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[DESCRIPTION]

[TITLE OF INVENTION]

WEAR INSPECTION APPARATUS AND WEAR INSPECTION METHD
[Technical Field]

[0001]

The present invention relates to a wear inspeetpparatus and a wear
inspection method.

Priority is claimed on Japanese Patent ApplicaNon2016-077263, filed April
7, 2016, the content of which is incorporated hebsi reference.

[Background Art]
[0002]

In railroads, new traffic systems, and the likastp such as tires and pantograph
shoes used in vehicles wear as the vehicles travelsr this reason, it is necessary to
measure the amount of wear on a daily basis apdrform operations such as
replacement with new parts when the amount of wgeeeds a fixed value. The
measurement of the amount of wear is generallyop@gd manually using calipers or
the like in many cases.

[0003]

Patent Document 1 discloses a method of imagiirg af a vehicle and
determining wear damage through image processiRgtent Document 1 discloses that
it is possible to ascertain deterioration condgiofthe tire by detecting a feature point
through image processing and comparing the fegiirg with a feature point of the
same tire imaged previously according to the methsdosed in Patent Document 1.
[Citation List]

[Patent Literature]
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[0004]
[Patent Document 1]

Japanese Patent No. 5303405
[Summary of Invention]

[Technical Problem]
[0005]

However, manual methods require time and effaliot costs, and the like, and
there is a problem that data obtained tends tatiget! to only a portion (for example, a
maximum value) of actually generated wear. Eveemiine method of Patent
Document 1 is used, deterioration conditions caadwertained only for a portion of the
tire.

[0006]

The present invention provides a wear inspectppaeatus and a wear
inspection method which are capable of solvingaheve-described problem.
[Solution to Problem]

[0007]

According to a first aspect of the present inv@mta wear inspection apparatus
includes a data acquisition unit which is configlte acquire surface shape data
including information indicating a shape of a sagaf a part wearing as a vehicle
travels, and an approximation processing unit wisatonfigured to calculate an
approximation line for the acquired surface shagta dnd calculates a degree of wear of
the part from the approximation line and a worrntiparincluded in the surface shape
data.

[0008]

According to a second aspect of the present iimwenthe wear inspection



10

15

20

25

3

apparatus may further include a processing tasgea@ion unit which is configured to
distinguish between a gradient portion in whichfeetence between a value of each
point included in the surface shape data and swalan adjacent point is larger than a
predetermined threshold value, and a flat portiowhich the difference is smaller than
the predetermined threshold value in the surfaapeldata, and extract a processing
target section for calculating a degree of wedhésurface shape data from the gradient
portion and the flat portion after the distinguisim

[0009]

According to a third aspect of the present inv@mtthe wear inspection
apparatus may further include a noise eliminatioi which is configured to eliminate
noise from the surface shape data, and the nom@ation unit is configured to perform
coordinate conversion so that the pieces of sughape data measured by a sensor in
respective positional relationships are convental pieces of surface shape data
measured in the same positional relationship, co@zance with changes in a relative
positional relationship between the part and tmseemeasuring the shape of the surface
of the part.

[0010]

According to a fourth aspect of the present inieentthe processing target
extraction unit may create a histogram accordinggith value included in the surface
shape data and a frequency of appearance of the,\the processing target extraction
unit may adjust a classification width of the hggtam on the basis of a predetermined
number of groups in a case where values correspgrdia surface portion or a groove
portion which are selected from among the valuelided in the surface shape data are
classified into the number of groups, and may eraatistogram in which the pieces of

surface shape data are classified into the nunflgroaps, and the processing target
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extraction unit may extract a portion of surfacemhdata corresponding to the flat
portion and a portion of surface shape data cooredipg to a groove portion formed in
the surface of the part from the created histogram.

[0011]

According to a fifth aspect of the present inventithe approximation
processing unit may calculate a depth of the grgmréon on the basis of a difference
between the surface shape data corresponding gydbge portion which is extracted by
the processing target extraction unit and the ¢atled approximation line.

[0012]

According to a sixth aspect of the present in@ntthe processing target
extraction unit may extract the largest flat partas a processing target section from the
flat portion distinguished with the gradient portias a boundary, out of the flat portion
and the gradient portion after the distinguishment.

[0013]

According to a seventh aspect of the present timerthe approximation
processing unit may calculate an approximationgtitdine on the basis of surface shape
data corresponding to the flat portion extractedhgyprocessing target extraction unit,
and may calculate the amount of wear of the parhtagrating a difference between a
value of the approximation straight line and a gadfithe surface shape data with respect
to a section in which wear occurs in the surfa@pstdata, the approximation straight
line being approximate to a sequence of pointsafravorn portion of the part in the
surface shape data.

[0014]
According to an eighth aspect of the present inganthe wear inspection

apparatus may further include an evaluation moslton unit which is configured to
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create an evaluation model for evaluating the degfevear of the part according to
operation conditions of the vehicle on the basithefdegree of wear of the part which is
calculated by the approximation processing unit@peration data indicating the
operation conditions of the vehicle including tlatpand a replacement time prediction
unit which is configured to acquire operation daiaa target vehicle serving as an
evaluation target, evaluate the degree of wearrdoguin a part of the target vehicle on
the basis of the operation data and the evaluatiothel, and predict a time for
replacement of the part of the target vehicle forcl the degree of wear is evaluated, on
the basis of information indicating the time foplecement of the part which is
determined in association with the degree of wédnepart of the target vehicle.

[0015]

According to a ninth aspect of the present inwemtthere is provided a wear
inspection method including acquiring surface shdgta including information
indicating a shape of a surface of a part wearing eehicle travels, and calculating an
approximation line for the acquired surface shagea dnd calculating a degree of wear
of the part from the approximation line and a wpantion included in the surface shape
data.

[Advantageous Effects of Invention]
[0016]

According to the above-described wear inspectapaeatus and wear inspection
method, it is possible to measure not only limitddrmation such as only a maximum
value of a worn portion of a part but also the alltexear conditions of the part and the
amount of wear in any worn portion.

[Brief Description of Drawings]

[0017]
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Fig. 1 is a block diagram showing a configuratixample of a wear inspection
apparatus in a first embodiment according to tlesgmt invention.

Fig. 2 is a diagram showing an example of a cantéa vehicle seen from the
front in the first embodiment according to the presnvention.

Fig. 3 is a diagram showing an example of measentif a tire surface that is
performed by an image sensor in the first embodiraecording to the present invention.

Fig. 4 is a diagram showing an example of measentiwf a pantograph shoe
surface that is performed by an image sensor ifitsteembodiment according to the
present invention.

