[Description]
[Title]
Elevator Brake Device Deterioration Prediction System
[Field]
[0001]
The present invention relates to an elevator brake device deterioration prediction
system.
[Background]
[0002]
An example of a deterioration prediction system is described in Patent Literature 1.
The deterioration prediction system extracts data effective for deterioration prediction
based on the amount of change in measured data. The deterioration prediction system
calculates a deterioration threshold value based on the extracted data. The deterioration
prediction system predicts the time when the measured data would reach the deterioration
threshold value.
[Citation List]
[Patent Literature]
[0003]
[PTL 1]1JP 2017-117013 A
[Summary]
[Technical Problem]
[0004]
However, the deterioration prediction system of Patent Literature 1 predicts the

time when the deterioration threshold value would be reached by using a linear equation



with respect to time.  On the other hand, elevator brake devices can be affected by
seasonal changes. Therefore, when the deterioration prediction system of Patent
Literature 1 is applied to an elevator brake device, the deterioration time of the brake
device cannot be predicted accurately.

[0005]

The present invention has been made to solve such a problem. An object of the
present invention is to provide a deterioration prediction system capable of accurately
predicting a deterioration time of a brake device.

[Solution to Problem]
[0006]

An elevator brake device deterioration prediction system according to the present
invention includes: an observation unit that acquires operation data regarding a operation
of a brake device when the brake device braking an elevator car operates; a conversion
unit that converts the operation data acquired by the observation unit into index data, the
index data indicating deterioration of the brake device for each preset unit of time; a
generation unit that generates a deterioration model including a trend component showing
a trend of long-term change and a periodic component showing a periodic change, as a
model showing a change-with-time of deterioration represented by the index data; and a
prediction unit that predicts a deterioration time of the brake device based on the
deterioration model.

[Advantageous Effects of Invention]
[0007]
According to the present invention, the brake device deterioration prediction

system includes an observation unit, a conversion unit, a generation unit, and a prediction



unit. The observation unit acquires operation data regarding the operation of the brake
device when the brake device braking the car of the elevator operates. The conversion
unit converts the operation data acquired by the observation unit into index data
indicating deterioration of the brake device for each preset unit of time. The generation
unit generates a deterioration model including a trend component showing a trend of
long-term change and a periodic component showing a periodic change, as a model
showing a change-with-time of deterioration represented by the index data. The
prediction unit predicts the deterioration time of the brake device based on the
deterioration model. As a result, the deterioration time of the brake device can be
predicted accurately.
[Brief Description of Drawings]
[0008]

[Fig.1] Configuration diagram of the brake device deterioration prediction system
according to Embodiment 1.

[Fig.2] Diagram showing an example of deterioration prediction by the brake
device deterioration prediction system according to Embodiment 1.

[Fig.3] Flowchart showing an example of the operation of the brake device
deterioration prediction system according to Embodiment 1.

[Fig.4] Diagram showing a hardware configuration of a main part of the brake
device deterioration prediction system according to Embodiment 1.
[Description of Embodiment]
[0009]

An embodiment for carrying out the present invention is described below with

reference to the accompanying drawings. In each figure, the same or corresponding



parts are denoted by the same reference signs, and duplicate descriptions are
appropriately simplified or omitted.

[0010]

Embodiment 1

Fig. 1 is a configuration diagram of a brake device deterioration prediction system
1 according to Embodiment 1.

[0011]

The brake device deterioration prediction system 1 is applied to an elevator 2.
[0012]

The elevator 2 is provided in a building 3. The building 3 has a plurality of
floors. In the elevator 2, a hoistway 4 penetrates each floor of the building 3. In the
elevator 2, a hall 5 is provided on each floor of the building 3. The hall 5 on each floor
faces the hoistway 4. In the elevator 2, each of a plurality of hall doors 6 is provided at
the hall 5 on each floor. The elevator 2 includes a traction machine 7, a main rope 8, a
counter weight 9, a car 10, a brake device 11, a control panel 12, and a monitoring device
13.

[0013]

The traction machine 7 is provided, for example, on the upper part of the hoistway
4. The traction machine 7 includes a motor and a sheave. The motor of the traction
machine 7 is a device for rotating the sheave.

[0014]
The main rope 8 is wound around the sheave of the traction machine 7 to be

allowed to move following the rotation of the sheave of the traction machine 7. One



end of the main rope 8 is provided in the car 10. The other end of the main rope 8 is
provided on the counter weight 9.
[0015]

The counter weight 9 is provided to be allowed to run in the vertical direction
inside the hoistway 4 following the movement of the main rope 8.

[0016]

The car 10 is provided to be allowed to run in the vertical direction inside the
hoistway 4 following the movement of the main rope 8. The car 10 includes a car door
14. The car door 14 is a device that opens and closes when the car 10 is stopped on any
of the floors of the building 3. The car door 14 is a device that causes the hall door 6 to
work together to open and close.

