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Abstract— Overhead line icing is one of the important factors 

that endanger the safe operation of the power system. Different 

wire icing degrees will affect the ice melting decision of the power 

grid. Therefore, studying the icing degree of transmission lines is 

of great significance for the safe and stable operation of the 

power grid and disaster prevention and mitigation. After 2008, 

China Southern Power Grid installed online monitoring cameras 

at all terminals in the ice-prone areas in 5 provinces in southern 

of China. At present, the existing online monitoring methods of 

transmission lines based on image analysis generally use the wire 

icing images taken in the laboratory, but the laboratory images 

cannot reflect the complex background, low resolution, diverse 

types of icing, and large number of images in the online 

monitoring images. Features. The existing ice-coated image 

monitoring urgently needs image analysis with strong 

generalization ability to improve the accuracy and efficiency of 

data analysis and assist decision-making applications. Based on 

the image monitoring data of the ice coating system of China 

Southern Power Grid, this paper uses LabelImg to segment and 

label the wire part of the image, and convert the format of the 

labeled data set as needed to establish a wire recognition image 

data set, and divide the data set into Training set and test set. Use 

U-Net neural network to perform feature extraction and feature 

fusion on the training set, and realize U-Net-based wire 

recognition and segmentation. Extract the edge of the icing wire 

through the Mask coordinates in the image segmentation result 

to extract the wire icing thickness parameter. Fit the minimum 

bounding rectangle and calculate the minimum Euclidean 

distance to obtain the maximum pixel diameter of the ice-coated 

wire in the image. By comparing with the non-iced wire, and 

converting according to the geometric relationship, the degree of 

icing of the wire is obtained. The method was tested using the 

online monitoring image data, and the results showed that the 

method has a high accuracy in segmentation of ice-coated wires 

and can effectively separate the wires and the background in the 

image under the condition that the image has no freezing, It can 

effectively calculate the icing thickness of the wire under the 

background of woodland, mountain and other icing forms, which 

has certain guiding significance for the evaluation of the degree 

of icing thickness of the wire. 

Keywords— Wire ice coating; Image analysis; Ice thickness 

calculation; Neural network; Online monitoring 

I. INTRODUCTION 

Ice covering seriously threatens the safety of transmission 

lines. The terrain and weather in southern China are complex, 

and many long-distance ultra-high voltages pass through the 

ice-covered area, which is easily affected by ice-covering. 

Therefore, higher requirements for anti-icing and anti-icing 

are put forward. At present, there have been a lot of research 

results in the identification of conductor ice coating thickness. 

However, most of the existing researches on wire icing 

identification are based on mechanical models [1-7]. However, 

this calculation model of ice coating thickness has a large 

deviation from the actual situation. The data availability rate 

of sensors such as micro-meteorology and imagery is not high 

in severe weather such as low temperature, rain and snow, and 

there is a lack of effective data quality assessment and 

improvement methods. Ice prediction system. Based on the 

massive data of natural icing of transmission lines in China 

Southern Power Grid's icing monitoring and early warning 

system for more than 10 years, the use of image recognition 

and other means to study image data has become a hot topic 

in recent years. 

Image segmentation and edge detection and extraction are 

the main methods of traditional image recognition of icing 

degree of conductors. South China University of Technology 
[8,9] proposed a wavelet-based edge detection method for ice-

coated wires. The wavelet basis is constructed by using the 

third-order B-spline function as a smooth function to detect 

the multi-scale edge of the ice-covered image, and then the 

Hough line transform is used to connect the detected edges of 

the image. calculate. This method uses wavelet transform to 

eliminate redundant and false edges in icing images, which 

can effectively separate the ice layer and the snow 

environment. However, this method directly extracts the wire 

edges from the original icing online monitoring images, which 

depends on the clarity of the image. Reference [10] uses the 

optimal threshold grayscale segmentation method and the 

threshold obtained from the corresponding relationship 

between high and low thresholds to realize the adaptive edge 

detection of the Canny operator. By automatically obtaining 

the contour of the ice-coated wire, the difference between the 

pixel values of the edge contour before and after the ice-coated 

wire is compared. to calculate the ice thickness. 

