10

15

20

25

1
DESCRIPTION

WEAR DEGREE INFORMATION ACQUIRING DEVICE, WEAR DEGREE

INFORMATION ACQUIRING METHOD, VEHICLE AND PROGRAM

Technica Field
[0001]

The present invention relates to a wear degree information acquiring device, a
wear degree information acquiring method, a vehicle, and a program.

Priority is claimed on Japanese Patent Application No. 2016-031397, filed

February 22, 2016, the content of which isincorporated herein by reference.

Background Art
[0002]

In a case where a vehicle runs by receiving supply of power from a power cable,
such asin an electric railway or a new transportation system, it is necessary to detect
wear of the power cable and replace the power cable. Several techniques for detecting
wear of a power cable have been proposed.

For example, atrolley wire wear measuring device described in Patent Literature
1 detects an edge of awearing part of atrolley wire from aline sensor image obtained
using aline sensor, and obtains a width of the wearing part of the trolley wire on the
basis of the detected edge.  Further, Patent Literature 1 discloses, as a method of
measuring wear of atrolley wire, amethod of converting the width of a wearing part of a

trolley wire into a thickness of the trolley wire.
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Patent Literature
[0003]

[Patent Literature 1]  Japanese Patent No. 4635657

SUMMARY OF INVENTION
Technical Problem
[0004]

Depending on the shape of a power cable, there is a case where the width of a
wearing part remains substantially constant even if the power cableisworn. Inthis
case, as amethod of detecting wear of a power cable, it isnot possible to use the method
of obtaining the width of the wearing part of the power cable.

[0005]

The present invention provides awear degree information acquiring device, a
wear degree information acquiring method, a vehicle, and a program capable of detecting
wear of a power cable, even when the width of awearing part remains substantially
constant when the power cable isworn.

[Solution to Problem]
[0006]

According to afirst aspect of the present invention, awear degree information
acquiring device includes a power cable measuring unit which measures a distance from
a predetermined position in a vehicle to a wearing part coming into contact with the
vehicle in power cables configured to supply power to the vehicle, and a distance from
the predetermined position in the vehicle to a non-wearing part not coming into contact

with the vehicle in the power cables; and a wear degree information acquiring unit which
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acquires information indicating a degree of wear of the power cable, on the basis of a
difference between the distance from the predetermined position in the vehicle to the
wearing part and the distance from the predetermined position in the vehicle to the
non-wearing part.

[0007]

The wear degree information acquiring device may further include atiming
detection unit which outputs a sampling timing signal at respective times when the
vehicleisrunning over regular time intervals, and the wear degree information acquiring
unit may acquire information indicating the degree of wear of the power cable, each time
the timing detection unit outputs the sampling timing signal.

[0008]

The power cable measuring unit may scan a plurality of positions on the wearing
part obliquely with respect to a running direction of the vehicle to measure a distance
from the predetermined position of the vehicle to each of the plurality of scanned
positions, and the wear degree information acquiring unit may acquire information
indicating the degree of wear at each scanned position by the power cable measuring unit
in the wearing part.

[0009]

According to a second aspect of the present invention, the vehicle includes any
one of the above-described wear degree information acquiring devices.
[0010]

According to athird aspect of the present invention, a method of acquiring wear
degree information includes: measuring a distance from a predetermined position of a
vehicle to awearing part coming into contact with the vehicle among power cables

configured to supply power to the vehicle, and a distance from the predetermined
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position of the vehicle to a non-wearing part not coming into contact with the vehicle
among the power cables; and acquiring information indicating a degree of wear of the
power cable, on the basis of a difference between the distance from the predetermined
position of the vehicle to the wearing part and the distance from the predetermined
position of the vehicle to the non-wearing part.

[0011]

According to afourth aspect of the present invention, a program causes a
computer to measure a distance from a predetermined position of a vehicle to awearing
part coming into contact with the vehicle among power cables configured to supply
power to the vehicle, and a distance from the predetermined position of the vehicle to a
non-wearing part not coming into contact with the vehicle among the power cables; and
causes the computer to acquire information indicating a degree of wear of the power
cable, on the basis of a difference between the distance from the predetermined position
of the vehicle to the wearing part and the distance from the predetermined position of the

vehicle to the non-wearing part.

Advantageous Effects of Invention
[0012]

According to the wear degree information acquiring device, the wear degree
information acquiring method, the vehicle and the program, wear of the power cable can
be detected, even when the width of the wearing part remains substantially constant,

when the power cable isworn.

BRIEF DESCRIPTION OF DRAWINGS

[0013]
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Fig. 1 isaschematic block diagram illustrating a functional configuration of a
wear degree information acquiring device according to an embodiment of the present
invention.

Fig. 2 isan explanatory view illustrating an arrangement example of a power
cable according to the embodiment of the present invention.

Fig. 3isan explanatory view illustrating an arrangement example of an upper
laser sensor and a lower laser sensor according to the embodiment of the present
invention.

Fig. 4 isan explanatory view illustrating an example of a positional relationship
between a contact part and a non-contact part of the power cable according to the
embodiment of the present invention.

Fig. 5isan explanatory view illustrating an example of a vertical direction of
the upper laser sensor and the lower laser sensor according to the embodiment of the
present invention.

Fig. 6 isan explanatory view illustrating an example of alaser irradiation range
of the upper laser sensor and the lower laser sensor according to the embodi ment of the
present invention.

Fig. 7isagraph illustrating an example of distance measured by a position
estimation laser sensor according to the embodiment of the present invention.

Fig. 8 isan explanatory view illustrating an example of a positional relationship
between the position estimation laser sensor and a laser irradiation target according to the
embodiment of the present invention.

Fig. 9isan explanatory view illustrating an example of a method of detecting
rotation of a motor coupling hub according to the embodiment of the present invention.

Fig. 10is an explanatory view illustrating an example of a display screen
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illustrating a positional relationship between a wearing part and a non-wearing part
according to the embodiment of the present invention.

Fig. 11 isan explanatory view illustrating an example in which the power cable
measuring unit according to the embodiment of the present invention scans the wearing
part of the power cable at approximately right angles with respect to the running
direction of the vehicle.

Fig. 12 is an explanatory view illustrating an example in which the power cable
measuring unit according to the embodiment of the present invention scans the wearing
part of the power cable obliquely with respect to the running direction of the vehicle.

Fig. 13 isaflowchart illustrating an example of a processing procedure for
determining the degree of wear of the power cable by the wear degree information

acquiring device according to the embodiment of the present invention.

EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0014]

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

Fig. 1 isaschematic block diagram illustrating a functional configuration of a
wear degree information acquiring device according to an embodiment of the present
invention. Asillustrated in Fig. 1, the wear degree information acquiring device 10
includes a left upper power cable measuring unit 110a, a left lower power cable
measuring unit 110b, aright upper power cable measuring unit 110c, a right lower power

cable measuring unit 110d, a position estimation laser sensor 130, a timing detection unit
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140, and a wear degree information acquiring device main body 200.
[0015]

The left upper power cable measuring unit 110aincludes afirst upper laser
sensor 121a and afirst lower laser sensor 122a.  The left lower power cable measuring
unit 110b includes a second upper laser sensor 121b and a second lower laser sensor
122b. Theright upper power cable measuring unit 110c includes a third upper laser
sensor 121c and athird lower laser sensor 122c.  The right lower power cable
measuring unit 110d includes a fourth upper laser sensor 121d and a fourth lower laser
sensor 122d.