Fig. 5 is a diagram showing an example of a co@reéi conversion process in
the first embodiment according to the present itiven

Fig. 6 is a diagram showing an example of a decstamage of a tire surface in
the first embodiment according to the present itieen

Fig. 7 is a diagram showing an example of a dcggamage after a noise
elimination process for a tire surface in the festbodiment according to the present
invention.

Fig. 8 is a first diagram showing a processingdaextraction process for a
distance image of a tire surface in the first eniinetit according to the present
invention.

Fig. 9 is a second diagram showing a processiggtt@xtraction process for a
distance image of a tire surface in the first eniinetit according to the present
invention.

Fig. 10 is a third diagram showing a processingetaextraction process for a
distance image of a tire surface in the first enmineait according to the present

invention.
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Fig. 11 is a diagram showing an example of an@ppration curve of a tire
surface in the first embodiment according to thespnt invention.

Fig. 12 is a flowchart showing an example of pesoeg of the wear inspection
apparatus in the first embodiment according tgotiesent invention.

Fig. 13 is a diagram showing an example of a destamage of the surface of a
pantograph shoe in the first embodiment accordintyé present invention.

Fig. 14 is a first diagram showing an example dfstance image after a noise
elimination process for the surface of a pantogstpde in the first embodiment
according to the present invention.

Fig. 15 is a second diagram showing an exampéedi$tance image after a
noise elimination process for the surface of a@gnaiph shoe in the first embodiment
according to the present invention.

Fig. 16 is a first diagram showing a processimgetextraction process for a
distance image of the surface of a pantograph ishibe first embodiment according to
the present invention.

Fig. 17 is a second diagram showing a procesamygt extraction process for a
distance image of the surface of a pantograph ishibe first embodiment according to
the present invention.

Fig. 18 is a first diagram showing approximatioagessing for a distance
image of the surface of a pantograph shoe in tekedmbodiment according to the
present invention.

Fig. 19 is a second diagram showing approximgtimtessing for a distance
image of the surface of a pantograph shoe in tekedmbodiment according to the
present invention.

Fig. 20 is a block diagram showing a configuragxample of a wear inspection
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apparatus in a second embodiment according torésept invention.

Fig. 21 is a flowchart showing an example of pssiteg of the wear inspection
apparatus in the second embodiment according tprésent invention.
[Description of Embodiments]

[0018]
<First Embodiment>

Hereinafter, a wear inspection apparatus in admsodiment will be described
with reference to Figs. 1 to 18.

Fig. 1 is a block diagram showing a configuratixample of the wear
inspection apparatus in the first embodiment adongrtb the present invention. A wear
inspection apparatus 10 shown in Fig. 1 is cortstitly a computer such as a server
apparatus. Units 102 to 107 included in the wespection apparatus 10 shown in Fig.
1 are configured by executing one or a pluralitpafgrams using a Central Processing
Unit (CPU), a storage apparatus, an input and o@pparatus, a communication
apparatus, and the like included in the computastiuting the wear inspection
apparatus 10.

As shown in the drawing, the wear inspection apjper 10 includes a data
acquisition unit 101, a noise elimination unit 1@Zrocessing target extraction unit 103,
an approximation processing unit 104, a wear datarding unit 105, an input and
output unit 106, and a storage unit 107.

The data acquisition unit 101 acquires surfaceeltiata indicating the shape of
the surface of a part wearing as a vehicle travel$e surface shape data is a distance
image according to a distance between a sensax pad that is measured by, for
example, a distance image sensor. The worn pddriexample, a tire, a pantograph

shoe, an electric-car line, or the like. Nexteaample of a part which wears is shown
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[0019]

Fig. 2 is a diagram showing an example of a cantéa vehicle seen from the
front in the first embodiment according to the presnvention.

In a vehicle 1, tires 2 (2A, 2B) for traveling aespectively provided on the
right and left sides of a vehicle body. The ti2egre in contact with the road surface,
and the vehicle 1 travels by the tires rotatinglevbeing in contact with the road surface.
The tire 2 wears due to the contact with the raathse during traveling. A pantograph
shoe 3 connected to a power feeding apparatuseaet/ing power from an electric-car
line 4 fixed to a side wall 6 is provided on thdessurface of the vehicle body. The
vehicle 1 receives power from the power feedingaagius by bringing the pantograph
shoe 3 into contact with the electric-car line Zhe pantograph shoe 3 is in contact with
the electric-car line 4 also while the vehicledvels. Due to this contact, the
pantograph shoe 3 wears as the vehicle 1 trav8enilarly, the electric-car line 4 wears
by coming into contact with the pantograph shos gha vehicle 1 travels.

[0020]

Next, the measurement of a surface shape whiglrfsrmed by the distance
image sensor will be described with reference tp Biby taking the case of the tire 2 as
an example.

Fig. 3 is a diagram showing an example of measen¢f a tire surface which
is performed by an image sensor in the first emedt according to the present
invention.

For example, as shown in Fig. 3, a hole 7 is plediat a position where the tire
2 travels on a road surface of a vehicle base wihergehicle 1 parks at night, and an

image sensor 5Ais provided in the hole 7. Thegensensor 5A emits a laser beam
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having a width D1 in the tire 2A, and measuresssadice from the image sensor 5A to
each part. The image sensor 5A measures a didtame¢he image sensor 5A to each
part in the form of a line in the width directiohtbe tire 2A. For example, the width of
the tire 2A is approximately 300 millimeters (mmile the width of the hole 7 is
approximately 50 millimeters. For example, in aecaf the position on the tire 2A
where an irradiation distance of a laser beampsagimately 450 millimeters, the image
sensor 5A measures a distance to each part wigkaetet the width D1 of approximately
250 millimeters. The image sensor 5A outputs tadie image showing irregularities
on the surface of an object on the basis of thesared distance. It is possible to detect
irregularities on the surface of the tire 2A byabing the amount of change (a
difference from a neighbor) in the tire 2A in thelth direction with respect to the
distance image output by the image sensor 5A. €elyethe wear inspection apparatus
10 calculates the depth of a groove provided irstivéace of the tire 2A. The image
sensor 5A irradiates the tire 2A with a laser,@eample, when the vehicle 1 slowly
enters the vehicle base for parking, measuregandis to each part of the tire 2A, and
outputs a distance image showing irregularitiethensurface. In this case, the image
sensor 5A outputs, for example, a distance image e whole circumference of the
tire 2A.

