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DESCRIPTION

ANOMALY DETERMINATION DEVICE, ANOMALY DETERMINATION

METHOD, AND PROGRAM

Technical Field
[0001]
The present invention relates to an anomaly determination device, an anomaly
determination method, and a program.
Priority is claimed on Japanese Patent Application No. 2016-035885, filed

February 26, 2016, the content of which is incorporated herein by reference.

Background Art
[0002]

In a transportation system in which switching between tracks is performed,
such as a railroad, a new transportation system, or the like, it is important for the
switching between tracks to be correctly performed in order to ensure safety and the
accuracy of a schedule. Therefore, several technologies for detecting failure of a
switching portion of a track are proposed.

For example, a state monitoring device for a switch described in Patent
Literature 1 monitors distortion of a switch adjuster, converts a detected value of the
distortion into a changeover force, and outputs or displays the changeover force.
Further, Patent Literature 1 describes that state monitoring is performed through
comparison of the output or displayed changeover force with a reference changeover

force measured in advance when the switch is normal.
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Patent Literature
[0003]

[Patent Literature 1] Japanese Patent No. 5343294

SUMMARY OF INVENTION
Technical Problem
[0004]

When a failure has occurred in a switching portion of a track, it is important to
rapidly recognize a failure occurrence place in order to rapidly resolve the failure. In
the case of a transportation system, the number of devices to be used is large, and the
devices are installed over a wide area. Therefore, it is particularly important that it be
possible to rapidly recognize a failure occurrence place in the transportation system.
[0005]

The present invention provides an anomaly determination device, an anomaly
determination method, and a program that are capable of obtaining information for
recognizing a failure occurrence place when a failure occurs in a switching portion of a

track.

Solution to Problem
[0006]

According to a first aspect of the present invention, an anomaly determination
device includes: a changeover force measurement unit that measures a changeover force

output by a driving device, the driving device outputting a changeover force for
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switching a direction of a branch rail whose direction is variable; a voltage measurement
unit that measures a voltage supplied to the driving device; a current measurement unit
that measures a current flowing through the driving device; and an anomaly
determination unit that determines whether there is an anomaly in the branch rail,
whether there is an anomaly in the driving device, and whether there is an anomaly in
power supplied to the driving device on the basis of the magnitude of the changeover
force, the magnitude of the voltage, and the magnitude of the current.

[0007]

The anomaly determination device may further include a displacement
measurement unit that measures displacements of the branch rails provided on left and
right sides of a travel route of a vehicle along the travel route, for the respective left and
right branch rails, wherein the anomaly determination unit determines whether there is an
anomaly in the branch rails on the basis of a difference between a displacement of the left
branch rail and a displacement of the right branch rail.

[0008]

The anomaly determination unit may determine whether there is an anomaly on
the basis of a temporal change in at least one of the magnitude of the changeover force,
the magnitude of the voltage, and the magnitude of the current.

[0009]

According to a second aspect of the present invention, an anomaly
determination method includes: measuring a changeover force output by a driving
device, the driving device outputting a changeover force for switching a direction of a
branch rail whose direction is variable; measuring a voltage supplied to the driving
device; measuring a current flowing through the driving device; and determining whether

there is an anomaly in the branch rail, whether there is an anomaly in the driving device,
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and whether there is an anomaly in power supplied to the driving device on the basis of
the magnitude of the changeover force, the magnitude of the voltage, and the magnitude
of the current.

[0010]

According to a third aspect of the present invention, a program is a program for
causing a computer to determine whether there is an anomaly in a branch rail, whether
there is an anomaly in a driving device, and whether there is an anomaly in power
supplied to the driving device on the basis of the magnitude of a changeover force output
by a driving device, the driving device outputting a changeover force for switching a
direction of a branch rail whose direction is variable, the magnitude of a voltage supplied

to the driving device, and the magnitude of a current flowing through the driving device.

Advantageous Effects of Invention
[0011]

According to the anomaly determination device, the anomaly determination
method, and the program described above, it is possible to obtain information for
recognizing where a failure has occurred when a failure occurs in the switching portion

of the track.

BRIEF DESCRIPTION OF DRAWINGS
[0012]
Fig. 1 is a schematic block diagram showing a functional configuration of an
anomaly determination device according to an embodiment of the present invention.
Fig. 2 is an illustrative diagram showing an example of a direction of a branch

rail when a vehicle travels straight according to the embodiment of the present invention.
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Fig. 3 is an illustrative diagram showing an example of a position of a branch
rail when a vehicle travels straight according to an embodiment of the present invention.

Fig. 4 is an illustrative diagram showing an example of a direction of a branch
rail when a vehicle turns left according to the embodiment of the present invention.

Fig. 5 is an illustrative diagram showing an example of a position of a branch
rail when a vehicle turns left according to the embodiment of the present invention.

Fig. 6 is an illustrative diagram showing an example of an installation position
of a load sensor according to an embodiment of the present invention.

Fig. 7 is an illustrative diagram showing an example of measurement places of
a current and a voltage in an embodiment of the present invention.

Fig. 8 is an illustrative diagram showing an example of an installation position
of a displacement sensor according to an embodiment of the present invention.

Fig. 9 is a graph showing an example of a measured value of a load sensor and
a measured value of a displacement sensor according to an embodiment of the present
invention.

Fig. 10 is an illustrative diagram showing an example of an anomaly and a
point at which the anomaly occurs determined by the anomaly determination unit
according to the embodiment of the present invention.

Fig. 11 is a graph showing an example of a temporal change in changeover of a
variable branch rail performed by the branching device according to the embodiment of
the present invention.

Fig. 12 is a graph showing an example in which the anomaly determination unit
according to the embodiment of the present invention determines whether or not there is
an anomaly by comparing one type of measured value with a threshold value.

Fig. 13 is a graph showing an example in which the anomaly determination unit
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according to the embodiment of the present invention determines whether or not there is
an anomaly by comparing two types of measured values with a threshold value.

Fig. 14 is an illustrative diagram showing an example of an order in which the
anomaly determination unit according to an embodiment of the present invention
determines whether or not there is an anomaly.

Fig. 15 is a graph showing a first example of a history of measured values
indicating a tendency of anomalies in an embodiment of the present invention.

Fig. 16 is a graph showing a second example of a history of measured values
indicating a tendency of anomalies in an embodiment of the present invention.

Fig. 17 is a flowchart showing an example of a processing procedure in which
the anomaly determination device according to an embodiment of the present invention

performs a determination of an anomaly regarding a branching device.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0013]

Hereinafter, embodiments of the present invention will be described, but the
following embodiments do not limit the invention according to the Claims. Further, not
all combinations of the features described in the embodiments are necessarily essential to
solution means of the invention.

[0014]

Fig. 1 is a schematic block diagram showing a functional configuration of an
anomaly determination device according to an embodiment of the present invention. As
shown in Fig. 1, the anomaly determination device 1 includes a measurement unit 100
and an anomaly determination device body 200. The measurement unit 100 includes a

changeover force measurement unit 110, a current measurement unit 120, a voltage
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measurement unit 130, a displacement measurement unit 140, a driving device
temperature measurement unit 150, and an environmental temperature measurement unit
160. The anomaly determination device body 200 includes a measurement result
acquisition unit 210, an operation input unit 220, a display unit 230, a storage unit 280,
and a control unit 290. The storage unit 280 includes a measurement result storage unit
281. The control unit 290 includes an anomaly determination unit 291.

[0015]

The anomaly determination device 1 determines whether or not there is an
anomaly in a branching device. The branching device described herein is, for example,
an electric device that is used in a guide rail type railway (Automated Guideway Transit;
AGT) which is a new transportation system and switches directions of a branch rail.

However, the branching device targeted by the anomaly determination device 1
is not limited to the branching device of a new transportation system. It is possible to
use the anomaly determination device 1 for monitoring of an electric branching device
that is used for any of various transportation systems which switch traveling routes of a
vehicle by switching directions of a branch rail.

The switching of the branch rail that is performed by the branching device will
be described herein with reference to Figs. 2to 5.  Specifically, an example of a change
in a direction of the branch rail by the branching device when a vehicle travels straight at
a branch point of a track and when the vehicle turns left will be described.

[0016]

Fig. 2 is an illustrative diagram showing an example of a direction of the branch
rail when the vehicle travels straight. Fig. 2 shows a state in which the vehicle traveling
at a branch point of a track is viewed from above. “Above” described herein is the

skyward side.
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A new transportation system 700 shown in Fig. 2 includes a track 800 and a
vehicle 900. The track 800 includes a road surface 810, a guide rail 820, a branch rail
830, and a branching device 840. The branch rail 830 includes a fixed branch rail 831
and a variable branch rail 832. The branching device 840 includes a driving device 841
and arod 842. The vehicle 900 includes a vehicle body 910, a support 920, a guide
wheel 930, a branch wheel 940, and a traveling tire 950.

Further, a traveling direction of the vehicle 900 is indicated by an arrow B11.
[0017]

The track 800 constitutes a traveling path of the vehicle 900.

