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DESCRIPTION

ANOMALY DETERMINATION DEVICE, ANOMALY DETERMINATION

METHOD, AND PROGRAM

Technical Field
[0001]

The present invention relates to an anomaly detetion device, an anomaly
determination method, and a program.

Priority is claimed on Japanese Patent Applicaon2016-035885, filed

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

Background Art
[0002]

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

For example, a state monitoring device for a dwitescribed in Patent
Literature 1 monitors distortion of a switch adgrsiconverts a detected value of the
distortion into a changeover force, and outputdigplays the changeover force.
Further, Patent Literature 1 describes that staitoring is performed through
comparison of the output or displayed changeovweefaith 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 portba track, it is important to
rapidly recognize a failure occurrence place ireotd rapidly resolve the failure. In
the case of a transportation system, the numbeewates to be used is large, and the
devices are installed over a wide area. Therefoieparticularly important that it be
possible to rapidly recognize a failure occurrepleee in the transportation system.
[0005]

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

track.

Solution to Problem
[0006]

According to a first aspect of the present inv@mtan anomaly determination
device includes: a changeover force measurementhatimeasures a changeover force

output by a driving device, the driving device attmg a changeover force for
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switching a direction of a branch rail whose di@tis variable; a voltage measurement
unit that measures a voltage supplied to the dyidevice; a current measurement unit
that measures a current flowing through the dridegice; and an anomaly
determination unit that determines whether theemianomaly in the branch rail,
whether there is an anomaly in the driving devare] whether there is an anomaly in
power supplied to the driving device on the basithe magnitude of the changeover
force, the magnitude of the voltage, and the magrif the current.

[0007]

The anomaly determination device may further idela displacement
measurement unit that measures displacements bfaneh rails provided on left and
right sides of a travel route of a vehicle along titavel route, for the respective left and
right branch rails, wherein the anomaly determoratinit determines whether there is an
anomaly in the branch rails on the basis of a difiee between a displacement of the left
branch rail and a displacement of the right breanadh
[0008]

The anomaly determination unit may determine wiethere is an anomaly on
the basis of a temporal change in at least onleeoitagnitude of the changeover force,
the magnitude of the voltage, and the magnitudeeturrent.

[0009]

According to a second aspect of the present invers&n anomaly
determination method includes: measuring a charegdovce output by a driving
device, the driving device outputting a changedosase for switching a direction of a
branch rail whose direction is variable; measudangltage supplied to the driving
device; measuring a current flowing through theidg device; and determining whether

there is an anomaly in the branch rail, whethereti®an anomaly in the driving device,



10

15

20

25

4

and whether there is an anomaly in power supptigti¢ driving device on the basis of
the magnitude of the changeover force, the magaitddhe voltage, and the magnitude
of the current.

[0010]

According to a third aspect of the present inv@mta program is a program for
causing a computer to determine whether there axamaly in a branch rail, whether
there is an anomaly in a driving device, and whetthere is an anomaly in power
supplied to the driving device on the basis ofrtfegnitude of a changeover force output
by a driving device, the driving device outputtemghangeover force for switching a
direction of a branch rail whose direction is vhahk& the magnitude of a voltage supplied

to the driving device, and the magnitude of a arflewing through the driving device.

Advantageous Effects of Invention
[0011]

According to the anomaly determination device,ahemaly determination
method, and the program described above, it isiged® obtain information for
recognizing where a failure has occurred whenlarlabccurs in the switching portion

of the track.

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

rail when a vehicle travels straight accordingi® ¢émbodiment of the present invention.
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Fig. 3 is an illustrative diagram showing an exérgd a position of a branch
rail when a vehicle travels straight accordingriceanbodiment of the present invention.

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

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

Fig. 6 is an illustrative diagram showing an exégd an installation position
of a load sensor according to an embodiment opthsent invention.

Fig. 7 is an illustrative diagram showing an exémgd measurement places of
a current and a voltage in an embodiment of thegmieinvention.

Fig. 8 is an illustrative diagram showing an ex&ergd an installation position
of a displacement sensor according to an embodiofehe present invention.

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

Fig. 10 is an illustrative diagram showing an egéarof an anomaly and a
point at which the anomaly occurs determined byatih@maly determination unit
according to the embodiment of the present invantio

Fig. 11 is a graph showing an example of a tenipb@nge in changeover of a
variable branch rail performed by the branchingickeaccording to the embodiment of
the present invention.

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

Fig. 13 is a graph showing an example in whichathemaly determination unit
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according to the embodiment of the present invendietermines whether or not there is
an anomaly by comparing two types of measured gaiith a threshold value.

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

Fig. 15 is a graph showing a first example ofsadny of measured values
indicating a tendency of anomalies in an embodiméttte present invention.

Fig. 16 is a graph showing a second example adtarly of measured values
indicating a tendency of anomalies in an embodinoétite present invention.

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

performs a determination of an anomaly regardibgaaching device.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0013]

Hereinafter, embodiments of the present inventidhbe described, but the
following embodiments do not limit the inventioncacding to the Claims.  Further, not
all combinations of the features described in thé@diments are necessarily essential to
solution means of the invention.

[0014]

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

changeover force measurement unit 110, a curreasunement unit 120, a voltage
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measurement unit 130, a displacement measuremgritd@) a driving device
temperature measurement unit 150, and an enviraiahtemperature measurement unit
160. The anomaly determination device body 20ludes a measurement result
acquisition unit 210, an operation input unit 22@jisplay unit 230, a storage unit 280,
and a control unit 290. The storage unit 280 idekia measurement result storage unit
281. The control unit 290 includes an anomaly mheitgation unit 291.

[0015]

The anomaly determination device 1 determines hdrair not there is an
anomaly in a branching device. The branching a@ed&scribed herein is, for example,
an electric device that is used in a guide raietygulway (Automated Guideway Transit;
AGT) which is a new transportation system and dvégcdirections of a branch rail.

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

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

[0016]

Fig. 2 is an illustrative diagram showing an exéngd a direction of the branch
rail when the vehicle travels straight. Fig. 2wha@ state in which the vehicle traveling
at a branch point of a track is viewed from abov&Above” described herein is the

skyward side.
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A new transportation system 700 shown in Fig.cludes a track 800 and a
vehicle 900. The track 800 includes a road sur8d® a guide rail 820, a branch rail
830, and a branching device 840. The branch &iliBcludes a fixed branch rail 831
and a variable branch rail 832. The branchingae8i40 includes a driving device 841
and arod 842. The vehicle 900 includes a velhiotty 910, a support 920, a guide
wheel 930, a branch wheel 940, and a traveling@&i@

Further, a traveling direction of the vehicle 99@ndicated by an arrow B11.
[0017]

The track 800 constitutes a traveling path ofvéleicle 900.

The road surface 810 is a surface on which thecleeB00 travels. The road
surface 810 is formed, for example, approximatelyzontally on a surface of concrete.
The vehicle 900 travels on the road surface 81ftating the traveling tire 950 that is in
contact with the road surface 810.

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

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

[0018]

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

In the example of Fig. 2, the fixed branch rail 88 installed at each branch

destination of the track 800, and a variable braad832 is installed in front of each
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fixed branch rail 831. Here, “front” is the reddesin the traveling direction of the
vehicle 900.

