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1 INTRODUCTION 

Wheel flats or out-of-roundness are a common type 
of wheel damage that has the potential of causing se-
vere damage to the rail and the wagon. To manage 
these risks, infrastructure managers, train operating 
companies and wagon owners have agreed on a max-
imum permissible wheel flat length. There are both 
regulations and practices in place which should both 
protect the infrastructure and the rolling stock, like 
e.g. the General Contract of Use (GCU) (2025) and
the technical regulations in place in Sweden, Swedish 
Transport Administration (2014). According to the 
GCU, wheel flats of 60 mm and larger in length are 
not admissible for operation. There are also other 
properties of a flat that affects the impact forces, such 
as shape and depth, but those are not part of the con-
tractual requirements. 
It is well known that wheel flats induce large wheel-
rail contact forces measured by wheel impact load de-
tectors (WILD) (Dong et.al. (1994), Kalay et.al. 
(1995), Johansson et.al. (2003)) and do increase with 
the length of the wheel flat. Thus, WILD detectors 
can be used to identify wheels with damages and if 
the measured forces exceed predefined thresholds, 
wagons can be stopped from operation. The open 

questions are therefore which forces are associated 
with a certain wheel flat length and how such an ana-
lytics solution can be validated in real life.  
To answer the first part of the question a method was 
proposed by Birk, et. al. (2025) to identify wheel flats 
as a damage category and subsequently determine the 
length of the flat, which was only validated on a lim-
ited set of data. 
The main goal of this investigation is therefore to val-
idate the solution in a larger case study where many 
wheels are inspected both in the field and in work-
shops by maintenance personnel. Standard inspection 
guidelines and reporting principles should also be 
used to acquire the inspection data a realistic manner 
but supported by hand-held devices to capture the in-
formation in digitalized and structured form. The in-
spection information can then be combined with the 
outcome of the analytics approach for the inspected 
wagons and the performance of the flat detection and 
flat length estimation can be quantified. 
Previous research has mainly been focused on the 
method development and the field trials are often 
small in scale and rarely reflect the operational as-
pects of train operations and the monitoring of it. 
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Nevertheless, there are important studies that have in-
spired this work and support the underlying perfor-
mance assessment of the analytics.  
Bogdevicious et.al. (2016) and Johansson et.al. 
(2003) show that impact loads from wheel flats are a 
function of train speed which is not linearly increas-
ing where also field tests are conducted. The tests 
conducted in these studies have also shown that a sim-
ple mapping is not feasible and the investigation by 
Inwicki et.al. (2023) and Ye, et.al. (2020), which has 
inspired the method development that is subject of the 
validation. While research in this topic has been on-
going for more than 30 years, there are still very re-
cent approaches for the detection of wheel flats like 
e.g. Cui et.al. (2025) and Zhou et.al. (2024). It is the
believe of the authors that there is a lack of formal 
validation and trials reinforcing hesitation to trust the-
oretical methods. It also means that the implementa-
tion and real-life use still pose an obstacle, even 
though platforms enabling swift and easy real-life de-
ployment for test, validation and operation have al-
ready been proposed and realized in 2015 as stated by 
Karim et.al. (2015). 
The main contribution of this paper is therefore to 
show how a large-scale test can be designed and con-
ducted without larger disruptions to normal opera-
tions for the involved stakeholders. Further, the ac-
quired data sets are also beneficial for the 
development, benchmarking, and validation of other 
methods. 
The paper is now organized as follows. First the prob-
lem statement is given and followed by a summary of 
the methods that are target of the validation in Section 
3. Section 4 then describes the validation approach,
and the results are summarised in section 5. The paper 
is then concluded with conclusions and recommenda-
tions. 