The wear degree information acquiring device main body 200 includes a
communication unit 210, a manipulation input unit 220, a display unit 230, a storage unit
280, and a control unit 290. The control unit 290 includes a wear degree information
acquiring unit 291 and a position estimation unit 292.

The wear degree information acquiring device 10 is provided in a vehicle 900.
[0016]

Hereinafter, the left upper power cable measuring unit 110a, the left lower
power cable measuring unit 110b, the right upper power cable measuring unit 110c, and
the right lower power cable measuring unit 110d are collectively referred to as a power
cable measuring unit 110.  Further, the first upper laser sensor 121a, the second upper
laser sensor 121b, the third upper laser sensor 121c, and the fourth upper laser sensor
121d are collectively referred to as an upper laser sensor 121. Thefirst lower laser
sensor 122a, the second lower laser sensor 122b, the third lower laser sensor 122¢, and
the fourth lower laser sensor 122d are collectively referred to asalower laser sensor 122.
[0017]

The wear degree information acquiring device 10 detects the degree of wear of
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the power cable that supplies electric power to the vehicle 900.

Fig. 2 isan explanatory view illustrating an arrangement example of a power
cable. Fig. 2illustrates a schematic configuration of atrajectory on which the vehicle
900 runs.

Asillustrated in Fig. 2, atrajectory 800 includes aroad surface 810, a guide rall
820, abranching rail 830, a left upper power cable 840a, a left lower power cable 840b, a
right upper power cable 840c, aright lower power cable 840d, and an insulator 850.

Hereinafter, the left upper power cable 840a, the left lower power cable 840D,
the right upper power cable 840c, and the right lower power cable 840d are collectively
referred to as a power cable 840.

[0018]

The trajectory 800 constitutes a running route of the vehicle 900.

The road surface 810 is a surface on which the vehicle 900 runs. The road
surface 810 is formed, for example, approximately horizontally on the surface of
concrete.

The guide rail 820 restricts the direction of the vehicle 900 so that the vehicle
900 runs on the road surface 810. The guide rail 820 is provided on both sides of the
trajectory 800. Both sides of the trajectory 800 are on both sides of the road surface
810, respectively. The vehicle 900 runs while bringing the guide wheels into contact
with the guide rails 820. Therefore, the direction of the vehicle 900 is restricted such
that it does not to deviate from the top of the road surface 810.

[0019]

The branching rail 830 is provided at a branching point of the trajectory 800 and

guides the vehicle 900 running at the branching point to one of branch destinations.

The branching rail 830 has a movable part and switches the direction of the movable part
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depending on the route that the vehicle 900 needsto run. The vehicle 900 places

branching wheels on either one of the right and left branching rails 830 depending on the
direction of the movable part of the branching rail 830. When the branching wheel
moves along the branching rail 830, the vehicle 900 runs by being guided to a branch
destination.
[0020]

The power cable 840 transmits the power which is output by the power supply
equipment of the new transportation system and supplies the power to the vehicle 900.

The left upper power cable 840ais a positive electrode and the | eft lower power
cable 840b is a negative electrode, and DC power is supplied to the vehicle 900 by a
combination of the left upper power cable 840a and the left lower power cable 840b.

Further, in the branching portion of the trajectory 800, power cables 840 are
provided on both right and left sides of the trajectory 800 so that power supply is not
interrupted irrespective of the branch destination to which the vehicle 900 moves. In
the example of Fig. 2, in addition to the left upper power cable 840a and the left lower
power cable 840b on the left side in the running direction of the vehicle 900, aright
upper power cable 840c and aright lower power cable 840d are provided on the right
sidein the running direction.  The right upper power cable 840c is a positive electrode
and the right lower power cable 840d is a negative electrode, and DC power is supplied
to the vehicle 900 by a combination of the right upper power cable 840c and the right
lower power cable 840d.

Each of the power cables 840 isinstalled using an insul ator 850.

The number of power cables 840 which are targets for wear detection by the
wear degree information acquiring device 10 may be one or more. The power cable 840

in which the wear degree information acquiring device 10 is the wearing detection target
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may be a power cable that supplies AC power.
[0021]

The power cable measuring unit 110 measures a distance from the
predetermined position of the vehicle 900 with respect to the wearing part being in
contact with the vehicle 900 and the non-wearing part not being in contact with the
vehicle 900 among the power cables 840 that supply power to the vehicle 900.

The upper laser sensor 121 measures the distance between the upper laser sensor
121 itself and the power cable 840, by irradiating the power cable 840 with alaser (laser
beam) from an oblique upper part of the power cable 840. The position at which the
upper laser sensor 121 isinstalled corresponds to an example of a predetermined position
of the vehicle 900.

The upper laser sensor 121 changes the irradiation direction of the laser upward
and downward to apply the laser to both the wearing part and the non-wearing part of the
power cable 840. Asaresult, the upper laser sensor 121 measures both the distance
between the upper laser sensor 121 itself and the wearing part, and the distance between
the upper laser sensor 121 itself and the non-wearing part.

[0022]

The lower laser sensor 122 measures the distance between the lower laser sensor
122 itself and the power cable 840, by irradiating the power cable 840 with the laser from
the oblique lower part of the power cable 840. The position at which the lower laser
sensor 122 isinstalled corresponds to an example of a predetermined position of the
vehicle 900.

The lower laser sensor 122 changes the irradiation direction of the laser upward
and downward to apply the laser to both the wearing part and the non-wearing part of the

power cable 840. Asaresult, the lower laser sensor 122 measures both the distance
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between the lower laser sensor 122 itself and the wearing part, and the distance between
the lower laser sensor 122 itself and the non-wearing part.
[0023]

Fig. 3isan explanatory view illustrating an arrangement example of the upper
laser sensor 121 and the lower laser sensor 122.  Fig. 3 illustrates a state in which the
vehicle 900 is seen from above the vehicle 900.

Asillustrated in Fig. 3, the new transportation system 700 includes the trajectory
800 and avehicle 900. As described with reference to Fig. 2, the trgjectory 800
includes aroad surface 810, a guide rail 820, aleft upper power cable 840a, aleft lower
power cable 840D, aright upper power cable 840c, and aright lower power cable 840d.
The vehicle 900 includes a vehicle main body 910, a support 920, a guide wheel 930, a
branching wheel 940, a current collector 950, and arunning tire 960.  As described with
reference to Fig. 1, the vehicle 900 further includes afirst upper laser sensor 121a, a
second upper laser sensor 121b, athird upper laser sensor 121c, afourth upper laser
sensor 121d, afirst lower laser sensor 1223, a second lower laser sensor 122b, a third
lower laser sensor 122c¢, and a fourth lower laser sensor 122d.

[0024]

The vehicle 900 runs on a running route formed by the trgjectory 800. The
vehicle 900, for example, transports passengers or cargo.

The vehicle main body 910 accommodates obj ects to be conveyed such as
passengers or cargo. A running tire 960 is provided on alower portion of the vehicle
main body 910. A support 920 is provided to protrude lateraly from the vehicle main
body 910. Further, asillustrated in Fig. 3, the vehicle main body 910 is provided with a
first upper laser sensor 121a, a second upper laser sensor 121b, athird upper laser sensor

121c, afourth upper laser sensor 121d, afirst lower laser sensor 1223, a second lower
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laser sensor 122b, athird lower laser sensor 122c, and afourth lower laser sensor 122d.
[0025]

The support 920 supports the guide wheel 930, the branching wheel 940 and the
current collector 950.  Specifically, the guide wheel 930, the branching wheel 940 and
the current collector 950 are provided at each of the right and left end portions of the
support 920.  The support 920 maintains an approximately fixed interval between the
guide wheel 930, the branching wheel 940 and the current collector 950 and the vehicle
main body 910.