Specifically, the fixed branch rail 831 is ins¢éallon the right side of the track
of the branch destination when the vehicle 900aiastraight, and the variable branch
rail 832 is installed in front of the fixed branckil 831. The fixed branch rail 831 is
installed on the left side of the track of the lmtaestination when the vehicle 900 turns
left, and the variable branch rail 832 is installedront of the fixed branch rail 831.
“Right side of the track” described herein is tight side in the traveling direction of the
vehicle 900. Here, “left side of the track” debed herein is the left side in the
traveling direction of the vehicle 900.

[0019]

Hereinafter, the fixed branch rail 831 and thaalae branch rail 832 located
on the left side in the traveling direction of thehicle 900 are referred to as a left fixed
branch rail 831a and a left variable branch ra&83espectively. The fixed branch rail
831 and the variable branch rail 832 located orritite side in the traveling direction of
the vehicle 900 are referred to as a right fixezhbh rail 831b and a right variable
branch rail 832D, respectively. In the exampl€igf 2, the left variable branch rail
832a is installed such that the direction thereafariable with a rotation center P11 as a
rotation axis. The right variable branch rail 832installed such that the direction
thereof is variable with the rotation center P12 astation axis.

[0020]

The branching device 840 switches a travelingeatfithe vehicle 900 by
changing a direction of the variable branch rai2.83

The driving device 841 outputs a changeover fémcswitching the direction

of the variable branch rail 832. Here, the chamgeof the variable branch rail 832 is
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switching the direction of the variable branch B8P in order to switch the traveling
route of the vehicle.
[0021]

The rods 842 transmit the changeover force fragrdiiiving device 841 to the
variable branch rail 832. Specifically, the driyidevice 841 includes a motor that
generates the changeover force. As the motoretitie driving device 841 moves the
rods 842 approximately in a longitudinal directmfithe rods 842. The left variable
branch rail 832a and the right variable branch8ab are coupled to the rods 842. By
moving the rods 842, the directions of the leftiafale branch rail 832a and the right
variable branch rail 832b are changed.

[0022]

In the example of Fig. 2, in the left variable fwh rail 832a, the end portion
P21 is directed to the outer side of the track &d@d, in the right variable branch rail
832b, the end portion P22 is directed to the irsnde of the track 800. The end portion
P21 is an end portion opposite to the rotationereldil among both ends in the
longitudinal direction of the left variable branchl 832a. The end portion P22 is an
end portion opposite to the rotation center P12ragrimoth ends in the longitudinal
direction of the right variable branch rail 832b.

[0023]

The vehicle 900 travels on the travel route forgdhe track 800. The
vehicle 900, for example, transports passengetargo. The vehicle body 910
accommodates transport targets such as the passemgargo. Further, the traveling
tire 950 is provided at a lower portion of the \@&ibody 910. Further, the support 920
is provided to project laterally from the vehicledy 910.

The support 920 supports the guide wheels 93@rentdranch wheels 940.
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Specifically, the guide wheels 930 and the branbbeis 940 are provided at the right

and left end portions of the support 920, respebtiv The support 920 keeps a distance
between the vehicle body 910 and each of the guideel 930 and the branch wheel 940
approximately constant.

[0024]

As described above, the guide wheel 930 comesritact with the guide rail
820 when the vehicle 900 travels and restrictsittection of the vehicle 900 so that the
vehicle 900 travels on the road surface 810. Thadh wheel 940 moves along the
branch rail 830 at the branch point of the trac& 8Ad guides the vehicle 900 to any of
the tracks 800 of the branch destination. In tte®le of Fig. 2, the right branch
wheel 940 of the vehicle 900 moves along the ngiiable branch rail 832b and the
right fixed branch rail 831b to cause the vehi@é ® travel straight. “Right side of
the vehicle 900" described herein is the right sidhe traveling direction of the vehicle
900.

The traveling tire 950 is provided on the loweltes(the side close to the road
surface 810) of the vehicle body 910 and is in @cinvith the road surface 810.

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

[0025]

Fig. 3 is an illustrative diagram showing an exégd a position of the branch
rail when the vehicle travels straight. Fig. 3wha positional relationship between the
branch wheel 940 and the variable branch rail 83Beaposition of the line L11 in Fig. 2
when viewed from the rear side in the travelingdiion of the vehicle 900. In Fig. 3,

the road surface 810, the guide rail 820, theviaftable branch rail 832a, the right
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variable branch rail 832b, the vehicle body 916,gbpport 920, the guide wheel 930,

and the branch wheel 940 among the respective irfig. 2 are shown.
[0026]

As shown in Fig. 3, an inner wall 833 is providedthe inner side of the
variable branch rail 832. “Inner side of the valgabranch rail 832" described herein is
the side close to the variable branch rail 832hendpposite side.

When the branch wheel 940 is located on the witierrelative to the inner
wall 833, the branch wheel 940 moves along theatsteibranch rail 832 as the vehicle
900 travels. On the other hand, when the branadeW$40 is located on the inner side
relative to the inner wall 833, the branch whed) 81not 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 94@henright side in the traveling
direction of the vehicle 900 is located on the ostde relative to the inner wall 833 of
the right variable branch rail 832b.  Accordinglg, shown in Fig. 2, the branch wheel
940 on the right side in the traveling directiortloé vehicle 900 moves along the right
variable branch rail 832b.

On the other hand, in the example of Fig. 3, tlaath wheel 940 on the left
side in the traveling direction of the vehicle 980ocated on the inner side relative to the
inner wall 833 of the left variable branch rail &32 Accordingly, as shown in Fig. 2, the
branch wheel 940 on the left side in the travetiirgction of the vehicle 900 can move
away from the left variable branch rail 832a.

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

along the right variable branch rail 832b.
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[0028]

As described with reference to Fig. 2, in the V@&fiable branch rail 832a, the
end portion P21 is directed to the outer side efttack 800. Therefore, in Fig. 3, the
left variable branch rail 832a is located on th&eoside of the track 800 and the right
variable branch rail 832b is located on the inmge sf the track 800. In particular, the
left variable branch rail 832a is located underghile rail 820, whereas the right
variable branch rail 832b is located on the inmge selative to the guide rail 820.
“Inner side” described herein is the inner sid¢éheftrack 800.

[0029]

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

On the other hand, in the right variable branéh8@2b, the end portion P22 is
directed to the inner side of the track 800. Adaugly, the branch wheel 940 on the
right side in the traveling direction of the velei@O00 is located on the outer side relative
to the inner wall 833 of the right variable bramaf 832b.

[0030]

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

The configuration shown in Fig. 4 is the samehas in Fig. 2. Portions
shown in Fig. 4 that are the same as the portioi$g. 2 are denoted with the same
reference numerals (700, 800, 810, 820, 830, 8R1a,8331b, 832, 832a, 832b, 840, 841,

842, 900, 910, 920, 930, 940, and 950) and a qiwerithereof will be omitted.
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Further, rotation centers P11 and P12 shown in4~ae also the same as those in the
case of Fig. 2, and a description thereof will batted.
[0031]

In the example of Fig. 4, the direction of the lefriable branch rail 832a and
the direction of the right variable branch rail 83&re different from those in the case of
Fig. 2. In the example of Fig. 4, in the left \adnie branch rail 832a, the end portion
P21 is directed to the inner side of the track 8@ in the right variable branch rail
832D, the end portion P22 is directed to the ositér of the track 800.

Further, in the example of Fig. 2, the branch WwBdé on the right side of the
vehicle 900 moves along the right variable brameh832b and the right fixed branch
rail 831b, whereas in the example of Fig. 4, trenbh wheel 940 on the left side of the
vehicle 900 moves along the left variable brandB@2a and the left fixed branch rail
831la. Accordingly, the vehicle 900 turns left. eTthaveling direction of the vehicle
900 in Fig. 4 is indicated by an arrow B12.