[0017]

The brake device 11 is a device that brakes the car 10 when the car 10 is stopped.
The brake device 11 includes a brake drum 15, a brake shoe 16, a coil 17, a plunger 18, a
spring 19, and a brake control device 20. The brake drum 15 is provided on the output
shaft of the motor of the traction machine 7 to be allowed to rotate in synchronization
with the motor of the traction machine 7. The brake shoe 16 faces the outer surface of
the brake drum 15. The brake shoe 16 is a device component that brakes the rotation of
the brake drum 15 by a frictional force to brake the car 10. The spring 19 is a device
component that presses the brake shoe 16 against the brake drum 15 by an elastic force.
The coil 17 is a device component that generates a magnetic field by excitation. The
plunger 18 is a device component that displaces the brake shoe 16 away from the brake
drum 15 by the magnetic field generated by the coil 17 while resisting the elastic force of

the spring 19. The brake control device 20 is a device that controls the operation of the



brake device 11. The operation of the brake device 11 includes suction and release. The
brake control device 20 is equipped with an element that outputs a suction command and a
release command. The suction command is output when the brake device 11 brakes the car
10. The release command is output when the brake device 11 releases the car 10. The brake
device 11 may include a brake arm that transmits the elastic force of the spring 19 to the
brake shoe 16.
[0018]

The control panel 12 is provided, for example, on the upper part of the hoistway 4.
The control panel 12 is a device that controls the operation of the elevator 2. The operation
of the elevator 2 includes, for example, run of the car 10. The control panel 12 is connected
to the traction machine 7 and the brake device 11 to be allowed to control the operation of the
elevator 2.
[0019]

The monitoring device 13 is provided in, for example, the building 3. The monitoring
device 13 is a device that monitors the operation of the elevator 2. The monitoring device 13
is connected to the control panel 12 so that data regarding the operation of the elevator 2 can
be communicated.
[0020]

The elevator 2 is provided with an operation measuring device and an environment
measuring device (not shown).
[0021]

The operation measuring device is a device that acquires operation measurement data
when the brake device 11 operates. The operation measurement data is multi-component data

representing information regarding the operation of the brake device 11.



A part or all of the operation measuring device is provided in, for example, a brake
device 11, a traction machine 7, or a car 10. The operation measuring device includes,
for example, a sensor, a switch, and the like. The operation measuring device includes,
for example, an ammeter, a brake switch, and an encoder.

[0022]

The ammeter is provided in, for example, the wiring that supplies power to the
coil 17. The ammeter is a sensor that measures the excitation current applied to the coil
17.  The brake switch is provided on the brake device 11. The brake switch is a switch
that detects the operating state of the brake device 11. The operating state of the brake
device 11 includes a brake state and a release state. The brake switch includes, for
example, a mechanism for detecting the operating state of the brake device 11 by
detecting a mechanical displacement of a part of the brake device 11. The encoder is
provided to the motor of the traction machine 7. The encoder is a sensor that outputs the
rotation angle of the motor of the traction machine 7 by pulse signals.

[0023]

Information on each component of the operation measurement data is output to the
control panel 12.  Alternatively, the information on each component of the operation
measurement data is output to the control panel 12 through the brake control device 20.
The control panel 12 stores the operation measurement data together with a signal data
and a calculation data so that they can be output as operation data. The signal data is
multi-component data representing information on the existence or absence of input or
output of a control signal. The control signals are, for example, a brake voltage
command, a suction command, a release command, a brake voltage command and a

brake contact signal. The variables of the control software may include the information



of the calculation data. The calculation data is multi-component data calculated based
on the operation measurement data, the signal data, and the like.
[0024]

The environment measuring device is a device that acquires environmental
measurement data. The environmental measurement data is multi-component data
representing information on the operating environment of the brake device 11. A part or
all of the environment measuring device is provided in, for example, the brake device 11,
the traction machine 7, or the car 10. The environment measuring device is provided in,
for example, the hoistway 4. The plurality of environmental measuring devices include,
for example, a scale and a thermometer.

[0025]

The scale is provided in the car 10. The scale is a sensor that measures the
weight of the user(s) or the like in the car 10. The thermometer is provided in the
hoistway 4. The thermometer is, for example, a sensor that measures the air
temperature. The thermometer may be provided in the brake device 11. In this case,
the thermometer is, for example, a sensor that measures the temperature of the brake
device 11.

[0026]

Information on each component of the environmental measurement data is output
to the control panel 12.  Alternatively, the information of each component of the
environmental measurement data is output to the control panel 12 through the brake
control device 20. The control panel 12 stores the environmental measurement data so
that it can be output.

[0027]



In the brake device deterioration prediction system 1, an information center 21 is
provided outside the building 3, for example. The information center 21 is a site for
collecting information on the elevator 2 and other elevators.

[0028]

The brake device deterioration prediction system 1 is a system that predicts a
deterioration time of the brake device 11. Note that the brake device deterioration
prediction system 1 may have a function of diagnosing an abnormality of the brake
device 11.

[0029]

The brake device deterioration prediction system 1 includes a data server 22, a
maintenance support device 23, and an display device 24.

[0030]

The data server 22 is provided in, for example, the information center 21. The
data server 22 is connected to the monitoring device 13 so that information such as the
operation of the elevator 2 can be communicated. The data server 22 includes an
observation data storage unit 25, an attribute data storage unit 26, and an abnormality
data storage unit 27.

[0031]

The observation data storage unit 25 is a unit that stores an observation database.
The observation database includes a plurality of observation data. The observation data
includes the operation data and the environmental measurement data.

[0032]
The attribute data storage unit 26 is a unit that stores an attribute database. The

attribute database includes a plurality of attribute data. The attribute data includes data
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based on the attributes of the elevator. The attribute data also includes data based on the
attributes of the brake device. The attribute data includes information such as the model
of the brake device, the device weight of the car, the type of the elevator, and the
installation region of the elevator. The type of elevator includes information such as
whether it is an observation elevator. The type of elevator relates to, for example, the
environment of the hoistway. The type of elevator relates to, for example, the model of
the elevator. The installation region of the elevator relates to the environment of the
hoistway through, for example, climate. The installation region of the elevator relates to
the environment of the hoistway through, for example, the concentration of salt or sulfur
in the air.