[0026]

The guide wheel 930 restricts the direction of the vehicle 900 so that the vehicle
900 runs on the road surface 810 by hitting the guide rail 820 when the vehicle 900 runs.

The branching wheel 940 moves aong the branching rail 830 at the branching
point of the trajectory 800 to guide the vehicle 900 to one of the trajectories 800 of the
branching destinations.

The current collector 950 comes into contact with the power cable 840 to
receive the electric power from the power cable 840.

The running tire 960 is provided on alower side (a side close to the road surface
810) of the vehicle main body 910 and comes into contact with the road surface 810.
Asthe running tire 960 rotates, the vehicle 900 runs. The vehicle 900 moves due to this
running.

[0027]

Fig. 4 isan explanatory view illustrating an example of the positional
relationship between a contact part and a non-contact part of the power cable 840. Fig.
4 illustrates a schematic shape of each part in across section of the power cable 840.

Asillustrated in Fig. 4, the power cable 840 includes a power cable main body
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841 and a contact member 842. The current collector 950 includes a rubbing plate 951
and a spring 952.

The power cable main body 841 is made of aluminum, has high conductivity
and isrelatively soft.

If the entire power cable 840 is made of aluminum, since wear of the power
cable 840 becomes severe, it becomes necessary to replace the power cable 840
immediately. Therefore, the contact member 842 is provided at a portion in which the
power cable 840 comes into contact with the rubbing plate 951. The contact member
842 is made of stainless stedl, is harder than the aluminum power cable main body 841,
and hardly wears.

[0028]

The power cable main body 841 corresponds to an example of a non-contact
part. A portion of the contact member 842 which comes into contact with the rubbing
plate 951 corresponds to an example of the contact part. InFig. 4, aregion A1l
corresponds to an example of a contact part.

The rubbing plate 951 comes into contact with the power cable 840 to receive
the electric power from the power cable 840. The rubbing plate 951 is made of, for
example, a carbon-based conductive material.

The spring 952 presses the rubbing plate 951 against the power cable 840.
[0029]

Fig. 5isan explanatory view illustrating an example of the vertical direction of
the upper laser sensor 121 and the lower laser sensor 122.

Fig. 5illustrates an aspect as seen from the rear side of the vehicle 900 toward
the running direction of the vehicle 900. The first upper laser sensor 121a, the third

upper laser sensor 121c, the first lower laser sensor 122a and the third lower laser sensor
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122c among the upper laser sensor 121 and the lower laser sensor 122 areillustrated.
[0030]

The first upper laser sensor 121aisinstalled on the obliquely upper part of the
left upper power cable 840atoward the left upper power cable 840a.  Asaresult, the
first upper laser sensor 121a measures the distance between the first upper laser sensor
121aitself and the left upper power cable 840a by irradiating the left upper power cable
840a with the laser.

The first lower laser sensor 122aisinstalled on the obliquely lower part of the
left upper power cable 840a toward the left upper power cable 840a. Therefore, the first
lower laser sensor 122a measures the distance between the first lower laser sensor 122a
itself and the left upper power cable 840a by irradiating the left upper power cable 840a
with the laser.

[0031]

The third upper laser sensor 121c isinstalled on the obliquely upper part of the
right upper power cable 840c toward the right upper power cable 840c. Asaresult, the
third upper laser sensor 121c measures the distance between the third upper laser sensor
121citself and the right upper power cable 840c by irradiating the right upper power
cable 840c with the laser.

The third lower laser sensor 122c is installed on the obliquely lower part of the
right upper power cable 840c toward the right upper power cable 840c. Asaresult, the
third lower laser sensor 122c measures the distance between the third lower laser sensor
122c itself and the right upper power cable 840c by irradiating the right upper power
cable 840c with the laser.

[0032]

Similarly, the second upper laser sensor 121bisinstalled on the obliquely upper
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part of the left lower power cable 840b toward the |eft lower power cable 840b. Asa

result, the second upper laser sensor 121b measures the distance between the second
upper laser sensor 121b itself and the left lower power cable 840b by irradiating the left
lower power cable 840b with the |aser.

The second lower laser sensor 122b isinstalled on the obliquely lower part of
the left lower power cable 840b toward the left lower power cable 840b. Asaresult, the
second lower laser sensor 122b measures the distance between the second lower laser
sensor 122b itself and the left lower power cable 840b by irradiating the left lower power
cable 840b with the laser.

[0033]

The fourth upper laser sensor 121d isinstalled on the obliquely upper part of the
right lower power cable 840d toward the right lower power cable 840d. Therefore, the
fourth upper laser sensor 121d measures the distance between the fourth upper laser
sensor 121d itself and the right lower power cable 840d by irradiating the right lower
power cable 840d with the laser.

The fourth lower laser sensor 122d isinstalled on the obliquely lower part of the
right lower power cable 840d toward the right lower power cable 840d. Therefore, the
fourth lower laser sensor 122d measures the distance between the fourth lower laser
sensor 122d itself and the right lower power cable 840d by irradiating the right lower
power cable 840d with the laser.

[0034]

Asinthe example of Fig. 3, the first upper laser sensor 121aand the first lower
laser sensor 122a are disposed at positions shifted in alongitudinal direction of the
vehicle 900. Therefore, the first upper laser sensor 121a and the first lower laser sensor

122a are disposed at positions shifted in the running direction of the vehicle 900. Thus,
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it is possible to avoid a problem in which the laser which is output from the first upper
laser sensor 121a and the laser which is output from the first lower laser sensor 122a
interfere with each other to deteriorate the measurement accuracy of the distance.

A combination of the second upper laser sensor 121b and the second lower laser
sensor 122b, a combination of the third upper laser sensor 121c and the third lower laser
sensor 122c¢, and a combination of the fourth upper laser sensor 121d and the fourth
lower laser sensor 122d are a so the same as the case of the combination of the first upper
laser sensor 121a and the first lower laser sensor 122a.

[0035]

Fig. 6 isan explanatory view illustrating an example of alaser irradiation range
of the upper laser sensor 121 and the lower laser sensor 122.  As described with
reference to Fig. 5, the upper laser sensor 121 islocated on the obliquely upper part of
the power cable 840 and radiates the laser toward the power cable 840. The lower laser
sensor 122 islocated on the obliquely lower part of the power cable 840 and radiates the
laser toward the power cable 840.

The upper laser sensor 121 changes the direction of the laser upward and
downward within the range of an angle A21. Asaresult, the upper laser sensor 121
scans at least part of the wearing part of the power cable 840 and part of the non-wearing
part, and measures the distance between the upper laser sensor 121 itself and the scanned
part. InFig. 4, thewearing part of the power cable 840 isindicated by aregion A11.
The portion of the power cable main body 841 of the power cable 840 corresponds to an
example of the non-wearing part. A line L11 indicates the center of the range in which
the upper laser sensor 121 changes the direction of thelaser. InFig. 6, the center of the
range in which the upper laser sensor 121 changes the direction of the laser is the center

of anangle A21.
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[0036]

The lower laser sensor 122 changes the direction of the laser upward and
downward within the range of an angle A22. Asaresult, the lower laser sensor 122
scans at least part of the wearing part of the power cable 840 and part of the non-wearing
part, and measures the distance between the lower laser sensor 122 itself and the scanned
part. A lineL12 indicates the center of the range in which the lower laser sensor 122
changes the direction of thelaser. In Fig. 6, the center of the range in which the lower
laser sensor 122 changes the direction of the laser is the center of the angle A22.