[0032]

Fig. 5 is an illustrative diagram showing an exérgd the position of the
branch rail when the vehicle turns left. Fig. Bwh a positional relationship between
the branch wheel 940 and the variable branch 8&ila a position of a line L12 in Fig. 4
when viewed from the rear side in the travelingcion of the vehicle 900. The road
surface 810, the guide rail 820, the left varidirkench rail 832a, the right variable
branch rail 832b, the vehicle body 910, the suppd@, the guide wheel 930, and the
branch wheel 940 among the respective units in4aye shown in Fig. 5.

The configuration shown in Fig. 5 is the samehas in the case of Fig. 3.
Portions shown in Fig. 5 that are the same asdh#ps in Fig. 3 are denoted with the

same reference numerals (700, 800, 810, 820, &),882a, 832b, 833, 900, 910, 920,
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930, and 940) and a description thereof will bettedi

[0033]

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

Specifically, in the example of Fig. 5, the bramdteel 940 on the left side in
the traveling direction of the vehicle 900 is l@xhbn the outer side relative to an inner
wall 833 of the left variable branch rail 832a. cAadingly, the branch wheel 940 on the
left side in the traveling direction of the vehi@@0 moves along the left variable branch
rail 832a, as shown in Fig. 4.

[0034]

On the other hand, in the example of Fig. 5, tlaath wheel 940 on the right
side in the traveling direction of the vehicle 980ocated on the inner side relative to the
inner wall 833 of the right variable branch rail®3 Accordingly, the branch wheel
940 on the right side in the traveling directiortloé vehicle 900 can move away from the
right variable branch rail 832b, as shown in Fig. 4

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

[0035]

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

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

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

On the other hand, in the left variable branch8a2a, the end portion P21 is
directed to the inner side of the track 800. Adaugly, the branch wheel 940 on the
left side in the traveling direction of the vehi@@0 is located on the outer side relative
to the inner wall 833 of the left variable braneli 832a.

[0037]

The measurement unit 100 measures various piécigaregarding the
driving device 841 using various sensors instaletthe driving device 841 or in the
vicinity thereof. The changeover force measuremeitt110 measures the direction
and magnitude of the changeover force that is autpthe driving device 841.
Specifically, the changeover force measurementlifitincludes a load sensor installed
on the rod 842, and measures the load appliecetooth842 at the time of changeover.
[0038]

For example, a strain gauge (a strain gauge tyge dell) can be used as the
load sensor included in the changeover force measmt unit 110. In this case, the
changeover force measurement unit 110 includesvempsupply such as a battery and
applies a DC voltage to the strain gauge. Wherstifaén gauge is compressed or pulled
with compression or tension of the rod 842 andsstance value changes, the current
flowing through the strain gauge is changed. Thengeover force measurement unit

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

Fig. 6 is an illustrative diagram showing an exégd an installation position
of the load sensor. Portions shown in Fig. 6 #natthe same as the portions in Fig. 2
are denoted with the same reference numerals §000,810, 820, 830, 831, 831a, 831b,
832, 832a, 832b, 840, 841, 842, 900, 910, 920, 980, and 950) and a description
thereof will be omitted.

In the example of Fig. 6, a load sensor 111 otcti@ngeover force
measurement unit 110 is shown in addition to eachghown in Fig. 2. Specifically,
the load sensor 111 is provided on the rod 842. eM#hstrain gauge is used as the load
sensor 111, the load sensor 111 which is the sgeaige is attached to the rod 842, as
shown in Fig. 6. By detecting the compressioreasion of the rod 842 using the load
sensor 111, it is possible to measure the direeti@hthe magnitude of the changeover
force output from the driving device 841, as ddssiabove.

However, the load sensor included in the changefovee measurement unit
110 is not limited to the strain gauge, and thengkaver force measurement unit 110
may include a sensor other than the strain gawgé, &s a capacitive load cell.
Alternatively, the changeover force measuremertt1id may measure the changeover
force by measuring the load (for example, a loague) of a motor that outputs the
changeover force.

[0040]

The current measurement unit 120 includes a cusearsor and measures a

current flowing through the driving device 841. elVpltage measurement unit 130

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

[0041]

However, a measurement place of the current flgwhmough the driving
device 841 and a measurement place of the voliggaisd to the driving device 841 are
not limited thereto. For example, the current sed21 of the current measurement
unit 120 may be provided inside the driving de\8dd and measure the current flowing
through the motor generating the above-describadgdover force. Further, the
voltage sensor 131 of the voltage measurementl@0itmay be provided inside the
driving device 841 and measure the voltage appii¢te motor.

[0042]

The displacement measurement unit 140 includespdadement sensor and
measures a displacement of the branch rail 8380 of the right and left branch rails
830.

Fig. 8 is an illustrative diagram showing an exégd an installation position
of the displacement sensor. Portions shown in&tpat are the same as the portions in
Fig. 3 are denoted with the same reference numgtals 800, 810, 820, 830, 832, 832a,
832b, 833, 900, 910, 920, 930, and 940) and desurithereof will be omitted.

[0043]

In the example of Fig. 8, a displacement senstrat4he displacement
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measurement unit 140 and a support 860 that supi@rdisplacement sensor 141 are
shown, in addition to the respective units showRiqm 3. Specifically, the supports
860 are provided on the outer sides of the leftragitt variable branch rails 832, and the
displacement sensors 141 are provided in the régpestipports 860.

Various sensors capable of measuring a distartegeba the displacement
sensor 141 itself and the variable branch rail &32 change in the distance between the
displacement sensor 141 itself and the variabledbraail 832 can be used as the
displacement sensor 141. For example, the digplecesensor 141 may be an eddy
current type sensor or may be a laser type, ulitaggpe, or wire type sensor.

[0044]

Hereinafter, the displacement sensor 141 provigtethe support 860 on the
left side in the traveling direction of the vehi@@o0 is referred to as a left displacement
sensor 141a. Further, the displacement sensoprbdided on the support 860 on the
right side in the traveling direction of the veli@00 is referred to as a right
displacement sensor 141b. The displacement measuateunit 140 detects a change in
the distance between the left displacement serkla and the left variable branch rail
832a to detect the displacement of the left vagiddoanch rail 832a. The “displacement
of the left variable branch rail 832a” describeddireis a change in the position of the
left variable branch rail 832a.

Similarly, the displacement measurement unit lgt@ats a change in the
distance between the right displacement sensor dAdlthe right variable branch rail
832b to detect the displacement of the right vdgibanch 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 changaenposition of the right variable branch

rail 832b.
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[0045]

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

Aline L21 in Fig. 9 indicates an example of theasured value of the load at
the time of changeover of the variable branch83a# obtained by the load sensor 111.
The measured value here is a measured value oh#rgeover force output by the
driving device 841. A horizontal axis of a gragtttee line L21 indicates time and a
vertical axis indicates the load.

[0046]

Aline L22 indicates an example of the displacenoérthe left variable branch
rail 832a obtained by the left displacement sefidda. A horizontal axis of a graph of
the line L22 indicates time that is the same asdhthe horizontal axis of the graph of
the line L21 and a vertical axis indicates the ldispment. A lower side of the vertical
axis indicates that the left variable branch r828 is close to the left displacement
sensor 141a, and an upper side of the verticalisgtisates that the left variable branch
rail 832a is far from the left displacement seristita.