[0033]

The abnormality data storage unit 27 is a unit that stores an abnormality history
database. The abnormality history database includes a plurality of data of judgment for
abnormality of the brake device 11 of the elevator 2 and other elevators.

[0034]

The maintenance support device 23 is provided in, for example, the information
center 21. The maintenance support device 23 includes an observation unit 28, a data
acquisition unit 29, a classification unit 30, a conversion unit 31, a learning unit 32, a
judgment unit 33, a generation unit 34, a prediction unit 35, a storage unit 36, and a
notification unit 37.

[0035]

The observation unit 28 is a unit that acquires operation data when the brake

device 11 operates. The observation unit 28 is connected to the monitoring device 13 to

be allowed to acquire the observation data including operation data.
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[0036]

The data acquisition unit 29 is a unit that generates an actual data set. The actual
data set contains a plurality of sets of environmental data and operation data acquired in
the past from the time of generation. The environmental data includes the
environmental measurement data and the attribute data. The data acquisition unit 29 is
connected to the observation data storage unit 25 to be allowed to acquire the observation
data. The data acquisition unit 29 is connected to the attribute data storage unit 26 to be
allowed to acquire the attribute data.

[0037]

The classification unit 30 is a unit that classifies operation data based on the
environmental data. The classification unit 30 is connected to the observation unit 28 to
be allowed to acquire the operation data. The classification unit 30 is connected to the
observation unit 28 and the attribute data storage unit 26 to be allowed to acquire the
environmental measurement data and the attribute data as the environmental data. The
classification unit 30 is connected to the data acquisition unit 29 to be allowed to acquire
the actual data set.

[0038]

The conversion unit 31 is a unit that converts operation data into status data and
index data.
[0039]

The status data is multi-component data. Each component of the status data
corresponds to each failure phenomenon of the brake device 11. The failure phenomena
of the brake device 11 include, for example, sticking of a relay switch contact,

deterioration of the spring 19, misalignment of the brake shoe 16, decrease of the braking
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ability of the brake device 11, and abnormality of the electronic circuit of the brake
control device 20.
[0040]

The index data is data representing deterioration of the brake device 11. The
index data is, for example, time-series data representing a preset deterioration index value
for each unit of time. The deterioration index value is a value that serves as an index
indicating the deterioration of the brake device 11. The deterioration index value may
be a multi-component value. The deterioration of the brake device 11 is, for example,
wear of the brake shoe 16. The deterioration of the brake device 11 decreases, for
example, the braking ability of the brake device 11. The decrease in the braking ability
of the brake device 11 causes, for example, slippage in the brake device 11. The unit of
time of the time-series data is, for example, one day. The conversion unit 31 is
connected to the classification unit 30 to be allowed to acquire the operation data
classified based on the environmental data.

[0041]

The learning unit 32 is a unit that learns a diagnostic model of an abnormality of
the brake device 11 using the status data. The learning method by the learning unit 32 is
a machine learning method. The learning unit 32 is connected to the conversion unit 31
to be allowed to acquire status data. The learning by the learning unit 32 is performed,
for example, by an operation of starting learning by an operator of the information center
21.

[0042]
The judgment unit 33 is a part for judgment for an abnormality of the brake device

11 based on the diagnostic model learned by the learning unit 32. The judgment is
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made from the status data, which the conversion unit 31 obtains by converting the
operation data, which the observation unit 28 acquires after learning the diagnostic model
by the learning unit 32. The judgment unit 33 is connected to the conversion unit 31 to
be allowed to acquire the status data. The judgment unit 33 is connected to the learning
unit 32 to be allowed to acquire the diagnostic model. The judgment by the judgment
unit 33 is performed, for example, each time when the status data is acquired while the
judgment unit 33 is activated. The judgment unit 33 is started, for example, by an
operation of start by an operator of the information center 21. The judgment unit 33 is
connected to the monitoring device 13 to be allowed to output the judgment result.

[0043]

The generation unit 34 is a unit that generates a deterioration model representing a
change-with-time of the deterioration represented by the index data. The deterioration
model is a model that predicts future changes in the deterioration index value. The
deterioration model includes a trend component, a periodic component and a short-term
fluctuation component. The trend component is a component that represents a long-
term trend of a monotonous change of increase or decrease. The periodic component is
a component that represents the tendency of periodic change. The short-term
fluctuation component is a component representing short-term fluctuation. The
generation unit 34 is connected to the conversion unit 31 to be allowed to acquire the
index data.

[0044]

The prediction unit 35 is a unit that predicts the deterioration time of the brake

device 11 based on the deterioration model generated by the generation unit 34. The

deterioration time of the brake device 11 is a time when the deterioration index value
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reaches a preset threshold value. The prediction unit 35 is connected to the generation
unit 34 to be allowed to read the deterioration model.
[0045]

The storage unit 36 is a unit that stores judgment result data. The judgment
result data is data representing the result of the judgment by the judgment unit 33. The
storage unit 36 is connected to the judgment unit 33 to be allowed to acquire the
judgment result data. The storage unit 36 is a unit for storing prediction result data.
The prediction result data is data representing the result of prediction by the prediction
unit 35. The storage unit 36 is connected to the prediction unit 35 to be allowed to
acquire the prediction result data.

