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ABSTRACT

A method and a system for diagnosing one or more rail vehicles,
each of which has at least one measuring device for measuring
measurement values of at least one measurement variable. The‘
method includes the following steps: measuring measurement
values by way of at least one measuring device of at least one
rail vehicle; transmitting the measurement values from the rail
vehicle to a control center situated along the track;
evaluating the measurement values in the control center by
means of a predefined algorithm, and providing a result of the

evaluation as an output.
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Diagnostic method for rail vehicles

TECHNICAL FIELD

The invention relates to a method and a system for diagnosis
for an operating state of one or more rail vehicles that each

comprise at least one measuring device for capturing measured
values for .at least one measured variable, wherein the
operating state 1is characterized by at least one measured
variable.

BACKGROUND

Rail vehicles have become known that have measuring devices on
various vehicle cdmponents in order to capture measured values
for a measured variable. By way of example, the traction motors
of the rail vehicle have temperature sensors arranged on them
in order to pick up measured values for the temperature of the
traction motors. The measured values are then evaluated on
board the rail vehicle by comparing each of them with a
previously ,stipulated threshold value, for example. If a
measured value from a vehicle component exceeds the threshold
value, a malfunction in the vehicle component is indicated. The
result of the evaluation of the measured values can also be
transmitted to and output at a control center arranged on land.
SUMMARY

The invention is based on the object of proposing a method and
a 'system for making precise predictions for maintenance

purposes.

A method according to the invention for diagnosis for one or

more rail vehicles that each comprise at least one
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measuring device for capturing measured values for at least one
measured variable comprises the following method steps:
- measured values for at least one measured variable are
captured by means of at least one measuring device of a
rail vehicle,
- the measured values are transmitted from the rail
vehicle to a control center arranged on the line,
- the measured values are evaluated in the control center
by means of a prescribed algorithm,
- at least one result of the evaluation 1is provided for

output by the control center.

At least one rail vehicle, particularly at least one rail
vehicle for passenger transport, comprises at least one
measuring device, occasionally also referred to as a
measurement pickup. This is arranged particularly in or on the
rail vehicle and is carried along with the rail vehicle. As a
nonconclusive list of measuring devices, the following may be
mentioned here: tachometers, potentiometers, moisture sensors,
inclination sensors, current/voltage detection, temperature

sensors and/or position sensors.

The measured values are transmitted from the rail vehicle to
the control center wirelessly, for example. 1In this case,
wireless transmission occurs at least on a section-by-section
basis, i.e. the transmission does not need to be wireless over
the entire path from the rail vehicle to the control center. By
way of example, wireless transmission takes place by means of a
remote data transmission link, such as via a GSM, UMTS or LTE
network, between the rail vehicle and a transmission and
reception installation in said network. Between the reception
installation and the control center, the further transmission
of the measured values can also be effected by wire. In a
development, the measured values are transmitted from the rail
vehicle to the control center in a prescribed cycle. In this

case, the measured values are transmitted from the rail
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vehicle to the control center particularly in a manner detached
from prescribed states or state changes for vehicle components

of the rail vehicle. The control center is arranged on the
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line and hence on land and, in particular, at a fixed location

and remotely from the rail vehicle.

The control center performs the evaluation of the measured
values by means of a prescribed algorithm. For this purpose,
the control center has particularly a controller that 1is
suitable for evaluating the measured values by means of the
prescribed algorithm. The algorithm is advantageously available
as software. This has the advantage of simple and fast
adjustment of the algorithm. The algorithm and measured values
can be kept in a memory, as can intermediate results from the
evaluation. The evaluation leads to at least one result. This

at least one result is provided by the control center.

The result is transmitted to the rail vehicle, where it 1is
output, for example visualized, in a prescribed form, and/or
the result of the evaluation is output, for example visualized,
on the line, particularly in the control center in a prescribed
form. Alternatively, output for the customer is also possible.
The result of the evaluation can also be made available via the
Internet in order to resort to it from various locations.
Visualization is effected as a representation on a screen, for
example. Besides visualizations, audible output, tactile
feedback or SMS can also be considered as further output forms.
The result of an evaluation of the measured values by means of
the prescribed algorithm can, as such, assume a plurality of
appropriate forms. It may be a simple stop signal that is
output as an audible alarm to the vehicle driver of the rail
vehicle. On the other hand, it may be a diagnosis or a failure
forecast for at least one vehicle component of the rail vehicle
that is output to a maintenance team for the purpose of drawing
up a maintenance schedule for the rail vehicle. As a further
example, a life forecast may be cited here. The method is

suitable for predictive maintenance, and hence suitable
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for making predictions about the prcbability of technical
failure of a vehicle component and/or for scheduling
appropriate maintenance intervals 1in order to prevent said

failure.