[0047]

Aline L23 indicates an example of the displacenoénhe right variable
branch rail 832b obtained by the right displacensemsor 141b. A horizontal axis of a
graph of the line L23 indicates time that is theeaas that of the horizontal axis of the
graph of the line L21, and a vertical axis indisat®e displacement. A lower side of the
vertical axis indicates that the right variablertmiarail 832b is close to the right
displacement sensor 141b and an upper side ofttiieal axis indicates that the right

variable branch rail 832b is far from the rightpdé&cement sensor 141b.
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[0048]

In time T11, in the left variable branch rail 838z end portion P21 is directed
to the inner side of the track 800 and, in thetrigiriable branch rail 832b, the end
portion P22 is directed to the outer side of tlekr800, as in the example of Figs. 4 and
5. Therefore, the left variable branch rail 832atia position relatively far from the left
displacement sensor 141a, as indicated by thd.B8e On the other hand, the right
variable branch rail 832b is at a position reldtivdose to the right displacement sensor
141b, as indicated by the line L23.

[0049]

From time T11 to time T12, the driving device &kiitputs the changeover
force, and the rod 842 transmits the changeoveeftr each of the left variable branch
rail 832a and the right variable branch rail 832bjndicated by the line L21.
Accordingly, the left variable branch rail 832afpems an operation of changing the
direction to approach the left displacement sefiddn, as indicated by the line L22.
Further, the right variable branch rail 832b perfsran operation of changing the
direction to move away from the right displacemsetisor 141b, as indicated by a line
L23.

[0050]

At time T12, as in the example of Figs. 2 anch3hkie left variable branch rail
832a, the end portion P21 is directed to the aitkr of the track 800 and, in the right
variable branch rail 832b, the end portion P22nsatied to the inner side of the track
800. Therefore, the left variable branch rail 882at a position relatively close to the
left displacement sensor 141a, as indicated bjinkd_22. On the other hand, the right
variable branch rail 832b is at a position reldsiviar 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 &taps the output of the

changeover force, and the left variable branch832a and the right variable branch rail
832b maintain the states shown in Figs. 2 and Bidasated by line L21.
[0051]

From time T13 to time T14, the driving device &litputs the changeover
force, and the rod 842 transmits the changeoveeftr each of the left variable branch
rail 832a and the right variable branch rail 832bjndicated by the line L21. From
time T13 to time T14, the driving device 841 outptlite changeover force in a direction
opposite to the direction in the case from time lfime T12. Accordingly, the left
variable branch rail 832a performs an operatiochainging the direction to move away
from the left displacement sensor 141a, as indichyethe line L22.  Further, the right
variable branch rail 832b performs an operatioohainging the direction to approach the
right displacement sensor 141b, as indicated loyeall23.

[0052]

At time T14, in the left variable branch rail 832ae end portion P21 is
directed to the inner side of the track 800 andhéright variable branch rail 832b, the
end portion P22 is directed to the outer side efttack 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 thepmt of the changeover force,
and the left variable branch rail 832a and thetngiiable branch rail 832b maintain the
states shown in Figs. 4 and 5, as indicated byiried_21.

[0053]

The driving device temperature measurement ulitriasures a temperature

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

unit 150 is provided inside a motor that genertliesabove-described changeover force
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or on an outer surface of the motor, and measur@sperature of this motor.

The environmental temperature measurement unitrigfsures an
environmental temperature at a branch place tratmsenitoring target. For example,
the environmental temperature measurement unitri€ilsures an outside air
temperature.

[0054]

It should be noted that the measurement unit D@8 dot necessarily include
all of the changeover force measurement unit Hcturrent measurement unit 120, the
voltage measurement unit 130, the displacementunement unit 140, and the driving
device temperature measurement unit 150, and netydi@ two or more of the
measurement units. For example, the measureméritQfhmay be configured to
include the changeover force measurement unitth&0current measurement unit 120,
and the voltage measurement unit 130 and not todedhe displacement measurement
unit 140 and the driving device temperature measenrg unit 150.

[0055]

The anomaly determination device body 200 detett@nomaly in the
branching device 840 on the basis of the measuake yrom the measurement unit 100.
The anomaly determination device body 200 is caméd using, for example, a
computer.

The measurement result acquisition unit 210 aeqwarious measured values
from the measurement unit 100. The measuremeuit gjuisition unit 210 includes,
for example, a communication circuit included ie imomaly determination device body
200, and functions as a communication interfacevéen the anomaly determination
device body 200 and the measurement unit 100.

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

The display unit 230 includes, for example, a ldigsurface such as a liquid
crystal panel or a light emitting diode (LED) paaeld displays various images. In
particular, the display unit 230 displays a deteation result of the anomaly
determination unit 291 determining whether or ihetré is an anomaly in the branching
device 840 and the anomaly occurrence place.

[0057]

The storage unit 280 is configured using a stod®yece included in the
anomaly determination device body 200 and storasuspieces of data.

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

The control unit 290 controls each unit of theraaty determination device 1
to execute various processes. The control uniti280nfigured, for example, by a
central processing unit (CPU) included in the anlgrdatermination device 1 reading
and executing a program from the storage unit 280.

[0058]

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

measurement unit 130. In particular, the anomatgminination unit 291 determines
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whether or not there is an anomaly in the branit889, there is an anomaly in the
driving device 841, and there is an anomaly in posupplied to the driving device 841.
[0059]

Fig. 10 is an illustrative diagram showing an eglaof an anomaly and an
anomaly occurrence place determined by the anodegrmination unit 291. As
shown in Fig. 10, the anomaly determination unit 88termines a cause and the
anomaly occurrence place on the basis of a measutdtam and detected anomaly.
The anomaly determination unit 291 causes theasphit 230 to display a message
indicating the determined cause and the determanedhaly occurrence place.
Hereinafter, the message indicating an anomalyadied by the display unit 230 is
referred to as an alarm.

[0060]

As shown in Fig. 10, when the displacement meakshyethe displacement
measurement unit 140 is smaller than a predetethtmeamount of displacement (that
is, when the changeover of the variable branctB@l is incomplete), the anomaly
determination unit 291 determines that there isssibility of the variable branch rail
832 being stained with a foreign object and theldsement being insufficient due to the
foreign object caught in the variable branch r82.8 In this case, the anomaly
determination unit 291 determines that the anormetyurrence place is the variable
branch rail 832.

[0061]

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

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

[0062]

Thus, the anomaly determination unit 291 detersimbether or not there is an
anomaly in the variable branch rail 832 on thedasthe difference between the
displacement of the left variable branch rail 838d the displacement of the right
variable branch rail 832b. Further, when the dispiment measured by the
displacement measurement unit 140 has an offset égor larger than a predetermined
threshold value, the anomaly determination unit @8termines that the variable branch
rail 832 or the rod 842 is likely to be deformedn this case, the anomaly determination
unit 291 determines that the anomaly occurrenceegkthe variable branch rail 832.
[0063]

Further, when a switching speed of the variabésbin rail 832 is lower than a
predetermined threshold value, the anomaly detextioin unit 291 determines that there
is a possibility of the variable branch rail 832rgestiff due to rust, freezing, or the like.
In this case, the anomaly determination unit 23&mieines that the anomaly occurrence
place is the variable branch rail 832.

