DESCRIPTION

Title of Invention
ABNORMALITY MONITORING DEVICE, ABNORMALITY MONITORNG

METHOD, AND PROGRAM

Technical Field

[0001]

The present invention relates to an abnormality
monitoring device, an abnormality monitoring method ,and a
program.

Priority is claimed on Japanese Patent Application
No. 2017-32613, filed Feb. 23, 2017, the content of which
is incorporated herein by reference.
Background Art

[0002]

Several techniques for detection of a vehicle

abnormality have been proposed. For example, PTL 1

describes a state monitoring device for railway veh icle
for detecting an abnormality by eliminating an infl uence
of traveling speed dependency. The state monitorin g

device described in PTL 1 detects vibration in a
horizontal direction of a vehicle chassis using an
accelerometer and detects two different frequency b and

components from the detected vibration. This state



monitoring device calculates an amplitude ratio bet ween
the detected two different frequency band component s, and
performs an abnormality determination by comparing the
calculated amplitude ratio with a threshold.
Citation List

Patent Literature

[0003]

[PTL 1] Japanese Patent No. 5525404
Summary of Invention
Technical Problem

[0004]

When an abnormality occurs in a vehicle, if

information indicating a type of abnormality can be

obtained as well as a determination as to whether a n
abnormality is present can be performed, this can b e
useful for study of measures against the abnormalit y.

However, PTL 1 does not disclose a method of
acquiring information indicating a type of abnormal ity.
[0005]

The present invention provides an abnormality

monitoring device, an abnormality monitoring method ,and a
program capable of obtaining information indicating a type
of abnormality when the abnormality occurs in a veh icle.

Solution to Problem

[0006]



According to a first aspect of the present inventi
an abnormality monitoring device includes an accele
data acquisition unit that acquires measurement dat
acceleration of a vehicle chassis; an abnormality p
determination unit that determines whether an abnor
is present on the basis of comparison between the
acceleration and a threshold; a frequency analysis
that analyzes a frequency of the acceleration when
abnormality presence determination unit determines
abnormality is present; and an abnormality type
identification unit that identifies a type of abnor
on the basis of a pattern of the frequency.

[0007]

When the abnormality type identification unit is
unable to identify the type of abnormality from the
pattern of the frequency, the abnormality type
identification unit may identify the type of abnorm
on the basis of the pattern of the frequency and a
measurement result of the acceleration.

[0008]

The abnormality type identification unit may
determine whether to start identification of the ty
abnormality on the basis of a travel pattern of a v
including the vehicle chassis.

[0009]
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The abnormality type identification unit may

determine that an abnormality is likely to be on a track
side when the abnormality presence determination un it
determines that an abnormality is present in a cert ain
section among sections of the track and determines that an

abnormality is not present in other sections.
[0010]

The acceleration data acquisition unit may acquire

measurement data of an acceleration from a pluralit y of
vehicle chassis, and the abnormality type identific ation
unit may determine that an abnormality is likely to be on
the track side when the abnormality presence determ ination
unit determines that an abnormality is present in t he same
section among the sections of the track for each of pieces
of measurement data of the acceleration from a plur ality

of vehicle chassis.
[0011]

According to a second aspect of the present

invention, an abnormality monitoring method include S steps
of: acquiring measurement data of an acceleration o f a
vehicle chassis; determining whether an abnormality is

present on the basis of comparison between the
acceleration and a threshold; analyzing a frequency of the

acceleration when it is determined that an abnormal ity is



present; and identifying a type of abnormality on t
basis of a pattern of the frequency.

[0012]

According to a third aspect of the present inventi
a program is a program for causing a computer to ex
steps of: acquiring measurement data of an accelera
a vehicle chassis; determining whether an abnormali
present on the basis of comparison between
acceleration and a threshold; analyzing a frequency
acceleration when it is determined that an abnormal
present; and identifying a type of abnormality on t
basis of a pattern of the frequency.
Advantageous Effects of Invention

[0013]

According to the abnormality monitoring device, th
abnormality monitoring method, and the program desc
above, it is possible to obtain information indicat
type of abnormality when an abnormality occurs in t
vehicle.

Brief Description of Drawings

[0014]

Fig. 1 is a schematic block diagram illustrating a
functional configuration of an abnormality monitori

system according to a first embodiment.
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Fig. 2 is a graph illustrating an example of chang
in frequency of an acceleration when an abnormality
in a vehicle according to the first embodiment.