The road surface 810 is a surface on which the vehicle 900 travels. The road
surface 810 is formed, for example, approximately horizontally on a surface of concrete.
The vehicle 900 travels on the road surface 810 by rotating the traveling tire 950 that is in
contact with the road surface 810.

The guide rail 820 restricts the direction of the vehicle 900 so that the vehicle
900 travels on the road surface 810. In the example of Fig. 2, the guide rail 820 is
provided on both sides of the track 800, and the vehicle 900 travels with the guide wheel
930 in contact with the guide rail 820. “Both sides of the track 800" described herein
refers to both sides of the road surface 810.

Accordingly, the direction of the vehicle 900 is restricted so that the vehicle 900
does not deviate from the road surface 810.

[0018]

The branch rail 830 is provided at a branch point of the track 800 and guides
the vehicle 900 traveling at the branch point to the track of any of branch destinations.

In the example of Fig. 2, the fixed branch rail 831 is installed at each branch

destination of the track 800, and a variable branch rail 832 is installed in front of each
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fixed branch rail 831. Here, “front” is the rear side in the traveling direction of the
vehicle 900.

Specifically, the fixed branch rail 831 is installed on the right side of the track
of the branch destination when the vehicle 900 travels straight, and the variable branch
rail 832 is installed in front of the fixed branch rail 831. The fixed branch rail 831 is
installed on the left side of the track of the branch destination when the vehicle 900 turns
left, and the variable branch rail 832 is installed in front of the fixed branch rail 831.
“Right side of the track” described herein is the right side in the traveling direction of the
vehicle 900. Here, “left side of the track™ described herein is the left side in the
traveling direction of the vehicle 900.

[0019]

Hereinafter, the fixed branch rail 831 and the variable branch rail 832 located
on the left side in the traveling direction of the vehicle 900 are referred to as a left fixed
branch rail 831a and a left variable branch rail 832a, respectively. The fixed branch rail
831 and the variable branch rail 832 located on the right side in the traveling direction of
the vehicle 900 are referred to as a right fixed branch rail 831b and a right variable
branch rail 832b, respectively. In the example of Fig. 2, the left variable branch rail
832a is installed such that the direction thereof is variable with a rotation center P11 as a
rotation axis. The right variable branch rail 832b is installed such that the direction
thereof is variable with the rotation center P12 as a rotation axis.

[0020]

The branching device 840 switches a traveling route of the vehicle 900 by
changing a direction of the variable branch rail 832.

The driving device 841 outputs a changeover force for switching the direction

of the variable branch rail 832. Here, the changeover of the variable branch rail 832 is
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switching the direction of the variable branch rail 832 in order to switch the traveling
route of the vehicle.
[0021]

The rods 842 transmit the changeover force from the driving device 841 to the
variable branch rail 832. Specifically, the driving device 841 includes a motor that
generates the changeover force. As the motor rotates, the driving device 841 moves the
rods 842 approximately in a longitudinal direction of the rods 842. The left variable
branch rail 832a and the right variable branch rail 832b are coupled to the rods 842. By
moving the rods 842, the directions of the left variable branch rail 832a and the right
variable branch rail 832b are changed.

[0022]

In the example of Fig. 2, in the left variable branch rail 832a, the end portion
P21 is directed to the outer side of the track 800, and in the right variable branch rail
832b, the end portion P22 is directed to the inner side of the track 800. The end portion
P21 is an end portion opposite to the rotation center P11 among both ends in the
longitudinal direction of the left variable branch rail 832a. The end portion P22 is an
end portion opposite to the rotation center P12 among both ends in the longitudinal
direction of the right variable branch rail 832b.

[0023]

The vehicle 900 travels on the travel route formed by the track 800. The
vehicle 900, for example, transports passengers or cargo. The vehicle body 910
accommodates transport targets such as the passengers or cargo. Further, the traveling
tire 950 is provided at a lower portion of the vehicle body 910. Further, the support 920
is provided to project laterally from the vehicle body 910.

The support 920 supports the guide wheels 930 and the branch wheels 940.
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Specifically, the guide wheels 930 and the branch wheels 940 are provided at the right
and left end portions of the support 920, respectively. The support 920 keeps a distance
between the vehicle body 910 and each of the guide wheel 930 and the branch wheel 940
approximately constant.

[0024]

As described above, the guide wheel 930 comes into contact with the guide rail
820 when the vehicle 900 travels and restricts the direction of the vehicle 900 so that the
vehicle 900 travels on the road surface 810. The branch wheel 940 moves along the
branch rail 830 at the branch point of the track 800 and guides the vehicle 900 to any of
the tracks 800 of the branch destination. In the example of Fig. 2, the right branch
wheel 940 of the vehicle 900 moves along the right variable branch rail 832b and the
right fixed branch rail 831b to cause the vehicle 900 to travel straight. “Right side of
the vehicle 900 described herein is the right side in the traveling direction of the vehicle
900.

The traveling tire 950 is provided on the lower side (the side close to the road
surface 810) of the vehicle body 910 and is in contact with the road surface 810.

“Lower side of the vehicle body 910" described herein is the side close to the road
surface 810. As the traveling tire 950 rotates, the vehicle 900 moves. That is, as the
traveling tire 950 rotates, the vehicle 900 travels.

[0025]

Fig. 3 is an illustrative diagram showing an example of a position of the branch
rail when the vehicle travels straight. Fig. 3 shows a positional relationship between the
branch wheel 940 and the variable branch rail 832 at the position of the line L11 in Fig. 2
when viewed from the rear side in the traveling direction of the vehicle 900. In Fig. 3,

the road surface 810, the guide rail 820, the left variable branch rail 832a, the right
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variable branch rail 832b, the vehicle body 910, the support 920, the guide wheel 930,

and the branch wheel 940 among the respective units in Fig. 2 are shown.
[0026]

As shown in Fig. 3, an inner wall 833 is provided on the inner side of the
variable branch rail 832. “Inner side of the variable branch rail 832 described herein is
the side close to the variable branch rail 832 on the opposite side.

When the branch wheel 940 is located on the outer side relative to the inner
wall 833, the branch wheel 940 moves along the variable branch rail 832 as the vehicle
900 travels. On the other hand, when the branch wheel 940 is located on the inner side
relative to the inner wall 833, the branch wheel 940 is not constrained by the variable
branch rail 832.

The same applies to the fixed branch rail 831.

[0027]

In the example of Fig. 3, the branch wheel 940 on the right side in the traveling
direction of the vehicle 900 is located on the outer side relative to the inner wall 833 of
the right variable branch rail 832b.  Accordingly, as shown in Fig. 2, the branch wheel
940 on the right side in the traveling direction of the vehicle 900 moves along the right
variable branch rail 832b.

On the other hand, in the example of Fig. 3, the branch wheel 940 on the left
side in the traveling direction of the vehicle 900 is located on the inner side relative to the
inner wall 833 of the left variable branch rail 832a. Accordingly, as shown in Fig. 2, the
branch wheel 940 on the left side in the traveling direction of the vehicle 900 can move
away from the left variable branch rail 832a.

Accordingly, as shown in Fig. 2, the vehicle 900 moves straight while moving

along the right variable branch rail 832b.



10

15

20

25

13
[0028]

As described with reference to Fig. 2, in the left variable branch rail 832a, the
end portion P21 is directed to the outer side of the track 800. Therefore, in Fig. 3, the
left variable branch rail 832a is located on the outer side of the track 800 and the right
variable branch rail 832b is located on the inner side of the track 800. In particular, the
left variable branch rail 832a is located under the guide rail 820, whereas the right
variable branch rail 832b is located on the inner side relative to the guide rail 820.
“Inner side” described herein is the inner side of the track 800.

[0029]

Accordingly, the branch wheel 940 on the left side in the traveling direction of
the vehicle 900 is located on the inner side relative to the inner wall 833 of the left
variable branch rail 832a.

On the other hand, in the right variable branch rail 832b, the end portion P22 is
directed to the inner side of the track 800. Accordingly, the branch wheel 940 on the
right side in the traveling direction of the vehicle 900 is located on the outer side relative
to the inner wall 833 of the right variable branch rail 832b.

[0030]

Fig. 4 is an illustrative diagram showing an example of the direction of the
branch rail when the vehicle turns left. Fig. 4 shows a state in which the vehicle
traveling on the branch point of the track is viewed from above. “Above” described
herein is the skyward side.

The configuration shown in Fig. 4 is the same as that in Fig. 2. Portions
shown in Fig. 4 that are the same as the portions in Fig. 2 are denoted with the same
reference numerals (700, 800, 810, 820, 830, 831, 831a, 831b, 832, 832a, 832b, 840, 841,

842,900, 910, 920, 930, 940, and 950) and a description thercof will be omitted.
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Further, rotation centers P11 and P12 shown in Fig. 4 are also the same as those in the
case of Fig. 2, and a description thereof will be omitted.
[0031]

In the example of Fig. 4, the direction of the left variable branch rail 832a and
the direction of the right variable branch rail 832b are different from those in the case of
Fig. 2. In the example of Fig. 4, in the left variable branch rail 832a, the end portion
P21 is directed to the inner side of the track 800 and in the right variable branch rail
832b, the end portion P22 is directed to the outer side of the track 800.