The switching speed of the variable branch ral 88scribed herein is a speed
of displacement of the variable branch rail 832 miie direction of the variable branch
rail 832 is switched. For example, the anomalgdeination unit 291 calculates the
switching speed of the variable branch rail 832liwyding the displacement of the

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

Further, when the changeover force measured bgtthegeover force
measurement unit 110 is larger than a predetermimeghold value, the anomaly
determination unit 291 determines that there iessibility of the variable branch ralil
832 being stiff due to rust, freezing, or the likdn this case, the anomaly determination
unit 291 determines that the anomaly occurrenceegkathe variable branch rail 832.
Here, it is shown that resistance when the dridegce 841 switches the direction of the
variable branch rail 832 increases when the chargdorce measured by the
changeover force measurement unit 110 is largerttiapredetermined threshold value.

Further, when the voltage measured by the voltag@surement unit 130 is
higher than a predetermined upper limit threshaldie or lower than a predetermined
lower limit threshold value, the anomaly determioraunit 291 determines that there is a
possibility of failure of a power supply. In thdase, the anomaly determination unit
291 determines that the anomaly occurrence plateipower supply.

[0065]

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

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

possibility of failure of the power supply. In$htase, the anomaly determination unit
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291 determines that the anomaly occurrence plateipower supply.
[0066]

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

[0067]

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

When the temperature measured by the driving deeimperature
measurement unit 150 is higher than a predeternseednd threshold value, the
anomaly determination unit 291 determines thatetien possibility of burnout
occurring inside the driving device 841. In these, the anomaly determination unit

291 determines that the anomaly occurrence plate idriving device 841. Here, the
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second threshold value is set to a temperatureshitjan the first threshold value.
[0068]

Further, the anomaly determination unit 291 ukesshvironmental
temperature measured by the environmental temperateasurement unit 160 for a
determination as to whether or not freezing occufor example, when the changeover
force measured by the changeover force measuraméritl0 is greater than a
predetermined threshold value and the environméstaperature measured by the
environmental temperature measurement unit 16dner than 0C, the anomaly
determination unit 291 determines that there isssibility of the variable branch rail
832 being frozen and stiff. An example of the emwimental temperature described
herein includes an air temperature.

[0069]

Here, the anomaly determination unit 291 detersiimbether or not there is an
anomaly on the basis of a temporal change in at @ of the measured value of the
changeover force from the changeover force measmeunit 110, the measured value
of the current from the current measurement ur@t A2d the measured value of the
voltage from the voltage measurement unit 130.

The temporal change described herein may be ayehaith the elapse of a
relatively long time such as a year. The elapsbefelatively long time such as a year
is also referred to as a secular change. Alterelgtithe temporal change described
herein may be a change with the elapse of a relgtshort time such as the elapse of
several months.

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

the variable branch rail 832 performed by the binamg device 840. The “changeover
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of the variable branch rail 832" described hersiswitching of the direction of the
variable branch rail 832. In the graph shown i Hil, a horizontal axis indicates time
and a vertical axis indicates amount of detectiofihe “amount of detection” described
herein may be a load, a switching time, or a swiiglspeed.

Aline L31 indicates an example of a temporal ¢jeaaf the load detected by
the load sensor 111. The load detected by thedeadgor 111 corresponds to an
example of the changeover force measured by thegeloaer force measurement unit
110 described with reference to Fig. 10.

[0071]

As described above, when the variable branct8&lis stiff due to rust or the
like or when a foreign object is caught in the ablke branch rail 832, the load measured
by the load sensor 111 increases. Further, evem wie variable branch rail 832 is stiff
due to freezing or the like, the load measurechkyldad sensor 111 also increases.

This increase in the load indicates an increaseload on the motor that
outputs the changeover force. A state in whichidhd on the motor is high is a cause
of failure. Therefore, when the anomaly determamaunit 291 detects a state in which
the load is high, the anomaly determination unit 28uses the display unit 230 to
display a message for indicating a possibility mérmaly of the variable branch rail 832
and prompting inspection. The message displaydtiedisplay unit 320 by the
variable branch rail 832 corresponds to the ab@sziibed alarm.

For example, the measurement result storage 8histbres the load measured
by the load sensor at time T21 in Fig. 11. Thenzaly determination unit 291 causes
the display unit 230 to display an alarm when desected that the measured value of the
load sensor 111 is greater than the load at tinie WRich is a reference, by a

predetermined load or more.
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[0072]

Aline L32 indicates an example of a temporal ¢jeaim the switching time of
the variable branch rail 832. The switching tinfiehe variable branch rail 832
described herein is a time required for switchimg direction of the variable branch rail
832 in order to switch the traveling direction bbétvehicle. For example, the time
required for switching the variable branch rail 88#n the state in Fig. 2 to the state in
Fig. 4 corresponds to an example of the switchimg bf the variable branch rail 832.
Further, the time required for changeover of theavde branch rail 832 from the state in
Fig. 4 to the state in Fig. 2 also correspondsitexample of the switching time of the
variable branch rail 832.

[0073]

The anomaly determination unit 291 detects, faneple, the switching time of
the variable branch rail 832 on the basis of thasueed value of the load from the load
sensor 111. For example, the anomaly determinatitr291 detects a time from start
of detection of the changeover force by the loatsse111 to end of the detection as the
switching time of the variable branch rail 832jrasa period between time T11 to time
T12 or a period between time T13 and time T14.

[0074]

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

Therefore, the anomaly determination unit 291 ehetect an increase in the
switching time of the variable branch rail 832 @&l of the increase in the load.

[0075]
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Aline L33 indicates an example of a temporal ¢feaim the switching speed of
the variable branch rail 832. As described abtbregxample, the anomaly
determination unit 291 calculates the switchingesbef the variable branch rail 832 by
dividing the displacement of the variable brandh832 measured by the displacement
sensor 141 by a time.

The switching time of the variable branch rail 88@icated by a line L32
becomes longer when the switching speed of thebkribranch rail 832 indicated by the
line L33 is slower. Therefore, the anomaly deteation unit 291 may detect only any
one of the increase in the load, the increasearswitching time of the variable branch
rail 832, and the decrease in the switching spééukovariable branch rail 832.

Alternatively, the anomaly determination unit 28&y detect the increase in the
load or the increase in the switching time of theable branch rail 832 and the decrease
in the switching speed of the variable branch8a. Accordingly, even when any one
of the load sensor 111 and the displacement sdddohas failed, it is possible to detect
an anomaly in the variable branch rail 832.

[0076]

Thus, the anomaly determination unit 291 may deiteg whether or not there
is an anomaly on the basis of the temporal chamgjgei measured value by determining
whether or not there is an anomaly with referengeaist measured values. By setting a
threshold value for the anomaly determination wétference to the past measured
values, the anomaly determination unit 291 camdbteshold value according to an
individual difference of the device. Using thisashold value, the anomaly
determination unit 291 can determine whether ottinerte is an anomaly with higher
accuracy.

[0077]
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It should be noted that the anomaly determinaticin 291 may determine
whether or not there is an anomaly by comparingtgpe of measured value with a
threshold value or may determine whether or naetiean anomaly by comparing a
combination of a plurality of types of measureduesl with a threshold value. This
point will be described with reference to Figs.atil 13.

[0078]

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

Further, a voltage V11 in Fig. 12 indicates anmerfiee value of the voltage
measured by the voltage measurement unit 130, madea A11 including the voltage
V11 indicates a range in which the anomaly deteation unit 291 determines the
normality.