Fig. 3 is a diagram illustrating an example of a
procedure of a process in which the abnormality mon
device according to the first embodiment determines
whether an abnormality is present in a vehicle and
identifies a type of abnormality when an abnormalit
occurs.

Fig. 4 is a diagram illustrating an example of a
processing procedure in which a control unit accord
the first embodiment performs a data-specific
determination.

Fig. 5 is a diagram illustrating an example of a
processing procedure in a case in which the abnorma
monitoring device according to the first embodiment
determines whether to start identification of a typ
abnormality on the basis of a travel pattern of the
vehicle.

Fig. 6 is a diagram illustrating an example of a
procedure of a process in which the abnormality mon
device according to the first embodiment determines

abnormality in a vehicle and an abnormality in a tr
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Fig. 7 is a diagram illustrating an example of a
management target of the abnormality monitoring dev
according to a second embodiment.

Description of Embodiments

[0015]

Hereinafter, embodiments of the present invention
will be described, but the following embodiments do
limit the inventions according to the claims. Furt
not all combinations of characteristics described i
embodiments are essential to the solution of the in

[0016]

<First Embodiment>

Fig. 1 is a schematic block diagram illustrating a
functional configuration of an abnormality monitori
system according to a first embodiment. As illustr
Fig. 1, the abnormality monitoring device 100 inclu
communication unit 110, an operation input unit 120
display unit 130, a storage unit 180, and a control
190. The control unit 190 includes an acceleration
acquisition unit 191, an abnormality presence
determination unit 192, a frequency analysis unit 1
an abnormality type identification unit 194.

[0017]

The abnormality monitoring device 100 monitors a

traffic system 900. In the traffic system 900, a v
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910 travels on a track 920. The vehicle 910 includ
bogie 911 and a vehicle chassis 912. An accelerati
sensor 913 is installed in the vehicle chassis 912.
acceleration sensor 913 measures an acceleration in

of a vertical direction, a horizontal direction, an
longitudinal direction in the vehicle chassis 912.
Hereinafter, a case in which the traffic system 900
automated guideway transit (AGT, automatic guide ra
transportation system) will be described by way of
However, a monitoring target of the abnormality mon
device 100 is not limited to the AGT, and may be a

[0018]

The abnormality monitoring device 100 detects

occurrence of an abnormality when an abnormality oc
the vehicle 910, and identifies a type of the abnor
The abnormality monitoring device 100 is configured
for example, a computer.

The abnormality monitoring device 100 may be mount
in a vehicle 910. Alternatively, the abnormality
monitoring device 100 may be disposed outside the v
910, such as the inside of a building.

[0019]

The communication unit 110 communicates with other

devices to transmit and receive various pieces of d

In particular, the communication unit 110 communica
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with the acceleration sensor 913 to receive acceler
data indicating an acceleration of the vehicle chas
measured by the acceleration sensor 913.

The operation input unit 120 includes, for example
input devices such as a keyboard and a mouse, and r
a user operation.

The display unit 130 includes a display screen suc
as a liquid crystal panel or a light emitting diode
panel, and displays various pieces of data.

[0020]

The storage unit 180 stores various pieces of data
The storage unit 180 is configured using a storage
included in the abnormality monitoring device 100.

The control unit 190 controls each unit of the

abnormality monitoring device 100 to execute variou

processes. The control unit 190 is configured, for
example, by a central processing unit (CPU) include
the abnormality monitoring device 100 reading a pro
from the storage unit 180 and executing the program

[0021]

The acceleration data acquisition unit 191 acquire

measurement data of the acceleration of the vehicle

chassis 912. Specifically, the acceleration data

acquisition unit 191 selectively acquires the measu
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data of the acceleration of the vehicle chassis 912

the data received by the communication unit 110.

The abnormality presence determination unit 192

determines whether an abnormality is present on the

of the comparison between the acceleration of the v

chassis 912 and a threshold.

abnormality presence determination unit 192 compare

of an acceleration in a

acceleration in a horizontal

vertical

Specifically,

direction,

direction,

and

acceleration in a longitudinal direction of the veh

chassis 912 with the threshold, and determines that

abnormality is present when a maximum value of an a

value (a magnitude of the acceleration) of any of t

accelerations is equal to or greater than the thres

the

an

an

On the other hand, when any of the accelerations is

smaller than the threshold,

the abnormality presenc

determination unit 192 determines that an abnormali

not present.