[0021]

As shown in Fig. 3, the image sensor 5A is prodidea position below the road
surface, and is installed so as to measure a destarthe tire 2A positioned above and
having an inclination in the traveling directiontb& vehicle with respect to the vertical
direction. In this manner, the image sensor 5Asusss a distance to the tire 2A
positioned in a direction having an inclinatiortie traveling direction of the vehicle

with respect to the vertical direction therefrom tlsat the measurement can be
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performed in a state where the tire 2A is not intaot with the ground, that is, a state
where the tire 2A is not crushed by its weight. eflby, the wear inspection apparatus
10 can calculate the depth of the groove of tlee2k more accurately than when
calculating the depth in a state where the tira2&ushed by its weight.

Although not shown in the drawing, similarly, redjag a case of the tire 2B
, the distance image sensor is installed in a piadeided in a road surface, and a distance
image showing the shape of the surface of th&Brés output.

[0022]

Next, the measurement of a surface shape whiglrfsrmed by the distance
image sensor will be described with reference ¢p #iby taking the case of the
pantograph shoe 3 as an example.

Fig. 4 is a diagram showing an example of measentiof the surface of a
pantograph shoe which is performed by an imageosémshe first embodiment
according to the present invention.

As shown in Fig. 4, an image sensor 5B is proviaiea height including the
pantograph shoe 3 within a visual field range talitae side surface of the vehicle body
with respect to the traveling direction of the \@il, for example, within the vehicle
base. A concave portion 31 generated by wear ooguitue to contact with the
electric-car line 4 is formed in the surface of gamtograph shoe. The wear inspection
apparatus 10 can detect irregularities on the sairdthe pantograph shoe 3 by
obtaining the amount of change in the pantograple hin the vertical direction (the
amount of change in a distance between the imagws&B and the pantograph shoe 3
in the vertical direction) in a distance image atipy the image sensor 5B. The wear
inspection apparatus 10 calculates the volumeeottimcave portion formed in the

surface of the pantograph shoe 3. The image séBsoradiates the pantograph shoe 3
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with a laser, for example, when the vehicle 1 sjoerters the vehicle base for parking,
measures the distance to each part on the surfdélce pantograph shoe 3, and outputs a
distance image showing irregularities on the sexfac

The vertical direction (the front-back directiohtlee vehicle 1) of the paper in
Fig. 4 is set to be an X-axis, and the horizonit@adion of the paper is set to be a Z-axis.
The image sensors 5A and 5B will be collectivefgned to as an image sensor 5.
[0023]

The noise elimination unit 102 eliminates noismfra distance image. For
example, a positional relationship between the ersgnsor 5 and an object fluctuates
during measurement of the distance image. For pbkanm a case of the tire 2, a
distance between the image sensor 5 and the tiref2 like changes with the movement
of the vehicle 1. In a case of the pantograph Shelee distance between the image
sensor 5 and the pantograph shoe 3 is substaritiaty, but the pantograph shoe 3 is
also moved as the vehicle 1 travels, and the positf the image sensor 5 also fluctuates
over time due to the influence of vibration, or ttke. Consequently, the noise
elimination unit 102 performs coordinate conversibulistance images captured with
the elapse of time, and performs correction sottf@plurality of distance images are
converted into distance images captured in the saoelinate system. This coordinate
conversion can be performed using a known techniged in image processing and the
like. For example, in a case of the pantograple sh@a method may be used in which
coordinate conversion is performed so that a rafer@bject is superimposed with
respect to any distance image, using an objectdedaas not being deformed due to
wear in the obtained distance image (for examplejravorn portion of the pantograph
shoe 3, or a side portion of the vehicle body efuahicle 1) as a reference. In a case of

the tire 2, the noise elimination unit 102 may perf correction so that a distance image
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acquired when the tire 2 is far away and a distémege acquired after the vehicle 1
approaches are converted into distance images neebsupositions where a distance
between the image sensor 5A and the tire 2 becemes, regardless of the positions
where the distance images are measured. Fig.visstio example of coordinate
conversion.
[0024]

Fig. 5 is a diagram showing an example of a coatei conversion process in
the first embodiment according to the present itiven

A certain structure 51 is shown on the lower $ade of Fig. 5. A coordinate
system 1 is a coordinate system (coordinate sy$jamed when the image sensor 5B
actually measures the structure 51. The coordsyatEm moves every moment, and is
an image including distortion when there is anmafteto reproduce an image of the
structure 51 on the basis of a time-series distanage. Consequently, when
coordinate conversion is performed on all distantgges so that the distance images are
converted into distance images measured from ainerbordinate system 2, distance
images close to the actual shape are obtained. ndise elimination unit 102 performs
coordinate conversion to correct a distance imageieed by the data acquisition unit
101. Thereby, a surface shape indicated by eathrie image approximates to the
actual shape, and thus it is possible to realiegecéthculation of the degree of wear with a
high level of accuracy.
[0025]

The noise elimination unit 102 performs a proagssiminating noise
components from a distance image. The eliminagidhe noise components will be
described with reference to Figs. 6 and 7.

Fig. 6 is a diagram showing an example of a dcstamage of a tire surface in
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the first embodiment according to the present itiven

Fig. 7 is a diagram showing an example of a dcgtamage after a noise
elimination process for a tire surface in the festbodiment according to the present
invention.

Fig. 6 is an example of a distance image showieghape of the surface of the
tire 2A which is obtained by the image sensor 54 aértain time. The horizontal axis
in Fig. 6 represents a position in the width dikatof the tire, and the vertical axis
represents a value in the radial direction of itee t A visual field range is determined
for the image sensor 5A, and a value at a positiche width direction of the tire
beyond the visual field range indicates an abnoxakle. In Fig. 6, data in a range
surrounded by a dashed line is outside the visela fange of the image sensor 5A, and
thus indicates an abnormal value (-XXX). The n@Bmination unit 102 performs a
noise elimination process of eliminating a portiociuding an abnormal value from a
distance image. A distance image shown in Fig.& distance image obtained by
excluding measurement failure ranges (ranges ajraia values) at both ends from the
distance image shown in Fig. 6 by the noise elitionaunit 102.

[0026]

The processing target extraction unit 103 distislges between a gradient
portion in which a difference between the valueadth of points included in the distance
image and the value of an adjacent point is lafggem a predetermined threshold value,
and a flat portion in which the difference is sraathan the predetermined threshold
value. The processing target extraction unit XdBaets a processing target section for
calculating the degree of wear from the gradiemtigo and the flat portion after the
distinguishment. An observation target extracpoocess performed by the processing

target extraction unit 103 will be described wigiierence to Figs. 8 to 10 by taking a
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case where a part is the tire 2A as an example.

Fig. 8 is a first diagram showing a processingdaextraction process for a
distance image of a tire surface in the first eniinetit according to the present
invention.

