DESCRIPTION
TITLE OF THE INVENTION: OVERHEAD WIRE WEAR MEASUREMENT DEVICE
AND OVERHEAD WIRE WEAR MEASUREMENT METHOD
TECHNICAL FIELD
[0001]

The present invention relates to a field of overhead wire
inspection that measures wear of an overhead wire by capturing
an image of the width of the lower surface of the overhead wire
from the top of a train roof and by performing image processing
on the image. The present invention particularly relates to
an overhead wire wear measurement device and an overhead wire
wear measurement method that determine a
remaining-diameter-equivalent value for an overhead wire the
pantograph-sliding surface of which is partly oblique (an
unevenly worn overhead wire), the
remaining-diameter-equivalent value serving as an index to know
whether the overhead wire has reached the end of its life.
BACKGROUND ART
[0002]

Fig. 8 shows a schematic, cross-sectional view of an
overhead wire. Due to a contact with a pantograph (not shown),
an unworn overhead wire 5 shown in Fig. 8 (a) wears in such a
manner that its lower surface becomes parallel to the horizontal
plane as shown in Fig. 8 (b) or becomes oblique to the horizontal
plane as shown in Fig. 8 (c). Hereinafter, a part of an overhead
wire that has worn away to be parallel to the horizontal plane
is referred to as a horizontally worn part 5a, and a part of
an overhead wire that has worn away to be obligue to the
horizontal plane is referred to as an obliquely worn part 5b.

At areas of the overhead wire 5 where an overlap is present



or where a crossover wire is also present, the overhead wire
5 may also come to have a wear part in a wear state called uneven
wear formed by the horizontally worn part 5a and the obliquely
worn part 5b, as shown in Fig. 8(d).

[0003]

Regarding wear of the overhead wire 5, Patent Document
1 below describes an overhead wire measurement method for
measuring the amount of wear of the overhead wire 5 having the
horizontally worn part 5a like the one shown in Fig. 8(b). 1In
addition, Patent Document 2 below describes an overhead wire
measurement method for measuring the amount of wear of the
overhead wire 5 having the obliquely worn part 5b like the one
shown in Fig. 8(c).

[0004]

Patent Document 3 discloses use of laser light to measure
uneven wear of the overhead wire 5 like the one shown in Fig.
8(d). Patent Document 3 converts the horizontally worn part
5a and the obliquely worn part 5b into binary representations
based on the difference in the intensity of reflected laser
light, and as shown in Fig. 9, calculates a remaining diameter
Ha of the horizontally worn part 5a and a remaining diameter
Hzy of the obliquely worn part 5b using the widths of the
horizontally worn part 5a and the obliquely worn part 5b and
a prepared remaining diameter table.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0005]

Patent Document 1: Japanese Patent No. 4635657
Patent Document 2: Japanese Patent No. 5534058

Patent Document 3: Japanese Patent No. 5380000



NON-PATENT DOCUMENT
[0006]
Non-Patent Document 1: "Overview of Electricity for Railway
Engineers, Series 2 of Electric Train Lines, Train Wires"
multi-authored by a writing group, JAPAN RATILWAY ELECTRICAL
ENGINEERING ASSOCIATION, November 10, 1998, pp. 4 to 5 and 32
to 33
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]

As described in Non-Patent Document 1, the overhead wire
5 may break when decreased in tensile strength. The tensile
strength of the overhead wire 5 correlates with the area of a
remaining cross section of the overhead wire 5, and therefore
a remaining diameter calculated by measurement of an overhead
wire should be set such that the remaining diameter correlates
with the remaining cross-sectional area. To be more specific,
it is contemplated that an appropriate index of the wear state
of an unevenly worn overhead wire having the horizontally worn
part 5a and the obliquely worn part 5b should be represented
not by the two remaining diameters, namely the remaining
diameters of the horizontally worn part 5a and the obliquely
worn part 5b, but by a single value based on the cross-sectional
area (such a value 1s hereinafter referred to as a
remaining-diameter-equivalent value).
[0008]

The conventional overhead wire measurement methods
described above can obtain the remaining diameter values of the
horizontally worn part 5a and the obliquely worn part 5b, but

cannot obtain a single remaining-diameter-equivalent value



which is based on the remaining cross-sectional area and takes
the horizontally worn part 5a and the obliquely worn part 5b
into account, particularly for the overhead wire 5 in an
unevenly worn state. It has therefore been difficult to find
an accurate tensile strength of the overhead wire 5.