[0046]

The notification unit 37 is a unit that notifies the judgment result of the
abnormality of the brake device 11 by the judgment unit 33. The notification unit 37 is
connected to the judgment unit 33 to be allowed to acquire the judgment result data.
The notification unit 37 is a unit that notifies the prediction result of the deterioration
time of the brake device 11 by the prediction unit 35. The notification unit 37 is
connected to the prediction unit 35 to be allowed to acquire the prediction result date.
The notification unit 37 generates notification data from the judgment result data or the
prediction result data. The notification data is data representing what is notified.
[0047]

The display device 24 is a device that displays what the acquired data represents.
The display device 24 is, for example, a display. The display device 24 is provided in,
for example, the information center 21. The display device 24 is connected to the

notification unit 37 to be allowed to acquire the notification data.
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[0048]

Subsequently, the function of the brake device deterioration prediction system 1 is
described below with reference to Fig. 2.

Fig. 2 is a diagram showing an example of deterioration prediction by the brake
device deterioration prediction system according to Embodiment 1.

[0049]

In a graph A, an example of index data is shown. The horizontal axis of the
graph A represents time. The vertical axis of the graph A represents the deterioration
index value. In the graph A, the solid line represents the index data converted from the
operation data by the conversion unit 31. The change-with-time of deterioration of the
brake device 11 represented by the index data includes a trend component, a periodic
component, and a short-term fluctuation component. In the graph A, the trend
component is a component that represents a long-term trend of monotonous increase.
The periodic component is a component that represents the tendency of periodic change.
The short-term fluctuation component is a component representing short-term fluctuation.
In the graph A, the broken line represents the prediction result of the deterioration index
value by the prediction unit 35.

[0050]

The operation data is acquired as follows, for example.
[0051]

The control panel 12 outputs a signal for operating the brake device 11 to the
brake control device 20 when the car 10 is stopped.

[0052]
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The brake control device 20 operates the brake device 11 according to the control
signal input from the control panel 12.  When the brake device 11 operates, the
operation measuring device acquires operation measurement data. The operation
measurement device outputs operation measurement data to the brake control device 20
or the control panel 12.  When the brake device 11 operates, the environment measuring
device acquires the environmental measurement data. The environment measuring
device outputs the environmental measurement data to the brake control device 20 or the
control panel 12. The brake control device 20 outputs the operation measurement data
and the environment measurement data that have been input, to the control panel 12.
[0053]

The control panel 12 calculates the calculation data based on the information such
as the operation measurement data and the control signal. The calculation data includes,
for example, the data of the position of the car 10 calculated from the count of the pulse
signal of the encoder. The calculated data includes, for example, data on the time
difference between the output of the brake suction command signal and the detection of
the actual operation of the brake device 11 by the brake switch. The calculated data
includes, for example, data on the time during which the brake device 11 continues the
braking operation. The calculated data includes, for example, data on the frequency of
operation of the brake device 11. The control panel 12 outputs operation measurement
data, signal data, and calculation data, as operation data, to the observation unit 28
through the monitoring device 13.  The control panel 12 outputs the environmental
measurement data to the observation unit 28 through the monitoring device 13.

[0054]
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The observation unit 28 acquires operation data and environmental measurement
data from the control panel 12 through the monitoring device 13. The observation unit
28 outputs the operation data and the environment measurement data as observation data
to the observation data storage unit 25.

[0055]

The observation data storage unit 25 stores the acquired observation data in the
observation database. The observation data includes, for example, flag data, numerical
data, and waveform data. The operation data includes, for example, flag data, numerical
data, and waveform data, as elements.

[0056]

The flag data includes information such as whether or not the switch has been
operated, whether or not the sensor has been operated, and whether or not there has been
a control signal. The flag data is represented by a truth-value, an integer value, a
character string, or the like.

[0057]

The numerical data includes information such as, for example, the value of the
physical quantity measured by the sensor. Numerical data includes, for example, the
excitation current applied to the coil 17, the duration of time of braking by the brake
device 11, the position of the car 10, the air temperature, the temperature of the brake
device 11, the frequency of operation of the brake device 11, the air temperature, and the
weight of the user(s) in the car 10. Numerical data is represented by an integer value, a
real value, or the like.

[0058]
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The waveform data includes information such as a change-with-time of a physical
quantity measured by a sensor. The waveform data includes, for example, a pattern change
of the excitation current applied to the coil 17, a change-with-time of the position of the car
10, and a change-with-time of the brake temperature. The waveform data is represented by a
list or the like including a plurality of numerical values at each predetermined time interval.
[0059]

The brake device deterioration prediction system 1 starts deterioration prediction by,
for example, an operation by an operator of the information center 21.

[0060]

When the brake device deterioration prediction system 1 starts deterioration
prediction, the data acquisition unit 29 generates an actual data set. The data acquisition unit
29 acquires a plurality of observation data acquired during a preset past period starting from
the present, from the observation data storage unit 25. The data acquisition unit 29 acquires a
plurality of attribute data acquired during a preset past period starting from the present, from
the attribute data storage unit 26. The data acquisition unit 29 associates the acquired
plurality of observation data and the acquired plurality of attribute data, as a plurality of
operation data and environmental data, with the operation time of the brake device 11. The
data acquisition unit 29 generates an actual data set based on the association. The data
acquisition unit 29 outputs the actual data set to the classification unit 30.

[0061]
The classification unit 30 classifies, based on the environmental data included in the

actual data set, the operation data corresponding to the environmental data. For
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example, when the environmental data includes labeling data for classification, the
classification unit 30 classifies the operation data corresponding to the environmental
data having the same value of the labeling data into the same cluster. Alternatively, the
classification unit 30 classifies the operation data corresponding to the environmental
data classified into the same cluster by, for example, a method of unsupervised learning,
into the same cluster. At this time, the classification unit 30 uses, for example, a k-
means method, which is a non-hierarchical classification method, as a method of
unsupervised learning.  Alternatively, the classification unit 30 may use a hierarchical
classification method. The classification unit 30 outputs the classified operation data to
the conversion unit 31.

