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ABSTRACT Finding out the wind deviation fault of the insulators of transmission lines in time can not
only help people better complete the wind bias warning and prevention work, but also reduce the economic
loss and the maintenance difficulty. A technology of Actual Wind Deviation Monitoring for Suspension
Insulator Strings Based on Improved EdgeDetection is proposed in this paper. It can calculate the actual wind
deviation angle and distance of the insulator through image processing technology and camera calibration.
Firstly, the video monitoring device is installed on the tower to collect the field insulator images, and the R
+ G improved grayscale processing and median filtering are carried out. Secondly, two-dimensional Otsu
threshold segmentation is applied to the pre-processed image, and the insulator string target is obtained by
combining morphological filtering and connection domain extraction. Then, the improved Kirsch operator
is used to obtain the complete single-pixel wide edge of the insulator string. Searching the left and right
boundary points of each insulator separately and the center points of each insulator can be calculated. Finally,
these center points are transformed into world coordinates by camera calibration and fitted by least square
method (LSM). The deviation angle θ of the insulator string can be obtained according to the slope of the
fitting line, and the deviation distance d according to the length of the insulator string. When θ is greater
than 7.5◦ and d is greater than 300mm, an alarm is issued to alert the staff. We analyze the performance
of the technology by a series of experiments, the maximum error between the proposed method and the
manual method is 8.72% and the minimum is 1.01%. Moreover, by analyzing 200 field insulator images,
the identification accuracy are 93.75% and 91.36% respectively, which shows that the proposed method is
effective and practical. It provides a new idea for the wind deviation monitoring of suspension insulator
strings.

INDEX TERMS Insulator wind deviation, improved gray processing, improved Kirsch operator, camera
calibration, deviation angle and distance.

I. INTRODUCTION
In recent years, wind flashover accidents on transmission
lines have occurred frequently, which has seriously
threatened the safe operation of the power grid and caused
significant economic losses [1], [2]. Moreover, after the
accident, it is difficult to determine the location of the fault,
which brings great trouble to the maintenance work [3], [4].

The associate editor coordinating the review of this manuscript and

approving it for publication was Lefei Zhang .

Therefore, monitoring the wind deviation of transmission
lines is particularly important [5].

The wind deviation of suspension insulators is the inclina-
tion angle of the insulator string relative to the tower under the
action of the wind, which is the most important factor caus-
ing the wind-biased trip accident. At present, the commonly
used insulator wind deviationmonitoringmethodmainly uses
the tilt sensor for detection [6], or simplifying the insula-
tor to establish a rigid straight rod model and using the
wind deviation formula to calculate the deviation angle [7].
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FIGURE 1. Block diagram of the online monitoring system.

On the one hand, these methods require complex mechani-
cal analysis, and the amount of calculation is large. On the
other hand, due to sensor accuracy or mathematical model
constraints, all factors affecting the wind deviation cannot be
taken into account and there will be certain errors. In order
to monitor the wind deviation angle and distance of the insu-
lator string more intelligently, the measurement technology
proposed in this paper uses the video monitoring device to
collect the insulator string images, and based on the analysis
of the wind bias characteristics of the insulator, the image
processing techniques are used [8]–[11]. An improved gray-
scale method is proposed to improve the contrast between
the insulator and the background. And an improved Kirsch
operator is proposed to obtain the complete single-pixel wide
insulator string edge. The center point of each insulator is
calculated and fitted to obtain the axis of the insulator string,
and the wind deviation angle and distance can be calcu-
lated. The method can realize non-contact online monitoring
and provides a new idea for wind deviation monitoring of
transmission lines.

II. OVERVIEW OF THE TECHNOLOGY OF
THE WIND DEVIATION MONITORING
A. FRAMEWORK OF WIND DEVIATION
MONITORING TECHNOLOGY
The proposed measurement technology consists of three
parts: the monitoring device with image sensors, the GPRS
communication networks [12], [13] and themonitoring center
with the insulator wind deviation analysis software. The insu-
lator images are captured by image sensors, decompressed
and sent to the monitoring center by GPRS communication
networks, then analyzed by the proposed algorithms. The
block diagram of the monitoring system is illustrated in
Figure 1, which can realize the 24-hour online monitoring of
UHV transmission lines [14], [15].