[0009]

In view of such circumstances, the present invention aims
to provide an overhead wire wear measurement device and an
overhead wire wear measurement method capable of calculating
a single remaining-diameter-equivalent value which is based on
the remaining cross-sectional area and takes a horizontally
worn part and an obliquely worn part into account.

MEANS FOR SOLVING THE PROBLEMS
[0010]

To solve the above problem, an overhead wire wear
measurement method according to a first aspect of the invention
is an overhead wire wear measurement method for finding a
remaining diameter of an overhead wire by capturing an image
of a lower surface of the overhead wire, which comes into contact
with a pantograph, with a wear measurement camera disposed on
a roof of a train and by performing image processing on the
captured image of the lower surface of the overhead wire,
characterized in that

a remaining diameter of a horizontally worn overhead wire
having only a horizontally worn part 1is calculated as a
remaining-diameter-equivalent value for an unevenly worn
overhead wire having the horizontally worn part and an obliquely
worn part, the horizontally worn overhead wire having the same
cross-sectional area as the unevenly worn overhead wire.

[0011]



An overhead wire wear measurement method according to a
second aspect of the invention is characterized in that

the method comprises the steps of:

calculating real coordinates of a center point of
the overhead wire from the image of the lower surface of the
overhead wire;

calculating real coordinates of an end portion of
the horizontally worn part, real coordinates of adivision point
between the horizontally worn part and the obliquely worn part,
and real coordinates of an end portion of the obliquely worn
part from the image of the lower surface of the overhead wire;

calculating a cross-sectional area of the unevenly
worn overhead wire based on the real coordinates of the center
point of the overhead wire, the real coordinates of the end
portion of the horizontally worn part, the real coordinates of
the division point between the horizontally worn part and the
obliquely worn part, and the real coordinates of the end portion
of the obliquely worn part; and

calculating the remaining-diameter-equivalent
value based on the cross-sectional area of the unevenly worn
overhead wire.
[0012]

An overhead wire wear measurement device according to a
third aspect of the invention is an overhead wire wear
measurement device comprising an image processing unit that
finds a remaining diameter of an overhead wire by causing a wear
measurement camera disposed on a roof of a train to capture an
image of a lower surface of the overhead wire, which comes into
contact with a pantograph and by performing image processing

on the captured image of the lower surface of the overhead wire,



characterized in that

the image processing unit includes a
remaining-diameter-equivalent value calculation processing
unit that calculates a remaining diametexr of a horizontally worn
overhead wire having only a horizontally worn part, as a
remaining—diameter—equivalent value for an unevenly worn
overhead wire having the horizontally worn part and an obliquely
worn part, the horizontally worn overhead wire having the same
cross-sectional area as the unevenly worn overhead wire.
[0013]

An overhead wire wear measurement device according to a
fourth aspect of the invention is characterized in that

the image processing unit includes

an overhead wire center point position calculation
processing unit that calculates real coordinates of a center
point of the overhead wire from the image of the lower surface
of the overhead wire;

a division point positions calculation processing
unit that calculates at least real coordinates of an end portion
of the horizontally worn part, real coordinates of a division
point between the horizontally worn part and the obliquely worn
part, and real coordinates of an end portion of the obliquely
worn part from the image of the lower surface of the overhead
wire; and

a wear cross-sectional area calculation processing
unit that calculates a cross—-sectional area of the unevenly worn
overhead wire based on the real coordinates of the center point
of the overhead wire calculated by the overhead wire center
point position calculation processing unit and on the real

coordinates of the end portion of the horizontally worn part,



the real coordinates of the division point between the
horizontally worn part and the obliquely worn part, and the real
coordinates of the end portion of the obliquely worn part
calculated by the division point positions calculation
processing unit, and

the wear cross-sectional area calculation processing
unit calculates the remaining-diameter-equivalent value based
on the cross—~sectional area of the unevenly worn overhead wire
calculated by the wear cross-sectional area calculation
processing unit.