In this manner, the upper laser sensor 121 and the lower laser sensor 122 scan
the power cable 840, respectively. Therefore, even if a dead angle occurs in the wearing
part with respect to either one of the upper laser sensor 121 and the lower laser sensor
122, it is possible to scan the entire wearing part by a combination of the upper laser
sensor 121 and the lower laser sensor 122. It is possible to increase the likelihood that
the wear degree information acquiring unit 291 can detect wear of the power cable 840,
by scanning the entire wearing part using the upper laser sensor 121 and the lower laser
sensor 122.

However, the power cable measuring unit 110 may include only one of the upper
laser sensor 121 and the lower laser sensor 122.  Therefore, the structure of the power
cable measuring unit 110 can be smplified. Alternatively, the power cable measuring
unit 110 may include three or more laser sensors.

[0037]

In a case where the power cable measuring unit 110 includes a plurality of laser
sensors such as including the upper laser sensor 121 and the lower laser sensor 122, the
wear degree information acquiring device 10 may manage the data for each laser sensor,

and may synthesize data of the plurality of laser sensorsinto one. For example, a
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diagram illustrating the shape of the power cable 840 described later with reference to

Fig. 10 may be made a single figure by combining a plurality of laser sensors with the
wear degree information acquiring unit 291. When synthesizing data of a plurality of
laser sensors into one, it is necessary to pay attention that the installation position in the
running direction of the vehicle 900 is different for each laser sensor as described with
referenceto Fig. 2. For example, the wear degree information acquiring unit 291
synthesizes data at different timings by converting the difference in installation position
in the running direction of the vehicle 900 into time.

[0038]

The position estimation laser sensor 130 measures the distance between the
position estimation laser sensor 130 and a surrounding object for position estimation of
the vehicle 900. Specifically, the position estimation laser sensor 130 repeats
measurement of the distance, while changing the direction of the laser to beirradiated in
the horizontal direction. The horizontal direction hereisright and left.

Fig. 7 isagraph illustrating an example of distances measured by the position
estimation laser sensor 130. Inthe graph of Fig. 7, ahorizontal axis represents time and
avertical axis represents the direction of the laser irradiated by the position estimation
laser sensor 130.  The lower side of the vertical axis indicates that the direction of the
laser is closeto in front of the vehicle 900, and the upper side of the vertical axis
indicates that the direction of the laser is close to to the rear of the vehicle 900. In front
of the vehicle 900 referred to hereis the running direction of the vehicle 900. To the
rear of the vehicle 900 referred to here is toward the side opposite to the running
direction of the vehicle 900.

The distance between the position estimation laser sensor 130 and the object

irradiated with the laser isillustrated in grayscale. Both thelinesL21, L22, and L23 are
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darker than the other portions, and indicate that the laser hits the object relatively close to
the position estimation laser sensor 130.
[0039]

The position estimation laser sensor 130 measures the distance, while changing
the direction of the laser by a predetermined angle at a constant angular velocity from the
sidein front of the vehicle 900 to side to the rear of the vehicle 900 in a direction
transverse to the running direction of the vehicle 900. The lateral direction referred to
here isthe horizontal direction. When reaching the predetermined angle, the position
estimation laser sensor 130 returns the direction of the laser to its original direction,
without measuring the distance. Here, the original direction is the direction at the time
of the start of distance measurement. After the direction of the laser returns to the
original direction, the position estimation laser sensor 130 measures the distance again,
while changing the direction of the laser by a predetermined angle at a constant angular
velocity from the front side of the vehicle 900 to the rear side of the vehicle 900. In this
manner, the position estimation laser sensor 130 repesats the distance measurement, while
changing the direction of the laser from the front side of the vehicle 900 to the rear side
of the vehicle 900.

[0040]

When the position estimation laser sensor 130 swings the laser at a sufficiently
high speed with respect to the running speed of the vehicle 900, the distance to the same
object as the position estimation laser sensor 130 is repeatedly measured. When
swinging the laser as referred to here, the direction of the laser ischanged. Asaresult,
asillustrated in the example of Fig. 7, aline appears in the graph indicating the distance
measured by the position estimation laser sensor 130. In particular, in the portions of

thelinesL21, L22, and L23, al of them are dark lines due to the laser striking on the
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object relatively close to the position estimation laser sensor 130.
[0041]

More specifically, the position estimation laser sensor 130 radiates the laser with
aheight at which the laser hitsthe insulator 850 in Fig. 2. At the timing when the laser
hits the insulator 850, the distance between the position estimation laser sensor 130 and
the object hit by the laser is closer than at the other timing. Since a plurality of
insulators 850 are installed on the side of the trajectory 800, a plurality of dark lines such
asthelinesL21, L22, and L23 are generated.

However, the height at which the position estimation laser sensor 130 radiates
the laser is not limited to the height hitting the insulator 850, and may be any height as
long as there is a different distance from the position estimation laser sensor 130 at the
position where the laser hits.

[0042]

Here, when the vehicle 900 stops, the same object is irradiated with the laser at
the timing when the direction of laser becomes the same direction in each scanning.
Therefore, asillustrated in the graph of Fig. 7, when the time is taken on the horizontal
axis and the direction of the laser istaken on the vertical axis, aline parallel to the
horizontal axis appears.

On the other hand, when the vehicle 900 runs, the relative position of the laser
irradiation target with respect to the position estimation laser sensor 130 moves to the
rear side of the vehicle 900 with the elapse of thetime. The laser irradiation target
referred to here is an object which the laser hits.  The rear side of the vehicle 900
referred to here is a side opposite to side toward the running direction of the vehicle 900.
Therefore, asillustrated in the example of Fig. 7, aslopeis generated intheline. Asthe

speed of the vehicle 900 becomes faster, the slope of the line increases.
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[0043]

From this slope, it is possible to obtain the relative speed of the laser irradiation
target with respect to the position estimation laser sensor 130. When irradiating a
stationary object like the insulator 850 with the laser, the relative speed indicates the
speed of the vehicle 900.

Specifically, asindicated by points P11 and P12 in Fig. 7, at the respective
timings when the laser isirradiated to the same object in the directly forward direction of
the vehicle 900 and the rearmost direction of the vehicle 900, the distance measured by
the position estimation laser sensor 130 isacquired. An example of laser irradiation in
the foremost direction of the vehicle 900 isillustrated at apoint P11. An example of
laser irradiation in the rearmost direction of the vehicle 900 isillustrated at a point P12.
[0044]

Fig. 8 isan explanatory view illustrating an example of the positional
relationship between the position estimation laser sensor 130 and the laser irradiation
target.

A point P21 of Fig. 8 indicates the position of the position estimation laser
sensor 130. A point P22 indicates the direction of the laser irradiation target when the
laser irradiation target isirradiated with the laser in the foremost direction of the vehicle
900. Asdescribed above, an example of irradiation of the laser in the foremost
direction of the vehicle 900 isindicated by apoint P11. A point P23 indicates the
direction of the laser irradiation target when the laser irradiation target isirradiated with
the laser in the rearmost direction of the vehicle 900. As described above, an example
of theirradiation of the laser in the rearmost direction of the vehicle 900 isillustrated by
apoint P12. Anarrow B11 indicates the running direction of the vehicle 900.