Further, in the example of Fig. 2, the branch wheel 940 on the right side of the
vehicle 900 moves along the right variable branch rail 832b and the right fixed branch
rail 831b, whereas in the example of Fig. 4, the branch wheel 940 on the left side of the
vehicle 900 moves along the left variable branch rail 832a and the left fixed branch rail
831a. Accordingly, the vehicle 900 turns left. The traveling direction of the vehicle
900 in Fig. 4 is indicated by an arrow B12.

[0032]

Fig. 5 is an illustrative diagram showing an example of the position of the
branch rail when the vehicle turns left. Fig. 5 shows a positional relationship between
the branch wheel 940 and the variable branch rail 832 at a position of a line L12 in Fig. 4
when viewed from the rear side in the traveling direction of the vehicle 900. The road
surface 810, the guide rail 820, the left variable branch rail 832a, the right variable
branch rail 832b, the vehicle body 910, the support 920, the guide wheel 930, and the
branch wheel 940 among the respective units in Fig. 4 are shown in Fig. 5.

The configuration shown in Fig. 5 is the same as that in the case of Fig. 3.
Portions shown in Fig. 5 that are the same as the portions in Fig. 3 are denoted with the

same reference numerals (700, 800, 810, 820, 830, 832, 832a, 832b, 833, 900, 910, 920,
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930, and 940) and a description thereof will be omitted.
[0033]

In the example of Fig. 5, the position of the variable branch rail 832 is different
from that in the case of Fig. 3. Accordingly, in the example of Fig. 5, a positional
relationship between the variable branch rail 832 and the branch wheel 940 also differs
from that in the case of Fig. 3.

Specifically, in the example of Fig. 5, the branch wheel 940 on the left side in
the traveling direction of the vehicle 900 is located on the outer side relative to an inner
wall 833 of the left variable branch rail 832a. Accordingly, the branch wheel 940 on the
left side in the traveling direction of the vehicle 900 moves along the left variable branch
rail 832a, as shown in Fig. 4.

[0034]

On the other hand, in the example of Fig. 5, the branch wheel 940 on the right
side in the traveling direction of the vehicle 900 is located on the inner side relative to the
inner wall 833 of the right variable branch rail 832b. Accordingly, the branch wheel
940 on the right side in the traveling direction of the vehicle 900 can move away from the
right variable branch rail 832b, as shown in Fig. 4.

Accordingly, the vehicle 900 turns left while moving along the left variable
branch rail 832a, as shown in Fig. 4.

[0035]

As described with reference to Fig. 4, in the right variable branch rail 832b, the
end portion P22 is directed to the outer side of the track 800. Therefore, in Fig. 5, the
right variable branch rail 832b is located on the outer side of the track 800, and the left
variable branch rail 832a is located on the inner side of the track 800. In particular, the

right variable branch rail 832b is located under the guide rail 820, whereas the left
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variable branch rail 832a is located on the inner side relative to the guide rail 820.
“Inner side” described herein is on the inner side of the track 800.
[0036]

Accordingly, the branch wheel 940 on the right side in the traveling direction of
the vehicle 900 is located on the inner side relative to the inner wall 833 of the right
variable branch rail 832b.

On the other hand, in the left variable branch rail 832a, the end portion P21 is
directed to the inner side of the track 800. Accordingly, the branch wheel 940 on the
left side in the traveling direction of the vehicle 900 is located on the outer side relative
to the inner wall 833 of the left variable branch rail 832a.

[0037]

The measurement unit 100 measures various pieces of data regarding the
driving device 841 using various sensors installed in the driving device 841 or in the
vicinity thereof. The changeover force measurement unit 110 measures the direction
and magnitude of the changeover force that is output by the driving device 841.
Specifically, the changeover force measurement unit 110 includes a load sensor installed
on the rod 842, and measures the load applied to the rod 842 at the time of changeover.
[0038]

For example, a strain gauge (a strain gauge type load cell) can be used as the
load sensor included in the changeover force measurement unit 110. In this case, the
changeover force measurement unit 110 includes a power supply such as a battery and
applies a DC voltage to the strain gauge. When the strain gauge is compressed or pulled
with compression or tension of the rod 842 and a resistance value changes, the current
flowing through the strain gauge is changed. The changeover force measurement unit

110 measures the direction and the magnitude of the changeover force output from the
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driving device 841 by calibrating the current flowing through the strain gauge using an
amplifier.
[0039]

Fig. 6 is an illustrative diagram showing an example of an installation position
of the load sensor. Portions shown in Fig. 6 that are the same as the portions in Fig. 2
are denoted with the same reference numerals (700, 800, 810, 820, 830, 831, 831a, 831b,
832, 832a, 832b, 840, 841, 842, 900, 910, 920, 930, 940, and 950) and a description
thereof will be omitted.

In the example of Fig. 6, a load sensor 111 of the changeover force
measurement unit 110 is shown in addition to each part shown in Fig. 2.  Specifically,
the load sensor 111 is provided on the rod 842. When a strain gauge is used as the load
sensor 111, the load sensor 111 which is the strain gauge is attached to the rod 842, as
shown in Fig. 6. By detecting the compression or tension of the rod 842 using the load
sensor 111, it is possible to measure the direction and the magnitude of the changeover
force output from the driving device 841, as described above.

However, the load sensor included in the changeover force measurement unit
110 is not limited to the strain gauge, and the changeover force measurement unit 110
may include a sensor other than the strain gauge, such as a capacitive load cell.
Alternatively, the changeover force measurement unit 110 may measure the changeover
force by measuring the load (for example, a load torque) of a motor that outputs the
changeover force.

[0040]

The current measurement unit 120 includes a current sensor and measures a

current flowing through the driving device 841. The voltage measurement unit 130

includes a voltage sensor and measures a voltage supplied to the driving device 841.
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Fig. 7 is an illustrative diagram showing an example of measurement places of
the current and the voltage. In the example of Fig. 7, a voltage sensor 131 of the
voltage measurement unit 130 measures a voltage of a power supply 850 that supplies
power to the driving device 841. Further, a current sensor 121 of the current
measurement unit 120 measures a current from the power supply 850 to the driving
device 841. That is, the current sensor 121 and the voltage sensor 131 measure a power
supply current and a power supply voltage of the driving device 841, respectively.

[0041]

However, a measurement place of the current flowing through the driving
device 841 and a measurement place of the voltage supplied to the driving device 841 are
not limited thereto. For example, the current sensor 121 of the current measurement
unit 120 may be provided inside the driving device 841 and measure the current flowing
through the motor generating the above-described changeover force. Further, the
voltage sensor 131 of the voltage measurement unit 130 may be provided inside the
driving device 841 and measure the voltage applied to the motor.

[0042]

The displacement measurement unit 140 includes a displacement sensor and
measures a displacement of the branch rail 830 for each of the right and left branch rails
830.

Fig. 8 is an illustrative diagram showing an example of an installation position
of the displacement sensor. Portions shown in Fig. 8 that are the same as the portions in
Fig. 3 are denoted with the same reference numerals (700, 800, 810, 820, 830, 832, 832a,
832b, 833, 900, 910, 920, 930, and 940) and description thereof will be omitted.

[0043]

In the example of Fig. 8, a displacement sensor 141 of the displacement
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measurement unit 140 and a support 860 that supports the displacement sensor 141 are
shown, in addition to the respective units shown in Fig. 3.  Specifically, the supports
860 are provided on the outer sides of the left and right variable branch rails 832, and the
displacement sensors 141 are provided in the respective supports 860.

Various sensors capable of measuring a distance between the displacement
sensor 141 itself and the variable branch rail 832 or a change in the distance between the
displacement sensor 141 itself and the variable branch rail 832 can be used as the
displacement sensor 141.  For example, the displacement sensor 141 may be an eddy
current type sensor or may be a laser type, ultrasonic type, or wire type sensor.

[0044]

Hereinafter, the displacement sensor 141 provided on the support 860 on the
left side in the traveling direction of the vehicle 900 is referred to as a left displacement
sensor 141a. Further, the displacement sensor 141 provided on the support 860 on the
right side in the traveling direction of the vehicle 900 is referred to as a right
displacement sensor 141b. The displacement measurement unit 140 detects a change in
the distance between the left displacement sensor 141a and the left variable branch rail
832a to detect the displacement of the left variable branch rail 832a. The “displacement
of the left variable branch rail 832a” described herein is a change in the position of the
left variable branch rail 832a.

Similarly, the displacement measurement unit 140 detects a change in the
distance between the right displacement sensor 141b and the right variable branch rail
832b to detect the displacement of the right variable branch rail 832b (a change in the
position of the right variable branch rail 832b). “Displacement of the right variable
branch rail 832b” described herein is a change in the position of the right variable branch

rail 832b.
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[0045]

Fig. 9 is a graph showing examples of measured values of the load sensor 111
and measured values of the displacement sensor 141. Fig. 9 shows an example when
the variable branch rail 832 operates normally.