First, the processing target extraction unit 188ates a gradient at each point
in a distance image from which noise is eliminate8pecifically, an inclination is
calculated for each point;(%;) by the following Expression (1) using information
points located before and after the point. A porin which an absolute value of the
inclination is larger than a threshold value ismed as a gradient section, and a portion
in which an absolute value of the inclination isadler than the threshold value and a
measurement failure does not occur is definedflas section.

dyi/dxi=(Yir1-Yi)/(Xi+1-Xi)... (1)

In the drawing, a graph 8A is a graph in whichiti@ination obtained by
Expression (1) is plotted. In a case where theevaf the inclination falls within a
predetermined range 8B, the position thereof (&ipasn the width direction of the tire)
is a flat section. A portion that does not falthim the range 8B is a gradient section.
The processing target extraction unit 103 distisiges between a flat section and a
gradient section for each position in the widtrediron of the tire. Next, the processing
target extraction unit 103 selects both ends feeled 8C and a right end 8D) of a portion
serving as a gradient section from a flat sectioalli sections.

[0027]

Fig. 9 is a second diagram showing a processiggtt@xtraction process for a
distance image of a tire surface in the first enminetit according to the present
invention.

Next, the processing target extraction unit 103gpms coordinate conversion
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of a distance image so that an x coordinate oft@fel of a selected portion is set to be 0
and an x coordinate of a right end is set to be 1@0distance image after the coordinate
conversion is shown in Fig. 9.

According to the fact that values in the radiakdiion of the tire can be
substantially classified into five stages of a ®8d, a range 92, a range 93, a range 94,
and a range 95, for example, in the distance irshge/n in Fig. 9, a user decides to
previously classify values in the radial directwfrthe tire into five groups and inputs the
number of groups to the wear inspection apparaius 1

The processing target extraction unit 103 classiialues in the radial direction
of the tire into five groups on the basis of theuth Specifically, the processing target
extraction unit 103 aggregates the values in td&kdirection of the tire and the
frequency of appearance for each value to genaraigtogram, and adjusts a
classification width of the histogram so that thare four sections in which the
frequency of appearance of the value in the ratiiattion of the tire is setto 0. The
adjustment of the classification width may be perfed by any method. For example,
a method of increasing the classification widtleider from 1 to 2 and 3 and obtaining
the classification width when there are four sewim which the frequency of
appearance is set to 0 (when values in the rabtedtbn of the tire are classified into
five groups) may be used.

[0028]

Fig. 10 is a third diagram showing a processingetiaextraction process for a
distance image of a tire surface in the first eniinetit according to the present
invention.

Fig. 10 is a histogram created by the processirgget extraction unit 103 so that

there are four sections in which the frequencyhefualue in the radial direction of the
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tire is setto 0.

For example, when values in the radial directibthe tire are classified in to
five groups in the distance image shown in Figh®,user inputs an instruction regarding
how many groups are selected in ascending order ¢ase of the present example, two
groups) and how many groups are selected in desgeodier (in a case of the present
example, two groups) to the wear inspection apparad.

The processing target extraction unit 103 deftmessequential sections (in
order from the left) from the smallest value in thdial direction of the tire in the
histogram as groove data, and defines two sequierttions (in order from the right)
from the biggest value in the radial directionlué tire in the histogram as surface data,
on the basis of the input of the instruction. Ha present example, the central group is
not used.

By the above-described processing, the proces$aiggt extraction unit 103
extracts a processing target section. Specifictily processing target extraction unit
103 extracts a portion (surface data) represerii@ghape of the surface of the tire 2A
and a groove portion (groove data) in the distamagye.

[0029]

The approximation processing unit 104 calculateaproximation line of one
or a plurality of flat portions extracted by thepessing target extraction unit 103 with
respect to the distance image, and calculatesatped of wear of the part from the
approximation line and a worn portion includedhe tistance image.

Fig. 11 is a diagram showing an example of an@ppration curve of a tire
surface in the first embodiment according to thespnt invention.

The approximation processing unit 104 performymainial approximation on

the surface data extracted by the processing targestction unit 103 by a cubic
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expression through regression analysis or thetdil@lculate a coefficient and a multiple
determination coefficient (the value of a squara aiultiple correlation coefficient).
An approximation curve 110A is an approximationveuof the surface data calculated
by the approximation processing unit 104. The axipration processing unit 104
performs polynomial approximation on the grooveadattracted by the processing target
extraction unit 103 by a cubic expression througgression analysis or the like to
calculate a coefficient and a multiple determinatoefficient. An approximation
curve 110B is an approximation curve of the grodata calculated by the approximation
processing unit 104. The approximation processimg104 calculates a difference (the
depth of the groove) between the surface datal@droove data in the groove portion.
Specifically, a difference (distances 110D, 110H)A and 110G) between the value of
the approximation curve 110A according to the sigfdata and the value of the
approximation curve 110B according to the groova dathe range 91 (values on the
horizontal axis are 5 and 95) and the range 92iésabn the horizontal axis are 35 and
65) shown in Fig. 9 is calculated.
[0030]

The wear data recording unit 105 records the woefits, multiple
determination coefficients, the value of the degdtthe groove, and positional
information in the width direction of the tire cesponding to each groove of the
approximation curves 110A and 110B calculated leyapproximation processing unit
104 in the storage unit 107.

The input and output unit 106 is an interfaceifputting and outputting the
user's operation or data. For example, the inpditcaitput unit 106 is a microphone, a
touch panel, a display, an input and output porthe like. The user can give an

instruction for starting a process of calculatihg tlegree of wear, can input data, and the
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like through the input and output unit 106. Theunhand output unit 106 can display

the approximation curve calculated by the approxiongprocessing unit 104 on the
display.

The storage unit 107 is constituted by a non-ilelatorage medium or a
volatile storage medium, and stores various dath as the coefficient of the
approximation curve.

[0031]

Next, an operation example of the wear inspedajgparatus 10 will be
described with reference to Fig. 12.

Fig. 12 is a flowchart showing an example of pssiteg of the wear inspection
apparatus in the first embodiment according tgptlesent invention.

In the operation example shown in Fig. 12, fiisg data acquisition unit 101
acquires surface shape data (distance image) neeblsytthe image sensor 5A on the
basis of a distance to the tire 2A (step S11).stép S11, the data acquisition unit 101
stores the input data in a predetermined storagenr®f the storage unit 107. In this
case, the input and output unit 106 may displaydience image on the display and
receive, from the user, an input regarding how neegtions in which the frequency of a
value in the radial direction of the tire is seDtare set, how many pieces of surface data
and groove data are selected from the distribuifdhe values in the histogram
described in Fig. 10, or the like in a processxtfacting the surface data and the groove
data using the histogram. The number of sectionghich the frequency is set to 0, and
the like may vary depending on the type of tirevear conditions.