EFFECT OF THE INVENTION
[0014]

An overhead wire wear measurement device and an overhead
wire wear measurement method according to the present invention
can f£ind an accurate tensile strength of even an unevenly worn
overhead wire having a worn part formed by a horizontally worn
part and an obliquely worn part by calculating a
remaining-diameter-equivalent value taking a remaining
cross—sectional area into account.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

[Fig. 1] Fig. 1 is a diagram illustrating an overhead wire wear
measurement device according to an embodiment of the present
invention.

[Fig. 2] Fig. 2 is a diagram of the configuration of the overhead
wire wear measurement device according to the embodiment of the
present invention.

[Fig. 3] Fig. 3 is a flowchart of processing performed by an
image processing unit of the overhead wire wear measurement

device according to the embodiment of the present invention.



[Fig. 4] Fig. 4 is a diagram illustrating an example of a line
sensor image.

[Fig. 5] Fig. 5 is a diagram illustrating the relations among
an overhead wire, a camera center point, and a sensor plane.
[Fig. 6] Fig. 6 is a diagram illustrating a method for
calculating the cross-sectional area of an overhead wire.
[Fig. 7] Fig. 7 1is a diagram illustrating a method for
calculating a remaining-diameter-equivalent value.

[Fig. 8] Fig. 8 includes schematic diagrams showing
cross-sections of an overhead wire, Fig. 8(a) showing an unworn
overhead wire, Fig. 8(b) showing an overhead wire with a
horizontally worn part, Fig. 8(c) showing an overhead wire with
an obliquely worn part, and Fig. 8(d) showing an overhead wire
with a horizontally worn part and an obliquely worn part.
[Fig. 9] Fig. 9 1is a diagram illustrating an example
conventional method for calculating the remaining diameters of
an unevenly worn overhead wire.

MODE FOR CARRYING OUT THE INVENTION

[0016]

An overhead wire wear measurement device according to the
present invention is described in detail below with reference
to the drawings.

EMBODIMENT
[0017]

An embodiment of an overhead wire wear measurement device
according to the present invention is described using Figs. 1
to 7.

[0018]
In the present embodiment, as shown in Fig. 1, a line

sensor camera (wear measurement camera) 2 1s disposed on the



roof of an inspection vehicle (train) 1 as image input means
that captures an image of the lower surface of an overhead wire
5, which comes into contact with a pantograph (not shown). An
image processing device (image brocessing unit) 3 and a
recording device 4 are disposed inside the inspection vehicle
1.

[0019]

The line sensor camera 2 is oriented in such a manner as
to capture an image of an area vertically above the inspection
vehicle 1 with its scanline direction being the same as the
direction of crossties for rails 6, or in other words,
orthogonal to the travel direction of the inspection vehicle
1. With such an orientation, a scanline of the line sensor
camera 2 crosses the overhead wire 5. Signals representing the
image of the lower surface of the overhead wire 5 captured by
the line sensor camera 2 are inputted to the image processing
device 3.

[0020]

As shown in Fig. 2, the image processing device 3 includes
a line sensor image creation unit 3a, an overhead wire center
point position calculation processing unit 3b, a division point
positions calculation processing unit 3c, a wear
cross-sectional area calculation processing unit 3d, a
remaining-diameter-equivalent value calculation processing
unit 3e, and memory M1, M2 as storage means.

[0021]

Following the flowchart shown in Fig 3, the image
processing device 3 calculates a
remaining-diameter-equivalent value H (see Fig. 7) for an

overhead wire with a worn part by performing image processing
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on the image signals received from the line sensor camera 2.
[0022]

To be more specific, in the image processing device 3,
the image signals received from the line sensor camera 2 are
arranged chronologically by the 1ine sensor image creation unit
3a and stored in the memory M1l as a line sensor image I (see
Fig. 4) (Step S1).

[0023]

In the present embodiment, the pixel positions of points
on the line sensor image I shown in Fig. 4 are, for example,
set automatically by the system performing the image processing
on the line sensor image T or by a user with a GUI, the points
on the line sensor image I being the left end pl of the overhead
wire, the left end p2 of a horizontally worn part (an end portion
of the horizontally worn part), the division point p3 between
the horizontally worn part and an obliquely worn part, the right
end p4 of the obliquely worn part (an endportionof the obliquely
worn part), and the right end p5 of the overhead wire (which
respectively correspond to points P1l, P2, P3, P4, and P5 shown
in Fig. 6 and are hereinafter referred to simply as division
points pl to p5). Camera parameters (focal length, the number
of sensor elements, and sensor width) are preset.