Aline L21 in Fig. 9 indicates an example of the measured value of the load at
the time of changeover of the variable branch rail 832 obtained by the load sensor 111.
The measured value here is a measured value of the changeover force output by the
driving device 841. A horizontal axis of a graph of the line L21 indicates time and a
vertical axis indicates the load.

[0046]

A line L22 indicates an example of the displacement of the left variable branch
rail 832a obtained by the left displacement sensor 141a. A horizontal axis of a graph of
the line L22 indicates time that is the same as that of the horizontal axis of the graph of
the line L21 and a vertical axis indicates the displacement. A lower side of the vertical
axis indicates that the left variable branch rail 832a is close to the left displacement
sensor 141a, and an upper side of the vertical axis indicates that the left variable branch
rail 832a is far from the left displacement sensor 141a.

[0047]

A line L.23 indicates an example of the displacement of the right variable
branch rail 832b obtained by the right displacement sensor 141b. A horizontal axis of a
graph of the line L.23 indicates time that is the same as that of the horizontal axis of the
graph of the line L21, and a vertical axis indicates the displacement. A lower side of the
vertical axis indicates that the right variable branch rail 832b is close to the right
displacement sensor 141b and an upper side of the vertical axis indicates that the right

variable branch rail 832b is far from the right displacement sensor 141b.
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[0048]

In time T11, in the left variable branch rail 832a, the end portion P21 is directed
to the inner side of the track 800 and, in the right variable branch rail 832b, the end
portion P22 is directed to the outer side of the track 800, as in the example of Figs. 4 and
5. Therefore, the left variable branch rail 832a is at a position relatively far from the left
displacement sensor 141a, as indicated by the line L22. On the other hand, the right
variable branch rail 832b is at a position relatively close to the right displacement sensor
141b, as indicated by the line L23.

[0049]

From time T11 to time T12, the driving device 841 outputs the changeover
force, and the rod 842 transmits the changeover force to each of the left variable branch
rail 832a and the right variable branch rail 832b, as indicated by the line L21.
Accordingly, the left variable branch rail 832a performs an operation of changing the
direction to approach the left displacement sensor 141a, as indicated by the line L22.
Further, the right variable branch rail 832b performs an operation of changing the
direction to move away from the right displacement sensor 141b, as indicated by a line
L23.

[0050]

At time T12, as in the example of Figs. 2 and 3, in the left variable branch rail
832a, the end portion P21 is directed to the outer side of the track 800 and, in the right
variable branch rail 832b, the end portion P22 is directed to the inner side of the track
800. Therefore, the left variable branch rail 832a is at a position relatively close to the
left displacement sensor 141a, as indicated by the line L22.  On the other hand, the right
variable branch rail 832b is at a position relatively far from the right displacement sensor

141b, as indicated by the line L23.
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From time T12 to time T13, the driving device 841 stops the output of the
changeover force, and the left variable branch rail 832a and the right variable branch rail
832b maintain the states shown in Figs. 2 and 3, as indicated by line L21.

[0051]

From time T13 to time T14, the driving device 841 outputs the changeover
force, and the rod 842 transmits the changeover force to each of the left variable branch
rail 832a and the right variable branch rail 832b, as indicated by the line L21. From
time T13 to time T14, the driving device 841 outputs the changeover force in a direction
opposite to the direction in the case from time T11 to time T12. Accordingly, the left
variable branch rail 832a performs an operation of changing the direction to move away
from the left displacement sensor 141a, as indicated by the line L22. Further, the right
variable branch rail 832b performs an operation of changing the direction to approach the
right displacement sensor 141b, as indicated by a line L23.

[0052]

At time T14, in the left variable branch rail 832a, the end portion P21 is
directed to the inner side of the track 800 and, in the right variable branch rail 832b, the
end portion P22 is directed to the outer side of the track 800, as in the examples of Figs.
4 and 5, similar to the case of time T11.

After time T14, the driving device 841 stops the output of the changeover force,
and the left variable branch rail 832a and the right variable branch rail 832b maintain the
states shown in Figs. 4 and 5, as indicated by the line L21.

[0053]

The driving device temperature measurement unit 150 measures a temperature

of the branching device 840. For example, the driving device temperature measurement

unit 150 is provided inside a motor that generates the above-described changeover force
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or on an outer surface of the motor, and measures a temperature of this motor.

The environmental temperature measurement unit 160 measures an
environmental temperature at a branch place that is a monitoring target. For example,
the environmental temperature measurement unit 160 measures an outside air
temperature.

[0054]

It should be noted that the measurement unit 100 does not necessarily include
all of the changeover force measurement unit 110, the current measurement unit 120, the
voltage measurement unit 130, the displacement measurement unit 140, and the driving
device temperature measurement unit 150, and may include two or more of the
measurement units. For example, the measurement unit 100 may be configured to
include the changeover force measurement unit 110, the current measurement unit 120,
and the voltage measurement unit 130 and not to include the displacement measurement
unit 140 and the driving device temperature measurement unit 150.

[0055]

The anomaly determination device body 200 detects an anomaly in the
branching device 840 on the basis of the measured value from the measurement unit 100.
The anomaly determination device body 200 is configured using, for example, a
computer.

The measurement result acquisition unit 210 acquires various measured values
from the measurement unit 100. The measurement result acquisition unit 210 includes,
for example, a communication circuit included in the anomaly determination device body
200, and functions as a communication interface between the anomaly determination
device body 200 and the measurement unit 100.

[0056]
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The operation input unit 220 includes, for example, an input device such as a
keyboard and a mouse and receives user operations.

The display unit 230 includes, for example, a display surface such as a liquid
crystal panel or a light emitting diode (LED) panel and displays various images. In
particular, the display unit 230 displays a determination result of the anomaly
determination unit 291 determining whether or not there is an anomaly in the branching
device 840 and the anomaly occurrence place.

[0057]

The storage unit 280 is configured using a storage device included in the
anomaly determination device body 200 and stores various pieces of data.

The measurement result storage unit 281 stores various measured values of the
measurement unit 100. For example, the measurement result storage unit 281 stores a
history of the measured value measured by each unit in the measurement unit 100 for
each functional unit that has performed measurement and in association with information
indicating a measurement time.

The control unit 290 controls each unit of the anomaly determination device 1
to execute various processes. The control unit 290 is configured, for example, by a
central processing unit (CPU) included in the anomaly determination device 1 reading
and executing a program from the storage unit 280.

[0058]

The anomaly determination unit 291 determines whether or not there is an
anomaly on the basis of the measured value of the changeover force from the changeover
force measurement unit 110, the measured value of the current from the current
measurement unit 120, and the measured value of the voltage from the voltage

measurement unit 130. In particular, the anomaly determination unit 291 determines
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whether or not there is an anomaly in the branch rail 830, there is an anomaly in the
driving device 841, and there is an anomaly in power supplied to the driving device 841.
[0059]

Fig. 10 is an illustrative diagram showing an example of an anomaly and an
anomaly occurrence place determined by the anomaly determination unit 291. As
shown in Fig. 10, the anomaly determination unit 291 determines a cause and the
anomaly occurrence place on the basis of a measurement item and detected anomaly.
The anomaly determination unit 291 causes the display unit 230 to display a message
indicating the determined cause and the determined anomaly occurrence place.
Hereinafter, the message indicating an anomaly displayed by the display unit 230 is
referred to as an alarm.

[0060]

As shown in Fig. 10, when the displacement measured by the displacement
measurement unit 140 is smaller than a predetermined the amount of displacement (that
is, when the changeover of the variable branch rail 832 is incomplete), the anomaly
determination unit 291 determines that there is a possibility of the variable branch rail
832 being stained with a foreign object and the displacement being insufficient due to the
foreign object caught in the variable branch rail 832. In this case, the anomaly
determination unit 291 determines that the anomaly occurrence place is the variable
branch rail 832.

[0061]

Further, when the amounts of right and left displacements are different, the
anomaly determination unit 291 determines that engagement between the variable branch
rail 832 and the rod 842 is likely to be loose. In this case, the anomaly determination

unit 291 determines that the anomaly occurrence place is the variable branch rail 832.
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Here, an example of a case in which the amounts of left and right displacements are
different may include a case in which a difference between the magnitude of the amount
of displacement measured by the left displacement sensor 141a and the magnitude of the
amount of displacement measured by the right displacement sensor 141b is equal to or
larger than a predetermined threshold value.

[0062]

Thus, the anomaly determination unit 291 determines whether or not there is an
anomaly in the variable branch rail 832 on the basis of the difference between the
displacement of the left variable branch rail 832a and the displacement of the right
variable branch rail 832b.  Further, when the displacement measured by the
displacement measurement unit 140 has an offset equal to or larger than a predetermined
threshold value, the anomaly determination unit 291 determines that the variable branch
rail 832 or the rod 842 is likely to be deformed. In this case, the anomaly determination
unit 291 determines that the anomaly occurrence place is the variable branch rail 832.
[0063]

Further, when a switching speed of the variable branch rail 832 is lower than a
predetermined threshold value, the anomaly determination unit 291 determines that there
is a possibility of the variable branch rail 832 being stiff due to rust, freezing, or the like.
In this case, the anomaly determination unit 291 determines that the anomaly occurrence
place is the variable branch rail 832.