B. PRINCIPLE OF INSULATOR WIND
DEVIATION MEASUREMENT
The wind deviation measurement flow chart of the insulator
is shown in Figure 2. Firstly, the video monitoring device
is installed on the tower, whose angle and position can be

FIGURE 2. Wind deviation measurement flow chart.

adjusted to collect the field insulator images. The R + G
improved grayscale processing is performed on the collected
RGB color image, and the median filtering is used for denois-
ing. Secondly, two-dimensional Otsu threshold segmentation
is applied to the pre-processed image, and the insulator string
target is obtained by combining morphological filtering and
connection domain extraction. Then, the improved Kirsch
operator is used to obtain the complete single-pixel wide edge
of insulator strings, searching the left and right boundary
points of each insulator separately. The center points of each
insulator can be calculated. Finally, these center points are
transformed into world coordinates by camera calibration
and fitted by least square method. The deviation angle θ of
insulator string can be obtained according to the slope of
the fitting line, and the deviation distance d according to the
length of the insulator string. When θ is greater than 7.5◦ and
d is greater than 300mm, an alarm is issued to alert the staff
to make corresponding maintenance, otherwise the insulator
string is operating normally.

The insulator wind deviation model is shown in Figure 3.
It can monitor the variation of the insulator deviation angle
and distance. The insulator string axis calculation model is
shown in Figure 4, the maximum value points of the left
edge and the right edge of each insulator are respectively
searched, that is, the left boundary points LP and the right
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FIGURE 3. Wind deviation model.

FIGURE 4. Insulator string axis calculation model.

boundary points RP. The midpoint of the line connecting the
two boundary points is the center point O of the insulator,
which is the red point in Figure 4. The center points of each
insulator can be calculated in turn, which are converted into
world coordinates by camera calibration and fitted, the axis
of the insulator string can be obtained.

The deviation angle and distance of the insulator string are
shown in Figure 5, the blue solid line is the fitted insulator
string axis y = a+bx and the length is L. The red dotted line
indicates the ideal vertical direction of the insulator string,
the angle between the blue solid line and the red dotted line
is the deviation angle θ = 90◦− arctan b, and the blue dotted
line indicates the horizontal deviation distance d = L sin θ .

III. INSULATOR STRING IDENTIFICATION
A. IMAGE PRE-PROCESSING
At present, the images acquired and displayed by the image
collector are RGB color images, including R, G and B chan-
nels. R, G and B represent the gray values of red, green
and blue pixels in the image. In the process of practical
application, according to the color characteristics and pro-
cessing purposes of the image, the corresponding color space

FIGURE 5. Deviation angle and distance of the insulator.

FIGURE 6. Grayscale processing. (a) original image. (b) grayscale.
(c) improved grayscale.

conversion and grayscale processing are needed to reduce the
amount of data and computation of the processing object.
In [16], the insulator image is transformed into HSI color
space, H and S components are processed respectively, and
connected domain shape is used to identify insulator. But the
processing effect of insulator image taken in dark weather
is not good, and the algorithm processing speed is slow due
to the conversion of color space. In [17], insulator image is
directly weighted and grayed and the Otsu method is used to
get the target. The processing speed is fast, but the processing
effect of the insulator image with rich color and complex
background is not ideal.

In view of the above problems, this paper proposes a R +
G improved grayscale processing method based on red and
green channels. Firstly, RGB color image channel decompo-
sition is performed, and the formula is as follows:

Y = Rr + Gg+ Bb (1)

where Y represents a specific color,R represents the red color,
G represents the green color and B represents the blue color.
r represents the proportion coefficient of the red color, g
represents the proportion coefficient of the green color and b
represents the proportion coefficient of the blue color. After
getting the R, G, B channels of the image, the R channel andG
channel are added R+ G, which is the result of the improved
grayscale processing method proposed in this paper. The con-
trast result of gray-scale processing for a field insulator image
is shown in Figure 6, (b) is the result of the general grayscale
processing, the contrast between insulator string and tower
and conductor is not obvious, so it is difficult to extract
the insulator target. While the contrast in (c) is enhanced
by using improved grayscale processing, and the interfer-
ence conductors near the insulator string are also removed,
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TABLE 1. Comparison of grayscale methods.

which is advantageous for the subsequent segmentation and
extraction of the insulator string.

In this paper, five field insulator string images (1)-(5) in
different environments are selected, as shown in Table 1,
using grayscale [18], H-component [19], R-B [20] and the
R + G improved grayscale algorithm respectively.

