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Abstract: - We have developed a detection system of faulty ground wires from an aerial video of transmission
lines. These days, there are many devices installed on the ground wires to reduce the influence of snow and wind,

such as antisnow wrapping wires and dampers. Our new system considers such devices. The detection
performance of faulty wires is 7% higher than the original detection system that does not take these devices into

account.
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1 Introduction

Utilities use helicopters to check transmission lines
on mountains. When there are lightening strikes on
transmission lines, companies take an aerial video of
transmission lines to try to identify the faulty wires
and restore them quickly [1]. Ground wires are
particularly checked, because they are hit by
lightening more often than power lines.

To identify a faulty wire using a video, an
inspector plays the video at a very slow speed and
checks them carefully. Checking videos is a
considerable amount of time consuming and is
tedious work. To avoid missing the faulty wires, two
inspectors may check the same video. In short,
checking the videos results in a heavy workload.

To reduce the workload and improve the
efficiency of the checking task, we developed a
reduction system of video data obtained from the
aerial inspection of wires [2]. In this paper, this
system is defined as the original system. The original
system checks the aerial video of transmission lines
and identifies faulty wires. Identifying faulty wires
means checking for cut wires and arc marks.

These days, transmission lines have devices
attached to reduce the influence of snow and wind,
such as antisnow wrapping wires and dampers. The
automatic detection system of faulty wires has not
considered those devices until now [3]. In particular,
antisnow wrapping wires [4, 5] would be judged by

the original system to be arc marks. Therefore, a
system that is able to take into accounts such devices
on ground wires is required.

2  Reduction System of Video Data
Obtained from Aerial Inspection of

Wires

Figure 1 shows the concept of our original system.
The system mainly deals with ground wires, because
ground wires are hit by lightening more often than
power lines. This original system stores images of
faulty wires from the aerial video of transmissions.
However, the original system cannot judge the faulty
wires clearly, because it cannot distinguish arc marks
from dust. Thus, inspectors check the images stored
in the original system to determine whether the image
includes a faulty wire or not. This means the original
system cannot detect faults correctly.

Figure 2 shows the procedure of the original
system. The procedure consists of the following 5
steps: (A) store the video of transmission lines, (B)
input the position of a ground wire, (C) search and
extract the ground wire, (D) detect a cut wire or an
arc mark, (E) store the image of the faulty wire.
These steps are explained as follows.

First, to process the video, it is stored in a
computer (A). The original system can also process
images while the video is being taken, but the
computation load is too high to simultaneously store
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the images in the computer. Thus, before checking
ground wires, the original system stores the video. At
step (B), the actual check of the ground wires starts.
Since the original system does not know where the
ground wires are, an inspector inputs their location
and diameter using one image at the beginning of the
video. Subsequently, the original system checks the
ground wires automatically until the end of the video.
Step (C) is explained in Fig. 3. Fig.3 (a) is an
original image that is checked by the original system.
(C) is the step of calculating the contour of a ground
wire [6]. As shown in Fig.3 (b), the extracted line of
the ground wire includes errors. The original system
removes these errors and recalculates the line of the
ground wire by the least-squares method [7] under
the assumption that a ground wire is a straight line.
The recalculated line is defined as the ideal shape of
the wire. If the wire is not cut, the ground wire is also
a straight line. This means the ground wire is not
faulty. Figure 3(c) shows only the ground wire with
other objects removed. This ideal shape is used in
step (D).
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Fig. 1 Concept of the original system

Before explaining the step (D), let us define some
terms. The bottom left-hand side of an image is
defined as the origin. x is defined as the horizontal
pixel number. y is defined as the wvertical pixel
number. Point (x,y) in the image has brightness
br(x,y). The brightness is from 0 to 255. Br(x) is the
average brightness of the ground wire at x (Fig. 4). n
is the number of pixels of the ground wire in the
vertical direction at x. The average brightness of the
ground wire in an image is u , and the standard
deviation of the brightness is o . Formulate for u
and o are shown in Fig. 5. M is the number of pixels
of a ground wire in the horizontal direction in the
image.
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Fig. 3 Example of extraction of the ground wire

Detection of a faulty wire consists of the detection
of abnormalities of brightness and shape (E).
(1) Detection of abnormal brightness
If Br(x), which is the average brightness of the
ground wire at x, is within the range [ p-a o, u+
a o ], the ground wire at x is undamaged. If it is out
of the range, the ground wire at x is faulty. Here, «
is an arbitrary coefficient. [u-a o, u+a o]is the
range of the brightness of the ground wire in the
image. If the ground wire has an arc mark, the
brightness is out of the range.