[0024]

After Step S1, the pixel positions of the division points
pl and p5, which are set based on the line sensor image I, are
sent to the overhead wire center point position calculation
processing unit 3b via the memory M2 along with the camera
parameters, and the overhead wire center point position
calculation processing unit 3b calculates the real coordinates

PO (xp,yo) of the center point of the overhead wire 5 (Step S2).
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[0025]

More specifically, first, the overhead wire center point
position calculation processing unit 3b converts the pixel
positions pxl and px5 [pix] of the division points pl and pb
on the line sensor image I into coordinates ul and ub5 [mm] on
the sensor plane shown in Fig. 5. For simple illustration, it
is assumed that the following computation formulae do not
consider lens distortion.

The pixel positions px1 and px5 [pix] are first converted
into sensor-plane coordinates ul' and ub5' [mm] by Formula (1)
below where the origin is the left end of a sensor plane 2a and
Au is the width of each sensor device. The sensor-plane
coordinates ul and u5 [mm] are then obtained by the conversion
by Formula (2) below where the origin is the center end of the
sensor plane 2a and U is the width of the sensor plane. Note
that in Formulae (1) and (2) the pixel positions pxl and px5
are each denoted as px, the sensor-plane coordinates ul' and
u5' are each denoted as u', and the sensor-plane coordinates
ul and ub are each denoted as u.

u'=Auxpx o (1)

u=u'-0/2 cee (2)

The results are more accurate if the conversions are made
considering lens distortion.

[0026]

After finding the sensor-plane coordinates ul and ub from
the pixel positions pxl and px5 of the division points pl and
p5 on the line sensor image I as described above, the overhead
wire center point position calculation processing unit 3b
obtains an equation of a straight line L1 passing through the

sensor-plane coordinates ul and the camera center point C and
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an equation of a straight 1line L5 passing through the
sensor-plane coordinates ub and the camera center point C as
shown in Fig. 5. Note that the origin of the coordinate system
is the camera center point C.

[0027]

The equations of the straight lines L1 and L5 are given
by Formula (3) below using a focal length f.

y=ax=(f/u)x o (3)

The gradients a; and as of the straight lines L1 and L5 are found
respectively by ai;=f/u; and as=f/us, and the angles ©; and 65 of
the straight lines L1 and L5 with respect to the horizontal line
(the x direction) are found by Formula (4) below.

6=arcTan (f/u) e (4)

In Formulae (3) and (4), the straight lines L1 are L5 are each
denoted as L, the sensor-plane coordinates ul and ub5 are each
denoted as u, the gradient a; of the straight line L1 and the
gradient as of the straight line L5 are each denoted as a, the
gradient 6; of the straight line L1 and the gradient 65 of the
straight line L5 with respect to the x direction are each denoted
as 0.

[0028]

Using the equations of the straight lines L1 and L5, the
gradients aj; and as of the straight lines L1 and L5, and the
gradients 0; and 05 of the straight lines L1 and L5 with respect
to the x direction found above, the overhead wire center point
position calculation processing unit 3b finds the real
coordinates (xg,Vvo) of the center point PO of the overhead wire
5.

Specifically, as shown in Fig. 5, an equation of a straight

line LO passing through the center point PO of the overhead wire
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5 and the camera center point C is found by Formula (5) below:

y=apx=tan (6¢) x o (D)
because the angle 63 of the straight line LO with respect to
the x direction is given by 6,=(8:+65) /2.

Since the distance from the center point PO (xq,vye) of
the overhead wire 5 on the straight line LO to the straight line
L1 is equal to the radius r [mm] of the overhead wire, the x
coordinate xg of the center point PO of the overhead wire 5 is
found by Formula (6) below. Further, yo is obtained by yg=agXg-
Formula (6) is derived using a "distance d from a point to a
line formula" of Formula (7) below.