[0079]

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

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

When the anomaly determination unit 291 determihasthe measured value

deviates from the range of normality, the anomaifedmination unit 291 causes the
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display unit 230 to display an alarm according tgpe of the measured value.

In the example of Fig. 12, a measured voltageevafuihe voltage measurement
unit 130 is within the range of normality until &731. In Fig. 12, “within” the range
of the area A11 corresponds to an example of “witthe range of normality. On the
other hand, after time T31, the measured voltageevaf the voltage measurement unit
130 deviates from the range of normality. Hereaaomaly in the power supply may
be considered to be a cause of an increase inghasured voltage value of the voltage
measurement unit 130, as in the example of Fig. 12.

[0081]

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

In the case of the example of Fig. 12, when tlwraaly determination unit 291
determines that the measured voltage value isgrd&n a threshold value defined as an
upper limit of a normal value at a certain timeeafime T31, the anomaly determination
unit 291 causes the display unit 230 to displaglamm indicating an anomaly in the
power supply and prompt inspection on the baste@fnformation stored in the storage
unit 280.

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

of the voltage measured by the voltage measureamein130, a target in which the
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anomaly determination unit 291 determines whetheobthere is the anomaly on the
basis of the threshold value is not limited to\tb#age. For any one of the changeover
force measured by the changeover force measuramérit10, the current measured by
the current measurement unit 120, the voltage medday the voltage measurement unit
130, the displacement measured by the displacemeasurement unit 140, and the
temperature measured by the driving device temperabeasurement unit 150 or a
combination thereof, the anomaly determination 88it may determine whether or not
there is an anomaly on the basis of the threshallaev

[0083]

Fig. 13 is a graph showing an example in whichathemaly determination unit
291 determines whether or not there is an anomabomparing two types of measured
values with a threshold value. In Fig. 13, a hamial axis indicates a voltage and a
vertical axis indicates a current.

Further, a voltage V21 in Fig. 13 indicates anefiee value of the voltage
measured by the voltage measurement unit 130, madea A21 including the voltage
V21 indicates a range in which the anomaly deteatom unit 291 determines that the
voltage is normal. Aline L51 indicates a referenalue of the current determined
using a relationship with the voltage, and an &2athat is within the range of the area
A21 and includes the line L51 indicates a rangehich the anomaly determination unit
291 determines the normality.

[0084]

As described with reference to Fig. 11, the angrdatermination unit 291 may
uses the past measured value stored in the mea=uirezsult storage unit 281 as a
reference value and set a predetermined rangetfremeference value as a range in

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

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

Further, the storage unit 280 stores informatimticating a relationship
between the first measured value and a second neebgalue and the reference value in
advance. The anomaly determination unit 291 obtaireference value of the second
measured value with respect to the range in whietfitst measured value is normal, and
determines a predetermined range from the obtagfedence value to be a range in
which a combination of the first measured value @n@dsecond measured value is
normal. In Fig. 13, the line L51 corresponds tee&ample of the reference value of the
second measured value. The area A22 corresporasewample of the range in which
the combination of the first measured value ands#e®nd measured value is normal.

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

[0085]

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

For example, when there is an anomaly in a poweply voltage that is
supplied to the driving device 841, it is conceieatnat the anomaly occurs in the
current flowing through the driving device 841 ewemen there is no anomaly in the
driving device 841 itself.

In this case, when the anomaly determination 2@it determines that there is
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an anomaly on the basis of only the current meddoyehe current measurement unit
120, the anomaly determination unit 291 determthasthere is an anomaly inside the
driving device 841 from the detection of the angmalthe current. In this case,
although there is no anomaly in the driving de\8da itself, the anomaly determination
unit 291 erroneously determines that there is @maty in the driving device 841.
[0086]

On the other hand, in the example of Fig. 13 ath@maly determination unit
291 determines that there is an anomaly in thegeland does not determine whether or
not there is an anomaly in the current outsidedhge of the area A21, and determines
that there is the anomaly in the current at the toihdeviating from the area A22 within
the range of the area A21. Accordingly, the angmdatermination unit 291 can avoid
an erroneous determination that there is the anomahe inside of the driving device
841 due to the anomaly in the voltage even thobgtetis no anomaly in the driving
device 841 itself.

[0087]

Further, a priority of the determination may befee each type of measured
value, and the anomaly determination unit 291 netgrnine whether or not there is an
anomaly in an order from the measured value wighhilghest priority.

Fig. 14 is an illustrative diagram showing an egéeof an order in which the
anomaly determination unit 291 determines wheth@&woothere is an anomaly. The
anomaly determination unit 291 that has startedremmaly determination process first
determines whether or not there is anomaly in geltgtep S11). Specifically, the
anomaly determination unit 291 whether or notrtfeasured voltage value by the
voltage measurement unit 130 is within a predeteechrange of normality.

[0088]
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When the anomaly determination unit 291 determihasthere is an anomaly
in voltage (step S11: YES), the anomaly determamatinit 291 performs a process at the
time of failure of the power supply (step S12). r Erample, the anomaly determination
unit 291 causes the display unit 230 to displayeasage indicating that the anomaly
occurrence place is estimated to be the power gl that there is a possibility of
failure of the power supply. The message hereiresponds to the alarm described
above.

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

[0089]

On the other hand, when the anomaly determinaiin291 determines in step
S11 that there is no anomaly in voltage (step 800}, the anomaly determination unit
291 determines whether or not there is an anomatyirent (step S21). Specifically,
the anomaly determination unit 291 determines wéretin not the current measured
value by the current measurement unit 120 is wighgmedetermined range of normality.

Thus, the anomaly determination unit 291 detersimkether or not there is an
anomaly in the voltage. When the anomaly deterti@nainit 291 determines that
there is an anomaly in the voltage, the anomalgrdehation unit 291 determines
whether or not there is an anomaly in the curreitherefore, when the anomaly
determination unit 291 determines whether or netehs the anomaly in current, it can
be assumed that the power supply is normal. Then the anomaly determination
unit 291 determines that there is an anomaly ircthreent, the anomaly determination
unit 291 can exclude the power supply from a caatdidor the anomaly occurrence
place.

[0090]

When the anomaly determination unit 291 determinesep S21 that there is
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an anomaly in the current (step S21: YES), the ahptetermination unit 291

determines whether or not there is an anomalyarctfangeover force (step S22).
Specifically, the anomaly determination unit 291edmines whether or not the
magnitude of the changeover force measured byhthegeover force measurement unit
110 is greater than a predetermined threshold value

When the anomaly determination unit 291 determihege is an anomaly in
the changeover force (step S22: YES), the anonetiyrohination unit 291 performs a
process at the time of the driving device beingoalmal and a process at the time of the
variable branch rail being abnormal (step S23). ec8jzally, the anomaly determination
unit 291 causes the display unit 230 to displayeasage indicating that the anomaly
occurrence place is estimated to be the drivingcgean the basis of a determination
result of the presence of the anomaly in the ctiirestep S21 and there is a possibility
of failure in the driving device such as disconi@tbr contact failure in the driving
device. Further, the anomaly determination unit 28uses the display unit 230 to
display a message indicating that the anomaly oenue place is estimated to be the
variable branch rail on the basis of the deternonatesult that there is an anomaly in the
changeover force in step S22 and there is a pbsilfithe variable branch rail being
stiff due to rust, freezing, or the like. AfteeptS23, the process of Fig. 14 ends.
[0091]

On the other hand, when the anomaly determinatnin291 determines in step
S22 that there is no anomaly in the changeoveef(siep S22: NO), the anomaly
determination unit 291 performs a process at the tf the driving device being
abnormal (step S24). Specifically, the anomalgdaination unit 291 causes the
display unit 230 to display a message indicatirag the anomaly occurrence place is

estimated to be the driving device on the baste®determination result of the presence
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of the anomaly in the current in step S21 and tieeaepossibility of failure in the driving
device such as disconnection or contact failutbendriving device.

