
A study on the use 

of Short-Time 

Fourier Transform 

(STFT) analysis 

for track geometry 

evaluations 

concerning 

cyclic irregularities

2022-06-22

Martin Li                

Underhåll, Teknik och 

Miljö

Spår o vägsystem

martin.li@trafikverket.se

Mobil: +46705985637



2 2022-06-23

A study on the use of 

Short-Time Fourier Transform (STFT) analysis 

for track geometry evaluations

concerning cyclic irregularities

Martin Li, Trafikverket

Lars-Ove Jönsson, Analytical Dynamics AB

Sweden

21st Nordic Seminar on Railway Technology

Tampere 21-22 June 2022



3 2022-06-23



4 2022-06-23

Origin of the collaboration:

Vibrations at the Hallandsås 

tunnel, as reported at IAVSD 

2017.
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A number of topics has been 

covered by the workgroup.

Brown – track related

Blue – vehicle related
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A number of topics has been 

covered by the workgroup.

Brown – track related

Blue – vehicle related

Today: track alignment and 

wavelength distribution.
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The track: Bandel 354

• Bdl (Bandel = part of line) 354: 

– 35 km long, mostly passenger traffic, 200 km/h 

– Upgraded track: 60 E1 rail, concrete sleepers, Pandrol fastening systems 

– Track geometry qualities have been quite good before 2017
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Reports of problems with vehicle vibrations and damaged track components

• Bdl (Bandel = part of line) 354: 

– During 2017 and 2018, problems with track geometry and damaged track components 

were reported repeatedly 

– Problems with vehicle vibrations and damaged suspension systems were also reported

– Operational speed was reduced from 200 km/h, to 130 km/h and then to 70 km/h.



9 2022-06-23

Two consequtive track measurements: 2017-05-11 and 2017-08-30

Longitudinal level

(LL; vertical; Z)

Alignment

(AL; lateral; Y)
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Bdl 354: track irregularities of LL D1 and AL D1 measured 2017-08-30

• UH1/UH2: according to TRVINFRA00013 

– UH1 = Intervention Limit “low”

– UH2 = Intervention Limit “high”

• Most isolated defects are still below 

the intervention limits (IL) UH1 and 

UH2

AL D1 EN13848-5 TRVINFRA

UH1/IL low 7 4

UH2/IL high 9 6
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Bdl 354: Cumulative Frequency Distributions (CFD) of standard deviation

• 2017-05-11: the CFD curve for AL was still mostly lower than reference curve

• 2018-06-19: the CFD curve for AL was completely higher than reference curve
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Checking if vibration problem is due to wheel/rail contact issues:

Track Equivalent conicity and track gauge 2017-08-30 -> OK!
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STFT analysis

• The Short-Time Fourier Transform (STFT) is a Fourier-related transform used 

to determine the frequency content of local segments of a signal as it changes 

over time. 

• The STFT analysis divides a longer time signal into shorter segments of equal 

length, and then computes the Fourier transform separately on each segment.

𝑆𝑇𝐹𝑇 𝑥[𝑛] 𝑚,𝜔 ≡ 𝑋 𝑚,𝜔 = ෍

𝑛=−∞

∞

𝑥 𝑛 𝑤[𝑛 − 𝑚]𝑒−𝑗𝜔𝑛

• The magnitude squared of the STFT yields the spectrogram representation of 

the Power Spectral Density of as

𝑆𝑝𝑒𝑐𝑡𝑟𝑜𝑔𝑟𝑎𝑚 𝑥[𝑛] 𝑚,𝜔 ≡ 𝑋 𝑚,𝜔 2

• The STFT analysis can be implemented very easily just by calling the Matlab 

function spectrogram
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STFT analysis km 2-4
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STFT analysis km 16-21
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STFT analysis km 16-21
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Cyclic irregularities: 
how are they dealt with in Trafikverket’s regulation?

• BVF587.02: ” ......Vid viss kombination av våglängd och hastighet, som motsvarar fordonens 

egenfrekvens, kan periodiska ojämnheter orsaka kraftiga vaggrörelser och leda till lastförskjutning och 

urspåring…..”

“With a certain combination of wavelength and speed, which corresponds to the natural 

frequency of the vehicles, periodic irregularities can cause strong vehicle vibrations and lead to 

load redistribution and even derailment. Errors of this type, which can be serious, do not have 

to be large and are therefore not so easy to be detected. They appear more clearly in the 

evaluation diagram of Track Recording Vehicle, showing with large values of standard 

deviations σ_s (alignment+twist). When such faults are detected, it is important that preventive 

maintenance is implemented before the isolated defects become too big. ”

(English Translation)

• Currently, in TRVINFRA00013 there are only UH1-limits for standard deviations, but not 

UH2. Standard Deviations are considered only comfort related and UH1-limits are often 

being ignored. 
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Summary

• The standard track geometry evaluation by comparing the peak values of 

isolated defects with predefined intervention limits is not sufficient for ensuring 

well-performing vehicle running characteristics. There are a number of pitfalls 

such as cyclic track irregularities that may lead to erroneous conclusions and 

results.

• Standard deviations of longitudinal level D1 and alignment D1 are fundamental

for assessing track geometry quality and should not be treated as parameters 

that are comfort related only.

• STFT analysis presents track irregularities in a combined distance-wavelength 

domain and can be used to determine where and at which wavelength cyclic 

irregularities occur. 
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What caused the problems?

tamping

A combination of track 

and vehicle issues:

• Track tamping without 

sufficient stabilisation

• Unrelated: hunting 

instability due to 

maintenance issues 
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The findings are 

presented in a report.

To acquire a copy, please 

contact:

martin.li@trafikverket.se
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…Thank you!