The comparison results show that, the contrast between
the insulator target and other targets such as conductors is
not obvious by using grayscale method, and it is difficult to
extract the insulator separately. The H component processing
results have low contrast and the insulator target is fuzzy
and incomplete. By R-B processing, the insulator target is
integrated with the background, and it is difficult to achieve
separation. The improved grayscale algorithm proposed in
this paper can not only improve the contrast between the insu-
lator and the background, but also eliminate the interference
between the conductor and other targets, which is beneficial
to the subsequent separation of the insulator target from the
background.

In the process of digital image acquisition and transmis-
sion, due to the participation of hardware devices and the
influence of external factors, mixed noise will be caused,
which has a great influence on the image processing process.
Therefore, median filtering [21], [22] is used for denois-
ing. The result of the median filtering process is shown in
Figure 7. After filtering, the details of the insulator region can
be completely preserved and the noise points in the image can
be well removed.

FIGURE 7. Image denoising. (a) original image. (b) median filtering.

B. INSULATOR STRING EXTRACTION
AND EDGE DETECTION
1) INSULATOR STRING SEGMENTATION
The pre-processed insulator image is segmented to extract
the insulator string target. The Otsu threshold segmentation
method is the most commonly used algorithm, but its dis-
advantage is that it cannot reflect the spatial distribution
between the pixels of the image, and is easily affected by
noise and external factors, resulting in unsatisfactory seg-
mentation effect. Therefor, this paper introduces the two-
dimensional Otsu threshold segmentationmethod [23], which
can well reflect the spatial distribution relationship of each
pixel in the image, thus the noise existing in the image is
avoided to disturb the segmentation effect, and the segmenta-
tion accuracy is improved.

Figure 8 is a schematic diagram of two-dimensional gray
histogram. When a certain point is selected, the gray value is
represented on the horizontal axis S, and the average gray
value of all the pixels in the adjacent area of the point is
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FIGURE 8. Two-dimensional gray histogram.

represented on the vertical axis T. The entire plane is divided
into four regions, where region I represents the target, region
II represents the background, region III represents the image
boundary, and region IV represents the noise.

Suppose there are L gray values in an image, which are
expressed as [1, 2, . . . ,L]. The pixel to be processed is
f (m, n), the formula for calculating the average gray value
in its adjacent area is:

mean (m, n) =
1

s ∗ s

(s−1)/2∑
i=−(s−1)/2

(s−1)/2∑
j=−(s−1)/2

f (m+ i, n+ j)

(2)

where s represents the size of the adjacent area. The
probability of occurrence of the target and background
regions in the image are:

w0 =

s∑
i=1

t∑
j=1

Pij = w0 (s, t) (3)

w1 =

L∑
i=s+1

L∑
j=t+1

Pij = w1 (s, t) (4)

In the formula, Pij represents the probability of occurrence
of a certain gray level pixel point.

The two-dimensional average gray level of the two types
is:

µ0 =
(
µ0i, µ0j

)T
=

 s∑
i=1

t∑
j=1

ipij/w0 (s, t) ,
s∑
i=1

t∑
j=1

jpij/w0 (s, t)

T (5)

µ1 =
(
µ1i, µ1j

)T
=

 L∑
i=s+1

L∑
j=t+1

ipij/w1 (s, t) ,
L∑

i=s+1

L∑
j=t+1

jpij/w1 (s, t)

T
(6)

The two-dimensional average gray level after the combi-
nation of µ0 and µ1 is:

µt =
(
µti, µtj

)T
=

L−1∑
i=0

L−1∑
j=0

ipij,
L−1∑
i=0

L−1∑
j=0

jpij

T (7)

FIGURE 9. Eight connection domain.

FIGURE 10. Insulator extraction. (a) original image. (b) insulator
segmentation.

Then the formula for maximum inter-class variance
method is:

tr (µB (S,T )) = w0

[
(µ0i − µti)

2
+
(
µ0j − µtj

)2]
+w1

[
(µ1i − µti)

2
+
(
µ01j − µtj

)2] (8)

When the variance tr (µB (s, t)) is maximum, there is the
following formula:

tr (µB (s, t)) = max {tr (µB (S,T ))} (9)

Calculating the optimal threshold (s, t) is the desired
two-dimensional segmentation threshold. The pre-processed
insulator image is processed with the obtained threshold to
obtain the insulator string, and the morphological filtering
is combined to remove the hole inside the image. Since the
image segmentation divides the image into many separate
regions, not all regions are useful when analyzing the results.
Therefore, connection domain extraction is needed to remove
other interference regions. The eight connection domain is
shown in Figure 9, it contains 8 pixels around a pixel, and the
corresponding insulator string region can be finally obtained
by marking the connection domain of the image and combin-
ing the area screening.