Here, the threshold may be a preset

Further, the threshold may be

acceleration in the vertical direction, the acceler

in the horizontal direction, and the acceleration i

longitudinal direction.

[0022]
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When the abnormality presence determination unit 1 92

determines that an abnormality is present, the freq uency
analysis unit 193 performs frequency analysis of th e
acceleration to acquire frequency pattern data of t he
acceleration. For example, the frequency analysis unit
193 performs 1/3 octave band analysis on accelerati on data

in each of the vertical direction, the horizontal
direction, and the longitudinal direction.

In the frequency pattern data, a magnitude of an

amplitude is shown for each frequency. For example , when
the frequency analysis unit 193 performs the 1/3 oc tave
band analysis, an amplitude for each frequency band of 1/3

octave is shown in the frequency pattern data.

The abnormality type identification unit 194

identifies the type of abnormality on the basis of the
frequency pattern obtained through the frequency an alysis
of the frequency analysis unit 193. When the type of

abnormality cannot be identified from the frequency
pattern, the abnormality type identification unit 1 94
identifies the type of abnormality on the basis of the
frequency pattern and a measurement result of the
acceleration.

[0023]

Fig. 2 is a graph illustrating an example of a

change in a frequency of an acceleration when an

-11 -



abnormality occurs in the vehicle 910. A horizonta | axis
of Fig. 2 indicates the frequency, and a vertical a Xis
indicates an amplitude. A line L11 indicates an ex ample

of an acceleration at an ordinary time. A line L12

indicates an example of the acceleration when an ai r
spring is abnormal. This air spring is provided be tween
the bogie 911 and the vehicle chassis 912. In the example
of Fig. 2, rigidity of the vehicle 910 is increased and a
natural frequency is higher than at an ordinary tim e due

to the abnormality in the air spring.
[0024]

The abnormality type identification unit 194

identifies the type of abnormality on the basis of such a
change in frequency. For example, the storage unit 180
stores the type of abnormality and the frequency pa ttern
of an acceleration in association with each other. The
abnormality type identification unit 194 selects a pattern
similar to the pattern of the frequency obtained th rough
the analysis of the frequency analysis unit 193, an d
identifies a type of abnormality associated with th is
pattern.
[0025]

Data in which the type of abnormality and the
frequency pattern of an acceleration are associated with

each other can be obtained, for example, by perform ing

-12 -



traveling simulation of the vehicle 910 or actual

traveling such as experimental traveling in advance . The
storage unit 180 may store the obtained data as a d atabase
of the acceleration.

The traveling simulation of the vehicle 910 is

performed using, for example, a tire, an air spring , a
horizontal motion damper, and a guide wheel as comp onent
parts. In the traveling simulation, for example, v ertical,
horizontal, and longitudinal vehicle floor accelera tions
and bogie accelerations are evaluation target. How ever,
component parts and the evaluation targets are not limited
to these, and can be additionally included or exclu ded.
[0026]

In simulation in which failure has been simulated,
for example, the failure is simulated by changing a ny one

or a combination of spring stiffness, a damping

coefficient, an amount of backlash, and the like of each
part.

A track that is target may be divided into section S
such as a straight part and a curved part, and simu lation

may be performed for each section to generate data.
However, a method of dividing the section of the tr ack is
not limited to a specific method.

A vehicle in a track traffic system such as the AG T

usually travel in a determined travel pattern. On the

-13-



other hand, a weight of the vehicle varies with the

of passengers. Therefore, a simulation may be perf

for a certain weight to generate a database of the
acceleration.

[0027]

In

acceleration, frequency analysis of, for example, a
octave band may be performed on the obtained accele
A change in frequency characteristics for each type

abnormality such as each failure mode may be held a

database.

Further, main component analysis may be performed
using an acceleration, and a maximum value, a minim
value, and an effective value of the acceleration,
like as feature quantities, and main component scor

be calculated using an obtained main component

quantity.

quantities

calculated up to an Nth-order main component score.
storing these results in the database, it becomes p

to discriminate which state an actual traveling sta

close to.