The switching speed of the variable branch rail 832 described herein is a speed
of displacement of the variable branch rail 832 when the direction of the variable branch
rail 832 is switched. For example, the anomaly determination unit 291 calculates the
switching speed of the variable branch rail 832 by dividing the displacement of the

variable branch rail 832 measured by the displacement sensor 141 by time.
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[0064]

Further, when the changeover force measured by the changeover force
measurement unit 110 is larger than a predetermined threshold value, the anomaly
determination unit 291 determines that there is a possibility of the variable branch rail
832 being stiff due to rust, freezing, or the like. In this case, the anomaly determination
unit 291 determines that the anomaly occurrence place is the variable branch rail 832.
Here, it is shown that resistance when the driving device 841 switches the direction of the
variable branch rail 832 increases when the changeover force measured by the
changeover force measurement unit 110 is larger than the predetermined threshold value.

Further, when the voltage measured by the voltage measurement unit 130 is
higher than a predetermined upper limit threshold value or lower than a predetermined
lower limit threshold value, the anomaly determination unit 291 determines that there is a
possibility of failure of a power supply. In this case, the anomaly determination unit
291 determines that the anomaly occurrence place is the power supply.

[0065]

Further, when the current measured by the current measurement unit 120 is
lower than a predetermined threshold value, the anomaly determination unit 291
determines that there is a possibility of failure of the driving device 841, such as
disconnection or contact failure inside the driving device 841. In this case, the anomaly
determination unit 291 determines that the anomaly occurrence place is the driving
device 841.

Further, when the current measured by the current measurement unit 120 is
higher than a predetermined upper limit threshold value or lower than a predetermined
lower limit threshold value, the anomaly determination unit 291 determines that there is a

possibility of failure of the power supply. In this case, the anomaly determination unit
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291 determines that the anomaly occurrence place is the power supply.
[0066]

It should be noted that when the current measured by the current measurement
unit 120 is lower than the predetermined threshold value, the anomaly determination unit
291 performs separation of the cause and the anomaly occurrence place on the basis of
whether or not there is an anomaly in the voltage measured by the voltage measurement
unit 130.  Specifically, when it is determined that there is an anomaly in the voltage
measured by the voltage measurement unit 130, the anomaly determination unit 291
determines that there is a possibility of failure of the power supply and determines that
the anomaly occurrence place is the power supply. On the other hand, when it is
determined that there is no anomaly in the voltage measured by the voltage measurement
unit 130, the anomaly determination unit 291 determines that there is a possibility of
failure of the driving device 841 and determines that the anomaly occurrence place is the
driving device 841.

[0067]

Further, when the temperature measured by the driving device temperature
measurement unit 150 is higher than a predetermined first threshold value, the anomaly
determination unit 291 determines that there is a possibility of a sign of the failure of the
driving device 841. In this case, the anomaly determination unit 291 determines that the
anomaly occurrence place is the driving device 841.

When the temperature measured by the driving device temperature
measurement unit 150 is higher than a predetermined second threshold value, the
anomaly determination unit 291 determines that there is a possibility of burnout
occurring inside the driving device 841. In this case, the anomaly determination unit

291 determines that the anomaly occurrence place is the driving device 841. Here, the
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second threshold value is set to a temperature higher than the first threshold value.
[0068]

Further, the anomaly determination unit 291 uses the environmental
temperature measured by the environmental temperature measurement unit 160 for a
determination as to whether or not freezing occurs. For example, when the changeover
force measured by the changeover force measurement unit 110 is greater than a
predetermined threshold value and the environmental temperature measured by the
environmental temperature measurement unit 160 is lower than 0°C, the anomaly
determination unit 291 determines that there is a possibility of the variable branch rail
832 being frozen and stiff. An example of the environmental temperature described
herein includes an air temperature.

[0069]

Here, the anomaly determination unit 291 determines whether or not there is an
anomaly on the basis of a temporal change in at least one of the measured value of the
changeover force from the changeover force measurement unit 110, the measured value
of the current from the current measurement unit 120, and the measured value of the
voltage from the voltage measurement unit 130.

The temporal change described herein may be a change with the elapse of a
relatively long time such as a year. The elapse of the relatively long time such as a year
is also referred to as a secular change. Alternatively, the temporal change described
herein may be a change with the elapse of a relatively short time such as the elapse of
several months.

[0070]
Fig. 11 is a graph showing an example of temporal change of the changeover of

the variable branch rail 832 performed by the branching device 840. The “changeover
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of the variable branch rail 832" described herein is switching of the direction of the
variable branch rail 832. In the graph shown in Fig. 11, a horizontal axis indicates time
and a vertical axis indicates amount of detection. The “amount of detection” described
herein may be a load, a switching time, or a switching speed.

A line L31 indicates an example of a temporal change of the load detected by
the load sensor 111.  The load detected by the load sensor 111 corresponds to an
example of the changeover force measured by the changeover force measurement unit
110 described with reference to Fig. 10.

[0071]

As described above, when the variable branch rail 832 is stiff due to rust or the
like or when a foreign object is caught in the variable branch rail 832, the load measured
by the load sensor 111 increases. Further, even when the variable branch rail 832 is stiff
due to freezing or the like, the load measured by the load sensor 111 also increases.

This increase in the load indicates an increase in a load on the motor that
outputs the changeover force. A state in which the load on the motor is high is a cause
of failure. Therefore, when the anomaly determination unit 291 detects a state in which
the load is high, the anomaly determination unit 291 causes the display unit 230 to
display a message for indicating a possibility of anomaly of the variable branch rail 832
and prompting inspection. The message displayed on the display unit 320 by the
variable branch rail 832 corresponds to the above-described alarm.

For example, the measurement result storage unit 281 stores the load measured
by the load sensor at time T21 in Fig. 11. The anomaly determination unit 291 causes
the display unit 230 to display an alarm when it is detected that the measured value of the
load sensor 111 is greater than the load at time T21, which is a reference, by a

predetermined load or more.
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[0072]

A line L32 indicates an example of a temporal change in the switching time of
the variable branch rail 832. The switching time of the variable branch rail 832
described herein is a time required for switching the direction of the variable branch rail
832 in order to switch the traveling direction of the vehicle. For example, the time
required for switching the variable branch rail 832 from the state in Fig. 2 to the state in
Fig. 4 corresponds to an example of the switching time of the variable branch rail 832.
Further, the time required for changeover of the variable branch rail 832 from the state in
Fig. 4 to the state in Fig. 2 also corresponds to an example of the switching time of the
variable branch rail 832.

[0073]

The anomaly determination unit 291 detects, for example, the switching time of
the variable branch rail 832 on the basis of the measured value of the load from the load
sensor 111. For example, the anomaly determination unit 291 detects a time from start
of detection of the changeover force by the load sensor 111 to end of the detection as the
switching time of the variable branch rail 832, as in a period between time T11 to time
T12 or a period between time T13 and time T14.

[0074]

For example, when the variable branch rail 832 is stiff due to rust or the like or
when a foreign object is caught in the variable branch rail 832, the load measured by the
load sensor 111 increases as described above, and the switching time of the variable
branch rail 832 also becomes longer.

Therefore, the anomaly determination unit 291 may detect an increase in the
switching time of the variable branch rail 832 instead of the increase in the load.

[0075]
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A line L33 indicates an example of a temporal change in the switching speed of
the variable branch rail 832. As described above, for example, the anomaly
determination unit 291 calculates the switching speed of the variable branch rail 832 by
dividing the displacement of the variable branch rail 832 measured by the displacement
sensor 141 by a time.

The switching time of the variable branch rail 832 indicated by a line L32
becomes longer when the switching speed of the variable branch rail 832 indicated by the
line L33 is slower. Therefore, the anomaly determination unit 291 may detect only any
one of the increase in the load, the increase in the switching time of the variable branch
rail 832, and the decrease in the switching speed of the variable branch rail 832.

Alternatively, the anomaly determination unit 291 may detect the increase in the
load or the increase in the switching time of the variable branch rail 832 and the decrease
in the switching speed of the variable branch rail 832. Accordingly, even when any one
of the load sensor 111 and the displacement sensor 141 has failed, it is possible to detect
an anomaly in the variable branch rail 832.

[0076]

Thus, the anomaly determination unit 291 may determine whether or not there
is an anomaly on the basis of the temporal change in the measured value by determining
whether or not there is an anomaly with reference to past measured values. By setting a
threshold value for the anomaly determination with reference to the past measured
values, the anomaly determination unit 291 can set a threshold value according to an
individual difference of the device. Using this threshold value, the anomaly
determination unit 291 can determine whether or not there is an anomaly with higher
accuracy.