For transmission of the result from the control center to the
rail wvehicle, the control center and the rail vehicle have
mutually complementary transmission and reception
installations. The results are then transmitted wirelessly from
the control center arranged on the line to the rail vehicle,

particularly on a section-by-section basis.

In addition to the possibility of locally unlimited access to
the result, the provision of the result by the control center
has the further advantage of temporally unlimited access. Thus,
according to a further embodiment, a plurality of results from
different instants are stored in the control center for a
prescribed period and provided for output. This means that the
memory firstly does not need to be carried along in the rail
vehicle. Secondly, the output of one or more results can also
be effected on the basis of events, including on the basis of
the result of the evaluation itself, or on the basis of states
or state changes for the rail vehicle or at least one or more
vehicle components of the rail vehicle. This is also referred

to as event controlled.

If the evaluation ©pursues the aim of establishing the
immediate, certain railworthiness of the rail vehicle, for
example, the result of the evaluation can be “positive” or
“negative”. The result itself 1is provided by the control
center, even i1f it is “positive”. The “positive” result is not
transmitted and/or output, however; only a “negative” result is
transmitted and/or output, for example as a "“stop signal” for
the vehicle driver. The output of at least one result and/or

the transmission of at least one result from the control center
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to the rail vehicle can therefore be dependent on the output of

the
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evaluation. By contrast, the measured values are transmitted from
the rail vehicle to the control center in a manner detached from
prescribed states or state changes for vehicle components of the
rail vehicle. This is thus not event-control transmission, but

rather is performed cyclically.

A further advantage of the method according to the invention is
founded in that further measured values can be evaluated by means
of the prescribed algorithm that are captured by means of
measuring devices that are detached from the rail vehicle. These
measuring devices that are detached from the rail vehicle are
independent of the rail vehicle. The further measured values are
therefore captured by these measuring devices independently of
states or state changes for the rail vwvehicle or for wvehicle
components of the rail vehicle. These further measured values are
measured values for the at least one measured variable for which
the measured values from the rail vehicle are also captured,
and/or the further measured values are measured values for further
measured variables. Measuring devices that are detached from the
rail vehicle are not carried along with the rail vehicle. However,
it does not necessarily have to be a fixed measuring device, for
example it is arranged on a further vehicle, particularly a rail
vehicle, for example also a rail vehicle of the same design. In
particular, the measuring device(s) 41is/are immobile measuring
devices arranged on the 1line, however. As a result of the
evaluation by means of the same algorithm, the further measured
values from the independent measuring devices that are detached
from the rail vehicle also have an influence on the result of the
evaluation of the measured values from the measuring devices of

the rail vehicle.

In this case, the further measured values from the independent
measuring devices that are detached from the rail vehicle are in
particular independent of the measured values that are captured by

the measuring devices of the rail vehicle. The converse case
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does not necessarily apply. By way of example, a temperature

SEnsor as
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a measuring device of the rail vehicle captures measured values
for the measured variable that is the temperature of a vehicle
component of the rail vehicle, e.g. of a traction motor.
Temperature sensors that are free and independent of the rail
vehicle, for example positioned along the line for the rail
vehicle, for their part capture the temperature of the air in
the surroundings of the passing rail vehicle. Thus, the
temperature of the traction motor rises, influenced by the
rising temperature of the air of the surroundings. By contrast,
a rising temperature of the traction motor influences the
temperature of the air of the surroundings only insignificantly
and is therefore negligible - in this visual example, the
temperature of the air of the surroundings is deemed to be
independent of the temperature of the traction motor of the

rail vehicle.

The further measured values that are captured by measuring
devices that are independent of the rail vehicle are captured
by a central location, for example, such as the weather
service, and relate to the direct or indirect surroundings of
the rail vehicle. In this case, by way of example, the direct
surroundings of the rail vehicle also include the environment
or the infrastructure, for example the condition of the line,
of the rail vehicle. It is also possible to take account of
vehicle-detached and vehicle-based measured values, but ones
captured in a manner detached from the vehicle components of
identical design. Particularly the evaluation in the control
center means that this method therefore allows measured values

that are not vehicle-based to be taken into account.