For the effective value of the acceleration, for

example, the effective value of the acceleration ma

generation

the

the number

the main component
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calculated from acceleration data for a predetermin ed time
during traveling.
[0028]

Fig. 3 is a diagram illustrating an example of a

procedure of a process in which the abnormality mon itoring
device 100 determines whether an abnormality is pre sent in
the vehicle 910 and identifies a type of abnormalit y when
the abnormality occurs. The abnormality monitoring device
100 performs the process of Fig. 3 at each predeter mined

sampling cycle, for example.

In the process of Fig. 3, the acceleration data

acquisition unit 191 acquires data of the accelerat ion in
each of a vertical direction, a horizontal directio n, and
a longitudinal direction of the vehicle chassis 912 (step
S111).

[0029]

The abnormality presence determination unit 192
detects a maximum value, a minimum value, and an ef fective
value of the acceleration for each piece of data of the
acceleration in each of the vertical direction, the
horizontal direction, and the longitudinal directio n of
the vehicle chassis 912 (step S112).

Then, the control unit 190 performs a data-specifi c
determination (step S113). In the data-specific

determination, the control unit 190 determines whet her an

-15 -



abnormality is present for each of pieces of accele
data in each of a vertical direction, a horizontal
direction, and a longitudinal direction of the vehi
chassis 912. When the control unit 190 determines
abnormality is present, the control unit 190 identi
the type of abnormality.

[0030]

Fig. 4 is a diagram illustrating an example of a

processing procedure in which the control unit 190

performs a data-specific determination. The contro
190 performs a process of Fig. 4 in step S113 of Fi

In the process of Fig. 4, the abnormality presence
determination unit 192 determines whether a maximum
of the absolute value of the acceleration (a magnit
the acceleration) is equal to or greater than a
predetermined threshold for each piece of the data
acceleration of the vehicle 910 in each of the vert
direction, the horizontal direction, and the longit
direction (step S211).

When the abnormality presence determination unit 1
determines in step S211 that the maximum value is s
than the threshold (step S211: smaller than the thr
the abnormality presence determination unit 192 det
that an abnormality is not present in the data (ste

When it is determined that an abnormality is not pr
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in all of the pieces of data, the process of Fig. 4
and the process of Fig. 3 ends.

[0031]

On the other hand, when the abnormality presence
determination unit 192 determines that the maximum
is equal to or greater than the threshold in step S
(step S211: equal to or greater than the threshold)
frequency analysis unit 193 performs frequency anal
the data for which the maximum value is determined
equal to or greater than the threshold and acquires
frequency data (step S231).

Then, the abnormality type identification unit 194
identifies a type of abnormality using the obtained
frequency data (step S232).

Then, the control unit 190 determines whether the
identification of the type of abnormality has been
successful in step S232 (step S233).

[0032]

When the control unit 190 determines whether the
identification of the type of abnormality has been
successful for one or more pieces of data (step S23
identification success), the abnormality monitoring
100 outputs the identified type of the abnormality
S241). For example, the display unit 130 may displ

identified type of abnormality under the control of

-17 -
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control unit 190. Alternatively, the communication unit
110 may transmit data indicating the identified typ e of
abnormality to another device under the control of the
control unit 190.

After step S241, the abnormality monitoring device
100 ends the process of Fig. 4 and ends the process of Fig.
3.

On the other hand, when it is determined in step
S233 that the identification of the type of abnorma lity
has failed for any data (step S233: identification
failure), the abnormality monitoring device 100 end s the
process of Fig. 4 and returns to the process of Fig . 3.

[0033]

When it is determined in step S113 that an
abnormality is present and the identification of th e type
of abnormality has failed for any of the data, the
frequency analysis unit 193 performs frequency anal ysis of
the acceleration data on which the frequency analys is has
not been performed (step S114).

The abnormality type identification unit 194

performs main component analysis based on the accel eration
data in all of the vertical direction, the horizont al
direction, and the longitudinal direction of the ve hicle
chassis 912 (step S121). For example, the storage unit

180 may store the feature quantity and the type of

-18 -



abnormality in association with each other, for eac

of abnormality in the vehicle 910, using the maximu

the minimum value, the effective value, and the amp

for each frequency band of the acceleration in each

vertical

longitudinal
feature quantities.

unit 194 identifies the type of abnormality by read

from

direction,

the storage unit

the horizontal

180 the

direction,

and t

direction of the vehicle chassis 912 a

The abnormality type identific

associated with the feature quantity most similar t

feature quantity obtained in steps S112, S113, and

[0034]

type of abnormality

The abnormality monitoring device 100 outputs the

type of the abnormality identified by the main comp

analysis (step S122). For example, the display uni

may display the identified type of abnormality unde

control

communication unit 110 may transmit data indicating

of the control

unit 190.