[0045]
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A distance D11 between the point P21 and the point P22 and a distance D12

between the point P21 and the point P23 are both measured by the position estimation
laser sensor 130.  An angle A31 at which the position estimation laser sensor 130
changes the direction of the laser isknown. From these distances D11, D12 and the
angle A31, adistance D13 between the point P22 and the point P23 can be obtained.

By dividing this distance D13 by the time T11 (see Fig. 7) from when the irradiation
target islocated at the point P22 to when the irradiation target islocated at the point P23,
the position of the irradiation target with respect to the position estimation laser sensor
130isobtained. By irradiating the stationary object like the insulator 850 with the laser,
this relative speed indicates the speed of the vehicle 900.

In this manner, the position estimation unit 292 obtains the running speed of the
vehicle 900 and integrates the obtained running speed, thereby obtaining the position of
the vehicle 900 in kilometers.

[0046]

As described above, the position estimation unit 292 can obtain the speed of the
vehicle 900, without the need for connecting the wiring to an existing device in the
vehicle 900, by obtaining the speed of the vehicle 900 on the basis of the measurement
results of the distance obtained by the position estimation laser sensor 130. For
example, when installing the wear degree information acquiring device 10 in the existing
vehicle 900 afterwards, it is not necessary for the wear degree information acquiring
device 10 to perform the wiring for acquiring the speed information from the existing
device. Inthisrespect, the installation work of the wear degree information acquiring
device 10 issimplified. In particular, when installing the wear degree information
acquiring device 10, it is possible to minimize problems in understanding the existing

wiring of the vehicle 900, and it is possible to reduce the likelihood of occurrence of a
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problem due to awiring error.
[0047]

The timing detection unit 140 outputs a sampling timing signal each time the
vehicle 900 runs at aconstant interval. The timing detection unit 140 detects the
sampling timing, for example, on the basis of the rotation of the motor coupling hub of
the running motor of the vehicle 900.

Fig. 9isan explanatory view illustrating an example of a method of detecting
the rotation of the motor coupling hub. In the example of Fig. 9, alinear mark is
attached to the outer periphery of the motor coupling hub 970 at constant intervals. The
timing detection unit 140 includes a fiber sensor 141a and detects a mark, thereby
detecting that the motor coupling hub 970 has rotated by a predetermined angle. Asa
result, the timing detection unit 140 detects that the vehicle 900 runs at a constant
interval and outputs a sampling timing signal.

[0048]

Each time the timing detection unit 140 outputs the sampling timing signal, the
upper laser sensor 121 and the lower laser sensor 122 output the laser to measure the
distance. Further, the wear degree information acquiring unit 291 determines the degree
of wear of the power cable 840 on the basis of the distance measurement result.

As described above, the wear degree information acquiring unit 291 acquires
information that indicates the degree of wear of the power cable 840 each time the timing
detection unit 140 outputs the sampling timing signal. Asaresult, the wear degree
information acquiring unit 291 can determine the degree of wear of the power cable 840
at the same interval in the running direction of the vehicle 900, independently of the
speed of the vehicle 900. Therefore, even when the vehicle 900 is running at a high

Speed, it is possible to avoid a problem in which the sampling interval becomes too wide
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and the accuracy of determination of the degree of wear of the power cable 840
deteriorates. Further, even when the vehicle 900 is running at alow speed, it is possible
to avoid a problem in which the sampling frequency per length of the power cable 840
increases and the data amount becomes enormous.

[0049]

The fiber sensor 141b is provided to detect the rotational direction of the motor
coupling hub 970. The motor coupling hub 970 may be further marked in a phase
different from that of a mark detected by the fiber sensor 1413, and the fiber sensor 141b
may detect thismark. As an example of a phase different from that of the mark
detected by the fiber sensor 1414, there is an example in which the phase is shifted by 90
degrees.

When the rotational direction of the motor coupling hub 970 is reversed, the
relationship between the time from when the fiber sensor 141a detects the mark until the
fiber sensor 141b detects the mark, and the time from when the fiber sensor 141b detects
the mark until the fiber sensor 141a detects the mark isalso reversed. Therefore, the
timing detection unit 140 can detect the rotational direction of the motor coupling hub
970, by comparing the time from when the fiber sensor 141a detects the mark until the
fiber sensor 141b detects the mark, and the time from when the fiber sensor 141b detects
the mark until the fiber sensor 141a detects the mark.

When it is not necessary to detect the rotational direction of the motor coupling
hub 970, the timing detection unit 140 may not include the fiber sensor 141b.

[0050]

The timing detection unit 140 may output the sampling timing signal at atiming

other than each time the vehicle 900 runs at a constant interval, such as outputting a

sampling timing signal at regular time intervals. For example, when outputting the
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sampling timing signal at regular time intervals, the timing detection unit 140 may
include atimer to measure the elapse of acertaintime.  In this respect, the configuration
of the timing detection unit 140 can be simplified.

[0051]

The wear degree information acquiring unit 291 may set the sampling period
depending on the speed of the vehicle 900. For example, the wear degree information
acquiring unit 291 may acquire the speed of the vehicle 900 cal culated by the position
estimation unit 292, and may set the sampling period depending on the acquired speed.
The wear degree information acquiring unit 291 sets the sampling period to be shorter as
the speed of the vehicle 900 increases.

In this way, when the wear degree information acquiring unit 291 sets the
sampling period depending on the speed of the vehicle 900, the timing detection unit 140
becomes unnecessary. That is, there is no need for the wear degree information
acquiring device 10 to include the timing detection unit 140, and in this respect, it is
possible to simplify the configuration of the wear degree information acquiring device
10.

[0052]

The wear degree information acquiring device main body 200 determines the
wear degree of the power cable 840, on the basis of the distance measured by the power
cable measuring unit 110 using the upper laser sensor 121 and the lower laser sensor 122.
The wear degree information acquiring device main body 200 is configured using, for
example, a computer.

The communication unit 210 communicates with the power cable measuring
unit 110, the position estimation laser sensor 130, and the timing detection unit 140.

The communication unit 210 acquires the measurement value of the distance from the
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power cable measuring unit 110 and the position estimation laser sensor 130.  Further,
the communication unit 210 acquires the sampling timing signal which is output from the
timing detection unit 140. The communication unit 210 is configured, using, for
example, acommunication circuit provided in the wear degree information acquiring
device main body 200.

[0053]

The display unit 230 has, for example, a display screen such asaliquid crystal
panel or an LED (Light Emitting Diode) panel, and displays variousimages. In
particular, the display unit 230 displays the determination result of the degree of wear of
the power cable 840 obtained by the wear degree information acquiring unit 291.

The manipulation input unit 220 includes an input device such as a touch sensor
that is provided on the display screen of the display unit 230 and constitutes a touch
panel, and receives a user manipulation.

[0054]

The storage unit 280 stores various kinds of information.  The storage unit 280
is configured using, for example, a storage device provided in the wear degree
information acquiring device main body 200.

The control unit 290 controls each unit of the wear degree information acquiring
device 10 to execute various processes.

The control unit 290 is configured, for example, so that a CPU (Central
Processing Unit) included in the wear degree information acquiring device main body
200 reads and executes a program from the storage unit 280.

[0055]
The wear degree information acquiring unit 291 acquires information indicating

the degree of wear of the power cable 840, on the basis of a difference between the
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distance from the predetermined position of the vehicle 900 to the wearing part of the
power cable 840 and the distance from the predetermined position of the vehicle 900 to
the non-wearing part.