According to a further development of the method according to
the invention, the measured values that are captured by means
of the at least one measuring device of the at least one rail
vehicle are evaluated in the control center by means of the

prescribed algorithm, taking account of the further measured
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values that are captured by means of measuring devices that are

independent of the rail vehicle.
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The further measured values that are captured by means of
measuring devices that are independent of the rail vehicle can,
in addition to the measured values that are captured by means
of the at least one measuring device of the at least one rail
vehicle, likewise be transmitted to the control center and also
have an influence on the evaluation. On the other hand, the
further measured values can alsc be evaluated separately in a
preceding method step, and only one result of this evaluation
is taken into account for the evaluation of the measured values
in the control center by means of the prescribed algorithm. By
way of example, a plurality of further measured values
accounted for measured variables for describing the weather,
such as temperature, pressure or humidity, are captured. These
are used to derive a weather forecast. The evaluation of the
further measured values can thus lead to forecasts for
temperature values that are taken into account for the
evaluation of the measured values from the rail wvehicle.
Evaluation of the measured values from the rail vehicle in the
control center by means of the prescribed algorithm is thus
effected on the indirect or direct basis of the further
measured values that are captured independently of the rail

vehicle.

A large number of different algorithms can be used for the
evaluation. Thus, according to an exemplary embodiment of the
invention, the prescribed algorithm may be suitable for trend
analysis for a measurement series of measured values for a
prescribed measured variable. If the temperature changes over
time, this can be used to predict when a prescribed limit
temperature will probably be exceeded. Further algorithms are
included in the following open, nonconclusive list: frequency

analysis and further standard models for statistical analysis.

According to a further development of the method according to
the invention, the at least one rail vehicle comprises at least

one group of vehicle components of identical design, wherein



CA 02885110 2015-03-16

PCT/EP2013/067505 - B -
2012P25513WOUS

- measured values for at least one prescribed measured
variable are captured for each of the vehicle components
of identical design by means of at least one measuring
device of a rail vehicle,

- the captured measured values are transmitted from the
rail vehicle to a control center arranged on the line,

- the captured measured values are evaluated in the
control center by means of a prescribed algorithm, and

- at least one result of the evaluation is provided for

output by the control center.

As a simple evaluation by means of the prescribed algorithm,
the measured values from the vehicle components of identical
design are compared with one another in the control center. It
is then possible to infer an erroneous state for one of the
vehicle components of identical design if a measured value for
the wvehicle component differs from the other measured values
from the other instances of the vehicle components of identical

design at least by a prescribed amount.

The measured values for the identical vehicle components that
are compared with one another are captured simultaneously, in

particular.

According to a further development, a signal 1is output 1if a
measured value for a vehicle component differs from the other
measured values from the other instances of the vehicle
components of identical design by at least the prescribed first
amount. By way of example, the signal can assume the form of an
audible alarm or a visual representation. By way of example, a
further signal generates an appointment within a prescribed

period in a maintenance appointment diary for the rail vehicle.
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In order to compare the measured values from the vehicle
components of identical design, the following method steps can
be carried out in the control center, for example:

- the measured values transmitted from the rail vehicle to
the control center are stored,

- intervals between the measured values are computed,

- the 1intervals are compared with the prescribed first

amount.

An erroneous state for a first wvehicle component is inferred,
and if need be a signal is output, 1f the interval between a
measured value from the first vehicle component and a measured
value from a further vehicle component of identical design

exceeds a prescribed first amount.

Besides the simple determination of the intervals between the
individual, simultaneously captured measured values from the
vehicle components of identical design, a large number of
further algorithms are conceivable in order to identify a
discrepancy between at least one measured value and the other
measured values. Examples of known algorithms for this are the
determination of the individual residues for a model function
obtained by means of the least sgquare errors methed, the
determination of the individual discrepancies in relation to

the expected wvalue and further models for statistical analysis.