Shanghai Electric Power University[11] proposed the 

method of using binocular camera for image recognition of 

icing wire, using the sobel operator of OpenCV to extract the 

contours of the line before and after icing, and using exposure 

processing to adjust the clarity of the icing image , and the ice 

thickness of the wire is measured based on the coordinates of 

the marked points of the wire images before and after icing 

and the line segment ratio generated by the marked points. 

This method is affected by the imaging scale and cannot truly 

reflect the icing characteristics of the field overhead lines. 

Chongqing University[12] extracted the edges of ice-coated 

conductors and insulator images preprocessed by median 

filtering based on the multi-level wavelet edge detection 

method, and used the floating threshold method to search and 

track the boundary contours from both ends of the image. The 
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ice thickness is obtained from the average distance from the 

boundary contour coordinates on both sides of the insulator. 

However, this method has only been verified in the icing test 

in the artificial climate laboratory, and has not been verified 

or applied to the actual transmission line with more noise and 

complex background. environment. 

North China Electric Power University[13] proposed a 

method for calculating the ice thickness of conductors based 

on aerial images. Canny operator is used to detect conductor 

images processed by grayscale and Gaussian filtering, and 

only the foreground of the image is retained; Transformation 

and least squares were used to determine the straight line at 

the edge of the wire; finally, the thickness of ice coating was 

calculated according to the pixels of the wire image before and 

after icing. Based on the prior knowledge that the two contour 

lines on both sides of the wire are approximately straight lines, 

Three Gorges University[14] proposed a Radon-transformed 

ice-coated wire contour detection method. The contour lines 

on both sides of the wire are used to calculate the pixel 

difference before and after the wire is covered with ice, and 

the degree of ice covering of the wire is estimated. But this 

method does not rule out the interference of the geometry of 

the tower to the wire identification. 

Reference [15] proposed a wire identification algorithm, 

which samples the image in the direction of the parallel wire, 

observes the histogram of the sampling area according to the 

periodic change of wire texture, and locates the wire edge 

according to the histogram feature. The advantage of this 

method is that the positioning accuracy is high, but the 

disadvantage is that it does not take into account the fact that 

the real online monitoring image has insufficient resolution or 

is far away from the wire, and the surface texture details of the 

wire are lost. 

Therefore, most of the existing studies use laboratory 

simulated icing images to verify the algorithm, while online 

monitoring images in real situations often have situations that 

cannot be reflected by laboratory images, such as changing 

backgrounds; non-uniform resolutions , the camera freezes 

and the picture is damaged. As a result, the robustness of the 

above algorithm is poor, and the expected effect of the 

algorithm cannot be achieved in actual situations. 

In this paper, a method for calculating the thickness of ice 

coating on conductors is proposed. The method is based on U-

net to identify and segment ice-coated wires in online 

monitoring images ， Fitting the Minimum Circumscribed 

Rectangle of the Contour of the Ice-coated Conductor Using 

the rotating calipers algorithm to calculate the pixel thickness 

of wire ice coating. 

II. METHODS AND EXPERIMENTS 

A. U-net structure 

U-net is a segmentation network based on convolutional 

neural network. The traditional U-net network structure is 

shown in Figure 1, which includes a down-sampling structure 

and an up-sampling structure. 

 

The left half of Figure 1 is the down-sampling structure. 

The features of the image are extracted by operations such as 

convolution. The structure is similar to the feature extraction 

network such as VGG-16. The features of the image are 

extracted by operations such as convolution, activation, and 

pooling. The process is as follows: the original image is 

divided into three channels: red, green, and blue, and the 

convolution kernel of the preset size slides in each channel 

image through the step size S and performs convolution 

processing. The convolution process is: 

 
,j i i jQ b W X= +   (1) 

In the formula: Qj is the value of the j-th pixel in the feature 

map corresponding to a channel; Wi is the weight of the i-th 

element in the convolution kernel; Xi,j is the value of the i-th 

pixel in one channel of the original image after the 

convolution kernel slides for the j-th time. b is the offset, and 

one convolution kernel corresponds to one offset. 