[0032]
Next, the noise elimination unit 102 performs #&saelimination process of

eliminating noise from the distance image whicmput in step S11 (step S12). For
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example, the noise elimination unit 102 performgrdmate conversion on distance
images successively measured by the image senseitbAespect to the tire 2A
approaching as the vehicle 1 travels, and perf@on®ction such that a relative
positional relationship between the image sensoad\the tire 2A can be treated as the
same for all of the distance images. The noiseiedition unit 102 excludes an
abnormal value in a measurement failure rangeeoirttage sensor 5A.

[0033]

Next, the processing target extraction unit 103gpes a processing target
extraction process on the distance image aftendise elimination (step S13). For
example, the processing target extraction unitddifliires one distance image measured
at a certain point in time from the distance imafjer the noise elimination. The
processing target extraction unit 103 obtains ahnation at each point included in the
distance image, and performs classification inflatgportion and a gradient portion.

The processing target extraction unit 103 extreata (surface data, groove data) used
for the calculation of an approximation curve frdme flat portion and the gradient
portion obtained by the classification. The preoas target extraction unit 103 creates
a histogram as described in Fig. 10 to extractserfiata and groove data.

[0034]

Next, the approximation processing unit 104 penfoapproximation processing
using the surface data and the groove data extratttep S13 (step S14).

Specifically, the approximation processing unit p@4forms curve fitting on a portion of
the distance image corresponding to the surfa@ttedugh regression analysis or the
like to calculate an approximation curve (for exdéenghe approximation curve 110A
shown in Fig. 11) of the surface of the tire 2Anfravhich groove portions generated in

the tire 2A are eliminated. Similarly, the approation processing unit 104 performs
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curve fitting on a portion of the distance imageresponding to the groove data to
calculate an approximation curve (for example,approximation curve 110B shown in
Fig. 11) connecting the bottoms of the groove pogigenerated in the tire 2A. The
approximation processing unit 104 calculates adkfiice (the depth of the groove)
between the surface data and the groove data ¢if¢h2A at a position corresponding to
the groove data extracted in step S13.

Next, the wear data recording unit 105 recordsaffpgroximation curves of the
surface data and the groove data calculated bggheximation processing unit 104, the
depth of the groove portion, and positional infotiora on each groove portion in the
width direction of the tire in the storage unit 1@%ep S15).

The processes of steps S13 to S15 are perforrhddtaince images having
been subjected to the noise elimination procestein S12. Thereby, wear data
indicating the degree of wear is obtained overréasa range of the tire 2 which is
measured by the image sensor 5A.

[0035]

A case where the degree of wear of the surfatieedtire 2 of the vehicle is
calculated has been described so far. Next, aadethcalculating the amount of wear
of the surface of the pantograph shoe 3 will bedesd along the processes of the
flowchart of Fig. 12. In a case of the pantograpbe 3, wear occurs on a surface in the
vertical direction due to contact with the electrar line 4 (the concave portion 31
shown in Fig. 4). First, an approximation straitijm of the surface of the pantograph
shoe is calculated on the basis of a distance irohtie surface of the pantograph shoe
which is measured by the image sensor 5B at aiceitae. Next, the amount of wear
is obtained by integrating a difference betweeraihygroximation straight line and the

concave portion in the distance image.
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[0036]

First, the data acquisition unit 101 acquiresagfshape data (distance image)
including the shape of the surface of the pantdgsime which is measured by the
image sensor 5B as the vehicle 1 travels (step. SINgxt, the noise elimination unit
102 performs a noise elimination process (step.S1Rirst, the noise elimination unit
102 performs coordinate conversion on the distimegyes to correct distortion between
the distance images. Since the distance imageralkales a structure (for example,
the side surface of the vehicle body) other thapdintograph shoe portion, the noise
elimination unit 102 detects the pantograph shaggroto eliminate a distance image of
the other portion. In the detection, the noismiglation unit 102 determines that the
distance image includes the pantograph shoe 3 tlgemumber of points exceeding a
certain threshold value is equal to or greater théired value among distance images
measured at respective times, using a propertythikrgtantograph shoe is farthest from
the body of the vehicle 1 (the value in the hortabdirection of the vehicle is largest)
among all parts included in the distance image.e ftise elimination unit 102 extracts
a portion including the pantograph shoe 3 fromdiséance image including the
pantograph shoe 3. The noise elimination unit@®2orms the same process on each
of the distance images measured at the respetties.t The noise elimination unit 102
assumes that the traveling speed of a train istanhfom the number of pieces of data n
in a time slot in which it is determined that thstance image includes the pantograph
shoe 3, and a length x of the pantograph shoeeitraélveling direction of the vehicle, and
calculates a length dx=x/n of the pantograph shokided in one distance image.

Here, dx is equivalent to a distance at which tsleicle 1 travels from the measurement
of a certain distance image to the measuremetmeaféxt distance image. Here, dx is

used when the amount of wear (volume) is calcultsd. The following process is
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performed on a distance image measured at eaclafterethe noise elimination process.
Next, the noise elimination unit 102 performs ageiss of eliminating a range indicating
an abnormal value (measurement failure range) frandistance image.

[0037]

Fig. 13 is a diagram showing an example of a destamage of the surface of a
pantograph shoe in the first embodiment accordintyé present invention.

Fig. 14 is a first diagram showing an example dfstance image after a noise
elimination process for the surface of a pantogstpde in the first embodiment
according to the present invention.

Fig. 15 is a second diagram showing an exampéedi$tance image after a
noise elimination process for the surface of a@gnaiph shoe in the first embodiment
according to the present invention.

Fig. 13 is a certain distance image showing tlagslof the surface of the
pantograph shoe 3 which is measured by the imag®s&B. The horizontal axis in
Fig. 13 represents a position in the vertical diogcof the vehicle, and the vertical axis
represents a value in the horizontal directiorhefuiehicle. Similarly to a case of the
tire 2, a visual field range is determined for ifln@age sensor 5B, and a distance image at
a position beyond the visual field range indicatesbnormal value (a range surrounded
by a dashed line). The noise elimination unit p&&orms a process of eliminating an
abnormal value from the distance image. The digtamage shown in Fig. 14 is a
distance image obtained after abnormal valuesthtdrads of the distance image are
eliminated. For a portion in which an abnormalsesils detected in regions other than
the both ends of the obtained distance image, diee elimination unit 102 performs
linear interpolation by connecting normal valuegmeent to end points of a sequence of

points indicating abnormal values to each othetheillike. The distance image shown
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in Fig. 15 is a distance image after the lineagrmblation process is performed.
[0038]

Next, the processing target extraction unit 108gpms a processing target
extraction process on a distance image from whotteneliminated (step S13).