Alternatively, th

identified type of abnormality to another device un

control of the control unit 190.

After step S122, the abnormality monitoring device

100 ends the process of Fig. 3.

[0035]

As

described

above,

the acceleration

acquisition unit 191 acquires the measurement data

-19 -
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acceleration of the vehicle chassis 912. The abnor

presence determination unit 192 determines whether

abnormality is present on the basis of comparison b

the measurement data of the acceleration of the veh

chassis 912 acquired by the acceleration data acqui

unit 191 with the threshold.

When the abnormality

presence determination unit 192 determines that

abnormality is present, the frequency analysis unit

analyzes the frequency of the acceleration,

abnormality type identification unit 194 identifies

type of abnormality on the basis of the pattern of

frequency.

Accordingly, when an abnormality occurs in

vehicle, it is possible to obtain information indic

the type of the abnormality.

an

and the

the

Further, according to the abnormality monitoring

device 100, the acceleration sensor may be installe

the vehicle chassis 912 of the vehicle 910, and it

necessary for the acceleration sensor to be install

the bogie 911. In this respect,

abnormality monitoring device 100,

according to the

it is possible t

ascertain the abnormality in the vehicle 910 using

relatively small number of sensors.

[0036]
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Further, when the type of abnormality cannot be
identified from the pattern of the frequency, the
abnormality type identification unit 194 identifies
type of abnormality on the basis of the pattern of
frequency and the measurement result of the acceler
Accordingly, the abnormality type identification un
can identify the type of abnormality on the basis o
feature quantities. In this regard, the abnormalit
identification unit 194 can enhance accuracy of
identification of the type of abnormality.

[0037]

The abnormality monitoring device 100 may determin
whether to start identification of the type of abno
on the basis of the travel pattern of the vehicle 9
addition to the comparison between a maximum value
absolute value of the acceleration and a threshold.

Here, an acceleration different from an ordinary
travel pattern may be generated due to a sudden bra
the like while the vehicle 910 is traveling. In th
by determining whether to start identification of t
of abnormality on the basis of the travel pattern o
vehicle 910, it is possible to reduce a possibility
erroneous determination in which it is determined t
abnormality occurs even when the abnormality does n

occur in the vehicle 910.

-21-
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[0038]

Fig. 5 is a diagram illustrating an example of a
processing procedure in a case in which the abnorma
monitoring device 100 determines whether identifica
a type of abnormality is started on the basis of th
travel pattern of the vehicle 910. The abnormality
monitoring device 100 performs a process of Fig. 5
of the process of Fig. 4 in step S113 of Fig. 3.

Step S311 in Fig. 5 is the same as step S211 in Fi
4. In step S311, when the abnormality presence
determination unit 192 determines that the maximum
of the absolute value of the acceleration is equal
greater than the threshold (step S311: equal to or
than the threshold), the abnormality type identific
unit 194 determines whether a travel pattern of the
vehicle 910 matches a predetermined pattern (step S

[0039]

Specifically, the  storage unit 180  stores
acceleration pattern information indicating a longi
acceleration of the vehicle 910 for each kilometer
each elapsed time from the start of traveling in ad
The abnormality type identification unit 194 determ
whether the acceleration pattern indicated by the
longitudinal acceleration data matches the accelera

the acceleration pattern information. When the
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acceleration pattern indicated by the longitudinal

acceleration data matches the acceleration in the

acceleration pattern information, the abnormality t ype
identification unit 194 determines, for example, wh ether
an acceleration difference is within a predetermine d ratio

in any kilometer or time.

[0040]

When the abnormality type identification unit 194
determines that the travel pattern of the vehicle 9 10 does
not match the predetermined pattern in step S321 (s tep
S321: no match), the process proceeds to step S331.

On the other hand, when the abnormality type

identification unit 194 determines that the travel pattern
of the vehicle 910 matches the predetermined patter n in
step S321 (step S321: match), the process proceeds to step
S341.

Step S331 is the same as step S221 of Fig. 4.