[0077]
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It should be noted that the anomaly determination unit 291 may determine
whether or not there is an anomaly by comparing one type of measured value with a
threshold value or may determine whether or not there is an anomaly by comparing a
combination of a plurality of types of measured values with a threshold value. This
point will be described with reference to Figs. 12 and 13.

[0078]

Fig. 12 is a graph showing an example in which the anomaly determination unit
291 determines whether or not there is an anomaly by comparing one type of measured
value with a threshold value. In Fig. 12, a horizontal axis indicates time and a vertical
axis indicates a voltage. A line L41 indicates an example of a voltage measured by the
voltage measurement unit 130.

Further, a voltage V11 in Fig. 12 indicates a reference value of the voltage
measured by the voltage measurement unit 130, and an area A11 including the voltage
V11 indicates a range in which the anomaly determination unit 291 determines the
normality.

[0079]

As described with reference to Fig. 11, the anomaly determination unit 291 may
set a predetermined range from a reference value as a range of normality using the past
measured value stored in the measurement result storage unit 281 as the reference value.
In Fig. 12, the voltage V11 corresponds to an example of the reference value, and the
area A1l corresponds to an example of the range of normality.

Alternatively, the storage unit 280 may store the range of normality in advance.
[0080]

When the anomaly determination unit 291 determines that the measured value

deviates from the range of normality, the anomaly determination unit 291 causes the
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display unit 230 to display an alarm according to a type of the measured value.

In the example of Fig. 12, a measured voltage value of the voltage measurement
unit 130 is within the range of normality until time T31. In Fig. 12, “within” the range
of the area A11 corresponds to an example of “within” the range of normality. On the
other hand, after time T31, the measured voltage value of the voltage measurement unit
130 deviates from the range of normality. Here, an anomaly in the power supply may
be considered to be a cause of an increase in the measured voltage value of the voltage
measurement unit 130, as in the example of Fig. 12.

[0081]

Therefore, the storage unit 280 stores information indicating a correspondence
relationship between a type of measured value indicating the anomaly and the cause of
the anomaly in advance. When the anomaly determination unit 291 determines that
there is an anomaly as a result of comparing the measured value with a threshold value,
the anomaly determination unit 291 causes the display unit 230 to display an alarm
according to the cause of the anomaly on the basis of the information stored in the
storage unit 280.

In the case of the example of Fig. 12, when the anomaly determination unit 291
determines that the measured voltage value is greater than a threshold value defined as an
upper limit of a normal value at a certain time after time T31, the anomaly determination
unit 291 causes the display unit 230 to display an alarm indicating an anomaly in the
power supply and prompt inspection on the basis of the information stored in the storage
unit 280.

[0082]
It should be noted that, in Fig. 12, the description has been given in an example

of the voltage measured by the voltage measurement unit 130, a target in which the
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anomaly determination unit 291 determines whether or not there is the anomaly on the
basis of the threshold value is not limited to the voltage. For any one of the changeover
force measured by the changeover force measurement unit 110, the current measured by
the current measurement unit 120, the voltage measured by the voltage measurement unit
130, the displacement measured by the displacement measurement unit 140, and the
temperature measured by the driving device temperature measurement unit 150 or a
combination thereof, the anomaly determination unit 291 may determine whether or not
there is an anomaly on the basis of the threshold value.

[0083]

Fig. 13 is a graph showing an example in which the anomaly determination unit
291 determines whether or not there is an anomaly by comparing two types of measured
values with a threshold value. In Fig. 13, a horizontal axis indicates a voltage and a
vertical axis indicates a current.

Further, a voltage V21 in Fig. 13 indicates a reference value of the voltage
measured by the voltage measurement unit 130, and an area A21 including the voltage
V21 indicates a range in which the anomaly determination unit 291 determines that the
voltage is normal. A line L51 indicates a reference value of the current determined
using a relationship with the voltage, and an area A22 that is within the range of the area
A21 and includes the line L51 indicates a range in which the anomaly determination unit
291 determines the normality.

[0084]

As described with reference to Fig. 11, the anomaly determination unit 291 may
uses the past measured value stored in the measurement result storage unit 281 as a
reference value and set a predetermined range from the reference value as a range in

which the first measured value is normal. In Fig. 13, the voltage V21 corresponds to an
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example of the reference value. The area A21 corresponds to an example of the range
in which the first measured value is normal.

Alternatively, the storage unit 280 may store the range in which the measured
value is normal in advance.

Further, the storage unit 280 stores information indicating a relationship
between the first measured value and a second measured value and the reference value in
advance. The anomaly determination unit 291 obtains a reference value of the second
measured value with respect to the range in which the first measured value is normal, and
determines a predetermined range from the obtained reference value to be a range in
which a combination of the first measured value and the second measured value is
normal. In Fig. 13, the line L51 corresponds to an example of the reference value of the
second measured value. The area A22 corresponds to an example of the range in which
the combination of the first measured value and the second measured value is normal.

Alternatively, the storage unit 280 may store information indicating the range in
which the combination of the first measured value and the second measured value is
normal in advance.

[0085]

Thus, the anomaly determination unit 291 can perform a more accurate
determination by performing the anomaly determination on the basis of a combination of
a plurality of types of measured values.

For example, when there is an anomaly in a power supply voltage that is
supplied to the driving device 841, it is conceivable that the anomaly occurs in the
current flowing through the driving device 841 even when there is no anomaly in the
driving device 841 itself.

In this case, when the anomaly determination unit 291 determines that there is
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an anomaly on the basis of only the current measured by the current measurement unit
120, the anomaly determination unit 291 determines that there is an anomaly inside the
driving device 841 from the detection of the anomaly in the current. In this case,
although there is no anomaly in the driving device 841 itself, the anomaly determination
unit 291 erroneously determines that there is an anomaly in the driving device 841.
[0086]

On the other hand, in the example of Fig. 13, the anomaly determination unit
291 determines that there is an anomaly in the voltage and does not determine whether or
not there is an anomaly in the current outside the range of the area A21, and determines
that there is the anomaly in the current at the time of deviating from the area A22 within
the range of the area A21. Accordingly, the anomaly determination unit 291 can avoid
an erroneous determination that there is the anomaly in the inside of the driving device
841 due to the anomaly in the voltage even though there is no anomaly in the driving
device 841 itself.

[0087]

Further, a priority of the determination may be set for each type of measured
value, and the anomaly determination unit 291 may determine whether or not there is an
anomaly in an order from the measured value with the highest priority.

Fig. 14 is an illustrative diagram showing an example of an order in which the
anomaly determination unit 291 determines whether or not there is an anomaly. The
anomaly determination unit 291 that has started an anomaly determination process first
determines whether or not there is anomaly in voltage (step S11). Specifically, the
anomaly determination unit 291 whether or not the measured voltage value by the
voltage measurement unit 130 is within a predetermined range of normality.

[0088]
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When the anomaly determination unit 291 determines that there is an anomaly
in voltage (step S11: YES), the anomaly determination unit 291 performs a process at the
time of failure of the power supply (step S12). For example, the anomaly determination
unit 291 causes the display unit 230 to display a message indicating that the anomaly
occurrence place is estimated to be the power supply and that there is a possibility of
failure of the power supply. The message herein corresponds to the alarm described
above.

After step S12, the process of Fig. 14 ends.

[0089]

On the other hand, when the anomaly determination unit 291 determines in step
S11 that there is no anomaly in voltage (step S11: NO), the anomaly determination unit
291 determines whether or not there is an anomaly in current (step S21). Specifically,
the anomaly determination unit 291 determines whether or not the current measured
value by the current measurement unit 120 is within a predetermined range of normality.

Thus, the anomaly determination unit 291 determines whether or not there is an
anomaly in the voltage. When the anomaly determination unit 291 determines that
there is an anomaly in the voltage, the anomaly determination unit 291 determines
whether or not there is an anomaly in the current. Therefore, when the anomaly
determination unit 291 determines whether or not there is the anomaly in current, it can
be assumed that the power supply is normal. Thus, when the anomaly determination
unit 291 determines that there is an anomaly in the current, the anomaly determination
unit 291 can exclude the power supply from a candidate for the anomaly occurrence
place.

[0090]

When the anomaly determination unit 291 determines in step S21 that there is
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an anomaly in the current (step S21: YES), the anomaly determination unit 291
determines whether or not there is an anomaly in the changeover force (step S22).
Specifically, the anomaly determination unit 291 determines whether or not the
magnitude of the changeover force measured by the changeover force measurement unit
110 is greater than a predetermined threshold value.