Fig. 16 is a first diagram showing a processimgetextraction process for a
distance image of the surface of a pantograph ishibe first embodiment according to
the present invention.

Fig. 17 is a second diagram showing a procesamygt extraction process for a
distance image of the surface of a pantograph ishibe first embodiment according to
the present invention.

First, the processing target extraction unit 188wates an inclination for each
point (%, y;) using Expression (1). The processing targetektin unit 103 compares
the inclination with a predetermined threshold edluo distinguish between a flat
section and a gradient section for each positicdh@fpantograph shoe 3 in the vertical
direction. The processing target extraction u@f tlivides the distance image with the
gradient section as a boundary. The processiggttaxtraction unit 103 extracts a
largest section 16B among a section 16A, the sed#®, and a section 16C which are a
plurality of flat sections obtained by the divisionThe distance image shown in Fig. 17
is a distance image of the section 16B extractethéyrocessing target extraction unit
103. The section extracted by the processing tt@sgeaction unit 103 is referred to as
a valid section.

[0039]

Next, the approximation processing unit 104 penfoapproximation processing

using the distance image of the section extractestiep S13 (step S14).

Fig. 18 is a first diagram showing approximatioogessing for a distance
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image of the surface of a pantograph shoe in tekedmbodiment according to the
present invention.

Fig. 19 is a second diagram showing approximgtimtessing for a distance
image of the surface of a pantograph shoe in tekedmbodiment according to the
present invention.

The approximation processing unit 104 performedimapproximation on a
curve 18A indicated by a distance image of thedvadiction extracted by the processing
target extraction unit 103 to calculate an appration straight line 18B. Since the
curve 18Aincludes a portion recessed due to vegannworn portion in the surface of
the pantograph shoe 3 has a value in the horizditdtion of the vehicle which is
larger than that of the approximation straight i88. Consequently, the
approximation processing unit 104 extracts onlgg@uence of points having a value
larger than that of the approximation straight 88, and performs linear
approximation again on the extracted sequenceinfpo Then, the approximation
processing unit 104 calculates an approximatiaigtit line 18C for a sequence of
points of the surface shown in Fig. 19. The apjpnaxion processing unit 104
repeatedly performs linear approximation until apraximation straight line for a
distance image of an unworn surface portion ofpéaetograph shoe 3 is calculated (for
example, until a multiple determination coefficiemtet to 0.95 or greater) in accordance
with the magnitude of a recessed amount of wear.

[0040]

The approximation processing unit 104 calculatesapproximation straight
line, when the approximation processing unit catad the amount of wear of the
pantograph shoe 3. First, the approximation pingunit 104 performs inclination

correction. The inclination correction is a prace$ correcting an inclination caused by
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the generation of an inclination of a laser irréidimangle of the image sensor 5B with

respect to the surface of the pantograph shoeaZase where the height of the image

sensor 5B is different from the height of the pgraph shoe 3, or the like. An example

of the process of correcting an inclination willdescribed. First, the approximation

processing unit 104 calculates an inclination afdtem an inclination (denoted by a)

of the calculated approximation straight line 18Clpe following Expression (2).
6=Tan*(1/a)...(2)

Next, the approximation processing unit 104 cdsr@n inclination in the
Z-direction (the horizontal direction of the pagéown in Fig. 4) by the following
Expression (3).

Z'i=(Z-(Xi-Xo)/Tarh)xsird...(3)

Here, X denotes a starting value of a distance imageeirXtlaxis direction, and
Xi denotes any value between the starting valueeoflistance image in the X-axis
direction and an ending value. In additiondgnotes a value in the Z-axis direction
corresponding to X Further, Z'denotes a value after correction.

Next, the approximation processing unit 104 cdsr@n inclination in the
X-direction (the vertical direction of the papepsm in Fig. 4) by the following
Expressions (4) and (5).

dX=sqrt((Z-Zi-1)*+(Xi-Xi-1)*(Z'1-Z'11)°)...(4)

Xi=X'i1+dX...(5)

[0041]

Next, the approximation processing unit 104 irdégs a difference between a
curve indicated by the distance image in a valadise after inclination correction and
an approximation straight line, and calculatesraa af a portion surrounded by the

curve after the inclination correction and the appnation straight line. The
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calculated value is multiplied by dx to obtain tlitume of a worn portion of the surface
of the pantograph shoe 3 corresponding to the gassfahe vehicle 1 per unit time.
The approximation processing unit 104 performsstiiae processing on the distance
images determined to include the pantograph shnetBe noise elimination unit 102,
integrates values obtained by the processing, aledlates the total amount of wear of
the pantograph shoe 3. Next, the wear data reaprdiit 105 records the amount of
wear calculated by the approximation processing 104 in the storage unit 107 (step
S15). In this manner, the wear inspection apparifucan calculate the amount of
wear of the pantograph shoe 3 on the basis oldhehart of Fig. 12. The degree of
wear of the electric-car line 4 can be calculatethe same manner.

[0042]

In the related art, only information on the deptla groove in the severest worn
portion has been measured as the degree of wearioccin the tire 2. According to
the wear inspection apparatus 10 of the presenvdimient, it is possible to obtain more
detailed conditions and useful information suclh&samount of wear at any place and
flatness and distortion of the tire 2 by using ooty limited information such as only a
maximum value of a worn portion but also an appr@tion curve over the entire
surface of the tire 2 and the position and depth gfoove caused by wear. Since a
distance image can be integrated into informatiarhsas a coefficient of the
approximation curve, it is possible to reduce tm@ant of data stored and to accumulate
data for a long period of time. Thereby, it is §ibke to perform analysis on the basis of
a larger amount of data.

[0043]
<Second Embodiment>

Hereinafter, a wear inspection apparatus accorirgsecond embodiment of
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the present invention will be described with refeeto Figs. 20 and 21.

Fig. 20 is a block diagram showing a configuragxample of a wear inspection
apparatus in the second embodiment according tprésent invention.

In a configuration according to the second embedinof the present invention,
the same functional units as the functional urstsstituting the wear inspection
apparatus 10 according to the first embodimenheforesent invention will be denoted
by the same reference numerals and signs, anccaptes thereof will be omitted.