[0029]

[Expression 1]

2
rxa/l+1(a
i) .
4y — 4
—ax,—b
(1=;y0 0 ‘ where intercept b=0 e ()
\J1+a?
[0030]

The real coordinates PO (xq,ye) of the éenter point of
the overhead wire 5 is thus found.
[0031]

After Step S2, the pixel positions of the division points
prl to p5 on the line sensor image I are sent to the division
point positions calculation processing unit 3¢ via the memory
M2 along with the camera parameters as shown in Fig. 2, and the
division point positions calculation processing unit 3¢ finds,
as shown in Fig. 3, the real coordinates Pl (xi1,vi), P2 (X2,V2),
P3 (x3,vy3), P4 (x4,vy4), and P5 (Xs,ys) of the division points pl,

p2, p3, pr4, and pb5, respectively (Step 3).
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[0032]

First, the real coordinates Pl and P5.of the division
points pl and p5 are found. The real coordinates Pl and P5 are
found using the condition that they are contact points between
the overhead wire 5 and the straight 1lines L1 and L5,
respectively. Specifically, Pl is the intersection of the
straight line L1 (y=aix) and a perpendicular
y=(-1/a1)x+(1/a1) xo+yp) to the straight line L1 passing through
the center point PO (xq,ye) of the overhead wire 5, and P5 is
the intersection of the straight line L5 (y=asx) and a
perpendicular y=(-1/as)x+(1/as)xet+ys to the straight line L5
passing through the center point PO (xg,vye) of the overhead wire
5. The x coordinate and the y coordinate of each of the real
coordinates Pl and P5 are given by Formulae (8) and (9),
respectively.

[0033]

[Expression 2]

X +ay
X1: O2 170 IYI:a]XI (8)
a, +1
X +ay
st 0250 IySZaSXS (9)
a, +1
[0034]

To calculate the real coordinates P2, P3, and P4 of the
division points p2, p3, and p4, the real coordinates P2 and P4
of the division points p2 and p4 are found first. Eqgquations
of the straight lines L2 (y=a;x) and L4 (y=a;x) are found in
the same manner as those of L1 and L5. The real coordinates
P2 and P4 of the division points p2 and p4 are points on a circle
of the overhead wire 5 as can be seen in Fig. 6, and can therefore

be found as intersections of the straight lines L2 and L4 and
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the circle with the radius r centered at the center point PO
(X0,¥Yo) of the overhead wire 5, respectively, shown in Formula
(10) below. Note that in Formula (10), the x coordinates x,
and x4, of the real coordinates P2 and P4 are each denoted as
%, and the gradients a; and a4 of the straight lines L2 and L4
are each denoted as a.

[0035]

[Expression 3]

_ X, tay, i\/(xo +ay0)2 —(1+32Xx02 +y02 —rz)
* 1+a’

[0036]

The y coordinates y2 and y4 of the real coordinates P2
and P4 are given by yz=a;x; and yi=agsxq.

The real coordinates P2 (x;,y2) and the real coordinates
P4 (x4,ys) are thus found.

[0037]

Next, the real coordinates P3 (x3,y3) of the division point
p3 are found. An equation of the straight line L3 passing
through the center point PO of the overhead wire 5 and P3, i.e.,
y=aszx, 1s found in the same manner as those of the straight lines
L2 and L4. The y coordinate y; of the real coordinates P3 of
the division point p3 can be found based on a determination on
which of a part between P2 and P3 and a part between P3 and P4
is a horizontally worn part 5a and which of them is an obliquely
worn part 5b. As shown in Fig. 6, when the overhead wire 5 has
the horizontally worn part 5a and the obliquely worn part 5b,
which is worn off more than the horizontally worn part 5a, the
y coordinate ys of the real coordinates P3 can be determined
based on the y coordinates y; and y, of P2 and P4. Specifically,

the smaller y coordinate of the real coordinates P2 and P4 is
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the same as the y coordinate y; of P3. This can be given by
Formula (11) below as a conditional equation.
[0038]

[Expression 4]

v, (y2<v4)
Y4 (Y2ZY4)
[0039]

Then, x3 can be obtained using xs;=ys/as.

The real coordinates P3 (x3,y3) of the division point p3
is thus found.