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

On the other hand, when the anomaly determinatnin291 determines in step
S21 that there is no anomaly in the current (s&h 80), the anomaly determination
unit 291 determines whether or not there is an atpim the changeover force (step
S31). Specifically, the anomaly determination @81 determines whether or not the
magnitude of the changeover force measured bylthegeover force measurement unit
110 is greater than a predetermined threshold value

When the anomaly determination unit 291 determihasthere is an anomaly
in the changeover force (step S31: YES), the anpaetermination unit 291 performs a
process at the time of the branch rail being abab(step S32). Specifically, the
anomaly determination unit 291 causes a messagmatid) that the anomaly occurrence
place is estimated to be the variable branch railthere is a possibility that the variable
branch rail is stiff due to rust, freezing, or the to display on the display unit 230.

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

On the other hand, when the anomaly determinatnin291 determines in step
S31 that there is no anomaly in the changeoveefsiep S31: NO), the anomaly
determination unit 291 determines whether or netehs an anomaly in the displacement
(step S41). Specifically, the anomaly determimatiait 291 determines whether or not
there is the anomaly described with reference go F0 on the basis of the measured
value of the displacement measured by the displanemeasurement unit 140.

When the anomaly determination unit 291 determihasthere is an anomaly in
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the displacement (step S41: YES), the anomaly ehete@tion unit 291 performs a

process according to the anomaly determined inS4dp(step S42).
[0094]

Specifically, when the displacement measured bydtBplacement measurement
unit 140 is smaller than the predetermined the arholudisplacement, the anomaly
determination unit 291 causes the display unitt®3fisplay a message indicating that
the anomaly occurrence place is estimated to beahable branch rail 832 and there is
a possibility of the displacement being insufficiene to a foreign object caught in the
variable branch rail 832.

Further, when the amounts of left and right disptaents are different, the
anomaly determination unit 291 causes the disptatyAB0 to display a message
indicating that the anomaly occurrence place isneded to be the variable branch rail
832 and there is a possibility of engagement batvilee variable branch rail 832 and the
rod 842 being loose.

Further, when the displacement measured by tipdadisment measurement unit
140 has an offset equal to or greater than a pradeted threshold value, the anomaly
determination unit 291 causes the display unitt®3fisplay a message indicating that
the anomaly occurrence place is estimated to beahable branch rail 832 and there is
a possibility of the variable branch rail 832 oe tlod 842 being deformed.

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

[0095]

On the other hand, when it is determined thatti®eno anomaly in step S41
(step S41: NO), the anomaly determination unit g8&forms a process at the time of a
normal state (step S51). For example, the anodetlgrmination unit 291 causes the

display unit 230 to display a message indicatireg tto anomaly has been found.
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Alternatively, in step S51, the anomaly determmratnit 291, particularly, may not
perform any process.

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

[0096]

It should be noted that the anomaly determinatioih291 may determine
whether or not there is the tendency of anomalggutie history of the measured values
stored in the measurement result storage unit 2&his point will be described with
reference to Figs. 15 and 16.

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

In the graph of Fig. 15, a horizontal axis indésaa switching speed of the
variable branch rail 832, and a vertical axis iaths a load. Points P31 to P35 indicate
average values of the switching speed in one cluegef the variable branch rail 832
and an average value of a load applied to the 4@da8the time of changeover. For
example, each time the changeover of the variaialedh rail 832 is performed, the
anomaly determination unit 291 obtains the avexadee of the switching speed in
changeover and an average value of the load applig rod 842. The anomaly
determination unit 291 stores the average valtledmmeasurement result storage unit
281 in association with information indicating muithg at which the changeover has been
performed (for example, information indicating dedand time when the changeover has
been started).

A time when the changeover of the variable braad832 has been performed
is in an order of the points P31, P32, PBBP35. The changeover indicated by the
point P31 is the oldest, and the changeover inelichy a point P35 is the newest. In

Fig. 15, this order in time series is indicatedadyroken line arrow.
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[0097]

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

When the tendency of anomaly has been detectedntbmaly determination
unit 291 causes the display unit 230 to displayeasage for prompting attention in first
detection. Further, in second detection of theléeay of the anomaly, the anomaly
determination unit 291 causes the display unitt®3fisplay a message for prompting
inspection. The anomaly determination unit 29Xqrers these processes irrespective
of whether the measured value itself exceeds tiesitiold value for an anomaly
determination.

[0098]

In the case of the example of Fig. 15, betweerpthiet P31 and the point P32,
both the decrease in the switching speed and tnedse in the load are within a
threshold value range, and the anomaly determimaitnit 291 determines that the
anomaly is normal. In Fig. 15, a determinatiorutiesf normality is indicated by a
circle.

On the other hand, between the point P32 anddim P33, the decrease in the
switching speed is greater than the threshold valUderefore, the anomaly
determination unit 291 determines that attentioedgired. The determination that the

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

Between the point P33 and the point P34, botludueease in the switching
speed and the increase in the load are withinhitessthold value range, and the anomaly
determination unit 291 maintains the determinatibthe attention being required. On
the other hand, between the point P34 and the p&@h} the decrease in the switching
speed is greater than the threshold value. Thexefloe anomaly determination unit
291 determines that the inspection is required.e détermination of the inspection
being required is a determination causing the disphit 230 to display a message for
prompting inspection. In Fig. 15, the determinatiesult of the inspection being
required is indicated by a cross mark.

[0100]

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

In the graph of Fig. 16, a horizontal axis indésaa switching speed of the
variable branch rail 832, and a vertical axis iaths a load. Points P41 to P46 indicate
average values of the switching speed in one cluegef the variable branch rail 832
and an average value of a load applied to the 4@da8 the time of changeover. For
example, each time the changeover of the variataledh rail 832 is performed, the
anomaly determination unit 291 obtains the avexadige of the switching speed in
changeover and an average value of the load applige: rod 842. The anomaly
determination unit 291 stores the average valtleeérmeasurement result storage unit
281 in association with information indicating mnitng at which the changeover has been

performed (for example, information indicating @edand time when the changeover has
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been started).
[0101]

A time when the changeover of the variable braad832 is performed is in an
order of the points P41, P42, P4B] P46. The changeover indicated by the poins4l i
the oldest, and the changeover indicated by that 16 is the newest. In Fig. 16, the
order in time series is indicated by a broken &mew.

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

[0102]

In the case of the example of Fig. 16, betweerpthiet P41 and the point P42,
both the decrease in the switching speed and tnease in the load are within the
threshold value range, and the anomaly determimainit 291 determines normality. In
Fig. 16, a determination result of being normahdicated by a circle.

On the other hand, between the point P42 anddim P43, the decrease in the
switching speed is greater than the threshold valUderefore, the anomaly
determination unit 291 determines that attentioredgiired. In Fig. 16, the
determination result of the attention is requireédicated by a triangle.