Furthermore, a plurality of amounts can be prescribed in order
to draw various conclusions in the event of discrepancy and 1if
need be to output corresponding results. Thus, a discrepancy in
at least one measured value by a first amount can prompt just
the indication of maintenance to be performed, whereas a
discrepancy by a second amount can prompt the indication of
oncoming failure of the relevant vehicle component and a

warning about said failure by means of a signal.
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According to a further development, at least the first amount

is prescribed on the basis of further measured values for the

measured
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variable and/or for one or more further measured variables,
which further measured variables are captured by means of
measuring devices that are independent of the rail vehicle and
hence also independent of the operating state of the rail
vehicle. The further measured values are then naturally also
captured independently of the operating states of the vehicle

components of identical design.

Examples of further measured variables for which measured
values can be captured by the rail vehicle and/or independently
of the rail vehicle are speed, rotation speed, current,
voltage, temperature, pressure and/or acceleration.
Corresponding measuring devices can be provided in comparable
fashion. By way of example, rotation speeds and/or temperatures

can be captured from motors, drives or wheels.

Measured values for at least one prescribed measured variable
are captured from traction motors and/or drives of the rail
vehicle, for example. In one embodiment, the rail vehicle has
at least two traction motors and/or drives of identical design
that have appropriate measuring devices for picking up the
measured values. In an exemplary embodiment, a rail vehicle has
two temperature sensors per traction motor and/or per drive.
Furthermore, it can have at least one temperature sensor for
capturing the ambient temperature of the rail vehicle, which
temperature sensor is arranged on the outer skin of the rail

vehicle, for example.

According to an exemplary illustration, the intervals between
the individual measured values from the vehicle components of
identical design are computed for the measured variable that
characterizes the operating state of the rail vehicle. If the
measured variable is the temperature and if the corresponding
measured values are captured for traction motors of identical

design that are each positioned at comparable locations on the
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rail wvehicle, then the prescribed first amount is independent

of an ambient temperature
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of the rail vehicle, since rising ambient temperature prompts
all measured values for the traction motors of identical design
likewise to be shifted upward. If the vehicle components of
identical design are installed at very different locations in
or on the rail vehicle, however, the ambient temperature can
influence the measured values for the temperature of the
individual vehicle components. Remote monitoring of a vehicle
fleet may also have provision for the ambient temperature to be
taken into acccocunt. For example, the measured values for the
temperature of traction motors in a first rail vehicle may be
substantially raised, given a substantially higher ambient
temperature around the first rail vehicle, in comparison with a
second rail vehicle, given a substantially lower ambient
temperature around the second rail wvehicle. In addition,
measured values for other measured variables can also be taken
into account. By way of example, the temperature of a vehicle
component installed on the roof of the rail vehicle 1is
essentially dependent on insolation, in contrast to a vehicle
component arranged in an underfloor area but otherwise of
identical design. For each measured value for the prescribed
measured variable from the vehicle components of identical
design, 1t is possible, on the basis of measured values for one
or more further measured variables and/or on the basis of
measured values for the same measured variable, which are
captured independently of the vehicle components of identical
design, for a first amount to be prescribed. The first amounts
can therefore differ from one another from measured value to
measured value for the prescribed measured variable from the
vehicle components of identical design and/or from associated

vehicle component to vehicle component.

If traction motors of identical design now each have two
temperature sensors, a first temperature sensor at a first
location on each tracticen motor and a further, second
temperature sensor at a second location, which is different

than the first location, on each traction motor, then
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exclusively the measured values from the first temperature

sensors can be
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compared with one another and similarly the measured values
from the second temperature sensors. This is not absolutely
necessary, however. Equally, all measured values for the
prescribed measured variable, and, as already explained above,
also further measured values for the same and/or other measured
variables, can be compared with one another in order to infer
an erroneous state for a vehicle component, for example by
comparing measured values for further measured variables with
the measured values for the prescribed measured wvariable in

order to derive the prescribed first amount therefrom.

As already explained, not only are the measured values for the
identical vehicle components that are compared with one another
captured simultaneously but also the measured values for the
further measured variable(s) and/or the measured values for the
same measured variable that are captured independently of the
identical vehicle components. This does not prevent outliers
for a measurement series of successive measured values from
being filtered out or the measurement series from Dbeing

smoothed.