Steps S341 to S351 are the same as steps S231 to
S241 in Fig. 4.

[0041]

A plurality of patterns of an acceleration of the

vehicle may be calculated for each of a traveling s peed, a
curvature and a slope of a track, and the like in t he
traveling simulation in advance. Even in a case in which
an actual travel pattern is different from an expec ted

-23-



travel pattern and when there is data in which a tr avel

pattern matches the actual travel pattern, it is po ssible
to perform a determination as to whether an abnorma lity is
present and identification of a type of abnormality by
performing comparison between the data with data in the
actual traveling. Accordingly, it is possible to i ncrease
the number of sections in which the determination a s to
whether an abnormality is present and the identific ation

of the type of abnormality are performed.

Further, even when the actual travel pattern is

different from the expected travel pattern and in a case
in which the vehicle travels the same pattern at an other
place on the track, data for the place may be compa red

with the data in actual traveling.

[0042]

As described above, the abnormality type
identification unit 194 determines whether to start the
identification of the type of abnormality on the ba sis of
the travel pattern of the vehicle 910.

Accordingly, when an acceleration different from a n
ordinary travel pattern of the vehicle 910 is gener ated,
it is possible to reduce a possibility of erroneous
determination in which the abnormality monitoring d evice
100 determines that an abnormality occurs even when the

abnormality does not occur in the vehicle 910.

=24 -



[0043]

The abnormality monitoring device 100 may perform
determination as to an abnormality in the track 920
addition to or instead of the determination as to a
abnormality in the vehicle 910.

Fig. 6 is a diagram illustrating an example of a
procedure of a process in which the abnormality mon
device 100 performs a determination as to an abnorm
in the vehicle 910 and an abnormality in the track

In the process of Fig. 6, the acceleration data
acquisition unit 191 acquires acceleration data of
vehicle 910 in each of the vertical direction, the
horizontal direction, and the longitudinal directio
S411).

[0044]

Then, the control unit 190 starts a loop L111 for
performing a process for each section set in the tr
(step S421).

Then, the abnormality presence determination unit
192 determines whether an abnormality is present (s

S422). The abnormality presence determination unit

compares a maximum value of an absolute value of th

acceleration with the threshold to determine whethe
abnormality is present, for example, as in step S21

Fig. 4.
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[0045]

When the abnormality presence determination unit 1
determines that an abnormality is present in step S
the storage unit 180 stores information indicating
section in which it is determined that the abnormal
present under the control of the control unit 190 (
S423).

The control unit 190 performs termination processi
of the loop L111 (step S424). The control unit 190
determines whether the process of the loop L111 has
performed on all sections that are management targe
the track 920. When the control unit 190 determine
there is an unprocessed section, the process return
step S421 and the control unit 190 continues to per
the process of loop L111 on the unprocessed section
the other hand, when the control unit 190 determine
the process of the loop L111 has been performed for
the sections that are targets, the control unit 190
the loop L111.

[0046]

When the loop L111 ends in step S424, the control

unit 190 determines whether the number of sections
which it is determined that an abnormality is prese
equal to or greater than a predetermined threshold

S431).

- 26 -
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When the control unit 190 determines that the numb

of sections in which it is determined that an abnor

is present is smaller than the threshold (step S431

smaller than the threshold), the abnormality
identification unit 194 identifies an abnormality i
track 920 (step S441). For example, the abnormalit

identification unit 194 identifies an abnormality s

type

adhesion of foreign matters to a road surface or a

depression of the road surface in the section deter

to be abnormal.

The abnormality monitoring device 100 ends

process of Fig. 6 after outputting a result of the

identification (step S442).

[0047]

On the other hand, when the control unit 190

determines that the number of sections in which it
determined that an abnormality is present is equal
greater than the threshold (step S431: equal to or

than the threshold), the abnormality type identific
unit 194 identifies an abnormality in the vehicle 9
(step S451). For example, the abnormality
identification unit 194 performs the same process a

the case of Figs. 3 to 4.
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The abnormality monitoring device 100 ends the
process of Fig. 6 after outputting a result of the
identification (step S452).

[0048]

As described above, when the abnormality presence
determination unit 192 determines that an abnormali ty is
present in a certain section among the sections of the
track 920 and determines that an abnormality is not

present in other sections, the abnormality type

identification unit 194 determines that the abnorma lity is
likely to be on the track 920 side. For example, t he
abnormality type identification unit 194 separates the
abnormality in the track 920 and the abnormality in the
vehicle 910 on the basis of the number of sections in
which it is determined that an abnormality is prese nt as

described above.