[0062]

The conversion unit 31 converts the operation data into index data for each
classification by the classification unit 30, through each of a feature extraction process, a
standardization process, an abnormality degree calculation process, and a preliminary
process.

[0063]

In the feature extraction process, the conversion unit 31 converts the plurality of
classified operation data into a plurality of feature data. The conversion unit 31 extracts
one or more features for each component of the operation data. When an element of the
operation data is represented by a truth-value, the conversion unit 31 extracts a numerical
value of, for example, +1 or -1 from the true value or the false value as a feature. When
a component of the operation data is represented by a numerical value, the conversion
unit 31 extracts, for example, the numerical value as it is as a feature. When a

component of the operation data is represented by a list of numerical values in, for
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example, waveform data or the like, the conversion unit 31 extracts, for example, the
mean value and standard deviation of the numerical values included in the list as one or
more features. Alternatively, when a component of the operation data is represented by
a list of numerical values, the conversion unit 31 extracts, for example, a plurality of
numerical values included in the list as they are as a plurality of features. The
conversion unit 31 may extract the feature from the component of the operation data by a
method not illustrated here. The conversion unit 31 generates multi-component feature
data. The multi-component feature data each includes one or more features, which have
been extracted for each component of the operation data, as a component.

[0064]

In the standardization process, the conversion unit 31 converts a plurality of
feature data into a plurality of standardized data. The standardized data is multi-
component data. The conversion unit 31 converts each component of the feature data
into each component of the standardized data. The components of the standardized data
are each standardized, for example, so that the average for the classification including the
original operation data is 0. The components of the standardized data are each
standardized, for example, so that the standard deviation for the classification including
the original operation data is 1.

[0065]

In the abnormality degree calculation process, the conversion unit 31 converts a
plurality of standardized data into a plurality of abnormality degree data. The
abnormality degree data is multi-component data. Each component of the abnormality
degree data is an index showing the difference from a normal condition. Each

component of the abnormality degree data is calculated from, for example, each
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component of the feature data. For example, the conversion unit 31 calculates each
component of the abnormality degree data by dividing the square deviation from the
mean value by the variance for each component of the feature data. The conversion unit
31 may convert the standardized data into the abnormality degree data by another method
such as machine learning.

[0066]

In the preliminary process, the conversion unit 31 converts a plurality of
abnormality degree data into index data. The conversion unit 31 applies an
unsupervised learning method to the abnormality degree data as a preliminary processing.
The method of unsupervised learning is, for example, a method of dimension reduction
by PCA (Principal Component Analysis). The conversion unit 31 sorts a plurality of
abnormality degree data to which preliminary processing is applied, into each preset unit
of time based on the time when the original operation data has been acquired. The
conversion unit 31 uses the mean value, the maximum value, or the cumulative value of
the values of the abnormality degree data sorted into each unit of time, as the
deterioration index value in the unit of time. When the abnormality degree data is
multi-component data, the deterioration index value may be a multi-component value.
The conversion unit 31 outputs the time-series data of the deterioration index value as
index data to the generation unit 34 for each classification by the classification unit 30.
[0067]

The generation unit 34 generates a deterioration model for each classification by
the classification unit 30 for the acquired index data. The generation unit 34
individually generates a trend component and a periodic component for the deterioration

model for each classification by the classification unit 30. The generation unit 34
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individually generates a trend component and a periodic component by, for example, a
regression model. The regression curve in the regression model is, for example, a
cumulative Weibull distribution function or a cumulative log-normal distribution function.
The regression curve in the regression model is, for example, a curve having a periodic
tendency.

[0068]

The generation unit 34 makes a judgment whether the deterioration model has
been successfully generated. The generation unit 34 makes a judgment whether
generation of the deterioration model has been successful or failed based on, for example,
the residual of the deterioration model. Alternatively, the generation unit 34 makes a
judgment whether generation of the deterioration model has been successful or failed
based on, for example, errors when the deterioration model is applied to data for test.

For example, when the generation unit 34 uses a part of the index data to generate the
deterioration model, the data for test is the remaining part of the index data.
[0069]

When the generation unit 34 judges that the generation of the deterioration model
has been failed, the generation unit 34 may generate the deterioration model again by a
different method. For example, the generation unit 34 may generate a trend component
or a periodic component using different regression curves.

[0070]

The prediction unit 35 reads the deterioration model that has been judged to be
successfully generated. The prediction unit 35 predicts a future value of the
deterioration index value based on the deterioration model that has been read. Based on

the prediction of the deterioration index value, the prediction unit 35 judges whether the
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deterioration index value would reach the threshold value in a preset future time starting
from the present. The threshold value is, for example, a value preset with respect to the
deterioration index value. Alternatively, the threshold value is a value calculated from
the index data as a value for judgment of an outlier value. At this time, the threshold
value is, for example, a value obtained by adding a constant multiple of the standard
deviation to the mean value. Alternatively, the threshold value is a value of the
deterioration index value when an abnormality has occurred in the past. At this time,
the threshold value is determined based on, for example, the data in the abnormality
history database stored in the abnormality data storage unit 27.

[0071]

When it is judged that the deterioration index value would reach the threshold
value in a future time, the prediction unit 35 predicts the deterioration time when the
deterioration index value reaches the threshold value.

[0072]

The prediction unit 35 calculates the reliability of the prediction of the
deterioration time. The reliability of the deterioration index value prediction is
calculated based on, for example, the standard deviation of the residuals.

[0073]

The prediction unit 35 outputs the prediction result data to the storage unit 36.
The prediction result data includes the deterioration prediction time and the reliability.
[0074]

The storage unit 36 stores the judgment result.