The method according to the invention can be used for remote
monitoring of entire vehicle fleets, for example by virtue of a
fleet of rail vehicles comprising at least one group of vehicle
components of identical design, wherein measured values for at
least one prescribed measured variable are captured for each of
the vehicle components of 1dentical design, wherein the
measured values are transmitted from the rail vehicles to the
control center arranged on the line, wherein the measured
values from the vehicle components of identical design are
compared in the control center and wherein an erroneous state
for one of the vehicle components of identical design 1is
inferred 1f a measured value for & vehicle component differs
from the other measured values for the other instances of the
vehicle components of identical design at least by a prescribed

amount.
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Similarly, a plurality of rail vehicles having vehicle
components of identical design can also prompt the output of a
signal when an erroneous state for one of the vehicle

components of identical
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design 1is inferred. This can then be output on precisely the
rail vehicle that comprises the vehicle component for which an
erroneous state has been inferred. Besides the vehicle
components of identical design across all rail vehicles, the
rail vehicles in a vehicle fleet are as such also of the same

design, in particular.

The central evaluation of the measured values from a plurality
of rail vehicles makes it a very simple matter to stipulate an

order of maintenance for the rail vehicles.

A rail vehicle, particularly in passenger transport, for
carrying out the method according to the invention therefore
comprises at least one measuring device for capturing measured
values for at least one measured variable and at least one
transmitter for transmitting the measured values from the rail
vehicle to the control center. Measurement pickup is used as an

equivalent term for measuring device.

By <contrast, a control center for carrying out the method
according to the invention comprises at least one receiver for
transmitting the measured values from the rail vehicle to the
control center and at least one controller for evaluating the
measured values by means of a prescribed algorithm. In a
development, the controller 1s suitable for evaluating the
measured values by means of algorithms that are different than
one another. By way of example, the algorithms are available as
software. They are easy to replace and/or to alter. The
controller is henceforth suitable for processing the further
measured values that are captured by means of the further

measuring devices that are independent of the rail vehicle.

At least one rail vehicle of the cited type and at least one
control center of the cited type are used to form a system or
an apparatus for carrying out the method according to the

invention. In addition, said system may comprise at least one
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memory that stores the algorithms and that the controller can

access. Furthermore,
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it may have at least one means, for example an input unit,
particularly what is known as a man/machine interface, for
altering the prescribed algorithm. The controller is then
suitable for evaluating the measured values by means of
algorithms that are different than one another. Additionally or
alternatively, the controller is advantageously suitable and
accordingly embodied for evaluating the measured values from
the rail vehicle and the further measured values that are

captured independently of the rail vehicle.

If, as in the example above, at least one rail vehicle has at
least one group of vehicle components of identical design, for
example two or’more traction motors, where the rail vehicle
comprises in each case at least one measuring device for
capturing measured values for at least one prescribed measured
variable for each of the vehicle components of identical
design, for example if each traction motor has at least one
temperature sensor for picking up measured values for the
measured variable that is the temperature of the traction
motor, then the control center has at least one controller that
is suitable for comparing the measured values. The same
naturally also applies to a system having a plurality of rail

vehicles having vehicle components of identical design.

According to one aspect of the present invention, there is
provided a method for diagnosing the operating state of at
least one railroad component of a railroad network for rail
transport, which railroad component comprises at least one
first measuring device for recording first measured values of
at least one measurement variable for describing the

operating state of the railroad component, having the

CA 2885110 2019-05-29
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following method steps of: recording the first measured values
using the first measuring device, recording further, second
measured values which are independent of the operating state
of the railroad component using at least one further, second
measuring device, transmitting at least the first measured
values to a control center arranged on the line, evaluating at
least the first measured values in the control center using
a predefined algorithm taking into account the second
measured values, wherein the first measured values are
evaluated using the predefined algorithm in direct
dependence on the second measured values, and providing at

least one result of the evaluation for output.

According to another aspect of the present invention, there is
provided a system for diagnosing the operating state of a
railroad component of a railroad network for rail transport,
comprising at least one railrocad component, at least one
control center and at least one further measuring point, which
railroad component comprises at least one first measuring
device for recording first measured values of at least one
measurement variable for describing the operating state of the
railroad component and at least one transmitter for
transmitting the first measured values from the railroad
component to the control center, and which measuring point
comprises at least one further, second measuring device for
recording further, second measured values of at least one
measurement variable which are independent of the operating
state of the railroad component, wherein the at least one
further, second measuring device is arranged at a distance
from the railroad component, and which control center

comprises at least one receiver for transmitting the first

CA 2885110 2019-05-29
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measured values from the first measuring device of the
railroad component to the control center and at least one
controller for evaluating the first measured values using a
predefined algorithm in direct dependence on the second

measured values.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention permits numerous embodiments. It is explained in
more detail with reference to the figures that follow, each of
which shows an exemplary embodiment. Elements that are the same

in the figures are provided with the same reference symbols.