(2) Detection of abnormal shape

The original system compares the actual contour of
the ground wire, which is calculated in the step
shown in Fig. 2(C)-1, with the ideal contour of the
ground wire, which is calculated in the step shown in
Fig. 2(C)-2. The original system compares them by
subtracting y-position of the actual contour of the
ground wire from the position of the ideal contour of
the ground wire for each x. If the absolute value of
the subtraction is more than the threshold of shape
abnormality, the original system judges that the
ground wire is cut. The original system then stores
the image of the ground wire (E). « and the
threshold of shape abnormality are determined under
the condition that the original system does not fail to
detect a faulty wire on sample videos. We explain the
determination of these parameters in Section 4.

After the original system checks the video and
stores images, an inspector checks the images that the
original system has judged to include faults on the
ground wires. Reducing the workload of checking the
video is equivalent to reducing the number of images
that the inspector must check. A reduction in the
number of images that the original system stores
means an improved performance of the fault
detection of the system. In short, a good detection
system reduces the number of images that do not
include faulty wires. Thus, we use the reduction in
the number of stored images to assess the system
performance. Without our original system, the
inspector must check all the images on the video. If
the original system has a good performance, the
inspector checks very few images, and the task of
checking the images is no longer labor intensive.
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Fig. 4 Brightness Br(x) of the ground wire
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3 Consideration of devices on ground

wires

Up to now, the original system we have developed
has not considered devices installed on ground wires,
such as antisnow wrapping wires and dampers. If
these are not attached to ground wires, the original
system stores about 20% of images. This means 80%
fewer images that the inspector must check. However,

if the devices are attached to the ground wires, the
reduction rate of the number of images decreases to
70%. The reason is why the original system has
judged the attached devices to be faults. In particular,
when the original system deals with antisnow
wrapping wires and optical-fiber cables that are
wound around a ground wire, the reduction rate is
very low. Antisnow devices and optical-fiber cables
on the ground wires are black. The original system
judges these as arc marks, which is why the reduction
rate of the number of stored images decreases.

In this section, we present how to judge antisnow
devices and optical-fiber cables as not being faults.
And we define the system, which can judge antisnow
devices and optical fiber cables as not being faults,
as the new system.

3.1 Detection of antisnow devices

When antisnow devices are attached to ground wires,
Br(x) is very low (Fig. 6). Likewise, when there is an
arc mark on ground wires, Br(x) is again low (Fig.7).
An antisnow device covers the ground wire in the
vertical direction, whereas an arc mark occurs on part
of the surface of a ground wire. This means the
brightness of an antisnow device is lower than the
brightness of an arc mark. The brightness of all of the
antisnow devices on one span of the ground wire is
less than u -3 0. The brightness of an arc mark is
less than u -2 o . Using this difference in the
brightness, the new system can recognize antisnow
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devices. When there are antisnow devices on a
ground wire, before the detection of faults, the new
system first judges whether or not the ground wire is
covered with antisnow devices. Then, the new
system checks for faulty wires.

The vicinity of an area where Br(x) is less than u -
3 0 is judged to be an antisnow device. Br(x) in some
areas 1is less than u -« o, where « is less than 1, or
larger than u -3 0. These areas are included in the
two shaded boxes in Fig. 8. Thus, as in shown in Fig.
8, at the right-hand-side edge and the left-hand-side
edge of an area that is judged to be an antisnow
device, the area 20 pixels from each edge, which is
shown as the shaded box in Fig. 8, is judged to
include the antisnow device.

Figure 9 shows an example. When the new system
detects faults, it draws a rectangle on the image.
When it detects brightness abnormality, the rectangle
is green. When it detects shape abnormality, the
rectangle is red. Figure 9 shows that a faulty wire is
detected but an antisnow device is not detected as a
fault.
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Fig. 6 Brightness of the ground wire with antisnow device
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3.2 Checking of ground wire with wound
optical-fiber cable

The wrapping of optical-fiber cables is black [8-10].
The original system would judge optical-fiber cables
as arc marks. Thus, before checking the ground wires,
as with antisnow wrapping ground wires, the system
must identify optical-fiber cables.

3.2.1 Extraction of optical-fiber cables

When there is an optical-fiber cable on the ground
wire, the brightness of the ground wire Br(x) is low,
similar to that of an antisnow device. We assume
there are both an optical-fiber cable and an antisnow
device on a ground wire at the same time. Under this
assumption, if the brightness of the ground wire Br(x)
is less than u -3 0, then the new system judges that
there is an optical-fiber cable at around x. Figure 10
shows the extraction process of optical-fiber cables
on the ground wire. (1) The new system searches for
the position where the brightness Br(x) is minimum.
The position is defined as X, as on Fig. 10. (2) To
the left and right of X, the new system searches for
the first position where the brightness Br(x) is equal
to the average brightness of the ground wire u .
Those points are defined as Xien and Xyigne respectively.
At Xjof and Xyight, the middle points of the ground wire
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in the vertical direction are defined as pump and Pempr,
respectively. (3) The new system forms a line joining
Pinpt and pempr and obtains two crossings between the
line and the ground wire. These crossings are at the
ends of the optical-fiber cable on the ground wire.
Figure 11 shows an example of the extraction of an
optical-fiber cable using this process.

