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Introduction

Onboard condition monitoring of vehicle–track dynamic interaction

from in-service vehicles
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Introduction: Research Framework
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TRIM – Introduction

• Track irregularities excite the vehicles as the vehicles run along the track

Wheel–rail contacts, 

wear and fatigue
Vehicle dynamic response

Safety and fatigueTrack irregularities

(Track curves and S&C)

(Wheel out-of-roundness)

Safety and comfort

(Freight damage)
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TRIM – Introduction

• Occasionally acquired

• Dedicated train → service interruption

• Sophisticated and expensive sensors
(laser optical sensors)

ETR 500 Dia.Man.Te
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Freccia rossa

• Every day 

• In-service trains

• Simple and inexpensive sensors 
(accelerometers)

Collaboration with Politecnico di Milano



TRIM – Proposed Methodology

• Research Question 1 (RQ1)
‒ OCM algorithms for qualitatively assessing track irregularities via bogie frame accelerations

‒ Optimal decision boundaries in the vehicle response space?

• A data-driven OCM algorithm is proposed for qualitative assessssment of track 
irregularities

Onboard Vehicle 
Dynamic Measurement

Feature 
Extraction

Data Driven Fault 
Classifier

Monitoring of Lateral 
and Crosslevel Track 

Geometry Irregularities
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TRIM – Proposed Methodology

• A data-driven OCM algorithm is proposed for qualitative assessment of track 
irregularities

SD = Standard Deviation

‒ Machine Learning model trained with numerical simulations

‒ Machine Learning model tested on field measurements

Fault ClassifierSD of  Roll Bogie Acc. [rad/s2]

SD of  Lat Bogie Acc. [m/s2]

Good Quality Track (GQT)

Bad Quality Track (BQT)
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TRIM – Results
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• Testing by Dia.Man.Te measurements
(improved accuracy)

Phase Classifier Accuracy

Testing

Phase

L SVM 95.8±0.3%

G SVM 95.6±0.2%

MAP NB 95.9±0.2%

• Training by multibody 

dynamics simulations

SD of lateral bogie accelerationSD of lateral track irregularity
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TRIM – Research Question 1 (revisit)

• RQ1
‒ OCM algorithms for qualitatively assessing track irregularities via bogie frame accelerations

‒ Optimal decision boundaries in the vehicle response space?

• Conclusions
‒ OCM method is proposed

‒ Multiple data driven classifiers

‒ Data driven OCM method outperforms linear correlation analysis method

• Future work
‒ Extending the dataset to incorporate curve sections

‒ Hybrid method (Model based + data driven)

‒ Use of smartphone accelerometers for TRIM

9



VRIM – Introduction 

• The task is challenging 
‒ Nonlinear dynamics of wheelset – track interaction

‒ Multiple components may trigger running instability

‒ Scarcity of running instability occurrence

• Research questions

‒ RQ2

˃ Effect equivalent conicity function’s nonlinearity on the dynamic behaviour

‒ RQ3

˃ OCM algorithm for detecting and diagnosing anomalies in vehicle-track interaction, 

explicitly focus on vehicle running instability through analysing carbody 

accelerations? 
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VRIM – iVRIDA Methodology
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VRIM – Research Question 3 (revisit)

• RQ3

‒ OCM algorithm for detecting and diagnosing anomalies in vehicle-track interaction, explicitly

focus on vehicle running instability through analysing carbody accelerations?

• Conclusions

‒ A sporadic phenomenon, i.e., an anomaly of vehicle-track interaction. 

‒ Anomaly detection (AD) framework, referred to as iVRIDA,

‒ Tested and validated on onboard measurements of two high-speed vehicles

• Future work

‒ Diversification of data sources

‒ Incorporation of advanced generative models such as VAE, CAE and GAN models. 
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