When the anomaly determination unit 291 determines there is an anomaly in
the changeover force (step S22: YES), the anomaly determination unit 291 performs a
process at the time of the driving device being abnormal and a process at the time of the
variable branch rail being abnormal (step S23). Specifically, the anomaly determination
unit 291 causes the display unit 230 to display a message indicating that the anomaly
occurrence place is estimated to be the driving device on the basis of a determination
result of the presence of the anomaly in the current in step S21 and there is a possibility
of failure in the driving device such as disconnection or contact failure in the driving
device. Further, the anomaly determination unit 291 causes the display unit 230 to
display a message indicating that the anomaly occurrence place is estimated to be the
variable branch rail on the basis of the determination result that there is an anomaly in the
changeover force in step S22 and there is a possibility of the variable branch rail being
stiff due to rust, freezing, or the like. After step S23, the process of Fig. 14 ends.
[0091]

On the other hand, when the anomaly determination unit 291 determines in step
S22 that there is no anomaly in the changeover force (step S22: NO), the anomaly
determination unit 291 performs a process at the time of the driving device being
abnormal (step S24). Specifically, the anomaly determination unit 291 causes the
display unit 230 to display a message indicating that the anomaly occurrence place is

estimated to be the driving device on the basis of the determination result of the presence
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of the anomaly in the current in step S21 and there is a possibility of failure in the driving
device such as disconnection or contact failure in the driving device.

After step S24, the process of Fig. 14 ends.
[0092]

On the other hand, when the anomaly determination unit 291 determines in step
S21 that there is no anomaly in the current (step S21: NO), the anomaly determination
unit 291 determines whether or not there is an anomaly in the changeover force (step
S31). Specifically, the anomaly determination unit 291 determines whether or not the
magnitude of the changeover force measured by the changeover force measurement unit
110 is greater than a predetermined threshold value.

When the anomaly determination unit 291 determines that there is an anomaly
in the changeover force (step S31: YES), the anomaly determination unit 291 performs a
process at the time of the branch rail being abnormal (step S32). Specifically, the
anomaly determination unit 291 causes a message indicating that the anomaly occurrence
place is estimated to be the variable branch rail and there is a possibility that the variable
branch rail is stiff due to rust, freezing, or the like to display on the display unit 230.

After step S32, the process of Fig. 14 ends.
[0093]

On the other hand, when the anomaly determination unit 291 determines in step
S31 that there is no anomaly in the changeover force (step S31: NO), the anomaly
determination unit 291 determines whether or not there is an anomaly in the displacement
(step S41). Specifically, the anomaly determination unit 291 determines whether or not
there is the anomaly described with reference to Fig. 10 on the basis of the measured
value of the displacement measured by the displacement measurement unit 140.

When the anomaly determination unit 291 determines that there is an anomaly in
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the displacement (step S41: YES), the anomaly determination unit 291 performs a
process according to the anomaly determined in step S41 (step S42).
[0094]

Specifically, when the displacement measured by the displacement measurement
unit 140 is smaller than the predetermined the amount of displacement, the anomaly
determination unit 291 causes the display unit 230 to display a message indicating that
the anomaly occurrence place is estimated to be the variable branch rail 832 and there is
a possibility of the displacement being insufficient due to a foreign object caught in the
variable branch rail 832.

Further, when the amounts of left and right displacements are different, the
anomaly determination unit 291 causes the display unit 230 to display a message
indicating that the anomaly occurrence place is estimated to be the variable branch rail
832 and there is a possibility of engagement between the variable branch rail 832 and the
rod 842 being loose.

Further, when the displacement measured by the displacement measurement unit
140 has an offset equal to or greater than a predetermined threshold value, the anomaly
determination unit 291 causes the display unit 230 to display a message indicating that
the anomaly occurrence place is estimated to be the variable branch rail 832 and there is
a possibility of the variable branch rail 832 or the rod 842 being deformed.

After step S42, the process of Fig. 14 ends.

[0095]

On the other hand, when it is determined that there is no anomaly in step S41
(step S41: NO), the anomaly determination unit 291 performs a process at the time of a
normal state (step S51). For example, the anomaly determination unit 291 causes the

display unit 230 to display a message indicating that no anomaly has been found.
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Alternatively, in step S51, the anomaly determination unit 291, particularly, may not
perform any process.

After step S51, the process of Fig. 14 ends.

[0096]

It should be noted that the anomaly determination unit 291 may determine
whether or not there is the tendency of anomaly using the history of the measured values
stored in the measurement result storage unit 281. This point will be described with
reference to Figs. 15 and 16.

Fig. 15 is a graph showing a first example of the history of measured values
showing a tendency of the anomaly.

In the graph of Fig. 15, a horizontal axis indicates a switching speed of the
variable branch rail 832, and a vertical axis indicates a load. Points P31 to P35 indicate
average values of the switching speed in one changeover of the variable branch rail 832
and an average value of a load applied to the rod 842 at the time of changeover. For
example, each time the changeover of the variable branch rail 832 is performed, the
anomaly determination unit 291 obtains the average value of the switching speed in
changeover and an average value of the load applied to the rod 842. The anomaly
determination unit 291 stores the average value in the measurement result storage unit
281 in association with information indicating a timing at which the changeover has been
performed (for example, information indicating a date and time when the changeover has
been started).

A time when the changeover of the variable branch rail 832 has been performed
is in an order of the points P31, P32, P33, ---, P35. The changeover indicated by the
point P31 is the oldest, and the changeover indicated by a point P35 is the newest. In

Fig. 15, this order in time series is indicated by a broken line arrow.
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[0097]

In the example of Fig. 15, the anomaly determination unit 291 obtains a
difference (amount of change) in the switching speed and a difference in the load for
changeovers adjacent in time series. When the anomaly determination unit 291
determines that at least one of a decrease in the switching speed being greater than a
predetermined threshold value and an increase in the load being greater than a
predetermined threshold value occurs, the anomaly determination unit 291 determines
that the tendency of the anomaly has been detected.

When the tendency of anomaly has been detected, the anomaly determination
unit 291 causes the display unit 230 to display a message for prompting attention in first
detection. Further, in second detection of the tendency of the anomaly, the anomaly
determination unit 291 causes the display unit 230 to display a message for prompting
inspection. The anomaly determination unit 291 performs these processes irrespective
of whether the measured value itself exceeds the threshold value for an anomaly
determination.

[0098]

In the case of the example of Fig. 15, between the point P31 and the point P32,
both the decrease in the switching speed and the increase in the load are within a
threshold value range, and the anomaly determination unit 291 determines that the
anomaly is normal. In Fig. 15, a determination result of normality is indicated by a
circle.

On the other hand, between the point P32 and the point P33, the decrease in the
switching speed is greater than the threshold value. Therefore, the anomaly
determination unit 291 determines that attention is required. The determination that the

attention is required in this case is a determination causing the display unit 230 to display
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a message urging attention. In Fig. 15, the determination result of the attention being
required is indicated by a triangle.
[0099]

Between the point P33 and the point P34, both the decrease in the switching
speed and the increase in the load are within the threshold value range, and the anomaly
determination unit 291 maintains the determination of the attention being required. On
the other hand, between the point P34 and the point P35, the decrease in the switching
speed is greater than the threshold value. Therefore, the anomaly determination unit
291 determines that the inspection is required. The determination of the inspection
being required is a determination causing the display unit 230 to display a message for
prompting inspection. In Fig. 15, the determination result of the inspection being
required is indicated by a cross mark.

[0100]

Fig. 16 is a graph showing a second example of the history of measured values
showing a tendency of the anomaly.

In the graph of Fig. 16, a horizontal axis indicates a switching speed of the
variable branch rail 832, and a vertical axis indicates a load. Points P41 to P46 indicate
average values of the switching speed in one changeover of the variable branch rail 832
and an average value of a load applied to the rod 842 at the time of changeover. For
example, each time the changeover of the variable branch rail 832 is performed, the
anomaly determination unit 291 obtains the average value of the switching speed in
changeover and an average value of the load applied to the rod 842. The anomaly
determination unit 291 stores the average value in the measurement result storage unit
281 in association with information indicating a timing at which the changeover has been

performed (for example, information indicating a date and time when the changeover has
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been started).
[0101]

A time when the changeover of the variable branch rail 832 is performed is in an
order of the points P41, P42, P43, ---, P46. The changeover indicated by the point 41 is
the oldest, and the changeover indicated by the point P46 is the newest. In Fig. 16, the
order in time series is indicated by a broken line arrow.

A method of detecting the tendency of anomaly in the anomaly determination
unit 291 and the process when the anomaly has been detected are the same as those
described with reference to Fig. 15.

[0102]

In the case of the example of Fig. 16, between the point P41 and the point P42,
both the decrease in the switching speed and the increase in the load are within the
threshold value range, and the anomaly determination unit 291 determines normality. In
Fig. 16, a determination result of being normal is indicated by a circle.

On the other hand, between the point P42 and the point P43, the decrease in the
switching speed is greater than the threshold value. Therefore, the anomaly
determination unit 291 determines that attention is required. In Fig. 16, the
determination result of the attention is required is indicated by a triangle.

[0103]

Between the point P43 and the point P44, both the decrease in the switching
speed and the increase in the load are within the threshold value range, and the anomaly
determination unit 291 maintains the determination of the attention being required. The
same applies to between the point P44 and the point P45.