2 THE PROBLEM DEFINITION 

Nowadays, railway undertakings and even wagon 
keepers—as entities responsible for maintenance—
have little to no visibility into the condition of rolling 
stock outside of scheduled workshop visits.  The ex-
tent of the damage and its evolution remain unknown. 
As a result, wheelset faults often occur unexpectedly, 
at inconvenient times, in unsuitable locations, and un-
der challenging conditions. Typically, this happens 
during the manual predeparture check just before 
train departure, during transit, on loaded wagons, or 
far from workshops or areas accessible to mobile ser-
vice teams. 
These incidents lead to significant operational disrup-
tions for all stakeholders—wagon keepers, railway 
undertakings, infrastructure managers, as well as the 
recipients and senders of freight. Bringing the wagon 

back into service often requires high manual effort 
and coordination. Naturally, this has a major impact 
on wagon availability and negatively affects customer 
satisfaction and the overall perception of rail freight 
transport.  Despite this, the status quo is accepted by 
all parties involved.  
From the perspective of the freight wagon, the wheel-
set is the most maintenance-intensive component ac-
cording to Hecht, et.al. (2018). To mitigate the impact 
of spontaneous failures, many wheelsets must be 
stored at various locations across Europe to ensure 
rapid response times. 
Over the past 15 years, the frequency of wheel defects 
has increased significantly. At the same time, rising 
material and logistics costs are putting additional 
pressure on maintenance budgets. Given these devel-
opments, it is important to gain transparency into the 
condition of wheelsets and implement data-driven 
maintenance strategies to: 

• reduce unplanned downtime,
• optimize spare parts inventory,
• extend the service life of the wheelset and
• automize the predeparture check.

Only through greater visibility and predictive mainte-
nance can the rail freight sector improve reliability, 
reduce costs, and enhance customer confidence in the 
long term. With a track-side system such as WILD, it 
is possible to detect damages of the wheel surface. 
Rather than impact forces, it is important to determine 
the length of the damage, as this is the current thresh-
old for  

• taking the wagon out of service during the pre-
departure check (threshold: greater than 60 
mm according to the GCU (2025) and 

• the initial inspection in a workshop for repro-
filing the wheel (threshold: greater than 30 mm 
according to the widely accepted European 
Maintenance Guide, VPI-EMG by Perrey 
(2025). 

The estimation of wheel flat length offers an approach 
for deriving quantifiable insights that enhance the 
transparency of wagon condition monitoring. This 
supports the resolution of the previously identified 
challenges.  
It is expected that the implementation of data-driven 
diagnostics will, by itself, result in a measurable re-
duction in the frequency of wheel reprofiling's. This 
is primarily due to the decreased reliance on subjec-
tive and often undocumented assessments. Conse-
quently, the approach enables a more objective eval-
uation of component condition and fosters continuous 
learning processes aimed at extending wheelset ser-
vice life and reducing maintenance and stock costs for 
wagon keepers.  Aggregated with the mileage of the 
wagon the development of the wheel flat could be 
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predicted in residual kilometres instead of time. 
Maintenance actions could be aligned with the opera-
tional plans of the railway undertaking and or with al-
ready planned workshop measures.  

3 METHODS TARGETED FOR VALIDATION 

The wheel flat detection and wheel flat length estima-
tion are already discussed in detail by Birk et.al. 
(2025), but for the sake of completeness a short sum-
mary is given here. 
Since the algorithms consider multiple detector sys-
tem which are managed independently in different 
countries the observation reported in Öhman et.al. 
(2023) and Birk et.al. (2019) are considered in their 
implementation and operation on the acquired WILD 
data. 

3.1 Wheel flat detection 

The detection of a wheel flat and the estimation of its 
length are based on the observation that a wheel flat 
typically develops on both wheels of a wheelset sim-
ultaneously, resulting in an increase in wheel-rail 
contact forces. The process for detecting a wheel flat 
consists of four steps: 

1. Track the dynamic force over time for left and
right wheel 

2. Establish a lower bound as the “normal” force
level for each wheel and track it over time 

3. Detect the occurrence of a simultaneous jump
in the force levels on both left and right wheel 

4. Flag for a wheel flat after the occurrence of
two subsequent jumps on both left and right 
wheel 

3.2 Flat length estimation 

When a wheel flat is flagged, the length of the flat is 
estimated for each wheel individually. The idea is that 
the recorded forces relate to the length of the flat. 
Then a reverse calculation from the forces to the 
wheel flat length in line with Ye, et.al. (2020) is per-
formed as follows: 