The result of segmentation and connection domain extrac-
tion of the insulator gray image is shown in Figure 10.
Through morphological filtering and connection domain
extraction, the holes in the target area and some pseudo-
target small areas can be eliminated, and an insulator
string image can be obtained that doesn’t contain other
targets.

In this paper, four field insulator string images (6)-(9) in
different environments are selected, as shown in Table 2,
pre-processing and image segmentation are performed.
Finally, the complete separation of the insulator target from
the background can be achieved and get the complete
insulator string image.
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TABLE 2. Results of insulator segmentation.

FIGURE 11. Convolution template.

FIGURE 12. Convolution operation result.

2) IMPROVED KIRSCH EDGE DETECTION ALGORITHM
After the insulator string is extracted, edge detection is
required to obtain the edge of the insulator. In order to ensure
the accuracy of edge detection and reduce the computational
complexity of finding the maximum diameter of the insulator,
this paper proposes an improved Kirsch edge detection algo-
rithm. The principle is to incorporate refinement processing
based on the traditional Kirsch edge detection operator to
obtain the single-pixel wide and complete edge of the insu-
lator string. The Kirsch edge detection operator [24], [25]
consists of 8 convolution kernels, and the template is shown
in Figure 11.

Each pixel in the image is convoluted with these 8
templates, as shown in Figure 12, the result of convolution
operation of a certain pixel (x, y) with the above 8 templates
is marked.Where f (x, y) represents the gray value of the pixel
point (x, y), and f0, f1, . . . , f7 represent the result of the con-
volution operation of (x, y) with the 8 templates respectively.
Let sk = fk + fk+1 + fk+2, tk = fk+3 + fk+4+. . .+fk+7,

k = 0, 1, . . . , 7, then the gradient magnitude of the edge is:

K (x, y) = max (1,max(|5sk − 4tk |)) (10)

If k in the formula exceeds 7, divide by 8 and take the
remainder.

Then the refinement processing is operated, that is,
the skeleton extraction [26]–[28]. The principle is to mark the
edge points as 1 and the background points as 0. For all edge
points in the image, using a 3×3 area to operate, as shown
in Figure 13.

The first row of the skeleton extraction template is d3, d2
and d9, the second row is d4, d1 and d8, the third row is
d5, d6 and d7. The point at the center is the center point d1.
The center point d1 is the edge point to be detected. If it
satisfies: (1) 2 ≤ N (d1) ≤ 6, N (d1) is the number of non-
zero neighbors of d1. (2) S(d1) = 1, S(d1) is the number
of times these values change from 0 to 1. (3) d2d4d6 = 0
or S(d1) 6= 1. (4) d4d6d8 = 0 or S(d1) 6= 1, then the d1
is deleted. The algorithm iterates repeatedly until there is no
point that satisfies the deletion condition, and a single-pixel
wide edge line is obtained.

Edge detection is performed on a field insulator string
image using Laplace operator, Canny operator and improved
Kirsch operator respectively. The result is shown in Fig-
ure 14. The Laplace operator has partial edge loss. The Canny
operator edge detection is complete, but not the single-pixel
wide edge. in the subsequent edge maximum value search,
the precision is low and the calculation amount is large. The
improved Kirsch operator proposed in this paper can obtain a
complete single-pixel wide edge of the insulator string.

IV. DEVIATION ANGLE AND DISTANCE CALCULATION
OF THE INSULATOR STRING
A. CAMERA CALIBRATION
In the process of image measurement and location, in order
to determine the relationship between the position of a point
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FIGURE 13. Skeleton extraction template.