A wear inspection apparatus 10A according to #@®sd embodiment provides
a function of predicting the amount of wear anddpréng the time for replacement of a
part due to wear. In a case where the amount af wfea tire 2 or the like is predicted,
analysis associated with operation data, sucheaslthpe of a route or a traveling speed,
which is regarded as affecting the progress of weaomes effective. The wear
inspection apparatus 10A creates an evaluation hodpredicting the degree of wear
from the operation data by associating the operataia and wear data with each other,
and evaluates the degree of wear occurring intaoparvehiclen on the basis of the
created evaluation model and operation data of¢héclea serving as a prediction
target.

[0044]

The wear inspection apparatus 10A according te¢tend embodiment
includes an evaluation model creation unit 108 anelplacement time prediction unit
109 in addition to the configuration of the firghleodiment, and includes a data
acquisition unit 101A instead of the data acqusitinit 101.

The data acquisition unit 101A acquires operatiata on a vehicle 1 in addition
to a distance image measured by an image sensartte operation data is data such as a

traveling speed, a traveling time, and a travetiisfiance of the vehicle 1, the shape of a



10

15

20

25

29

route on which the vehicle 1 travels (the proporiad a curve or a slope, or the like), and
weather.

The evaluation model creation unit 108 createsvatuation model for
evaluating the degree of wear on the basis of pleeation data on the vehicle 1 which is
acquired by the data acquisition unit 101A and vazda recorded with regard to the
vehicle 1 by the wear data recording unit 105. Wkar data includes coefficients of
approximation curves of a surface and a groovegroand information on the depth of
the groove in a case of the tire 2 of the vehicle The wear data is the amount of wear
in a case of the pantograph shoe 3.

The replacement time prediction unit 109 predicésfuture wear conditions,
the time for replacement, and the like of a patieconsumed due to wear of the tire 2
or the like, on the basis of the current operatiata on the vehicle serving as a
prediction target for the time for replacement #ralevaluation model created by the
evaluation model creation unit 108.

[0045]

Next, a process of predicting the time for rephaeat due to wear will be
described with reference to Fig. 21 by taking the2 included in the vehicle 1 in the
second embodiment as an example.

Fig. 21 is a flowchart showing an example of pesoeg of the wear inspection
apparatus in the second embodiment according tprésent invention.

As an example, it is assumed that the wear datheotire 2 calculated by the
approximation processing unit 104 with respechtogame type of vehicle 1 as the
vehiclea serving as a prediction target for the time f@laeement is recorded in a
storage unit 107 in association with the date cisneement of a distance image used for

the calculation of the wear data. It is assumeaddstandard of the degree of wear for
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determining the replacement of the tire 2 of thieicle 1 (for example, the replacement
is performed when a predetermined number of grobegsg a predetermined depth or
greater are generated, or the like) is recorddlarstorage unit 107 in advance.

First, the evaluation model creation unit 108 a&puthe wear data on the
vehicle 1 by reading out the wear data from theagi® unit 107 (step S21). The data
acquisition unit 101A acquires the operation datah@ vehicle 1 from a system in which
the operation data on the vehicle is accumulateg 822). In this case, the data
acquisition unit 101A acquires the operation datdhe vehicle 1 in a period
corresponding to the wear data acquired by theuatiah model creation unit 108.

[0046]

Next, the evaluation model creation unit 108 @san evaluation model by
machine learning (step S23). For example, theuawi@n model creation unit 108
creates learning data corresponding to the amduwaear data acquired, using wear data
according to a certain distance image and operaat@a measured on the date closest to
the measurement date of the distance image agamerig data. The evaluation model
creation unit 108 performs machine learning praogsssing a method such as a
decision tree. For example, when the decisionisresed, it is possible to extract a
condition for making the tire 2 have such a degfesear (regarding whether such a
degree of wear occurs depending on what kind afdeay indicated by the operation
data) with respect to various degrees of wear dexun the wear data. An evaluation
model indicating a relationship between the degfegear occurring in the tire 2 and
operation conditions of the vehicle 1 indicatedHwy operation data, such as "a groove is
generated at a specific position of the tire 2 winenvehicle travels in a certain section
(having many curves) for a period of time X or lerigor "the surface of the tire 2 has a

shape indicated by a predetermined approximatiovecwhen the vehicle travels at a
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speed Y or higher for a period of time Z or longés"obtained. The evaluation model
creation unit 108 records the evaluation modehendtorage unit 107 as an evaluation
model.
[0047]

Next, a user inputs the latest operation datdnervehiclex to the wear
inspection apparatus 10A. The data acquisition 101 A acquires the operation data
on the vehiclex (step S24). The data acquisition unit 101A owgplie operation data
on the vehiclex to the replacement time prediction unit 109. Néxe replacement
time prediction unit 109 predicts the time for sg@ment on the basis of the evaluation
model (step S25). For example, in a case wherddfeee of wear of the tire 2 is
indicated for each traveling section and each tiag¢ime of the vehicle 1 in the
evaluation model, the replacement time predictioi 109 evaluates the degree of wear
of the vehiclex by applying a traveling section and a travelimgetiof the vehicle.
which are included in the acquired operation dattéhe vehiclex to the evaluation
model. In a case where the evaluated degree aofsa¢iafies a standard of the degree
of wear for determining the replacement of the Zifgn a case where severer wear
occurs) with reference to the standard of the degfevear for determining the
replacement of the tire 2, the replacement timdiptien unit 109 determines that it is
time to replace the tire 2. In a case where tladueted degree of wear does not satisfy
the degree of wear for determining the replaceroktite tire 2, the replacement time
prediction unit 109 acquires a condition of theragien data which satisfies the standard
of the degree of wear for determining the replaggméthe tire 2, with reference to the
evaluation model. The replacement time predictioih 109 predicts the time for
replacement by comparing the condition of the dp@nadata which satisfies the

standard with the operation data on the vehicle For example, in a case where the
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evaluation model indicates that the degree of weaivalent to the replacement of the
tire 2 has occurred when a traveling time is aqoeof time X1 or longer with respect to
the vehicle 1 having traveled in the same sect®iia traveling section of the vehicle
and the operation data on the vehiciadicates that the traveling time of the vehiclis
a period of time X2 (the relation of X1>X2 is sdf)e replacement time prediction unit
109 calculates a traveling time X2-X1 until the ¢ifior replacement of the tire 2. The
replacement time prediction unit 109 outputs tHeutated traveling time until the time
for replacement of the tire 2 to an input and output 106. The input and output unit
106 displays the traveling time until the time feplacement on a display. Thereby, the
user can ascertain the time for replacement ofithe.