[0040]

Next, the real coordinates PO of the center of the overhead
wire and the real coocrdinates P2, P3, and P4 of the division
points p2, p3, and p4 are sent to the wear cross-sectional area
calculation processing unit 3d via the memory M2 as shown in
Fig. 2, and the wear cross-sectional area calculation
processing unit 3d calculates the wear cross—-sectional area as
shown in Fig. 3 (Step S4).

[0041]

Processing to calculate the wear cross—-sectional area is
described specifically below.

First, a description is given of the wear cross-sectional
area calculation processing in an ideal situation. The
following case is considered as an example: with P6 and P7 being
the x-direction vertexes of the overhead wire 5 with the radius
r [mm] as shown in Fig. 6, the distance d;, d;, ds, and d4 [mm],
measured in the x direction, of a part between P6 and P2, a part
between P2 to P3, a part between P3 and P4, and a part between

P4 and P7 are known (di+dy+ds+d;=2r).
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[0042]

In this case, a wear cross-sectional area S is found as
follows.

Specifically, with the parameters d;, d;, d3, and d4 given,
the wear cross-sectional area S is found by Formula (12) below
using the areas S; and S; of sectors P6POP2 and P4POP7 and the
areas of S3 and S; of triangles POP2P4 and P2P3P4.

[0043]

[Expression 5]

7!:1’2
S:7~(Sl+sz+s3+s4) -o-(12)

[0044]

When 017 (=£P2P0P6) and 81, (=£P4P0OP7) are given by Formula
(13) below and hi, hy, and h, are given by Formula (14) below,
the wear cross-sectional area S is expressed as Formula (15)
below.
[0045]

[Expression 6]

—-d d, +d, +d; -
0, = arcCos— L 0,, = arcCos—2—3 d (13)
r r
h, =rsin®,, , h, =rsin®,, , h, =r(sin®, —sinb,) - - (14)
§ = r’{n -0, -0, —sin(r-0,,-0,,)} - d,r(sin6,, —sin6,) 15

2
[0046]

In the ideal situation described above, the vertexes P6
and P7 are the ends of the overhead wire, and the distance dg;
between P6 and P7 is the diameter 2r of the overhead wire (dg=2r).
However, when the overhead wire 5 is captured by the line sensor

camera 2, the real coordinates Pl and P5 corresponding to pl
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and p5 on the line sensor image I are different from the vertexes
P6 and P7 of the overhead wire 5 in the x direction, but are
rather the contact points between the overhead wire 5 and the
straight lines passing through the camera center point C as
shown in Fig. 6. For this reason, the distance d;s between P1
and P5 is not equal to the diameter 2r of the overhead wire
(dis#2r) .
[0047]

What also needs to be considered is that, as shown in Fig.
5, the positions of P1 and P5 relative to the center PO of the
overhead wire vary depending on the deviation positions of the
overhead wire 5 from the line sensor camera 2. The following
method obtains a remaining-diameter-equivalent value for the
overhead wire with the above points taken into account.

Specifically, the actual wear cross-sectional area can
be found if the coordinates of P2, P3, and P4 and r are known.
First, if the length dy; between P2 and P4 is found, the area
S3 of the triangle POP2P4 is given by Formula (16) because the
lengths of the sides of the triangle (dz4, r, r) are known.
[0048]

[Expression 7]

S, =+s(s—afs—b)s—c) where s=ﬁ—g—i9 S+ (16)
[0049]
In the above formula, a=d,s, and b=c=r.

The area S; of the triangle P2P3P4 can be found in the
same manner as the area S; by a formula for calculating the area
of a triangle using the known lengths of its sides, namely the

length dy; (=d,) between P2 and P3, the length di3; between P3

and P4, and the length d,; between P2 and P4.
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[0050]

Next, ZP2P0P4 (=0:3) is found. Specifically, using the
basic formula for finding the area of a triangle, i.e., area
= (base x height) /2, the height h of the triangle POP2P4 is found
with the base being P2P4. Then, using the properties of an
isosceles triangle, the angle 6;3 is found by Formula (17) below.
[0051]

[Expression 8]

0, = m— 2arcTan —231—) co (17)

24
[0052]

The area of the sector P2P0P4 is found using the angle
0.3, and the wear cross-sectional area S is given by S=(the area
of the sector P2POP4)-(S3+Sy).