Accordingly, the abnormality monitoring device 100
can detect an abnormality in the track 920 by monit oring
the vehicle 910 without the need to install a senso ror
the like in the track 920.

[0049]

Second Embodiment

Fig. 7 is a diagram illustrating an example of a
management target of the abnormality monitoring dev ice 100

according to a second embodiment of the present inv ention.
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As illustrated in Fig. 7, the abnormality monitorin
device 100 acquires acceleration data from each of
plurality of vehicles 910, which are monitoring tar

A configuration of the abnormality monitoring devi
100 and a configuration of each of the vehicles 910
the same as in the case of Fig. 1.

[0050]

In a configuration of Fig. 7, when the abnormality
presence determination unit 192 determines that an
abnormality is present for a plurality of vehicles
same section of the track 920, the abnormality type
identification unit 194 identifies an abnormality i
track 920.

The determination as to the presence or absence of
the abnormality in the vehicle 910 and the identifi
of the type of the abnormality are the same as in t
of the first embodiment.

[0051]

Here, it is possible to perform a determination as
to an abnormality with higher accuracy by collectin
travel data of respective vehicles of which weight
conditions are equal. Since an internal pressure o
air spring is substantially determined according to
weight of passengers, for example, a plurality of g

are defined according to the internal pressure of t
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spring. The acceleration data is classified into g
according to a magnitude of the internal pressure t
measured at the time of traveling.

When passengers are getting on and off at a statio
a change in weight causes the internal pressure of
spring to change. Further, the internal pressure o
air spring always changes due to vibration of the v
chassis during traveling. Therefore, an average va
several seconds until the vehicle departs after a d
closed at the station, for which the change in inte
pressure of the air spring seems to be the smallest

set as a value of the internal pressure of the air

For data of each group classified according to the

maghnitude of the internal pressure of the air sprin
of the acceleration per traveling distance (for exa
about a kilometer) is divided into sections having

relatively short distance such as about 10 meters.

abnormality monitoring device 100 may perform

determination as to whether an abnormality is prese
identification of a type of abnormality through, fo
example, analysis of a maximum value, an effective
and a frequency of the acceleration, as described a
for each of the divided sections.

[0052]
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The abnormality monitoring device 100 may identify

an abnormality in a portion related to the bogie 91 1 when
a period of the abnormality in the vehicle 910 beco mes
shorter in inverse proportion to the traveling spee d. For
example, when a flat spot occurs on a traveling whe el, a
frequency at which vibration is generated can be es timated
from the traveling speed and the diameter of the tr aveling
wheel. Accordingly, causes can be estimated accord ing to

the result of the frequency analysis.

For the abnormality in the vehicle 910, when a

vibration having a low correlation with the travel ng
speed is generated, the abnormality monitoring devi ce 100
may identify the abnormality as an abnormality in t he

vehicle chassis 912.
[0053]

On the other hand, for an abnormality in the track

920, the abnormality monitoring device 100 may calc ulate a
wavelength of track irregularity that is a main fac tor of
an increase in the acceleration from a main frequen cy of
the traveling speed and the acceleration of the veh icle
910. A result of this calculation of the wavelengt h can
be useful for study of a correction procedure of th e track
irregularity.
[0054]
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As described above, the acceleration data

acquisition unit 191 acquires the measurement data of the
acceleration from the plurality of vehicle chassis 912.
When the abnormality presence determination unit 19 2
determines that an abnormality is present in the sa me
section among the sections of the track for each of the
pieces of measurement data of the acceleration from the

plurality of vehicle chassis, the abnormality type
identification unit 194 determines that an abnormal ity is
likely to be on the track side.

Accordingly, the abnormality monitoring device 100
can detect an abnormality in the track 920 with hig her
accuracy.

