
Statistical representation of railway track irregularities 
using wavelets. 

 
Mariana Costa (IDMEC, Instituto Superior Técnico, University of Lisbon Av. Rovisco Pais 1, 
1049-001 Lisboa, Portugal.), António Andrade (IDMEC, Instituto Superior Técnico, 
University of Lisbon Av. Rovisco Pais 1, 1049-001 Lisboa, Portugal.) and João Pedro Marçal 
Neves Costa (IDMEC, Instituto Superior Técnico, University of Lisbon).  

 

Abstract. Railway track deteriorates through time, and a good maintenance strategy should keep 
its condition at an acceptable level. Detection of railway track geometry defects places an additional 
challenge to the maintenance team, as these irregularities come in different shapes, types, and 
sizes, and may potentially cause service disruption or, worse, serious safety hazards. A good 
inspection/monitoring policy can lead to more accurate and reliable fault detection. However, one 
obstacle is how to deal with the data provided by the monitoring equipment or inspection vehicle, 
as well as the choice of suitable methods to translate the data into useful information for 
maintenance planning and prioritization. Recent research has indicated that, though observed 
irregularities and its quality indicators may still lie within limit values established by current 
standards, without the consideration of wavelength content along with dynamic wheel-rail forces, 
it might be difficult to detect geometric defects that may potentially influence vehicle safety. This 
study explores the use of Wavelet Analysis (WA) in the statistical modelling of railway track 
irregularities, namely (1) longitudinal level, (2) alignment, (3) gauge, (4) cross-level. After 
reconstruction of signals using WA, the impact on Y/Q through vehicle dynamics simulations is 
measured and probabilities of derailment based on Nadal’s criterion are computed through 
Importance Sampling. Observed results suggest that Y/Q values are sensitive to the 
scale/frequencies of the track defects, hence, investigating the effects of varying wavelength 
defects in the force transmissions between vehicle and rail may be benefitial for better condition 
monitoring and track maintenance prioritization. 

 