Fig. 10 is an explanatory view illustrating an example of a display screen
illustrating the positional relationship between the wearing part and the non-wearing part.
Hereinafter, information obtained by scanning the power cable 840 with the upper laser
sensor 121 will be described as an example.  Similarly, from the information obtained
by scanning the power cable 840 with the lower laser sensor 122, the degree of wear of
the power cable 840 can be determined.

A line L311 of Fig. 10 illustrates a shape obtained by scanning the non-wearing
part of the power cable 840 with the upper laser sensor 121. A line L321 illustrates a
shape obtained by scanning the wearing part with the upper laser sensor 121 in astatein
which the power cable 840 isnot worn. A line L322 illustrates a shape obtained by
scanning the wearing part with the upper laser sensor 121 when the power cable 840 is
worn.

[0056]

The storage unit 280 previously stores the shapes of the non-wearing part and
the wearing part in a state in which the power cable 840 is not worn asin the line L311
and the line L321, including the positional relationship between the non-wearing part and
the wearing part.

Further, when the upper laser sensor 121 scans the power cable 840 to acquire
the distance information, the wear degree information acquiring unit 291 converts
information in which the direction in which the upper laser sensor 121 radiates the | aser
is associated with the distance detected by the upper laser sensor 121 into information

indicating the shape. Asaresult, the wear degree information acquiring unit 291
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acquires information indicating the shape including the non-wearing part and the wearing
part, as in the example of the line L311 and the line L322.
[0057]

The wear degree information acquiring unit 291 reads information indicating the
shape of the non-wearing part and the wearing part in a state in which the power cable
840 is not worn and the positional relationship between the non-wearing part and the
wearing part from the storage unit 280, and superimposes the shape of the power cable
840 obtained by the scanning of the upper laser sensor 121 and the shape in astate in
which the power cable 840 stored in the storage unit 280 is not worn.

Specifically, asillustrated in the example of Fig. 10, the wear degree information
acquiring unit 291 superimposes the non-wearing parts of the shape of the power cable
840 obtained by the scanning of the upper laser sensor 121 and the shape in the state in
which the power cable 840 stored in the storage unit 280 isnot worn.  Asaresult, the
degree of wear of the power cable 840 isknown. In the example of Fig. 10, a portion
between the line L321 and the line L322 corresponds to a portion in which the power
cable 840 isworn.

Information indicating the shape of the power cable 840 illustrated in Fig. 10
corresponds to an example of information indicating the degree of wear of the power
cable 840.

[0058]

The wear degree information acquiring unit 291 cal cul ates the distance between
the wearing parts of both in the state of superimposing the shape of the power cable 840
obtained by the scanning of the upper laser sensor 121 and the shape of the power cable
840 in a state in which the power cable 840 is not worn by the non-wearing part as

described above.
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For example, one or more sampling points are predetermined for the shape of
the wearing part in a state in which the power cable 840 exemplified by theline L321 is
not worn.  Further, the wear degree information acquiring unit 291 obtains the distance
between the wearing part in the shape of the power cable 840 obtained by scanning by
the upper laser sensor 121 and the sampling point for each sampling point. The wear
degree information acquiring unit 291 calcul ates the average of the obtained distances.
The wear degree information acquiring unit 291 compares the obtained average value
with a predetermined threshold value, and displays a message prompting maintenance of
the power cable 840 together with information indicating the corresponding position on
the display unit 230, when the obtained average value is larger than the threshold value.
[0059]

The wear degree information acquiring unit 291 may detect the location at
which the distance between the wearing part in a state in which the power cable 840 is
not worn and the wearing part in the shape of the power cable 840 obtained by scanning
with the upper laser sensor 121 isthe largest. The wear degree information acquiring
unit 291 compares the distance between the wearing part in a state in which the power
cable 840 at the detected location is not worn and the wearing part in the shape of the
power cable 840 obtained by scanning with the upper laser sensor 121 with a
predetermined threshold value. When the obtained distance is larger than the threshold
value, a message prompting maintenance of the power cable 840 is displayed on the
display unit 230 together with information indicating the corresponding position.

In thisway, since the wear degree information acquiring unit 291 detects a place
of the greatest distance between the wearing part in a state in which the power cable 840
is not worn and the wearing part in the shape of the power cable 840 obtained by the

scanning of the upper laser sensor 121, there is a high possibility that local wear can be
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detected.

[0060]

A difference between a distance from a predetermined position of the vehicle
900 to the wearing part of the power cable 840 and the distance from the predetermined
position of the vehicle 900 to the non-wearing part, which is used for obtaining the
information indicating the degree of wear of the power cable 840 by the wear degree
information acquiring unit 291, is not limited to the difference between these distances.

For example, the wear degree information acquiring unit 291 may calculate a
ratio obtained by multiplying the distance between the non-wearing part and the wearing
part in the shape of the power cable 840, which is obtained by scanning of the lower laser
sensor 122, by the distance between the non-wearing part and the wearing part in a state
in which the power cable 840 is not worn.  Further, when the calculated ratio is smaller
than the predetermined threshold value, the wear degree information acquiring unit 291
may cause the display unit 230 to display a message prompting maintenance of the power
cable 840, together with information indicating the corresponding position.

[0061]

The user may determine the degree of wear of the power cable 840. For
example, asillustrated in Fig. 10, the display unit 230 may superimpose the shape of the
power cable 840 obtained by scanning of the upper laser sensor 121 and the shapein a
state in which the power cable 840 is not worn.

Further, the user may determine whether maintenance of the power cable 840 is
necessary on the basis of the obtained display, and may input the determination result to
the wear degree information acquiring device 10, using the manipulation input unit 220.
[0062]

Since the display unit 230 superimposes and displays the shape of the power
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cable 840 obtained by scanning of the upper laser sensor 121 and the shape in the state in

which the power cable 840 is not worn as in the example of Fig. 10, the user can visually
grasp the degree of wear of the power cable 840.

However, it is not indispensable for the display unit 230 to display the positional
relationship between the wearing part and the non-wearing part. For example, the
display unit 230 may display only information indicating the position at which the wear
degree information acquiring unit 291 detects the wear of the power cable 840.

[0063]

The position estimation unit 292 estimates the position of the vehicle 900.
Specifically, as described with reference to Fig. 7, the position estimation unit 292
calculates the position of the vehicle 900 at the kilometer, on the basis of the
measurement result of the distance by the position estimation laser sensor 130.

When detecting the wear of the power cable 840, the wear degree information
acquiring unit 291 displays the information indicating the detection result and the
kilometer calculated by the position estimation unit 292 in association with each other on
the display unit 230, and stores the information in the storage unit 280. Therefore, the
user of the wear degree information acquiring device 10 can grasp the position at which
mai ntenance of the power cable 840 is required.

[0064]

However, the method by which the position estimation unit 292 acquires the
position information of the vehicle 900 is not limited to the method which uses the
distance measurement result obtained by the position estimation laser sensor 130. The
method by which the position estimation unit 292 acquires the information of the vehicle
900 may be any method capable of acquiring information capable of specifying a

wearing part when the wear degree information acquiring unit 291 detects the wear of the
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power cable 840. For example, when the vehicle 900 acquires the position information
of the vehicle 900 itself, such asincluding a GNSS (Global Navigation Satellite System)
receiver, the position estimation unit 292 may acquire the position information from the
vehicle 900.

[0065]

The power cable measuring unit 110 may scan the wearing part of the power
cable 840 obliquely with respect to the running direction of the vehicle 900. Thiswill
be explained with reference to Figs. 11 and 12.

