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From accelerations measured on board in-service vehicles:

• Propose a modular and flexible ML methodology for track quality diagnosis 

• Integrate: 

• Data generation 

• Feature learning 

• Sensor selection 

• Application to the estimation of two track-quality indices.

Objectives
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SIMPACK Multibody simulations software

Several simulation parameters:
• Speed
• Load
• Track layout
• ...

Generation of synthetic data 

Raw acceleration time series

Data

Simulations represent a regional train with a maximum speed of 80 km/h under a wide range of scenarios.

Representative and general for this type of vehicle.
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Methodology

General methodology for track assessment

Two application cases studied:

We use the EN-13848 track quality definition:

Standard deviation of irregularities in a 200 m section.

Regression of a single value from
acceleration time series
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Data generation
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PCA

Longitudinal Level Quality Estimation 

Signal Processing:

• RMS
• peak-to-peak value
• Dominant frequency
• ...

Ad-hoc features

First 10 principal components

“Easy” case. Vehicle-track interaction is simpler We prioritize compact models and tabular data

Input 
Dataset
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Sensor selection: Train speed
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Acc.  Long. Back of the Car-Body
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RMSE = 0,360 mmRMSE = 0,175 mm

Longitudinal level Alignment level

Vertical movement in consonance with vertical irregularities

Simpler dynamics

High correlation irregularities - accelerations

Wheels conicity

More complex dynamics

Low correlation irregularities - accelerations
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New methodology implementation is required:

Features

Wavelet Spectra

ML models for tabular data

Deep Learning

Vehicle speed

Wavelets (one channel per sensor)

1-2 Conv. layers
• Local patterns
• Short-range structure

Bi-LSTM
• Spatial dependency
• Sequence context
• Long-range dynamics

Fully Connected
Regression Head

Track quality
estimation
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Sensor selection: Train speed
Acc. Lateral Rear Bogie

Acc.  Lateral Center of Car-Body

Alignment Quality Estimation 

Similar to longitudinal level case: XGBoost and features

! Not a specific adaptation yet.



Alignment Quality Estimation 

RSME = 0,29 mm3 sensors combination:

Track Quality Estimation:



Alignment Quality Estimation 

RSME = 0,23 mm5 sensors combination:

Track Quality Estimation:
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Conclusions

Conclusions and Next Steps

Next Steps

• Alignment estimation: 

o Model refinement.

o Integration with sensor selection.

o Physical-mechanical interpretation of the results.

• Transfer learning to other environments with scarce data.

• Ideally, validation on real data.

• General and modular systematic methodology leveraging simulations

• Focus on sensor selection

• Longitudinal level: mature and validated

• Alignment: harder, in progress
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