Fig. 1 schematically shows a flowchart for a method

according to the invention,

Fig. 2 schematically shows a system comprising a rail
vehicle and a control center for carrying out the

method accecrding to the invention,

CA 2885110 2019-05-29
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Fig. 3 shows a trend analysis.
DETAILED DESCRIPTION
Fig. 1 outlines a flowchart for a method according to the

invention. A rail vehicle 1 generally comprises a plurality of
measuring devices, in this case two measuring devices 3 and 4,
for capturing measured values, particularly for states of
vehicle components of the rail vehicle 1. In addition, the rail
vehicle 1 has a transmitter - not depicted here - for
transmitting the measured values. In this case, a control
center 2 comprises a controller for evaluating the measured
values by means of a prescribed algorithm. The evaluation by
means of the prescribed algorithm is denoted by element 13 in
the flowchart. In this exemplary embodiment, a result 14 of the
evaluation is visualized using a screen. The output of the
result is represented by element 15. The method is suitable’for
the remote monitoring of at least one rail vehicle, and also of
a plurality of rail vehicles, for example a fleet of rail

vehicles.

Solid lines denote the method according to the invention, with
dotted lines denoting a method from the prior art. First of
all, the measuring devices 3 and 4 of the rail vehicle 1
capture measured values for at least one measured variable. It
was customary for these measured values to be evaluated on
board the rail wvehicle 1 in method step 13 by means of a
prescribed, fixed algorithm. The result 14 of the evaluation
was output on board in method step 15. In addition, the result
could also be transmitted to a control center 2 and visualized
there. The rail vehicle 1 then had appropriate devices, such as
a suitable controller. A disadvantage is the algorithm that is
difficult or impossible to alter. According to the invention,
the measured values for the measuring devices 3 and 4 are not
evaluated on board the rail vehicle, however, but rather are
transmitted to the control center 2, in particular wirelessly

at least on a section-by-section basis. In this
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case, the transmission is effected cyclically, for example

continuocusly for analog transmission or discretely for
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preferred digital transmission. The measured values are then
evaluated on the line. The algorithm for the evaluation can
easily be matched to changing requirements or replaced. The
result 14 of the evaluation 13 can be either routed back to the
rail vehicle 1, so as to be output there, or output directly in
the control center 2. The result can be output on the basis of
the result and hence in event-controlled fashion. By contrast,
provisioning for the output is effected cyclically in this

case.

In this exemplary embodiment, further measured values that are
captured by external measuring devices that are independent of

the rail vehicle also have an influence on the evaluation.

Fig. 2 schematically shows a system comprising a rail vehicle 1
and a control center 2. The rail vehicle 1 has vehicle
components that are different or of identical design and in
each case at least one measuring device 3, 4 for capturing
measured values for at least one prescribed measured variable
for each vehicle component, for example a temperature sensor
for capturing a temperature of a traction motor and a
tachometer for capturing the current speed of the rail vehicle
1. Furthermore, the rail vehicle 1 comprises a transmitter 35
for sending the measured values to the control center 2. The
measured values are transmitted from the measuring devices 3, 4

fo the transmitter 5 via a data bus in the rail vehicle 1.

The control center 2 in turn comprises a receiver 6 for
receiving the measured values from the rail vehicle 1. The
ftransmitter 5 and the receiver 6 are naturally compatible with
one another. In this case, the receiver 6 1is shown as a base
station in a mobile radio network, and 1is arranged at a
distance from the control center 2. The fixed control center 2
therefore has a multiplicity of possible receivers. In this

exemplary embodiment, the measured values transmitted from the
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rail wvehicle 1 to the receiver 6 are transmitted via the

Internet from the



CA 02885110 2015-03-16

PCT/EP2013/067505 - 17 -
2G12pP25513WOUS

receiver 6 to the at least one controller 7 of the control center

for comparison of the measured values.

Besides the measured values for the vehicle components, captured
by the measuring devices 3, 4, further measured values are taken
into account by the controller 7 for the purpose of evaluating the
measured values from the vehicle components, for example are

correlated to said measured values.