3.2.2 Detection of fault near optical-fiber cables

If there is no optical-fiber cable on the ground wire,
the new system checks the wire using the method
shown in Fig. 2(D). Here, we explain how to detect a
fault that is near the optical-fiber cable. As shown in
Fig. 12, if there is no fault on the cable, Br(x)
monotonically increases or monotonically decreases
either side of x.,;,. However, if there is a fault near the
optical-fiber cable on the ground wire, Br(x) does not
change monotonically, as shown in Fig. 12. In short,
to detect a fault on the ground wire, the new system
finds a point where the sign of the gradient of Br(x)
changes. The process of finding this point is shown in
Fig. 13. The point that is checked is defined as Xcpecked-
The new system sums Br(x) from x checked-5 to
x_checked+5 and the sum is defined as Br_suml.
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Fig. 11 Example of recognition of optical-fiber cable
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Summing Br(x) for these 11 points is equivalent to
removing the effect of noise. Next, at new checked
point Xcheckea +15, the system sums Br(x) from
x_ checked+10 to x checked+20 and the sum is
defined as Br sum2. If the difference between
Br sum2 and Br suml is positive on the left-hand
side of Xmin, the new system judges that there is a
fault on the ground wire. If the difference between
Br sum2 and Br suml is negative on the right-hand
side of Xmin, the new system judges there is a fault on
the ground wire.
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Fig. 12 Example of faulty wire near optical-fiber
cable
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Fig. 13 Detection of faulty wire near optical-fiber cable

Figure 14 shows an example of a cut wire that is
detected but the optical-fiber cable nearby is not
judged to be a fault.
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3.3 Other devices on the ground wire
There are other devices on ground wires, such as
dampers and sleeves. It is desirable to recognize all
the devices on the ground wires. However, devices
other than antisnow devices and wound optical-fiber
cables are fewer per span. Thus, we consider that
other devices are recognized as objects that the
system must check. In fact, if these devices are on the
ground wires, the system cannot calculate the ideal
shape of the ground wire correctly. Then, the system
also stores the images of ground wires whose ideal
shapes cannot be calculated correctly. An example of
this is shown in Fig. 15. Thus, the inspector must also
check the images that include other devices.

We present a summary of measures to deal with
devices on the ground wires in Table 1.
Table 1 Measures to deal with devices on ground

wires

Device Measure2to2deal2with2devices
A A When2brightness2is2less2 than2p

Antisnow2device o ,2 that2 point2 is2 not

checked

Recognition2of2optical2fiber2cable
Judge2point2of2change2o0f2sign

Optical-fiberzcable | 55,70 adient2of2brightness2as2fault

Others

Store2the2image2for2manual2check
Damper Sleeve

4 Experimental results

4.1 Parameter for detection of faults

The parameter for detecting brightness abnormalities
is . We determined a suitable value of « using 20
faults. Figure 16 shows the results of detection for
varying « . The new system must detect all the faults,
and we determined « to be 0.9.
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The parameter for detecting shape abnormalities is
the difference between the contour of the ground wire
and the ideal shape of the ground wire. We
determined the parameter for detecting shape
abnormalities using 5 examples of a cut wire. When
the parameter for detecting shape abnormalities is 5,
all the faults are detected. Thus, this parameter is set
to be 5.

4.2 System performance using reduction rate
of images

The system is evaluated using 39 spans of video (a
total of 116,027 images). Table 2 shows the results.
All the faults are detected. Without considering
devices on the ground wires, which is used the
original system, the reduction rate is 70%. With the
method that we have developed, which is used the
new system, the reduction rate is 77%. Because the
new system correctly disregarded antisnow devices
and optical-fiber cables, the reduction rate improves.

S Conclusion

We present a method for the improved detection of
faulty ground wires with attached devices. We have
developed recognition method for antisnow devices
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and optical-fiber cables. The recognition prevents the
new system from judging these devices to be arc
marks. Using the recognition method, the detection
performance of faults rises from 70% to 77%. We
have confirmed that our fault detection method is
effective.

Table 2 Reduction rates of images with and without

consideration of devices
Consideration2of | Reduction2rates2of

devices checked2images (%)
Yes 77
No 70
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