Fig. 11 isan explanatory view illustrating an example in which the power cable
measuring unit 110 scans the wearing part of the power cable 840 approximately at right
angles to the running direction of the vehicle 900. Fig. 11 illustrates an examplein
which the upper laser sensor 121 is viewed from just beside the upper laser sensor 121.
In particular, Fig. 11 illustrates an example of a case in which the upper laser sensor 121
is viewed from a direction perpendicular to the running direction of the vehicle 900.
[0066]

Aline L41 of Fig. 11 indicates a rotation center at which the upper laser sensor
121 changes the direction of the laser, and a line L42 illustrates an example of alaser
trajectory. The running direction of the vehicle 900 is indicated by an arrow B21.

The upper laser sensor 121 changes the direction of the laser in adirection
perpendicular to the rotation center.

In the example of Fig. 11, the rotation center is set in the running direction of the
vehicle 900, and the upper laser sensor 121 changes the direction of the laser at right
angles to the running direction of the vehicle 900. In Fig. 11, the rotation center is
indicated by aline L41. Asaresult, the upper laser sensor 121 scans the wearing part

of the power cable 840 approximately at right angles to the running direction of the
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vehicle 900.

[0067]

Fig. 12 is an explanatory view illustrating an example in which the power cable
measuring unit 110 scans the wearing part of the power cable 840 obliquely with respect
to the running direction of the vehicle 900. Fig. 12 illustrates an example of acasein
which the upper laser sensor 121 is viewed from just beside the upper laser sensor 121.
In particular, Fig. 12 illustrates an example of a case when the upper laser sensor 121 is
viewed from a direction perpendicular to the running direction of the vehicle 900.

A line L51 of Fig. 12 indicates arotation center at which the upper laser sensor
121 changes the direction of the laser, and aline L52 illustrates an example of the laser
trajectory. Also, the running direction of the vehicle 900 isindicated by an arrow B21
asinthe case of Fig. 11.

[0068]

Unlike the case of Fig. 11, in the example of Fig. 12, the rotation center is set
obliquely with respect to the running direction of the vehicle 900, and the upper laser
sensor 121 changes the direction of the laser obliquely with respect to the running
direction of the vehicle 900. InFig. 12, the rotation center isindicated by aline L51.
As aresult, the upper laser sensor 121 scans the wearing part of the power cable 840
obliquely with respect to the running direction of the vehicle 900. The upper laser
sensor 121 measures the distance from the position of the upper laser sensor 121 itself to
each scanned position.  Further, the wear degree information acquiring unit 291 acquires
information indicating the degree of wear at each scanned position by the power cable
measuring unit 110 in the wearing part of the power cable 840.

[0069]

Therefore, it is possible to increase the possibility that the wear degree
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information acquiring unit 291 can detect the local wear which occurs vertically in the
wearing part of the power cable 840.

Specifically, the wear degree information acquiring unit 291 performs scanning
obliquely with respect to the local wear which occurs vertically in the wearing part of the
power cable 840. Therefore, thereisahigh possibility that the wearing part and the
scanning line intersect at at least one location, as compared to a case where the wear
degree information acquiring unit 291 performs the scanning in parallel with the
direction of the wearing part.

In the above description, the case of the upper laser sensor 121 has been
described as an example, but the same also applies to the lower laser sensor 122.

[0070]

Next, the operation of the wear degree information acquiring device 10 will be
described with reference to Fig. 13.

Fig. 13 isaflowchart illustrating an example of a processing procedure by
which the wear degree information acquiring device 10 determines the wear degree of the
power cable. Each time the timing detection unit 140 detects the sampling timing, the
wear degree information acquiring device 10 performs the process of Fig. 13.

In the process of Fig. 13, the power cable measuring unit 110 measures the
distance from the position of the power cable measuring unit 110 to the position
irradiated with the laser by scanning the power cable with the laser (step S101). Asan
example of the position of the power cable measuring unit 110, thereis a position of the
upper laser sensor 121 or a position of the lower laser sensor 122.

[0071]
Next, the position estimation unit 292 estimates the position of the vehicle 900

(step S102). For example, as described with reference to Figs. 7 and 8, the position
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estimation unit 292 calcul ates the position of the vehicle 900 at the kilometer, on the

basis of the measurement result of the distance obtained by the position estimation laser
sensor 130.

Further, the wear degree information acquiring unit 291 determines the degree of
wear of the power cable 840 on the basis of the distance measured by the power cable
measuring unit 110 (step S103).  For example, the wear degree information acquiring
unit 291 cal cul ates the distance between the wearing part in the shape of the power cable
840 in a state in which the power cable 840 is not worn and the wearing part in the shape
of the power cable 840 obtained by scanning the power cable measuring unit 110.
Further, the wear degree information acquiring unit 291 compares the calcul ated distance
with a predetermined threshold value.

[0072]

Further, the wear degree information acquiring unit 291 determines whether or
not maintenance is necessary depending on the determination result of the degree of wear
at step S103 (step S104).  Specifically, when the distance calculated in step S103 is
determined to be larger than the threshold value, the wear degree information acquiring
unit 291 determines that maintenance is necessary.  On the other hand, when the
distance calculated in step S103 is determined to be equal to or smaller than the threshold
value, the wear degree information acquiring unit 291 determines that maintenance is
unnecessary.

[0073]

When it is determined that maintenance is necessary (step S104: YES), the wear
degree information acquiring unit 291 causes the display unit 230 to display the
determination result. For example, the wear degree information acquiring unit 291

causes the display unit 230 to display a message prompting maintenance, information
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indicating a position determined that the maintenance is necessary, and the shape of the
power cable 840 as in the example of Fig. 10 (step S111). The position information
obtained in step S102 is used as information indicating the position determined that the
mai ntenance is necessary.
[0074]

Further, the wear degree information acquiring unit 291 causes the storage unit
280 to store a detection result indicating that the wear is detected (step S112). For
example, the wear degree information acquiring unit 291 causes the storage unit 280 to
store information obtained by combining a detection result indicating that wear is
detected, information indicating a position at which the wear is detected, and information
indicating the shape of the power cable 840 asin the example of Fig. 10. The position
information obtained in step S102 is used as the information indicating the position
where wear is detected.

After step S112, the process of Fig. 13 ends.
[0075]

On the other hand, when it is determined that maintenance is unnecessary in step
S104 (step S104: NO), the wear degree information acquiring unit 291 causes the storage
unit 280 to store the detection result indicating that wear is not detected (step S121).
For example, the wear degree information acquiring unit 291 causes the storage unit 280
to store information obtained by combining a detection result indicating that wear is not
detected, information indicating a position at which the wear is detected, and information
indicating the shape of the power cable 840 asin the example of Fig. 10. The position
information obtained in step S102 is used as the information indicating the position at
which the wear is detected.

After step S121, the process of Fig. 13 ends.
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[0076]

The wear degree information acquiring device main body 200 may be
configured not to be mounted on the vehicle 900. For example, the wear degree
information acquiring device main body 200 may be installed in the office, and the
degree of wear of the electric wire may be determined by acquiring the information
obtained by running of the vehicle 900 afterward.

[0077]

Part of the function of the wear degree information acquiring device 10 may be
executed by another device. For example, the position estimation function of the
vehicle 900 by the position estimation unit 292 may be performed by a computer
provided on the ground side such asavehicle base. For example, the wear degree
acquiring device 10 may transmit the acquired data to a computer on the ground side, and
the computer may estimate the position of the vehicle 900 on the basis of the received
data.