[0075]

The prediction unit 35 outputs the judgment result data to the notification unit 37.
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[0076]

When the deterioration time predicted by the prediction unit 35 is within the range of
the notification period preset with reference to the maintenance and inspection time, the
notification unit 37 generates notification data including the deterioration time. The
notification period is, for example, a period before the time when maintenance and inspection
are scheduled. Alternatively, when the deterioration time predicted by the prediction unit 35
is within the range of notification period and the reliability of the prediction of the
deterioration time is higher than a predetermined standard, the notification unit 37 generates
notification data including the deterioration time. The notification unit 37 outputs the
notification data to the display device 24, to notify what and how the notification data is,
through the display device 24.

[0077]

The display device 24 displays what and how the notification data is. The display
device 24 indicates, for example, "The time when the deterioration index value reaches 100%
is 3 months later. The reliability of the prediction is 80%. The scheduled maintenance and
inspection time is to be 6 months later." Alternatively, the display device 24 indicates, for
example, "The current deterioration index value is 50%. Of the 100 similar cases in the past,
40 cases have been maintained and inspected. The predicted deterioration index value for
next month is 70%. Of the 100 similar cases in the past, 80 cases have been maintained and
inspected."

[0078]
Subsequently, an example of the operation for the deterioration prediction of the

brake device deterioration prediction system 1 is described below with reference to Fig. 3.
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Fig. 3 is a flowchart showing an example of the operation of the brake device
deterioration prediction system according to Embodiment 1.

[0079]

In step S1, the classification unit 30 acquires the actual data set from the data
acquisition unit 29. The classification unit 30 classifies the operation data
corresponding to the environmental data based on the environmental data included in the
actual data set.  After that, the operation of the brake device deterioration prediction
system 1 proceeds to step S2.

[0080]

In step S2, the conversion unit 31 converts the operation data into index data for
each classification by the classification unit 30.  After that, the operation of the brake
device deterioration prediction system 1 proceeds to step S3.

[0081]

In step S3, the generation unit 34 generates a deterioration model of the index data
for each classification by the classification unit 30.  After that, the operation of the brake
device deterioration prediction system 1 proceeds to step S4.

[0082]

In step S4, the prediction unit 35 reads the deterioration model. The prediction
unit 35 predicts a future value of the deterioration index value based on the deterioration
model that has been read.  After that, the operation of the brake device deterioration
prediction system 1 proceeds to step S5.

[0083]
In step S5, the prediction unit 35 judges whether the deterioration index value

would reach the threshold value in the future based on the prediction of the deterioration
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index value. When the judgment result is Yes, the operation of the brake device
deterioration prediction system 1 proceeds to step S6.  When the judgment result is No,
the operation of the brake device deterioration prediction system 1 proceeds to step S7.
[0084]

In step S6, the prediction unit 35 predicts the deterioration time. After that, the
operation of the brake device deterioration prediction system 1 proceeds to step S7.
[0085]

In step S7, the prediction unit 35 outputs the prediction result to the notification
unit 37 and the storage unit 36.  After that, the operation of the brake device
deterioration prediction system 1 ends.

[0086]

As described above, the brake device deterioration prediction system 1 according
to Embodiment 1 includes an observation unit 28, a conversion unit 31, a generation unit
34, and a prediction unit 35. The observation unit 28 acquires operation data regarding
the operation of the brake device 11 when the brake device 11 braking the car 10 of the
elevator 2 operates. The conversion unit 31 converts the operation data acquired by the
observation unit 28 into index data indicating deterioration of the brake device 11 for
each preset unit of time. The generation unit 34 generates a deterioration model
including a trend component showing a trend of long-term change and a periodic
component showing a periodic change, as a model showing a change-with-time of
deterioration represented by the index data. The prediction unit 35 predicts the
deterioration time of the brake device 11 based on the deterioration model.

[0087]
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The prediction unit 35 incorporates the effects of seasonal changes and the like
into the deterioration model by means of periodic components that represent periodic
changes. The prediction unit 35 incorporates the effects of parts wear and the like into
the deterioration model by means of the trend component showing the trend of long-term
change. As a result, the deterioration time of the brake device 11 can be predicted
accurately.

[0088]

In addition, the conversion unit 31 extracts the feature of the data included in the
operation data. The conversion unit 31 converts the operation data into index data based
on the feature.

[0089]

The conversion unit 31 extracts a feature that is meaningful in the deterioration
prediction. The generation unit 34 generates a deterioration model based on the index
data converted based on the feature. This makes it possible to generate a highly
accurate deterioration model.

[0090]

In addition, the brake device deterioration prediction system 1 includes a
classification unit 30. The classification unit 30 classifies the operation data based on
the environmental data regarding the operating environment of the brake device 11. The
generation unit 34 generates a deterioration model for each classification by the
classification unit 30.

[0091]
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The conversion unit 31 can perform conversion processing to index data, using the
data sorted into meaningful classifications. As a result, the generation unit 34 can
generate a highly accurate deterioration model.

[0092]

In addition, the generation unit 34 generates a model representing a trend
component and a periodic component for each component to generate a deterioration
model.

[0093]

The generation unit 34 can generate a deterioration model by utilizing models that
are independently effective for the trend component and the periodic component. This
increases the degree of freedom of the deterioration model. In addition, the generation
unit 34 can individually adapt the trend component and the periodic component to the
corresponding components of the index data. This allows the generation unit 34 to
generate the deterioration model more robustly.

