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Method for determining an element characteristic of a railroad element

The present invention relates to a method for determining an element

characteristic of at least one railroad element.

Safety of travelling by railway is primarily ensured by maintenance carried out
by humans, for example track checkers walking along the railroad, engineers
using dedicated vehicles for analyzing the rails, engineers checking the
passenger trains and so on. Typically, such checks are being performed in
advance of a mean time to failure interval. Such a fixed interval maintenance
approach produces unnecessary costs since during most checks no damage
is detected. In addition, catastrophic damage is being risked since there is no
tool in place which allows monitoring during normal operation and detection
of deviations from a “normal state” which indicates that a damage of the

railroad or the vehicle using the railroad has occurred.

It is an object of the present invention to provide a method for determining an
element characteristic of at least one railroad element, wherein maintenance
costs for running the railroad or a railroad vehicle (i.e. a vehicle using the
railroad) can be reduced and/or the safety of the railroad and the railroad

vehicle can be increased.

The inventors have found that an excessive movement of a crosstie or rail
induced by a train using the rail may indicate deviations from the desired
shape of the rail or/fand deviations from the desired support provided by the
track bed. Furthermore, the movement of a crosstie or rail induced by a train
using the rail may indicate tensions induced in moving elements of a track
switch. Still further, the inventors have found that e.g. vibrations caused by a
damaged bearing on a wheel of a train or/and caused by a damaged wheel

surface or damaged wheel shape may be measured indirectly by the
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measurement of the movement of the rail while the train with the damaged
wheel bearing is using this rail. Movements of rails and track switches

(turnouts) can transfer to crossties of the rail or of the track switch.

Amongst other things, these findings contributed to the present invention as a
solution of the above object. According to the invention, the above object is
solved by a method according to claim 1. Preferred embodiments of the

invention are described in the dependent claims.

In an important aspect of the invention there is provided a method for
determining an element characteristic of at least one railroad element,
comprising the steps of: providing a motion sensor on the at least one
railroad element; collecting motion data provided by the motion sensor,
wherein the motion data is representing a motion characteristic of the railroad
element different from the element characteristic; and determining the

element characteristic on the basis of the motion data.

Determining an element characteristic of the at least one railroad element on
the basis of the motion data, wherein the element characteristic of at least
one railroad element represents a quantity different from the motion
characteristic of the railroad element, provides the possibility to use a cheap
and/or noise insensitive detector in the motion sensor and to use the motion
data provided by the motion sensor in order to obtain indirectly the element

characteristic.

It is preferred that the railroad element is a crosstie of a rail or of a track
switch, a rail, or a track switch; or/and the motion characteristic of the railroad
element is a characteristic of a point of the railroad element; or/and the
motion characteristic of the railroad element is selected from a group
comprising: acceleration, time-dependent acceleration, velocity, time-
dependent velocity, position and time-dependent position; or/and the element

characteristic of at least one railroad element is a characteristic of a point of
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the railroad element; and/or the element characteristic of at least one railroad
element is selected from a group comprising: position, time-dependent
position, position deviation from a reference position or an equilibrium
position, time-dependent position deviation from a reference position or an
equilibrium position, and a maintenance state indicator. The inventors have
found that significant data with respect to railroad safety can be obtained
when the railroad element is a crosstie of a rail or a track switch, or a rail, or
a track switch. The particular examples for the motion characteristic and
element characteristic allow to obtain information by a sensor without the
need to stop the use of the railroad. It is in particular to be noted that a
maintenance state indicator can be an element characteristic allowing the
classification of maintenance/wear state of a rail or the vehicle using the
railroad, wherein particularly advantageously the railroad does not need to be

shut down during application of the method.

By providing the motion sensor on a crosstie, a rail or track switch, it is
possible to obtain motion data which is significant for deviations hinting to
faults present or developing in the railroad element or the vehicle using the
railroad element and thus allow to determine maintenance intervals based on
a present state of the railroad element or the vehicle using the railroad

element, and thus avoiding unnecessary and costly maintenance checks.

