thermal modeling 

➢ Integrate TSD and Ground Penetrating Radar (GPR) data for (Thickness, Interface...)

Future work :

General conclusion 28/30 
Conclusion Limitation Perspective Valorization



Journal 

articles

International 

conferences

National 

conferences

Research 

visits

Scientific outreach 

(vulgarization)

General conclusion 29/30 
Conclusion Limitation Perspective Valorization

Career

 perspective

R&D Project Manager



General conclusion Limitation Conclusion Perspective Valorization
30/30 



➢ Repeatability test (Noise level)

➢ Geophone Signal Processing

➢ Principle Components Analysis

Annex 
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