[0094]

In addition, the prediction unit 35 calculates the reliability of the prediction of the
deterioration time when predicting the deterioration time.
[0095]

A maintenance and inspection plan of the brake device 11 may be modified based
on the prediction of the deterioration time. At this time, priority is given to highly
reliable prediction of the deterioration time, so that the reliability of the maintenance and

inspection plan increases.

[0096]
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In addition, the brake device deterioration prediction system 1 includes a
notification unit 37. The notification unit 37 notifies the deterioration time when the
deterioration time predicted by the prediction unit 35 is within a preset range with
reference to the maintenance and inspection time.

[0097]

If the deterioration time is earlier than the maintenance and inspection time, it may
be necessary to accelerate the maintenance and inspection of the brake device 11.  In
such a case, for example, the operator of the information center 21 can quickly know the
result of the prediction of the deterioration time. Therefore, it is easier to revise the
maintenance and inspection plan.

[0098]

In addition, the notification unit 37 notifies the deterioration time when the
deterioration time predicted by the prediction unit 35 is within a preset range with
reference to the maintenance and inspection time, and the reliability of the prediction of
the deterioration time is higher than the preset standard.

[0099]

As a result, for example, the operator of the information center 21 can revise the
maintenance and inspection plan based on the highly reliable prediction of the
deterioration time.

[0100]
Note that the generation unit 34 may update the deterioration model after the

maintenance and inspection of the brake device 11.

[0101]
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The condition of deterioration of the brake device 11 may change discontinuously
due to, for example, replacement of parts in maintenance and inspection. Therefore, the
reliability of the deterioration model may decrease after maintenance and inspection. In
such a case, the generation unit 34 can prevent the decrease in the reliability of the
prediction of the deterioration time by updating the deterioration model.

[0102]

In addition, the generation unit 34 may simultaneously generate a model
representing a trend component and a periodic component to generate a deterioration
model.

[0103]

The generation unit 34 generates a deterioration model with, for example, a
SARIMA (Seasonal AutoRegressive Integrated Moving Average) model.  Alternatively,
the generation unit 34 generates a deterioration model with, for example, a state space
model. At this time, the deterioration model includes a trend component due to, for
example, a difference. The deterioration model also includes periodic components due
to, for example, seasonal differences. As a result, the generation unit 34 can generate a
deterioration model in consideration of the mutual effects of the trend component and the
periodic component.

[0104]

In addition, the brake device deterioration prediction system 1 includes a judgment
unit 33 that judges an abnormality in the operation of the brake device 11 from the
operation data. In the deterioration prediction of the brake device 11, the conversion

unit 31 may include the frequency at which the judgment unit 33 judges that an
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abnormality has occurred, in the value of the index indicating the deterioration of the
brake device 11, to convert the operation data into the index data.
[0105]

When an abnormality frequently occurs in the brake device 11, it can be estimated
that the deterioration of the brake device 11 has progressed. The generation unit 34 can
generate a deterioration model in consideration of the frequency of occurrence of
abnormalities. The conversion unit 31 may include the frequency of minor
abnormalities not notified by the notification unit 37, in the index data as a deterioration
index value.

[0106]

The conversion unit 31 may change the order of each process in the conversion
from the operation data to the index data. The conversion unit 31 may omit one or more
processes in the conversion from the operation data to the index data. The conversion
unit 31 may set the unit of time to one month in the conversion from the operation data to
the index data. This indicates the effects of seasonal changes more clearly.

[0107]

The conversion unit 31 may calculate one abnormality degree component from a
plurality of components of the standardized data in the abnormality degree calculation
process. As a result, the brake device deterioration prediction system 1 can detect an
abnormality that occurs in the relationship between a plurality of components of the
standardized data.

[0108]
In addition, the generation unit 34 may generate a plurality of deterioration models

for one classification by the classification unit 30. The prediction unit 35 may predict
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each deterioration time from each of a plurality of deterioration models. The prediction
unit 35 may output the most highly reliable deterioration time, as a prediction result, out
of the predicted deterioration times.

[0109]

The notification unit 37 may output the notification data to the maintenance
terminal possessed by a maintenance person, to notify the maintenance person of what
and how the notification data is. The notification unit 37 may simultaneously output the
notification data to a plurality of output destination to perform notification.

[0110]

The data server 22 is provided in the information center 21 so that the brake
device deterioration prediction system 1 can utilize information of the elevator 2 and
other elevators. This can increase the accuracy of deterioration prediction of the brake
device deterioration prediction system 1.

[0111]

The classification unit 30 is provided in the information center 21 so that
maintenance such as updating the algorithm for classifying operation data is made easier.
The conversion unit 31 is provided in the information center 21, so that maintenance such
as updating the algorithm for converting operation data is made easier. The generation
unit 34 is provided in the information center 21, maintenance such as updating the
algorithm for generating the deterioration model made easier. The prediction unit 35 is
provided in the information center 21, maintenance such as updating the algorithm for
predicting the deterioration time is made easier.

[0112]
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The maintenance support device 23 may be provided in the building 3. At this
time, the maintenance support device 23 directly communicates with, for example, the
control panel 12. The maintenance support device 23 communicates with the data
server 22 through, for example, the monitoring device 13. The data server 22 may be
provided in the building 3.

[0113]

A part or all of the functions of the brake device deterioration prediction system 1
may be realized in the device provided in the building 3.

[0114]

The electrical connection between systems, devices, device components, parts,
and the like in Embodiment 1 may be either a direct or indirect connection.
Communication of data and the like between the systems, devices, device components,
parts, and the like in Embodiment 1 may be either direct or indirect communication.
[0115]

Subsequently, an example of a hardware configuration of the brake device
deterioration prediction system 1 is described with reference to Fig. 4

Fig. 4 is a diagram showing a hardware configuration of a main part of the brake
device deterioration prediction system according to Embodiment 1.