[0048]

In the related art, only limited information suatia maximum value has been
recorded with respect to the amount of wear ofragfahe vehicle 1. For this reason,
even when an evaluation model is created by permfgrrmachine learning using wear
data and operation data, various degrees of wearmaeg in parts cannot be predicted,
and thus it is not possible to obtain a highly aataevaluation model. According to
the wear inspection apparatus 10A of the presebbdiment, not only the maximum
value of the amount of wear but also the shapesoirface deformed due to wear and the
amount of wear of a specific position can be usefhetors, and thus it is possible to
expect an improvement in the accuracy of the eti@nanodel. Thereby, the user can
ascertain detailed degrees of wear of parts toiquely prevent the occurrence of
abnormality, can ascertain the appropriate timedptacement of parts to improve the
efficiency of stock management of worn parts, aaad @ppropriately perform
maintenance (inspection, repair, and the likehefworn parts every day.

[0049]
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<Others>

For example, when there is a correlation betwhemiear of the tire 2 and the
repair of a road surface on which the vehicle teis data obtained by measuring, for
example, a change in the shape of the road susfagéhich the vehicle 1 travels, or the
like is accumulated, and a relationship betweerrdata analyzed by the wear
inspection apparatus 10 (or the wear inspectioaigbps 10A) and the change in the
shape of the road surface is analyzed by macharailey or the like, thereby
contributing to the examination of a better roadaste repairing method such as the
decision of an appropriate cutting method.

[0050]

In addition, it is possible to appropriately reqdaa component in the
above-described embodiment with a well-known congpomvithout departing from the
scope of the present invention. The technical sadfhe present invention is not
limited to the above-described embodiment, andugrmodifications can be added
without departing from the scope of the presengimtion.

[Industrial Applicability]
[0051]

According to the above-described wear inspectapaeatus and wear inspection
method, it is possible to measure not only limitddrmation such as only a maximum
value of a worn portion of a part but also the alltexear conditions of the part and the
amount of wear in any worn portion.

[Reference Signs List]
[0052]
1 Vehicle

2, 2A, 2B Tire
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4 Electric-car line

3 pantograph shoe

6 Side wall

7 Hole

5, 5A, 5B Image sensor

10, 10A Wear inspection apparatus
101, 101A Data acquisition unit
102 Noise elimination unit

103 Processing target extraction unit
104 Approximation processing unit
105 Wear data recording unit

106 Input and output unit

107 Storage unit

108 Evaluation model creation unit

109 Replacement time prediction unit
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[CLAIMS]

What is claimed is:
[Claim 1]

A wear inspection apparatus comprising:

a data acquisition unit which is configured to @og surface shape data
including information indicating a shape of a sagaf a part wearing as a vehicle
travels; and

an approximation processing unit which is confgguto calculate an
approximation line for the acquired surface shagtea dnd calculate a degree of wear of
the part from the approximation line and a worrtiparincluded in the surface shape
data.

[Claim 2]

The wear inspection apparatus according to claifarher comprising:

a processing target extraction unit which is agunfed to distinguish between a
gradient portion in which a difference between leaf each point included in the
surface shape data and a value of an adjacentipdarger than a predetermined
threshold value, and a flat portion in which thiéedlence is smaller than the
predetermined threshold value in the surface sbat® and extract a processing target
section for calculating a degree of wear in théamer shape data from the gradient
portion and the flat portion after the distinguisimh
[Claim 3]

The wear inspection apparatus according to claom2, further comprising:

a noise elimination unit which is configured tox@hate noise from the surface
shape data,

wherein the noise elimination unit is configuredoerform coordinate
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conversion so that the pieces of surface shapentedgured by a sensor in respective
positional relationships are converted into piegfesurface shape data measured in the
same positional relationship, in accordance witlingjes in a relative positional
relationship between the part and the sensor miegdine shape of the surface of the
part.
[Claim 4]

The wear inspection apparatus according to anybokims 1 to 3,

wherein the processing target extraction unibisfigured to create a histogram
according to each value included in the surfaceaslgata and a frequency of appearance
of the value,

wherein the processing target extraction unibisfigured to adjust a
classification width of the histogram on the basia predetermined number of groups in
a case where values corresponding to a surfacepant a groove portion which are
selected from among the values included in theasar§hape data are classified into the
number of groups, and create a histogram in whielpteces of surface shape data are
classified into the number of groups, and

wherein the processing target extraction unibisfigured to extract a portion of
surface shape data corresponding to the flat poaimm a portion of surface shape data
corresponding to a groove portion formed in thézgg of the part from the created
histogram.
[Claim 5]

The wear inspection apparatus according to clagim 4

wherein the approximation processing unit is aquned to calculate a depth of
the groove portion on the basis of a differencevbeh the surface shape data

corresponding to the groove portion which is exwddy the processing target
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extraction unit and the calculated approximatioe.li
[Claim 6]

The wear inspection apparatus according to anybokims 1 to 3,

wherein the processing target extraction unibigfigured to extract the largest
flat portion as a processing target section froenftéat portion distinguished with the
gradient portion as a boundary, out of the flatiparand the gradient portion after the
distinguishment.
[Claim 7]

The wear inspection apparatus according to claim 6

wherein the approximation processing unit is aquned to calculate an
approximation straight line on the basis of surfsicape data corresponding to the flat
portion extracted by the processing target exwaatinit, and calculate an amount of
wear of the part by integrating a difference betwaealue of the approximation straight
line and a value of the surface shape data witeigo a section in which wear occurs
in the surface shape data, the approximation $iréirge being approximate to a
sequence of points of an unworn portion of the etthe surface shape data.
[Claim 8]

The wear inspection apparatus according to anybokims 1 to 7, further
comprising:

an evaluation model creation unit which is confeglito create an evaluation
model for evaluating the degree of wear of the gacbrding to operation conditions of
the vehicle on the basis of the degree of weaneptart which is calculated by the
approximation processing unit and operation dad&cating the operation conditions of
the vehicle including the part; and

a replacement time prediction unit which is coafeg to acquire operation data
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on a target vehicle serving as an evaluation tagyetiuate a degree of wear occurring in
a part of the target vehicle on the basis of treraion data and the evaluation model,
and predict a time for replacement of the parheftarget vehicle for which the degree of
wear is evaluated, on the basis of informationdating the time for replacement of the
part which is determined in association with thgrde of wear of the part of the target
vehicle.
[Claim 9]

A wear inspection method comprising:

acquiring surface shape data including informaiiaicating a shape of a
surface of a part wearing as a vehicle travels; and

calculating an approximation line for the acquisedface shape data and
calculating a degree of wear of the part from ghgraximation line and a worn portion

included in the surface shape data.