On the other hand, between the point P45 and the point P46, the increase in the

load is greater than the threshold value. Therefore, the anomaly determination unit 291
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determines that the inspection is required. In Fig. 16, the determination result of the
inspection being required is indicated by a cross mark.
[0104]

As described with reference to Figs. 15 and 16, the anomaly determination unit
291 detects the tendency of anomaly and notifies the user irrespective of whether the
measured value itself exceeds the threshold value for an anomaly determination, such
that the user can recognize a possibility of occurrence of failure such as malfunction at a
relatively early stage. Thus, the user can take countermeasures with a time margin.
Further, there is a possibility of the user being able to prevent the occurrence of troubles
or the like in advance.

[0105]

Next, an operation of the anomaly determination device 1 will be described with
reference to Fig. 17.

Fig. 17 is a flowchart showing an example of a processing procedure in which
the anomaly determination device 1 performs an anomaly determination regarding the
branching device 840. The anomaly determination device 1, for example, periodically
performs a process of Fig. 17.

In the process of Fig. 17, the changeover force measurement unit 110 measures a
changeover force with which the branching device 840 switches the direction of the
variable branch rail 832 (step S101). Further, the voltage measurement unit 130
measures a power supply voltage that is be supplied to the driving device 841 (step
S102). The current measurement unit 120 measures a current flowing through the
driving device 841 (step S103).

An execution order of steps S101 to S103 may be arbitrary. For example, the

anomaly determination device 1 may perform step S101, step S102, and step S103 in a
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parallel process.
[0106]

When the processes of steps S101 to S103 end, the anomaly determination unit
291 determines whether or not there is an anomaly regarding the branching device 840
(step S111). The anomaly determination unit 291 determines whether or not there is an
anomaly regarding the branching device 840 on the basis of a measured value of the
changeover force obtained in step S101, a measured value of the voltage obtained in step
S102, and a measured value of the current obtained in step S103. Here, for example, as
described with reference to Fig. 10, the anomaly determination unit 291 separately
determines whether or not there is an anomaly in the branching device 840, there is an
anomaly in the branch rail 830, there is an anomaly in the driving device 841, and there is
an anomaly in the power supplied to the driving device 841.

After step S111, the processing of Fig. 17 ends.

[0107]

As described above, the changeover force measurement unit 110 measures the
changeover force that is output by the driving device 841. Further, the voltage
measurement unit 130 measures the voltage that is supplied to the driving device 841.
The current measurement unit 120 measures the current flowing through the driving
device. The anomaly determination unit 291 determines whether or not there is an
anomaly in the branch rail 830, there is an anomaly in the driving device 841, and there is
an anomaly in the supply of power to the driving device 841 on the basis of the measured
value of the changeover force, the measured value of the voltage, and the measured value
of the current.

Thus, since the anomaly determination unit 291 separates the anomaly

occurrence places to determine whether or not there is an anomaly, the user can obtain
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information for recognizing a failure occurrence place when a failure has occurred in a
switching portion of the track. Accordingly, it is expected that the user can rapidly
specify the failure occurrence place. The user can rapidly resolve the failure by rapidly
specifying the failure occurrence place.

[0108]

Further, the displacement measurement unit 140 measures the displacement of
the branch rail 830 (displacement of the variable branch rail 832) provided on each of the
left and right sides of the travel route of the vehicle 900 along the travel route, for each of
the right and left branch rails 830. The anomaly determination unit 291 determines
whether or not there is an anomaly in the branch rail 830 on the basis of a difference
between the displacement of the left branch rail 830 and the displacement of the right
branch rail 830. Thus, the anomaly determination unit 291 can perform classification of
abnormalities in more detail. For example, the anomaly determination unit 291 detects
a possibility of loose engagement between the variable branch rail 832 and the rod 842.
[0109]

Further, the anomaly determination unit 291 determines whether or not there is
an anomaly on the basis of a temporal change of at least one of the measured value of the
changeover force, the measured value of the voltage, and the measured value of the
current. The anomaly determination unit 291 can set the threshold value for an anomaly
determination on the basis of a past measured value to set a threshold value according to
an individual difference of the device. Using this threshold value, the anomaly
determination unit 291 can determine whether or not there is an anomaly with higher
accuracy.

Further, the anomaly determination unit 291 detects the tendency of the

anomaly on the basis of the amount of change in the measured value and notifies the user
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of the tendency of anomaly, such that the user can recognize a possibility of occurrence
of failure such as failure in a relatively early stage. Thus, the user can take
countermeasures with a time margin.  Further, there is a possibility of the user being
able to prevent the occurrence of failure or the like in advance.

[0110]

It should be noted that the process of each unit may be performed by recording
a program for realizing all or some of the functions of the control unit 290 in a
computer-readable recording medium, loading the program recorded on the recording
medium to a computer system, and executing the program. It should be noted that the
“computer system” described herein includes an OS or hardware such as a peripheral
device.

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

Further, the above program may be a program for realizing some of the
above-described functions. Alternatively, the program may be a program capable of
realizing the above-described functions in combination with a program previously stored
in a computer system.

[0111]

Although the embodiment of the present invention has been described above in
detail with reference to the drawings, specific configurations are not limited to this
embodiment, and design changes and the like within the scope not departing from the gist

of the present invention are included.

Industrial Applicability
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[0112]

The embodiment of the present invention relates to the anomaly determination
device that determines whether or not there is the anomaly regarding the branching
device including the driving device that outputs the changeover force for switching the
direction of the branch rail whose direction is variable, and the rod that transmits the
changeover force from the driving device to the branch rail, wherein the anomaly
determination device includes a changeover force measurement unit that measures the
changeover force output by the driving device, the voltage measurement unit that
measures the voltage supplied to the driving device, the current measurement unit that
measures the current flowing through the driving device, and the anomaly determination
unit that determines whether or not there is an anomaly in the branch rail, there is an
anomaly in the driving device, and there is an anomaly in power supplied to the driving
device on the basis of the magnitude of the changeover force, the magnitude of the
voltage, and the magnitude of the current.

According to this embodiment, when a failure has occurred in the switching
portion of the track, information for recognizing the failure occurrence place can be

obtained.

Reference Signs List
[0113]
1 Anomaly determination device
100 Measurement unit
110 Changeover force measurement unit
120 Current measurement unit

130 Voltage measurement unit
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140 Displacement measurement unit

150 Driving device temperature measurement unit
160 Environmental temperature measurement unit
200 Anomaly determination device body

210 Measurement result acquisition unit

220 Operation input unit

230 Display part

280 Storage unit

281 Measurement result storage unit

290 Control unit

291 Anomaly determination unit
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CLAIMS

1. An anomaly determination device comprising:

a changeover force measurement unit that measures a changeover force output
by a driving device, the driving device outputting a changeover force for switching a
direction of a branch rail whose direction is variable;

a voltage measurement unit that measures a voltage supplied to the driving
device;

a current measurement unit that measures a current flowing through the driving
device; and

an anomaly determination unit that determines whether there is an anomaly in
the branch rail, whether there is an anomaly in the driving device, and whether there is an
anomaly in power supplied to the driving device on the basis of a magnitude of the
changeover force, a magnitude of the voltage, and a magnitude of the current,

wherein the anomaly determination unit determines whether or not there is an
anomaly on the basis of: whether at least one of a magnitude of the voltage that
temporally changes and a magnitude of the current that temporally changes deviates from
a range of normality; or a seéular change in at least one of a magnitude of the voltage and

a magnitude of the current.

2. The anomaly determination device according to claim 1, further comprising
a displacement measurement unit that measures displacements of the branch rails
provided on left and right sides of a travel route of a vehicle along the travel route, for the
respective left and right branch rails,

wherein the anomaly determination unit determines whether or not there is an
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anomaly in the branch rails on the basis of a difference between a displacement of the left

branch rail and a displacement of the right branch rail.

3. An anomaly determination method comprising:

measuring a changeover force output by a driving device, the driving device
outputting a changeover force for switching a direction of a branch rail whose direction is
variable;

measuring a voltage supplied to the driving device;

measuring a current flowing through the driving device; and

determining whether there is an anomaly in the branch rail, whether there is an
anomaly in the driving device, and whether there is an anomaly in power supplied to the
driving device on the basis of a magnitude of the changeover force, a magnitude of the
voltage, and a magnitude of the current,

wherein the determining comprises determining whether or not there is an
anomaly on the basis of: whether at least one of a magnitude of the voltage that
temporally changes and a magnitude of the current that temporally changes deviates from
a range of normality; or a secular change in at least one of a magnitude of the voltage and

a magnitude of the current.

4. A program for causing a computer to determine whether there is an
anomaly in a branch rail, whether there is an anomaly in a driving device, and whether
there is an anomaly in power supplied to the driving device on the basis of a magnitude
of a changeover force output by a driving device, the driving device outputting a
changeover force for switching a direction of a branch rail whose direction is variable, a

magnitude of a voltage supplied to the driving device, and a magnitude of a current
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flowing through the driving device,

wherein, in the determining, the program causes the computer to determining
whether or not there is an anomaly on the basis of: whether at least one of a magnitude of
the voltage that temporally changes and a magnitude of the current that temporally
changes deviates from a range of normality; or a secular change in at least one of a

magnitude of the voltage and a magnitude of the current.