[0053]

Next, after the wear cross—-sectional area is sent to the
remaining-diameter-equivalent value calculation processing
unit 3e via the memory M2 as shown in Fig. 2, the
remaining-diameter—-equivalent value calculation processing
unit 3e calculates a remaining-diameter-equivalent value as
shown in Fig. 3 (Step S5).

[0054]

A description is given of a method for finding a
remaining-diameter-equivalent wvalue H for a part of the
overhead wire 5 having the horizontally worn part 5a and the
obliquely worn part 5b (the part of the overhead wire 5 having
the horizontally worn part 5a and the obliquely worn part 5b
is hereinafter referred to as an unevenly worn overhead wire
S5ap.) First, a formula to find the wear cross-sectional area

S of the overhead wire 5 having only the horizontally worn part
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5a {(hereinafter referredto as a horizontally worn overhead wire
5a) 1is given by Formula (18) below using the radius r of the
horizontally worn overhead wire 5, and a wear angle o shown in
Fig. 7(b).

[0055]

[Expression 9]

2
S=r—(a—sin(x) o+ (18)
2
[0056]
In Formula (19) below, i1f the wear cross-sectional area
Sap of the unevenly worn overhead wire 53z is known, the wear
angle o can be calculated by Formula (20) by substitution of
S in Formula (19) below using Newton's Method.
[0057]

[Expression 10]

2

f(a)=%(a—sin(x)—s S (19)

Oy = 0 = fla,) (20)
f%aJ

[0058]

As shown in Fig. 7(b), the wear angle o of the horizontally
worn overhead wire 55, which has the same area as the known wear
cross—sectional area Sap of the unevenly worn overhead wire 5ag,
is thus found.

Using o thus found, the remaining-diameter-equivalent
value H is found by Formula (21) below.

[0059]

[Expression 11]

H=r+rcos% coe (21)
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[0060]

The remaining diameter value of the horizontally worn
overhead wire 5, which has the same area as the known wear
cross—-sectional area Sz of the unevenly worn overhead wire Dap,
or in other words, the remaining-diameter-equivalent value H
of the unevenly worn overhead wire 5,3, is thus found.

The remaining-diameter-equivalent value H thus found is
recorded in the recording device 4.

[0061]

The overhead wire wear measurement device and the
overhead wire wear measurement method according to the present
invention are not limited to the ones in the embodiment
described above, and can of course be changed variously without
departing from the gist of the present invention.

For example, although the division point positions
calculation processing unit 3c calculates the real coordinates
Pl (x1,y1), P2 (x2,¥2), P3 (x3,¥3), P4 (X4,vy4), and PS5 (Xs,ys) of
the divisionpointspl, p2, p3, p4, andpb in the above embodiment,
the division point positions calculation processing unit 3c may
calculate at least the real coordinates P2 (Xy,v2), P3 (x3,v3),
and P4 (x4,ys) of the division points p2, p3, and p4d.

Although the worn surface of the overhead wire 5 has one
horizontally worn part 5a and one obliquely worn part 5b in the
embodiment described above, the worn surface of the overhead
wire 5 may have a different wear shape.

[0062]

According to the overhead wire wear measurement device
and the overhead wire wear measurement method of the embodiment
described above, the tensile strength of the overhead wire 5

can be accurately found even if the overhead wire 5 is the
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unevenly worn overhead wire 5az having the horizontally worn
part 5a and the obliquely worn part ©5b, because the
remaining-diameter-equivalent value H which takes the
horizontally worn part 5a and the obliquely worn part 5b into
account can be calculated for the unevenly worn overhead wire
S5ap based on a remaining cross-sectional area found using the
wear cross-sectional area Sag.

Since the remaining-diameter-equivalent value H can be
handled in the same way as the remaining diameter value for the
regular horizontally worn overhead wire 5, the management of
the unevenly worn overhead wire 533 and the regular horizontally
worn overhead wire 5, can be advantageously unified. The idea
of finding the remaining-diameter-equivalent value H from a
cross-sectional area is flexibly applicable not only to an
overhead wire with uneven wear, but also to an overhead wire
with a different wear shape.

INDUSTRIAL APPLICABILITY
[0063]

The present invention 1is suitably applicable to an
overhead wire wear measurement device and an overhead wire wear
measurement method for finding the remaining diameter of an
overhead wire by capturing an image of the lower surface of the
overhead wire, which comes into contact with a pantograph, with
a wear measurement camera disposed on the roof of a train and
by performing image processing on the captured image of the
lower surface of the overhead wire.