FIGURE 14. Edge detection results. (a) original image. (b) Laplace
operator. (c) Canny operator. (d) improved Kirsch.

on the surface of a space object and its corresponding point
in the image, the geometric model of the camera imaging
must be established. The process of solving the geometric
model parameters is the camera calibration [29]–[31]. The
principle of camera calibration is as follows: Assume that
the calibration plate plane is located on the plane of Z = 0
of the world coordinate system. The world coordinate of the
feature points on the calibration plate is A(xw, yw, 0), and the
corresponding image coordinate is a(uw, vw), which can be
obtained as follows:

ϕ

 uwvw
1

 = M
[
r1 r2 T

] xwyw
1

 (11)

where ϕ is the depth coefficient, M is the internal parameter
of the camera, r1 and r2 are the rotation vectors, and T is
the translation vector. H = M

[
r1 r2 T

]
is the rotation and

translation vector of the world coordinate system relative to
the image pixel coordinate system, that is, the homography
matrix. The homographymatrixH can be obtained by solving
the equation. To define a matrix E = M−TM−1 can get the
following formula:

qx =
√
µ/E11

qy =
√
µE11/(E11E22 − E2

12)

u0 = γ v0/qx − E13q2x/µ
v0 = (E12E13 − E11E23)/(E11E22 − E2

12)
γ = −E12q2xqy/µ
µ = E33 −

[
E2
13 + v0 (E12E13 − E11E23)

]
/E11

(12)

Solve the equations to find the camera’s internal

parametersM =

 qx 0 u0
0 qy v0
0 0 1

.

FIGURE 15. Calibration plate image. (a) angle 1. (b) angle 2.

According to the obtained homography matrix H and the
internal parameterM , the external parameterO of the camera
can be obtained: 

r1 = µM−1h1
r2 = µM−1h2
r3 = r1 × r2
T = µM−1h3

(13)

where r1, r2 and r3 are the rotation vectors, T is the translation
vector.
Camera calibration needs to be realized by an image with

a calibration plate. The more calibration images obtained,
the higher the accuracy of the internal parameters of the
camera. In this paper, 12 calibration plate images are selected
for calibration. The 30∗30 calibration plate image used in this
paper is shown in Figure 14. It contains 49 circular markers,
the center point of each circular marker is the marker point.
Figures 15(a) and (b) are two different angle calibration plate
images. The specific calibration process is as follows: Firstly,
the camera internal parameters are initialized according to the
lens specification, and the world coordinates of the marker
points are obtained from the calibration plate description file.
Then 12 calibration plate images are sequentially read, and
the image coordinates and initial external parameters of the
marker points are searched. Finally, the world coordinates of
the marker points, the image coordinates of the marker points
in the 12 images, the initial internal parameters, and the initial
external parameters of the 12 images are used to obtain the
final internal and external parameters, which are the camera
parameters obtained after calibration.

B. AXIS FITTING OF THE INSULATOR STRING
Taking the right insulator string in Figure 14(a) as an example,
the coordinates of the left and right boundary points of each
insulator are separately searched. The pixel coordinates of the
center points can be calculated and converted into world coor-
dinates by the camera calibration parameters. The calculation
results are shown in Table 3. The numbers 1-11 respectively
represent 11 insulators from the top to the bottom of the right
insulator string in Figure 14(a), and the world coordinates of
the center points of each insulator can be calculated in turn.
These central data points are fitted by least square method

(LSM) [32]. Finding the line y = a+bx whose sum of squares

VOLUME 7, 2019 170163



L. Yang et al.: Technology of Actual Wind Deviation Monitoring for Suspension Insulator Strings

TABLE 3. Center point coordinate calculation.

of distance from the given point (xi, yi) is the smallest:

N∑
i=1

[yi − (a+ bxi)]2 = min (14)

The partial derivatives of a and b are obtained respectively:
∂

∂a

N∑
i=1

[yi − (a+ bxi)]2=−2
N∑
i=1

(yi − a− bxi)=0

∂

∂b

N∑
i=1

[yi − (a+ bxi)]2=−2
N∑
i=1

[yi − (a+ bxi)] xi=0

(15)

Get the equations:{
aN + b

∑
xi =

∑
yi

a
∑

xi + b
∑

x2i =
∑

xiyi
(16)

The best estimate of the linear parameters a and b can be
obtained by solving the above equations:

â =

(∑
x2i
) (∑

yi
)
−
(∑

xi
) (∑

xiyi
)

N
(∑

x2i
)
−
(∑

xi
)2

b̂ =
N
(∑

xiyi
)
−
(∑

xi
) (∑

yi
)

N
(∑

x2i
)
−
(∑

xi
)2 (17)

The fitting linear equation y = a + bx can be obtained.
The result of fitting to the world coordinates of center points
in Table 3 is shown in Figure 16, red indicates the fitted line,
and the function is y = -1.349 + 3.43 x.