A maintenance state indicator can be for example a binary indicator, for
example broken/not broken railroad element or railroad vehicle, or can be an
indicator with a finite number of separated values (for example, fully
functional, maintenance needed, and broken) or can be a continuous value
representing a lifetime, in particular a maintenance lifetime, of a railroad
element or a railroad vehicle, in particular in in terms of a percentage,
wherein 100% can represent a fully functional railroad element or fully
functional railroad vehicle and 0% can represent a fully broken railroad
element or fully broken railroad vehicle. The maintenance of the railroad

element or the railroad vehicle can be scheduled on the basis of such a
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continuous maintenance state indicator, for example the maintenance is to
be performed once the maintenance state indicator drops below 10%. These
values and the use of percentages is a non-limiting example and different
mappings of the maintenance indicator to a wear state of the railroad element
or to a wear state of a rail vehicle can be found by a person skilled in the art

in accordance with the particular application.

Preferably the step of determining the element characteristic of at least one
railroad element comprises the steps of obtaining processed motion data by
processing motion data and of determining the element characteristic of at
least one railroad element on the basis of the processed motion data. By
obtaining processed motion data, for example frequency filtered motion data,
the accuracy in the determination of the element characteristic can be

improved.

In a preferred embodiment, the step of obtaining processed motion data
comprises subtracting a DC component of the motion data from the motion
data. This allows a further improvement in the accuracy in the determination

of the element characteristic.

Preferably the step of determining an element characteristic of at least one
railroad element comprises using a machine learning algorithm. By using a
machine learning algorithm, in particular a neuronal network algorithm, a very
high degree of accuracy in the determination of the element characteristic
can be obtained without modelling in an analytic way in advance the
relationship between the motion data and element characteristic. In addition
or as an alternative to a neuronal network algorithm, an algorithm based on a
Hidden Markov Model or based on a Bayesian network using Scoring

Functions could be used.

In a preferred embodiment, the method further comprises the steps of

measuring reference data, preferably comprising: measuring directly or
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indirectly the element characteristic of the least one railroad element;
collecting corresponding data from the motion sensor on the at least one
railroad element; and using the reference data in the machine learning
algorithm. By measuring reference data as set forth above the accuracy for
each produced motion sensor or a batch of produced motion sensors can be

improved while keeping the cost for calibration and model development low.

It is preferred that each motion sensor provides motion data from a plurality
of motion detectors of the motion sensor; and that preferably all motion
detectors provide motion data representing the same motion characteristic, in
particular acceleration or time dependent acceleration, and that preferably at
least one of the motion detectors has a different measuring range and/or a
different resolution from another one of the motion detectors. Different motion
detectors increase the accuracy of determination of the element
characteristics, in particular when a machine learning algorithm is being
used. The machine learning algorithm may combine (or “patch”) the
measuring ranges of the different detectors and the different measuring
points due to the different resolutions in an optimal way such that the

accuracy in determination of the motion characteristics is further increased.

In a preferred embodiment, the method further comprises the steps of
providing at least one motion sensor on each railroad element of a plurality of
railroad elements; collecting motion data provided by each of the motion
sensors, wherein the motion data of each one of the motion sensors is
representing a respective motion characteristic of the respective railroad
element, the motion sensor is provided on, wherein the respective element
characteristic of each one of the railroad elements represents a quantity
different from the respective motion characteristic for the respective railroad
element; determining a respective element characteristic of each one of the
railroad elements on the basis of the respective motion data. By providing
motion sensors on each railroad element or a plurality of railroad elements

and collecting motion data provided by those motion sensors, data is being
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provided allowing to detect not only the element characteristic of a single
railroad element but also to detect quantities related to the whole railroad
itself. With respect to the detection of maintenance state indicators, the
provision of a motion sensor in the bent of the railroad may provide
information relating to the quality or condition of the surface of the vehicle
wheels (out-of-round or out-of-balance wheels) or bearing failures of the
vehicle wheels in a lateral direction due to the lateral acceleration and the
provision of the motion sensor on a high-speed section of the railroad may
provide information relating to bearing failures caused for example by

reduced bearing gaps due to heat generation and so on.