[0103]

Between the point P43 and the point P44, botluédueease in the switching
speed and the increase in the load are withinhitessthold value range, and the anomaly
determination unit 291 maintains the determinatibthe attention being required. The
same applies to between the point P44 and the pdint

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

load is greater than the threshold value. Theeefie anomaly determination unit 291
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determines that the inspection is required. In Eg the determination result of the
inspection being required is indicated by a croaskm
[0104]

As described with reference to Figs. 15 and 16 atomaly determination unit
291 detects the tendency of anomaly and notifiesuier irrespective of whether the
measured value itself exceeds the threshold valuarf anomaly determination, such
that the user can recognize a possibility of oanae of failure such as malfunction at a
relatively early stage. Thus, the user can takmi®ymeasures with a time margin.
Further, there is a possibility of the user beibtpdo prevent the occurrence of troubles
or the like in advance.

[0105]

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

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

In the process of Fig. 17, the changeover forcasmeement unit 110 measures a
changeover force with which the branching device $4itches the direction of the
variable branch rail 832 (step S101). Furthermtitage measurement unit 130
measures a power supply voltage that is be supfitte driving device 841 (step
S102). The current measurement unit 120 measuwresent flowing through the
driving device 841 (step S103).

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

anomaly determination device 1 may perform steflS&@p S102, and step S103 in a



10

15

20

25

47

parallel process.
[0106]

When the processes of steps S101 to S103 endntmealy determination unit
291 determines whether or not there is an anonegjgrding the branching device 840
(step S111). The anomaly determination unit 29&rd@nes whether or not there is an
anomaly regarding the branching device 840 on #sstof a measured value of the
changeover force obtained in step S101, a measalad of the voltage obtained in step
S102, and a measured value of the current obtamnst@p S103. Here, for example, as
described with reference to Fig. 10, the anomatgrd@nation unit 291 separately
determines whether or not there is an anomalyarbtinching device 840, there is an
anomaly in the branch rail 830, there is an anonmatiie driving device 841, and there is
an anomaly in the power supplied to the drivingiceB41.

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

[0107]

As described above, the changeover force measatami¢ 110 measures the
changeover force that is output by the driving de\841. Further, the voltage
measurement unit 130 measures the voltage thapied to the driving device 841.
The current measurement unit 120 measures thentdilweving through the driving
device. The anomaly determination unit 291 deteesiwhether or not there is an
anomaly in the branch rail 830, there is an anonmatiie driving device 841, and there is
an anomaly in the supply of power to the drivingide 841 on the basis of the measured
value of the changeover force, the measured vdltleoroltage, and the measured value
of the current.

Thus, since the anomaly determination unit 29 hisEps the anomaly

occurrence places to determine whether or not isexe anomaly, the user can obtain
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information for recognizing a failure occurrencag# when a failure has occurred in a
switching portion of the track. Accordingly, itéxpected that the user can rapidly
specify the failure occurrence place. The userapily resolve the failure by rapidly
specifying the failure occurrence place.

[0108]

Further, the displacement measurement unit 14@unea the displacement of
the branch rail 830 (displacement of the varialoébh rail 832) provided on each of the
left and right sides of the travel route of theie&h900 along the travel route, for each of
the right and left branch rails 830. The anomatednination unit 291 determines
whether or not there is an anomaly in the branitt88® on the basis of a difference
between the displacement of the left branch rail &3d the displacement of the right
branch rail 830. Thus, the anomaly determinatioih 201 can perform classification of
abnormalities in more detail. For example, thenaaly determination unit 291 detects
a possibility of loose engagement between the biriaranch rail 832 and the rod 842.
[0109]

Further, the anomaly determination unit 291 deteesiwhether or not there is
an anomaly on the basis of a temporal changelefat one of the measured value of the
changeover force, the measured value of the vqlaaggthe measured value of the
current. The anomaly determination unit 291 cdnteethreshold value for an anomaly
determination on the basis of a past measured talset a threshold value according to
an individual difference of the device. Using ttliseshold value, the anomaly
determination unit 291 can determine whether ortinete is an anomaly with higher
accuracy.

Further, the anomaly determination unit 291 dstdw tendency of the

anomaly on the basis of the amount of change ima@&sured value and notifies the user
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of the tendency of anomaly, such that the usereamgnize a possibility of occurrence
of failure such as failure in a relatively earlgge. Thus, the user can take
countermeasures with a time margin.  Further, tleeaepossibility of the user being
able to prevent the occurrence of failure or tke in advance.

[0110]

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

Further, the “computer-readable recording mediumludes a portable
medium such as a flexible disk, a magneto-optital,d ROM, or a CD-ROM, or a
storage device such as a hard disk built in thepcen system.

Further, the above program may be a program &dizieg some of the
above-described functions. Alternatively, the pamg may be a program capable of
realizing the above-described functions in combamatvith a program previously stored
in a computer system.

[0111]

Although the embodiment of the present inventiaa been described above in
detail with reference to the drawings, specificf@urations are not limited to this
embodiment, and design changes and the like witl@rscope not departing from the gist

of the present invention are included.

Industrial Applicability
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[0112]

The embodiment of the present invention relatekécanomaly determination
device that determines whether or not there istiwmaly regarding the branching
device including the driving device that outputs tthangeover force for switching the
direction of the branch rail whose direction isighle, and the rod that transmits the
changeover force from the driving device to thenbharail, wherein the anomaly
determination device includes a changeover forcasomement unit that measures the
changeover force output by the driving device vblkage measurement unit that
measures the voltage supplied to the driving dewiwecurrent measurement unit that
measures the current flowing through the drivingicks, and the anomaly determination
unit that determines whether or not there is amraty in the branch rail, there is an
anomaly in the driving device, and there is an aalgrim power supplied to the driving
device on the basis of the magnitude of the charegdorce, the magnitude of the
voltage, and the magnitude of the current.

According to this embodiment, when a failure hesuored in the switching
portion of the track, information for recognizirftetfailure 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 meaauwiesngeover force output
by a driving device, the driving device outputtemghangeover force for switching a
direction of a branch rail whose direction is vhalég

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

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

an anomaly determination unit that determines tdrethere is an anomaly in
the branch rail, whether there is an anomaly indiinéng device, and whether there is an
anomaly in power supplied to the driving devicetlom basis of a magnitude of the

changeover force, a magnitude of the voltage, amdgnitude of the current.

2. The anomaly determination device accordingdon 1, further comprising
a displacement measurement unit that measuresdespents of the branch rails
provided on left and right sides of a travel roote vehicle along the travel route, for the
respective left and right branch rails,

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

branch rail and a displacement of the right braiadh

3. The anomaly determination device accordingaon 1 or 2, wherein the

anomaly determination unit determines whether otimere is an anomaly on the basis of
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a temporal change in at least one of a magnitudieeo€hangeover force, a magnitude of

the voltage, and a magnitude of the current.

4. An anomaly determination method comprising:

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

measuring a voltage supplied to the driving device

measuring a current flowing through the drivingide; and

determining whether there is an anomaly in thadaail, whether there is an
anomaly in the driving device, and whether the@nisnomaly in power supplied to the
driving device on the basis of a magnitude of thengeover force, a magnitude of the

voltage, and a magnitude of the current.

5. A program for causing a computer to determvhether there is an
anomaly in a branch rail, whether there is an apmaa driving device, and whether
there is an anomaly in power supplied to the dgwdevice on the basis of a magnitude
of a changeover force output by a driving devibe,driving device outputting a
changeover force for switching a direction of anotarail whose direction is variable, a
magnitude of a voltage supplied to the driving deyiand a magnitude of a current

flowing through the driving device.