C. DEVIATION ANGLE AND DISTANCE CALCULATION
(1) Calculate deviation angle: According to the slope of
y =-1.349 + 3.43 x, the angle between the insulator string
and the horizontal line cab be calculated as 73.746◦, and the
deviation angle is obtained θ = 16.254◦.

FIGURE 16. Fitting of the right insulator string.

(2) The projection point of the first center point on the fitted
line is (0.174459, -0.7506), and the projection point of the
last center point on the fitted line is (0.0684264, -1.1143),
and the length of the insulator string can be calculated

L =
√
(x1 − x2)2 + (y1 − y2)2 ≈ 378.8mm, the deviation

distance d = 106.026mm.
Similarly, the coordinates of the center points of the left

insulator string in Figure 14(a) are transformed and fitted. The
result is shown in Figure 17. The fitting line is y =0.1648
+ 3.449x, and the deviation angle can be calculated θ =
16.169◦, the value deviation distance can be calculated d =
41.325mm.

V. FIELD ANALYSIS AND VERIFICATION
In [33], by extracting the coordinates of two end points of
the insulator string, the calculation of wind deviation of the
insulator string is realized according to the camera measure-
ment model. Several field insulator string images of differ-
ent transmission lines are selected as the research object.
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TABLE 4. Deviation angle and distance calculation results.

Measuring the deviation angle and distance of the insulator
string by the proposed method in this paper, [33] and manual
method, the results are shown in Table 4.

The relative error 1 represents the relative error between
the proposed method and the manual method, and the relative
error 2 represents the relative error between the [33] and the
manual method. By comparing the measurement results and
the relative errors of this three methods, all the relative errors
1 are smaller than the relative errors 2. Moreover, for the
deviation angle, the maximum and minimum errors of the
proposed method are 8.72% and 1.04%, which are smaller
than the [33] (10.48% and 1.78%). For the deviation distance,
the maximum and minimum errors of the proposed method

are 2.60% and 1.01%, which are also smaller than the [33]
(3.47% and 1.29%). It is verified that the measurement accu-
racy of the proposed method in this paper is higher than
the [33].When the deviation angle of the suspension insulator
string is greater than 7.5◦ and the deviation distance is greater
than 300mm, an alarm will be given to remind the staff
to make corresponding maintenance. Otherwise, it indicates
that the insulator string operates normally. The operating
states of the field insulator images are shown in Table 4.
The operating states of the single insulator string are all
normal, which of the double insulator string consist of nor-
mal and alarm. It conforms to the actual operating state of
insulators.
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FIGURE 17. Fitting of the left insulator string.

TABLE 5. Identification accuracy of field images.

In addition, this paper selects 200 field insulator images for
analysis, which contains 100 single insulator string images
and 100 double insulator string images. The identification
results of the operation state are shown in Table 5, the identi-
fication accuracy are 93.75% and 91.36% respectively, which
shows that the accuracy of the single insulator string is higher
than the double insulator string. To sum up, the proposed
method is effective and practical.

VI. CONCLUSION
A technology of actual wind deviation monitoring for sus-
pension insulator strings based on improved edge detection
is proposed in this paper, which uses the video monitoring
device to collect the image of the insulator string, and the
image processing technology to extract the insulator target
and characteristic parameters. Firstly, an improved gray-scale
method is proposed to improve the contrast between the
insulator and the background. Then, an improved Kirsch
operator is proposed to obtain the complete single-pixel wide
insulator string edge. The center point of each insulator is
calculated and fitted. Finally, by calculating the relative error
and comparing with the [33], the maximum and minimum
errors of this paper are 8.72% and 1.01% respectively, which
are smaller than the [33]. And by analyzing 200 field insulator
images, the identification accuracy are 93.75% and 91.36%,
which verified that the proposed method is effective and
practical. Our future works are as follows: on the one hand,
we will continue to simplify the design and structure of the
monitoring device; on the other hand, collecting more insu-
lator images under different field conditions for analysis, and
optimizing the pre-processing, segmentation, edge detection,
feature extraction algorithms continuously. And improving
the performance and the accuracy of the wind deviation
analysis algorithms.
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