1. Represent the wagon as a partial car model us-
ing a linear multi-body system 

2. Simulate the forces during a passage of the
wheel over the detector for different flat 
lengths 

3. Select the flat length which fits the recorded
forces best 

4. Redo the estimate for subsequent passages to
update the flat length and keep the largest es-
timate as the new estimate 

The approach has certain limitations, as wheel flat 
hits the rail differently on every passage leading to 
underestimation. However, by updating the flat 
length estimate at subsequent WILD passages, the es-
timate will converge to the correct flat length over 
time. One-sided flats will not be detected, those may 
occur in uneven load scenarios or when a stumbling 
block is not correctly used. Moreover, multiple dam-
ages and especially RCF damage may occlude the 
presence of a wheel flat. 
These aspects need to be considered in the validation 
and the quantification of the performance. 

4 VALIDATION APPROACH 

In simple terms, the validation of the wheel flat de-
tection and flat length estimation was conducted by 
inspecting wheelsets and measuring the flat lengths 
on a large number of wheels. 

4.1 Test setup 

The validation project involves assessing wagons in-
dependently of their type and usage profile, either in 
workshops or in the field. The focus is on wagons that 
are equipped with RFID tags and have available 
wheel impact force data from Sweden, the Nether-
lands, and France, as well as dynamic ratio data based 
on impact forces from Switzerland. 
Currently, these are the only countries in Europe 
where such specific data is accessible to wagon keep-
ers, making them central to the project’s data-driven 
approach. 
The population of wagons that are targeted are se-
lected as a subset of the VTG owned wagon fleet. The 
selected of the workshops and geographical field was 
aligned with the availability of WILD data on the 
wagons. Clearly, this limits the number of workshops 
and places, facilitating the acquisition of the inspec-
tion reports, and in the end four workshops were iden-
tified. 
Irrespectively of the data that is acquired by the 
WILD, any wagons that were in the workshops were 
examined for damages on the wheels. Thus, inspec-
tion reports on wheels with and without damages are 
acquired. 
The project was then conducted until enough wheels 
were inspected to reach statistical significance. The 
time frame was also selected such that the climatic 
conditions in the geographical region were quite sim-
ilar. Thus, the spring and summer period was chosen, 
as winter in Scandinavia leads to a situation where the 
damage frequency is very high and workshops are 
quite overloaded. Such a situation would lead to an 
imbalance in the data set due to seasonal aspects. 
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4.2 Digitalized acquisition of inspection data 

In a practical implementation of a decision support 
solution which also manages inspections and mainte-
nance actions, the manual activities need to systemat-
ically be captured and designed such that human er-
rors are minimized. 

For this end, a dedicated online form, see Figure 1, 
has been developed to support and standardize the 
wheel assessment process, which can function relia-
bly on a rugged hand-held device. All four workshops 
involved in the project have been equipped with a tab-
let and an RFID reader, see Figure 2, to facilitate the 
digital data collection. The form includes photo doc-
umentation, with a magnetic ruler placed next to the 
wheel damage, enabling the identification and verifi-
cation of outliers in wheel damage measurements at a 
later stage 
The assessment follows a standardized routine, which 
includes: 

• Verifying the RFID tagging of each wagon
• Conducting the assessment in accordance with

GCU and VPI standards 
• Categorizing damage using a traffic light sys-

tem: Red, Yellow, Green 
• Capturing photo documentation for each

wheelset 

4.3 Aligning wheelset assessments and analytics 

When performing analytics and performance assess-
ments it is crucial to systematically and in an auto-
mated way to connect the different data sources with 
the physical asset to high data quality. 
Therefore, all relevant data from workshop assess-
ments and field inspections are collected and system-
atically stored together with the wheel impact load 

data from the WILD systems.  
The envisioned platform discussed by Karim et.al. 
(2015) has been implemented by Predge as Predge 
RollingStock, where not only the data from the forms 
and the WILD systems is collected, but also the ana-
lytics methods for the wheel flat detection and the 
wheel flat length estimation are implemented. 
As a result, the analytics outcomes are generated au-
tomatically and stored aligned with all the other rele-
vant data on the physical asset. 
In addition, it also enables to revisit the inspection re-
ports when outliers are detected where the report is 
not in line with the analytics outcome to reconfirm the 
reporting using the photo documentation. Obviously, 
a wheel can be damages in various ways which means 
multiple damages of potentially different categories 
can be present at the same time, see Figure 3.  