In a further preferred embodiment, the element characteristic of at least one
railroad element is a maintenance state indicator; wherein the step of
determining an element characteristic of at least one railroad element
comprises using a machine learning algorithm; and wherein the method
further comprises the steps of: measuring reference data, preferably
comprising: providing a railroad element in a wear-state and providing a
motion sensor on the railroad element in the wear-state; and collecting
corresponding motion data from the motion sensor on the railroad element in
the wear-state, wherein the change in the motion data is caused by a vehicle
using the railroad element; and using the reference data in the machine
learning algorithm to determine the maintenance state indicator indicative of
a wear state of the railroad element. The machine learning algorithm allows
to classify a maintenance state indicator relating to a railroad element without
providing in advance an analytical model for the mapping of the motion data
to a motion state indicator. This reduces the costs for the development of the

analysis software.

In a different further preferred embodiment, the element characteristic of at
least one railroad element is a maintenance state indicator; wherein the step
of determining an element characteristic of at least one railroad element

comprises using a trained machine learning algorithm; and wherein the



10

15

20

25

30

WO 2019/086097 PCT/EP2017/077760

-7-

method further comprises the steps of: measuring reference data, preferably
comprising: providing a vehicle in a wear-state, the vehicle being adapted to
use the railroad element, and measuring corresponding motion data from a
motion sensor provided on a railroad element, wherein the change in the
motion data is caused by the vehicle in the wear-state using the railroad
element; and using the reference data in the machine learning algorithm to
determine the maintenance state indicator indicative of a wear state of the
vehicle. The machine learning algorithm allows to classify a maintenance
state indicator relating to a vehicle using a railroad element without providing
in advance an analytical model for the mapping of the motion data to a
motion state indicator. This reduces the costs for the development of the

analysis software.

In the following, embodiments of the invention will be described with
reference to the accompanying figure 1, which shows a motion sensor used
in the invention, wherein the railroad element is shown as a partial cross-

section.

Sensor arrangement

The arrangement of the motion sensor on a railroad element described in the
following can be used in all embodiments of the present invention. In
particular multiple motion sensors can be arranged on multiple railroad
elements. In the following, a sensor is understood to be a unit/device adapted
to provide motion data, in particular in computer readable form, wherein the

motion data represents a motion characteristic.

A detector of the sensor is understood to be a device adapted to output a
signal which represents a physical quantity which can be, and in most cases
will be, a voltage, and there exists a function mapping the obtained signal
(e.g. voltage) to values of the physical quantity. A detector can be an

acceleration detector adapted to measure the acceleration in a given
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direction, for example in Cartesian coordinates any of the directions X, Y, or
Z; or can be a multidimensional, in particular a three-dimensional,
acceleration detector, wherein for example time-dependent data or maximum
or minimum values or average values of acceleration can be provided by
such a detector (e.g. simultaneously in the X, Y, and Z direction).
Alternatively the velocity and/or position can be measured by the detector
and the motion data provided by the sensor can represent velocity and/or
position, each in a time-dependent fashion or as extreme values as

discussed above.

For example, a motion detector detects a quantity representing a motion
characteristic like acceleration, velocity, position or yaw and the motion
sensor can transfer the raw output of the detector into analog or digital data
representing the motion characteristic. The motion sensor 2 can send the
data to a computing unit, e.g. a computer, by optical fiber, wired or wireless
connection, thus the motion data is being collected. The computing unit can

be a personal computer, a single-board computer or a server.

As shown in figure 1, the motion sensor 2 is preferably fixed to the railroad
element 6, e.g. a crosstie 8, by dowels 4 placed in a bore in the railroad
element 6, however, gluing, welding and similar techniques for fixing of the
motion sensor are also possible. Due to the fixation of the motion sensor a
motion detector of the motion sensor can detect the motion characteristic of

the railroad element.