[0116]

Each function of the brake device deterioration prediction system 1 can be realized
by a processing circuit. The processing circuit includes at least one processor 1b and at
least one memory lc. The processing circuit may include at least one dedicated
hardware 1a with or as a substitute for the processor 1b and the memory Ic.

[0117]
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When the processing circuit includes the processor 1b and the memory 1c, each
function of the brake device deterioration prediction system 1 is realized by software,
firmware, or a combination of software and firmware. At least one of the software and
firmware is written as a program. The program is stored in the memory lc. The
processor 1b reads and executes the program stored in the memory 1c¢ to realize each
function of the brake device deterioration prediction system 1.

[0118]

The processor 1b is also referred to as a CPU (Central Processing Unit), a
processing device, a calculation device, a microprocessor, a microcomputer, or a DSP.
The memory lc is configured with, for example, a non-volatile or volatile semiconductor
memory such as RAM, ROM, flash memory, EPROM, or EEPROM, a magnetic disk, a
flexible disk, an optical disc, a compact disc, a MiniDisc, a DVD, or the like.

[0119]

When the processing circuit includes dedicated hardware 1a, the processing circuit
is realized by, for example, a single circuit, a composite circuit, a programmed processor,
a parallel programmed processor, an ASIC, an FPGA, or a combination thereof.

[0120]

Each function of the brake device deterioration prediction system 1 can be realized
by a processing circuit.  Alternatively, each function of the brake device deterioration
prediction system 1 can be collectively realized by a processing circuit. For each
function of the brake device deterioration prediction system 1, a part may be realized by
the dedicated hardware 1a, and the other part may be realized by software or firmware.

As described above, the processing circuit realizes each function of the brake device
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deterioration prediction system 1 by the hardware 1a, the software, the firmware, or a
combination thereof.
[Industrial Applicability]
[0121]

The brake device deterioration prediction system according to the present
invention can be applied to an elevator.

[Reference Signs List]

[0122]

1 Brake device deterioration prediction system
2 Elevator

3 Building

4 Hoistway

5 Hall
6 Hall door
7 Traction machine

8 Main rope

9 Counter weight

10 Car

11 Brake device

12 Control panel

13 Monitoring device
14 Car door

15 Brake drum

16 Brake shoe



17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

la

1b

1lc

Coil

Plunger

Spring

Brake control device
Information center

Data server

Maintenance support device
Display device

Observation data storage unit
Attribute data storage unit
Abnormality data storage unit
Observation unit

Data acquisition unit
Classification unit
Conversion unit

Learning unit

Judgment unit

Generation unit

Prediction unit

Storage unit

Notification unit

Hardware

Processor

Memory

-36 -
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Claims
[Claim 1]

An elevator brake device deterioration prediction system comprising:

an observation unit that acquires operation data regarding a operation of a brake
device when the brake device braking an elevator car operates;

a conversion unit that converts the operation data acquired by the observation unit
into index data, the index data indicating deterioration of the brake device for each preset
unit of time;

a generation unit that generates a deterioration model including a trend component
showing a trend of long-term change and a periodic component showing a periodic
change, as a model showing a change-with-time of deterioration represented by the index
data; and

a prediction unit that predicts a deterioration time of the brake device based on the
deterioration model.

[Claim 2]

The elevator brake device deterioration prediction system according to claim 1,
wherein

the conversion unit extracts a feature of data included in the operation data and
converts the operation data into the index data based on the feature.

[Claim 3]

The elevator brake device deterioration prediction system according to claim 1 or
2, comprising

a classification unit that classifies the operation data based on environmental data

with respect to an operating environment of the brake device,



-38 -

wherein the generation unit generates the deterioration model for each
classification by the classification unit.
[Claim 4]

The elevator brake device deterioration prediction system according to any one of
claims 1 to 3, wherein the generation unit simultaneously generates a model representing
the trend component and the periodic component, to generate the deterioration model.
[Claim 5]

The elevator brake device deterioration prediction system according to any one of
claims 1 to 3, wherein the generation unit generates a model representing the trend
component and the periodic component for each component, to generate the deterioration
model.

[Claim 6]

The elevator brake device deterioration prediction system according to any one of
claims 1 to 5, wherein the prediction unit calculates reliability of a prediction with respect
to the deterioration time when the prediction unit predicts the deterioration time.

[Claim 7]

The elevator brake device deterioration prediction system according to any one of
claims 1 to 6, wherein the generation unit updates the deterioration model after
maintenance and inspection of the brake device.

[Claim 8]
The elevator brake device deterioration prediction system according to any one of

claims 1 to 7, comprising
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a notification unit that notifies the deterioration time when the deterioration time
predicted by the prediction unit is within a preset range with reference to a maintenance
and inspection time.

[Claim 9]

The elevator brake device deterioration prediction system according to claim 6,
comprising

a notification unit that notifies the deterioration time when the deterioration time
predicted by the prediction unit is within a preset range with reference to a maintenance
and inspection time, and the reliability of the prediction with respect to the deterioration
time is higher than a preset standard.

[Claim 10]

The elevator brake device deterioration prediction system according to any one of
claims 1 to 9, comprising

a judgment unit that judges an abnormality in the operation of the brake device
from the operation data,

wherein the conversion unit includes a frequency among index values, to convert
the operation data into the index data, the frequency being a frequency at which an
abnormality is judged to occur by the judgment unit, the index values indicating

deterioration of the brake device.
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