Figure 1 Online form for capturing of the wheel in-
spections according to GCU and VPI. It has the capa-
bility to photo document the damages 

Figure 2 RFID reader and tablet used for workshop 
data collection 

Figure 3 Multiple wheel flats on a single wheel 

White Paper 2025: 01

AUTHORED BY PREDGE AB 4



 
 

 

5 RESULTS 

Over a four-month period, 680 wagons were assessed, 
comprising 2,720 axles and 5,440 wheels. Of these, 
86% were covered by wayside monitoring data 
(WTMS), forming the basis of the analysis. Work-
shop evaluations indicated that approximately 13% of 
the wheels exhibited visible damage, with 78% of 
those identifiable via wheel force data. The majority 
of visible damage was classified as shelling or wheel 
flats (see Figure 4), with some cases of material build-
up. Multiple damage types were often observed per 
wheel. Although assessments followed VPI and GCU 
guidelines, the manual nature of measurements intro-
duces subjectivity and potential variability in reported 
damage severity. 

The flat length predictions were done with respect to 
the daily mileage data from each wagon. An example 
of this can be seen in Figure 5, where a time series is 
shown to exemplify the assessment date. There is a 
sharp increase in the data indicating the detection of 
a wheel flat. On the right, the image taken of the flat 
on the assessment date can be seen, showing a flat 
length of ~35x35mm. 

Overall results of the flat detection algorithm can be 
seen in Figure 6. Here the absolute difference be-
tween the measured flat length and the predicted flat 
length is shown. The majority of error (~45%) is be-
low 2 mm whereas there are a few cases (~20%) 
where the flat length error was between 8 mm and 
10mm. This can be explained by several smaller flats 
being measured as one large flat, or a wagon type 
where the dynamic model is not fitted to in the algo-
rithm. In addition to this, the flat length estimation al-
gorithm provided an accuracy of 99% and a precision 
of 67%.  

The confusion matrix in Figure 7 compares predicted 
and assessed damage categories (‘Red’, ‘Yellow’, 
‘Green’). The top right corner of the matrix, bound by 
a green box, are axles classified as good enough for 
continued operation, whereas the bottom left corner 
(bounding-box red) indicates axles that were dam-
aged and were predicted to be damaged. Most wagons 

Figure 5 Raw data, predicted values, the assessment date and measured damage 

Figure 4 Damage classification by the workshops 

Figure 6 Absolute error of flat length estimation 
|Predicted - Measured| 
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were correctly classified, with 3.8% missed (false 
negatives) and 0.8% falsely flagged (false positives). 

6 CONCLUSIONS & RECOMMENDATIONS 

This paper discusses the validation of wheel flat de-
tection and wheel flat length estimation using data 
from wheel impact load detectors and inspection in-
formation from workshops and field. 
The validation considers wagon operating in Sweden, 
The Netherlands, and Switzerland, and that are in nor-
mal operation. In total 680 wagons were inspected 
rendering 5740 wheels. For the validation population 
an accuracy of 99% and precision of 67% was 
achieved. Since the number of wheels is well beyond 
100 the results can be seen as statistically significant. 

Thus, the methods for detection and length estimation 
of wheel flats show promising results and have 
proven to provide the desired outcomes.  
It is recommended to use these methods in real life by 
train operating companies and wagon keepers, as it 
makes maintenance more plannable and aids in shift-
ing from a reactive regime to a condition based and 
predictive maintenance regime.  
Currently, the solution is deployed in several train op-
erations and more than 10,000 vehicles are continu-
ously monitored and decision support is provided to 
maintenance roles in user organizations. 
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