First embodiment of the invention

In the first embodiment, the motion sensor 2 is an acceleration sensor
providing time-dependent acceleration data as motion data. The motion
sensor 2 is provided on a crosstie. The element characteristic to be

determined is the time-dependent position of a point on the crosstie (in the

PCT/EP2017/077760



10

15

20

25

30

WO 2019/086097 PCT/EP2017/077760

-9-

following, simply labelled position), for example one of the points where the

detector touches the crosstie.

In this embodiment, the position may be determined as follows:

1. The motion data may be collected by a computing unit from the motion
sensor, thus collected motion data is obtained. In particular motion data
can be collected while a railroad vehicle passes the crosstie. Furthermore,
motion data can be collected during a time period in which the railroad
element is in a reference position (e.g. after mounting of the motion

sensor) or an equilibrium position, for example when no train is passing

by.

2. During a period where no train passes the crosstie, for example obtained
on the basis of a timetable, a mean value M of the collected motion data,
corresponding to zero acceleration, is determined. This period can also be
obtained in good approximation at the leading edge during data
acquisition, when a train is passing by, due to the fact that this

acceleration values can be neglected in view of the desired accuracy.

3. From the collected motion data (i.e. from each collected data point in the
motion data) the mean value M is being subtracted and thus a DC
component is being removed from the motion data and processed motion

data, here first processed time-dependent acceleration data, is obtained.

4. The starting point of relevant acceleration data is determined by
comparing a moving average of processed time-dependent acceleration
data with a threshold zero value, wherein a suitable threshold zero value
and a width of the window used for the moving average can be obtained

by experiments.
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5. The time-dependent acceleration data is double integrated using a
quadrature technique. This creates time-dependent displacement data

which represent an element characteristic of the railroad element.

In this way, acceleration data can be transformed into displacement data providing
valuable information, for example about a vertical displacement of a crosstie during
a train passing event. Furthermore, displacement data obtained in step 5 above
can be compared to the reference position or equilibrium position in order to
provide a position deviation, preferably in a time-dependent manner, based

on which wear or damage of the railroad can be determined.

Second embodiment of the invention

In a second embodiment, the motion sensor 2 is preferably an acceleration
sensor providing time-dependent acceleration data as motion data. The
motion sensor 2 is preferably provided on a crosstie of the railroad. The
element characteristic to be determined is preferably the time-dependent
position of a point on the crosstie (in the following referred to as “position”),

for example one of the points where the sensor touches the crosstie.

Alternatively or in addition, motion sensor 2 may be provided on at least one
other railroad element 6, in particular a rail or a track switch or on an
associated crosstie of a rail or a track switch. Furthermore, in this
embodiment of the present invention a computing unit (not shown) is
provided which comprises an artificial machine learning algorithm, for
example a neuronal network, adapted to determine the element characteristic
of the railroad element. If a Neuronal network is used, it can be based on
nonlinear autoregressive exogenous model (NARX) or on a feedforward
neural network (FFNN), or on a recurrent neural network (RNN) or on a long
short-term memory (LSTM). Alternatively, an algorithm based on a Hidden
Markov Model or based on a Bayesian network using Scoring Functions

could be used.
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The motion sensor 2 may comprise a single motion detector, however the
use of multiple motion detectors is preferred to increase precision and
reliability or the measurements. A motion detector is a device adapted to
detect a particular physical quantity, like acceleration, velocity, position, yaw,
magnetic field, electric field and so on. A motion sensor on the other hand is
adapted to provide motion data, wherein the motion data represents a motion
characteristic of the railroad element. For example, a motion detector detects
a quantity representing a motion characteristic like acceleration, velocity,
position or yaw and the motion sensor can transfer the raw output of the
detector into analog or digital data representing the motion characteristic of
the railroad element. The motion sensor can send the data to the computing

unit by optical fiber, wired or wireless connection.