[0055]

The process of each unit may be performed by

recording a program for realizing all or some of fu nctions
of the control unit 190 in a computer-readable reco rding
medium, loading the program recorded on the recordi ng
medium to a computer system, and executing the prog ram.
The “computer system” described herein includes an OS or

hardware such as a peripheral device.
The “computer system” also includes a homepage
providing environment (or a display environment) wh en a

WWW system is used.
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Further, the “computer-readable recording medium”
includes a portable medium such as a flexible disk,
magneto-optical disc, a ROM, or a CD-ROM, or a stor
device such as a hard disk built in the computer sy

Further, the above program may be a program for
realizing some of the above-described functions.
Alternatively, the program may be a program capable
realizing the above-described functions in combinat
with a program previously recorded in a computer sy

[0056]

Although the embodiments of the present invention
have been described above in detail with reference
drawings, specific configurations are not limited t
embodiments, and design changes and the like withou
departing from the gist of the present invention ar
included.

Industrial Applicability

[0057]

The embodiments of the present invention relate to
an abnormality monitoring device including an accel
data acquisition unit that acquires measurement dat
acceleration of a vehicle chassis, an abnormality p
determination unit that determines whether an abnor
the basis of comparison between the

iSs present on

acceleration and a threshold, a frequency analysis

-33-

age

stem.

of
ion

stem.

to the

o the

eration
a of an
resence

mality

unit



that analyzes a frequency of the acceleration when the
abnormality presence determination unit determines that an
abnormality is present, and an abnormality type
identification unit that identifies a type of abnor mality
on the basis of a pattern of the frequency.

According to this embodiment, when an abnormality
occurs in the vehicle, it is possible to obtain
information indicating a type of the abnormality.
Reference Signs List

[0058]

100 Abnormality monitoring device

110 Communication unit

120 Operation input unit

130 Display unit

180 Storage unit

190 Control unit

191 Acceleration data acquisition unit

192 Abnormality presence determination unit

193 Frequency analysis unit

194 Abnormality type identification unit

900 Traffic system

910 Vehicle

911 Bogie

912 Vehicle chassis

913 Acceleration sensor
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920 Track
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CLAIMS

[Claim 1]

An abnormality monitoring device comprising:

an acceleration data acquisition unit that acquires measurement data of an acceleration
of a vehicle chassis;

an abnormality presence determination unit that determines whether an abnormality is
present on the basis of comparison between the acceleration and a threshold;

a frequency analysis unit that analyzes a frequency of the acceleration when the
abnormality presence determination unit determines that an abnormality is present; and

an abnormality type identification unit that identifies a type of abnormality based on a
pattern of the frequency or that identifies the type of the abnormality based on the pattern of
the frequency and a measurement result of the acceleration when the type of abnormality

cannot be determined according to the pattern of the frequency.

[Claim 2]
The abnormality monitoring device according to claim 1, wherein the abnormality
type identification unit determines whether to start identification of the type of abnormality

on the basis of a travel pattern of a vehicle including the vehicle chassis.

[Claim 3]

The abnormality monitoring device according to claim 1 or claim 2, wherein the
abnormality type identification unit determines that the abnormality is likely to be on a track
side when the abnormality presence determination unit determines that the abnormality is
present in a certain section among sections of the track but determines that no abnormality is

present in other sections.

[Claim 4]

The abnormality monitoring device according to any one of claims 1 to 3,

wherein the acceleration data acquisition unit acquires measurement data of the
acceleration from a plurality of vehicle chassis, and

wherein the abnormality type identification unit determines that the abnormality is
likely to be on the track side when the abnormality presence determination unit determines
that the abnormality is present in the same section among the sections of the track for each of

the measurement data of the acceleration from a plurality of vehicle chassis.
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[Claim 5]

An abnormality monitoring method comprising:

acquiring measurement data of an acceleration of a vehicle chassis;

determining whether an abnormality is present on the basis of comparison between
the acceleration and a threshold;

analyzing a frequency of the acceleration when it is determined that an abnormality is
present; and

identifying a type of abnormality based on a pattern of the frequency or identifying
the type of abnormality based on the pattern of the frequency and a measurement result of the
acceleration when the type of abnormality cannot be determined according to the pattern of

the frequency.

[Claim 6]

A program for causing a computer to execute:

acquiring measurement data of an acceleration of a vehicle chassis;

determining whether an abnormality is present on the basis of comparison between
the acceleration and a threshold;

analyzing a frequency of the acceleration when it is determined that an abnormality is
present; and

identifying a type of abnormality based on a pattern of the frequency or identifying
the type of abnormality based on the pattern of the frequency and a measurement result of the
acceleration when the type of abnormality cannot be determined according to the pattern of

the frequency.
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