[0078]

Further, adisplay device provided on the ground side such as a vehicle base may
perform all or a part of various images such as wear degree and message displayed by the
display unit 230. For example, the wear degree acquiring device 10 or a computer that
has received data from the wear degree acquiring device 10 may transmit data such as a
wear degree determination result and a message to the display device on the ground side,
and the display device may display an image such as awear degree determination result
and a message, on the basis of the received data.

[0079]
As described above, the power cable measuring unit 110 measures the distance

from the predetermined position of the vehicle 900 for each of the wearing parts that
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comes into contact with the vehicle 900 and the non-wearing part that does not come into
contact with the vehicle 900 among the power cables 840 that supply power to the
vehicle 900. Asan example of apredetermined position of the vehicle 900, a position
of the upper laser sensor 121 or a position of the lower laser sensor 122 may be adopted.
The wear degree information acquiring unit 291 acquires information indicating the
degree of wear of the power cable 840 on the basis of a difference between the distance
from the predetermined position of the vehicle 900 to the wearing part and the distance
from the predetermined position of the vehicle 900 to the non-wearing part.

As aresult, the wear degree information acquiring device 10 can detect the wear
of the power cable 840 even when the width of the wearing part is kept substantially
constant even if the power cable 840 isworn.  For example, in the power cable 840
illustrated in Fig. 4, the width of the wearing part is kept substantially constant even if
the wearing part isworn.  The wearing part referred to hereis a part in which the power
cable 840 comesinto contact with the rubbing plate 951 as indicated by the region A 11.
Even in such a case, as described above, the wear degree information acquiring device 10
can detect the wear of the power cable 840.

Further, if the vehicle 900 runs once on the trgjectory 800, it is possible to
determine the degree of wear of the power cable 840 for all sections running on the
trajectory 800. Conventionally, a maintenance person enters into the trajectory and
determines the degree of wear of the power cable by visual inspection or the like,
whereas the wear degree information acquiring device 10 can reduce the burden on the
mai ntenance person.

[0080]
Further, the timing detection unit 140 outputs a sampling timing signal each time

the vehicle 900 runs at a constant interval. The wear degree information acquiring unit
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291 acquires information indicating the degree of wear of the power cable 840 each time
the timing detection unit 140 outputs the sampling timing signal.

As aresult, the wear degree information acquiring unit 291 can determine the
degree of wear of the power cable 840 at the same interval in the running direction of the
vehicle 900, without depending on the speed of the vehicle 900. Therefore, even when
the vehicle 900 is running at a high speed, it is possible to prevent the sampling interval
from becoming too wide and the accuracy of determination of the degree of wear of the
power cable 840 from deteriorating. Further, even when the vehicle 900 is running at a
low speed, it is possible to prevent the number of times of sampling per length of the
power cable 840 from increasing and the data amount from becoming enormous.

[0081]

Further, the power cable measuring unit 110 scans the wearing part obliquely
with respect to the running direction of the vehicle 900, and measures the distance from
the predetermined position of the vehicle 900 to each scanned position. Asan example
of a predetermined position of the vehicle 900, a position of the upper laser sensor 121 or
aposition of the lower laser sensor 122 is adopted.  Further, the wear degree
information acquiring unit 291 acquires information indicating the degree of wear at each
scanned position by the power cable measuring unit 110 among the wearing parts.

Therefore, it is possible to increase the possibility that the wear degree
information acquiring unit 291 can detect the local wear which occurs vertically in the
wearing part of the power cable 840.

[0082]

Further, processing of each part may be performed, by recording a program for

achieving all or part of the functions of the control unit 290 on a computer-readable

recording medium, and by causing the computer system to read a program recorded on
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the recording medium.  Further, the "computer system" referred to here includes
hardware such as an OS or peripheral devices.

Further, " computer-readabl e recording medium"” refers to a portable medium
such as such as aflexible disk, a magneto-optical disk, a ROM and a CD-ROM, and a
storage device such as ahard disk built in acomputer system.  Further, the
above-described program may be one for achieving a part of the above-described
functions, or may be one which can achieve the above-described function in combination
with a program already recorded in the computer system.
[0083]

Although the embodiments of the present invention have 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 also included.

Industrial Applicability
[0084]

An embodiment of the present invention relates to a wear degree information
acquiring device which includes a power cable measuring unit which measures a distance
from a predetermined position of avehicle for each of awearing part coming into contact
with the vehicle and a non-wearing part not coming into contact with the vehicle, among
power cables configured to supply power to the vehicle; and a wear degree information
acquiring unit which acquires information indicating a degree of wear of the power cable,
on the basis of a difference between a distance from a predetermined position of the
vehicle to the wearing part and the distance from the predetermined position of the

vehicle to the non-wearing part.
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According to this embodiment, even when the width of the wearing part is kept

substantially constant even if the power cableisworn, the wear of the power cable can be

10

15

20

detected.

Reference Signs List

[0085]

10 Wear degree information acquiring device
110 Power cable measuring unit

121 Upper laser sensor

122 Lower laser sensor

130 Position estimation laser sensor

140 Timing detection unit

200 Wear degree information acquiring device main body
210 Communication unit

220 Manipulation input unit

230 Display unit

280 Storage unit

290 Control unit

291 Wear degree information acquiring unit
292 Position estimation unit

900 Vehicle
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CLAIMS

1. A wear degree information acquiring device comprising:

apower cable measuring unit which measures a distance from a predetermined
position of a vehicle to awearing part coming into contact with the vehicle among power
cables configured to supply power to the vehicle and a distance from the predetermined
position of the vehicle to a non-wearing part not coming into contact with the vehicle
among the power cables; and

awear degree information acquiring unit which acquires information indicating
adegree of wear of the power cable, on the basis of a difference between the distance
from the predetermined position of the vehicle to the wearing part and the distance from

the predetermined position of the vehicle to the non-wearing part.

2. Thewear degree information acquiring device according to claim 1, further
comprising:

atiming detection unit which outputs a sampling timing signal each time the
vehicle runs at a constant interval,

wherein the wear degree information acquiring unit acquires information
indicating the degree of wear of the power cable, each time the timing detection unit

outputs the sampling timing signal.

3. Thewear degree information acquiring device according to claim 1 or 2,
wherein the power cable measuring unit scans a plurality of positions of the wearing part
obliquely with respect to arunning direction of the vehicle to measure a distance from

the predetermined position of the vehicle to each of the plurality of scanned positions,
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and
the wear degree information acquiring unit acquires information indicating the
degree of wear at each scanned position by the power cable measuring unit in the

wearing part.

4. A vehicle comprising the wear degree information acquiring device

according to any one of claims 1 to 3.

5. A method of acquiring wear degree information, the method comprising:

measuring a distance from a predetermined position of a vehicle to awearing
part coming into contact with the vehicle among power cables configured to supply
power to the vehicle, and a distance from the predetermined position of the vehicle to a
non-wearing part not coming into contact with the vehicle among the power cables; and

acquiring information indicating a degree of wear of the power cable, on the
basis of a difference between the distance from the predetermined position of the vehicle
to the wearing part and the distance from the predetermined position of the vehicle to the

non-wearing part.

6. A program which causes a computer to

measure a distance from a predetermined position of a vehicle to awearing part
coming into contact with the vehicle among power cables configured to supply power to
the vehicle, and a distance from the predetermined position of the vehicleto a
non-wearing part not coming into contact with the vehicle among the power cables; and

acquire information indicating a degree of wear of the power cable, on the basis

of adifference between the distance from the predetermined position of the vehicle to the
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wearing part and the distance from the predetermined position of the vehicle to the

non-wearing part.