The motion data provided by motion sensor 2 is being used by the computing
unit as an input of an input layer of the neuronal network directly or the
computing unit can process the obtained motion data and use such obtained
processed motion data as the input of the input layer of the neuronal network.
Processing motion data can comprise frequency filtering, selection of areas

of interest and so on.

The output of an output layer of the neuronal network depending on the
training chosen can either provide the element characteristic of the railroad
element directly or can form a basis for the determination of the element
characteristic of the railroad element. For example, in case the motion sensor
provides acceleration data as the motion data, the output of the neuronal
network can be a filtered version of the acceleration signal, for example a
frequency filtered version of the input signal. Further, the output of the
neuronal network can be the velocity of a point of the railroad element as a
motion characteristic of the railroad element 6 such that the neuronal network

essentially performs in such a case filtering and integration in time.
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Further, the output of the neuronal network can be a maintenance state
indicator indicative of a wear state of the railroad element or the vehicle using

the railroad element.

In case the motion sensor comprises at least two motion detectors measuring
different physical quantities, when only one physical quantity is changed, for
example acceleration, the other sensors in most cases provide a signal as
well. Using machine learning algorithms these “unexpected signals” can be
used as an information source improving the accuracy of the output of the

machine learning algorithms, in particular of a neuronal network.

Preferably each motion sensor 2 provides motion data from a plurality of
motion detectors having different measuring ranges and/or different
resolutions for the same physical quantity. Thus, the motion data provided by
the sensor can be composed of multiple data streams, each stream
containing motion data corresponding to the physical quantity detected by a
single detector, wherein the resolutions and sampling rates in each of the
streams may differ due to the properties of the detectors and associated
sampling arrangements in the sensor. In particular in case of time-dependent
acceleration, the machine learning algorithm may be able to “patch” the
different measuring ranges and different resolutions improving the accuracy
of the output of the machine learning algorithm in particular of the neuronal

network algorithm.

In a preferred embodiment the method does not only relate to the
determination of an element characteristic of a single railroad element but the
element characteristic of multiple railroad elements can be determined by
providing respective sensors on each railroad element to be monitored, by
collecting the respective data from each motion sensor as described in the
case of a single railroad element, and using the motion data collected from

the motion sensors as input for the input layer of a neuronal network.
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In particular, instead of the direct data of the motion sensors, a processed
version of the motion data of some of or of each of the sensors can be used
as input for the neuronal network. The neuronal network can either directly
output data describing the element characteristic of the plurality of the
railroad elements, for example a time-dependent position trace of a point of
each railroad element or the output can be used as basis for such a
determination, for example the output of the neuronal network can be filtered
and corrected acceleration traces and the determination of the element
characteristic of the plurality of the railroad elements can be a carried out by

double time integration of the corrected acceleration traces.

Example setup of the neuronal network

The motion data from the motion sensor(s) or the processed motion data as
described above can be used as input of an input layer of a neuronal

network.

In the first layer a n-tab window can be provided such that the measurement
data is not only provided for a single time instance t; for processing to the
neuronal network but also for time instances ti.1, tio, ...., ti.n-1, wherein the

indexes i, i-1,... i-n-1 represent index of the sample motion data in time.

The data from the n-tab window is preferably fed to a layer of m-neurons with

rectified linear unit (RelLu) activation functions.

The second layer of the neuronal network can be realized as a standard n-

neuronal layer preferably again with RelLu activation functions.

In a preferred embodiment the neuronal network has a further third layer

which recombines the m-signals from the second layer.
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Learning/Training of the neuronal network

Basically different types of neuronal networks can by uses in the methods of
the present invention. For example, the neuronal network may be trained by
a learning process using reference data, and/or may be of a self-learning
type which learns from date obtained during operation, and/or may simply

operate on the basis of fixed tables or data stored in the system in advance.

By way of example, a possible method for training the neuronal network will

be described below.