EXPLANATION OF REFERENCE NUMERALS
[0064]
1 vehicle

2 line sensor camera
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3 image processing device
3a line sensor image creation unit
3b overhead wire <center point position <calculation

processing unit

3c division point positions calculation processing unit
3d wear cross-sectional area calculation processing unit
3e remaining-diameter—~equivalent value calculation

processing unit

4 recording device

5 overhead wire

Sa horizontally worn overhead wire
S5ap unevenly worn overhead wire

5a horizontally worn part

5b obliquely worn part
6 rails

M1,M2 memory
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CLAIMS
[Claim 1]

An overhead wire wear measurement method for finding a
remaining diameter of an overhead wire by capturing an image
of a lower surface of the overhead wire, which comes into contact
with a pantograph, with a wear measurement camera disposed on
a roof of a train and by performing image processing on the
captured image of the lower surface of the overhead wire,
characterized in that

a remaining diameter of a horizontally worn overhead wire
having only a horizontally worn part i1s calculated as a
remaining-diameter—-equivalent value for an unevenly worn
overhead wire having a horizontally worn part and an obliquely
worn part, the horizontally worn overhead wire having the same

cross-sectional area as the unevenly worn overhead wire.

[Claim 2]
The overhead wire wear measurement method according to
claim 1, characterized in that
the method comprises the steps of:
calculating real coordinates of a center point of
the overhead wire from the image of the lower surface of the
overhead wire;
calculating real coordinates of an end portion of
the horizontally worn part, real coordinates of a division point
between the horizontally worn part and the obliquely worn part,
and real coordinates of an end portion of the obliquely worn
part from the image of the lower surface of the overhead wire;
calculating a cross-sectional area of the unevenly

worn overhead wire based on the real coordinates of the center
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point of the overhead wire, the real coordinates of the end
portion of the horizontally worn part, the real coordinates of
the division point between the horizontally worn part and the
obliquely worn part, and the real coordinates of the end portion
of the obliquely worn part; and

calculating the remaining-diameter-equivalent
value based on the cross-sectional area of the unevenly worn
overhead wire.
[Claim 3]

An overhead wire wear measurement device comprising an
image processing unit that finds a remaining diameter of an
overhead wire by causing a wear measurement camera disposed on
a roof of a train to capture an image of a lower surface of the
overhead wire, which comes into contact with a pantograph and
by performing image processing on the captured image of the
lower surface of the overhead wire, characterized in that

the image processing unit includes a
remaining-diameter-equivalent value calculation processing
unit that calculates a remaining diameter of a horizontally worn
overhead wire having only a horizontally worn part, as a
remaining-diameter-equivalent value for an unevénly worn
overhead wire having a horizontally worn part and an obliquely
worn part, the horizontally worn overhead wire having the same
cross—-sectional area as the unevenly worn overhead wire.
[Claim 4]

The overhead wire wear measurement device according to
claim 3, characterized in that

the image processing unit includes

an overhead wire center point position calculation

processing unit that calculates real coordinates of a center
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point of the overhead wire from the image of the lower surface
of the overhead wire;

a division point positions calculation processing
unit that calculates at least real coordinates of aheaujportion
of the horizontally worn part, real coordinates of a division
point between the horizontally worn part and the obliquely worn
part, and real coordinates of an end portion of the obliquely
worn part from the image of the lower surface of the overhead
wire; and

a wear cross-sectional area calculation processing
unit that calculates a cross—-sectional area of the unevenly worn
overhead wire based on the real coordinates of the center point
of the overhead wire calculated by the overhead wire center
point position calculation processing unit and on the real
coordinates of the end portion of the horizontally worn part,
the real coordinates of the division point between the
horizontally worn part and the obliquely worn part, and the real
coordinates of the end portion of the obliquely worn part
calculated by the division point positions <calculation
processing unit, and

the wear cross-sectional area calculation processing
unit calculates the remaining-diameter-equivalent value based
on the cross-sectional area of the unevenly worn overhead wire
calculated by the wear cross-sectional area calculation

processing unit.