In this case, the further measured values are captured by the
infrastructure of the rail vehicle 1, particularly by the line and
the overhead wire, by means of further measuring devices 8, 9 and
are transmitted to the control center 2 by means of further
transmitters 10, 11. All of the measured values are transmitted in
encrypted form, in particular. However, further, possibly
unencrypted, measured values, for example pertaining to the
weather, can also have an influence on the correlation cited by
way of example and can be taken into account as a result. In this
case, the reference symbol 12 outlines additional measured value
sources, such as a weather service. Apart from that, RDT* stands

for remote date transfer.

Fig. 3 uses a graph to illustrate a simple trend analysis as an
example of an algorithm for evaluating measured values. The graph
plots a time characteristic for a motor current in a motor for
opening and closing a door to the passenger compartment of the
rail vehicle over successive door opening cycles. The measured
values of the three door opening cycles 16, 17 and 18 are
evaluated in the control center. A motor current characteristic 19
can be forecast for the next door opening cycle. Additionally or
alternatively, a trend, represented by the straight line 20, can
be computed. If a threshold value 21 has been prescribed that,
when exceeded by the motor current, allows an erroneous state to
be inferred for the door, the result of the trend analysis is that
the motor current will probably exceed the threshold value in the

next door opening cycle. This can be



CA 02885110 2015-03-16

PCT/EP2013/067505 - 17a -
2612P25513W0OUS

output as the result of the evaluation. Going on, the
evaluation could advise that the door be shut down, however, in

order to prevent
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damage, and/or could enter maintenance of the door into a
maintenance schedule for the rail vehicle. Output of the result
of the evaluation can also involve the door automatically being
taken out of operation without any action from the personnel of

the rail vehicle and/or of the control center.
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CLAIMS:

1. Method for diagnosing the operating state of at least one
railroad component of a railroad network for rail
transport, which railrocad component comprises at least
one first measuring device for recording first measured
values of at least one measurement variable for
describing the operating state of the railrocad

component, having the following method steps of:

- recording the first measured values using the first

measuring device,

— recording further, second measured values which are
independent of the operating state of the railroad
component using at least one further, second measuring

device,

— transmitting at least the first measured values to a

control center arranged on the line,

— evaluating at least the first measured values in the
control center using a predefined algorithm taking into
account the second measured values, wherein the first
measured values are evaluated wusing the predefined
algorithm in direct dependence on the second measured

values, and

- providing at least one result of the evaluation for

output.

CA 2885110 2019-05-29
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2. Methoed according to Claim 1, wherein the evaluation result
is transmitted to a rail vehicle, and in that the

evaluation result is output on the rail vehicle.

3. Method according to either of Claims 1 and 2, wherein

the evaluation result is output on the line.

4. Method according to any one of Claims 1 to 3, wherein the
first measured values are cyclically transmitted to the

control center.

5. Method according to any one of Claims 1 to 4, wherein the
first measured values are wirelessly transmitted to the

control center.

6. Method according to any one of Claims 1 to 5, wherein the
predefined algorithm is suitable for a trend analysis of

the first measured values.

7. Method according to any one of Claims 1 to 6, wherein the
measurement variables for which first and/or second
measured values are recorded are selected from a group of
the following measurement variables: speed of the rail
vehicle, acceleration of the rail wvehicle, rotational
speed of a drive motor, electrical motor current,
electrical voltage of a motor, thermodynamic temperature

of a transmission.

8. System for diagnosing the operating state of a railroad
component of a railroad network for rail transport,
comprising at least one railroad component, at least one
control center and at least one further measuring point,

which railroad component comprises at least one first

CA 2885110 2019-05-29
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measuring device for recording first measured values of at
least one measurement variable for describing the
operating state of the railroad component and at least
one transmitter for transmitting the first measured
values from the railroad component to the control
center, and which measuring point comprises at least one
further, second measuring device for recording further,
second measured values of at least one measurement
variable which are independent of the operating state of
the railroad component, wherein the at least one
further, second measuring device 1is arranged at a
distance from the railroad component, and which control
center comprises at least one receiver for transmitting
the first measured wvalues from the first measuring
device of the railroad component to the control center
and at least one controller for evaluating the first
measured values using a predefined algorithm in direct

dependence on the second measured values.

9. System according to Claim 8, wherein the controller is
suitable for evaluating the first measured values using a
plurality of predefined algorithms which are different

from one another.

CA 2885110 2019-05-29
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FIG 2
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