In order to train the neuronal network training data needs to be provided.
Measuring training data, preferably comprises measuring directly or indirectly
the element characteristic of the least one railroad element. The element
characteristic of at least one railroad element (e.g. a position of a point on the
railroad element) can be measured directly by e.g. measuring a position of a
point on the railroad element by use of a laser sensor with very high
accuracy. The change in the element characteristic can be provided for
example by a vehicle travelling over the railroad element or using the railroad

element.

The indirect measurement of an element characteristic of at least one
railroad element (e.g. a position of a point on the railroad element) can be
performed by measuring the motion characteristic of at least one railroad
element with high accuracy, e.g. an acceleration with a very high precision
acceleration sensor, such that the element characteristic can be calculated
with sufficient accuracy on the basis of this high accuracy measurement

using a model, e.g. double time integration of acceleration in case of position.

In addition, during the above direct or indirect measurement of the element
characteristic, corresponding motion data is collected from the motion sensor

provided on the railroad element.
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Thus the motion data from the motion sensor (thus an input to the neuronal
network) and the result to be obtained by a machine learning algorithm are
measured at the same time. Thus such training data can be used to train the
neuronal network (or a machine learning algorithm), wherein the training

methods are known to the person skilled in the art.

Due to the possibility to map motion data collected from the motion sensor to
any defined quantity with a functional relationship with respect to the motion
data, it is possible to map motion data, e.g. time-dependent acceleration
values, to a maintenance state indicator, for example indicative of the wear
state of the railroad element, of an element of the railroad element or even a

vehicle using the railroad element.

The following magnitudes specifying wear-states are provided for illustration

purposes only.

In order to train the machine learning algorithm to map the measured motion
data to a given maintenance state indicator indicative of a wear-state of the
railroad element; the railroad element (here a rail or combination of rail and
crosstie) needs to be provided in a wear state. For example the rail, the
sensor is attached to or the rail attached to the crosstie carrying a motion
sensor, may have bumps or undulations of 0.1 mm in a first case, 0.2 mm in

a second case, 0.3 mm in a third case and so on.

Thus the training is carried out such that the element characteristic is
provided at a given value (e.g. the magnitude of bumps or undulations) and

in such a prepared setup, motion data is collected.

The motion sensor may measure time-dependent acceleration. And in the
first case the machine learning algorithm is trained to map the motion data

from the motion sensor to “bumps or undulations of 0.1 mm” in the first case,
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to map the motion data from the motion sensor to “bumps or undulations of
0.2 mm” in the second case, to map the motion data from the motion sensor
to “bumps or undulations of 0.3 mm” in the third case, and so on. This
mapping is believed to be based on the vibrations caused by the bumps or

undulations.

Bumps or undulations of a certain magnitude may be regarded as
representing a maintenance state indicator (e.g. the magnitude of the bumps
or undulations; or “functional rail” for bumps or undulations smaller than 0.2
mm and “not functional rail” for bumps or undulations bigger than 0.2 mm)
indicative of a wear-state of the railroad element (the bumps or undulations
may be caused by abrasion due to friction, and thus wear). The change in the
motion data can be caused by a railroad vehicle in a non-wear state (i.e.

functioning with in the desired parameters).

Alternatively, the railroad element may be provided in a state corresponding
to a non-wear state (i.e. functioning with in the desired parameters) in the
change in the motion data can be caused by a vehicle in a wear state, which
can be defined by a surface roughness or deviation from a circular shape of
the wheel of the railroad vehicle of 0.1 mm in a first case, 0.2 mm in a second
case and so on; or by a surface roughness or deviation from a circular shape
of the wheel bearing of the railroad vehicle of 0.01 mm in a first case, of 0.02

mm in a second case and so on.

These deviations can be used in an analogous way with respect to the

magnitude of the bumps and undulations in order to define a maintenance
state indicator indicative of the wear state of the vehicle using the railroad
element. The training of the machine learning algorithm can be carried out

accordingly.
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Claims

Method for determining an element characteristic of at least one railroad
element (6), comprising the steps of:

- providing a motion sensor (2) on the at least one railroad element (6);

- collecting motion data provided by the motion sensor, wherein the
motion data is representing a motion characteristic of the railroad element
(6) different from the element characteristic; and

- determining the element characteristic on the basis of the motion

data.

. Method according to claim 1,

- wherein the railroad element (6) is a crosstie of a rail or of a track
switch, a rail, or a track switch; or/and

- wherein the motion characteristic of the railroad element (6) is a
characteristic of a point of the railroad element (6); or/and

- wherein the motion characteristic of the railroad element (6) is
selected from a group comprising: acceleration, time-dependent
acceleration, velocity, time-dependent velocity, position and time-
dependent position; or/and

- wherein the element characteristic of at least one railroad element (6)
is a characteristic of a point of the railroad element (6); and/or

- wherein the element characteristic of at least one railroad element
(6) is selected from a group comprising: position, time-dependent
position, position deviation from a reference position or an equilibrium
position, time-dependent position deviation from a reference position or

an equilibrium position, and a maintenance state indicator.

Method according to any of the preceding claims, wherein the step of

determining the element characteristic of at least one railroad element (6)
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comprises the steps of
- obtaining processed motion data by processing motion data; and
- determining the element characteristic of at least one railroad

element (6) on the basis of the processed motion data.

. Method according to any of the preceding claims,

wherein the step of determining an element characteristic of at least

one railroad element (6) comprises using a machine learning algorithm.

. Method according to claim 6, further comprising the steps of

- measuring reference data by measuring directly or indirectly the
element characteristic of the least one railroad element (6) and collecting
corresponding data from the motion sensor (2) on the at least one railroad
element (6); and

- using the reference date in the machine learning algorithm.

. Method according to any of the preceding claims,

wherein each motion sensor (2) provides motion data from a plurality
of motion detectors of the motion sensor; and

wherein preferably all motion detectors provide motion data
representing the same motion characteristic, in particular acceleration or
time dependent acceleration, and

wherein preferably at least one of the motion detectors has a different
measuring range and/or a different resolution from another one of the

motion detectors.

. Method according to any of the preceding claims, further comprising the

steps of:

- providing at least one motion sensor (2) on each railroad element (6)
of a plurality of railroad elements;

- collecting motion data provided by each of the motion sensors,

wherein the motion data of each one of the motion sensors is
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representing a respective motion characteristic of the respective railroad
element (6), the motion sensor (2) is provided on,

wherein the respective element characteristic of each one of the
railroad elements represents a quantity different from the respective
motion characteristic for the respective railroad element (6);

- determining a respective element characteristic of each one of the

railroad elements on the basis of the respective motion data.

8. Method according to any of the preceding claims,

wherein the element characteristic of at least one railroad element is a
maintenance state indicator,;

wherein the step of determining an element characteristic of at least
one railroad element comprises using a machine learning algorithm; and
wherein

the method further comprises the steps of:

- measuring reference data by providing a railroad element in a wear-
state and providing a motion sensor on the railroad element in the wear-
state and collecting corresponding motion data from the motion sensor on
the railroad element in the wear-state, wherein the change in the motion
data is caused by a vehicle using the railroad element; and
- using the reference data in the machine learning algorithm to
determine the maintenance state indicator indicative of a wear state of the

railroad element.

9. Method according to any of the preceding claims,
wherein the element characteristic of at least one railroad element is a
maintenance state indicator;
wherein the step of determining an element characteristic of at least
one railroad element comprises using a machine learning algorithm; and
wherein the method includes a step of providing reference data by
a) providing a vehicle in predetermined a wear-state, the vehicle

being adapted to use the railroad element, and
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b) measuring corresponding motion data from a motion sensor
provided on a railroad element, wherein the change in the motion data is
caused by the vehicle in the wear-state using the railroad element; and

wherein the machine learning algorithm uses the reference data to
determine the maintenance state indicator indicative of a wear state of the

vehicle.
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