During the convolution process, the size of the convolution 

kernel may not match the size of the image area, so it is 

necessary to add rows and columns with pixel values of 0 to 

the periphery of the original image to expand the image size. 

This operation is called Zero Padding. The calculation formula 

of the output feature map size is: 
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In the formula, W2 and H2 are the width and height of the 

output feature map respectively; D2 is the depth of the output 

feature map; W1 and H1 are the width and height of the input 

respectively; F is the size of the convolution kernel; C is the 

number of rows and columns filled with zero; K is the number 

of convolution kernels. 

Activation processes the feature map through a nonlinear 

activation function, usually using a Rectified Linear Unit 

(ReLU) as the nonlinear activation function, whose expression 

is： 

 ( ) max(0, )f x x=     (3) 

In the formula, x is the pixel value of the feature map, and max 

represents the maximum value. 
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Activation reduces the features with poor correlation. After 

activation, the feature map is pooled, that is, non-maximum 

suppression is performed on the specified area in the feature 

map, gradually reducing the spatial size of the feature map, 

reducing the number of network parameters, and effectively 

controlling overfitting. 

In the traditional feature extraction process, the network is 

convoluted from the bottom up, and only the top-level feature 

map is used for prediction. This approach, which only focuses 

on high-dimensional information, results in failure to detect 

small objects. U-Net adds a top-down upsampling process and 

feature splicing process, and integrates multi-scale features, 

which is more conducive to mining multi-scale information to 

achieve pixel-level classification. 

In this paper, the precision (J) and recall (Z) are used as 

the evaluation indicators for model segmentation, and J and Z 

are: 
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In this formula, Tp is the number of images correctly 

segmented into wires, Fp is the number of images that are 

incorrectly segmented into wires, and Fn is the number of 

images that are missing wires. 

B. Rotating calipers algorithm 

After U-net processing, the network model will identify 

the wire part in the image and output the wire segmentation 

result in the ice-coated wire image. However, the contour of 

the ice-coated wire is often irregular, so how to calculate the 

ice thickness according to the contour of the ice-coated wire 

is very important. The ice thickness calculation method based 

on the rotating calipers algorithm can fit the minimum 

circumscribed rectangle of the irregular connected domain, 

and calculate the ice thickness of the ice-coated wire by 

calculating the width of the rectangle. 

We can regard the contour of the ice-coated wire as a 

polygon M whose expression is: 

 
1 1 2 2{( , ), ( , ), ( , )}n nM x y x y x y= …,  (4) 

In the formula, x and y represent the coordinates of each vertex 

of the polygon, and n is the vertex number. 

For a polygon M, it is easy to know that there must be an 

edge collinear with the edge of the original polygon in its 

smallest circumscribed rectangle. Rotation calipers algorithm 

is a polygon minimum circumscribed rectangle fitting method 

proposed based on this conclusion. 

The specific steps are as follows: consider that the 

polygon M must have 4 vertices in the X-axis direction and the 

Y-axis direction, corresponding to the maximum value of the 

abscissa and the maximum value of the ordinate respectively. 

Make vertical lines in the X-axis and Y-axis directions for 

these 4 vertices, namely: 
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In this formula, Mymax represents the maximum ordinate of all 

vertices of polygon M, Mymin represents the minimum ordinate 

of all vertices of polygon M, Mxmax represents the maximum 

abscissa of all vertices of polygon M, and Mxmin represents the 

minimum abscissa of all vertices of polygon M. 

These four lines will form a circumscribed rectangle. If 

one of the sides of the rectangle coincides with one side of the 

polygon M, the current rectangle area will be saved. If the 

rectangle and polygon M do not have overlapping sides, the 

current rectangle area will not be recorded and recorded as the 

minimum. value, and rotate the line clockwise until it overlaps 

with the polygon M. Calculate the area of the new rectangle at 

this time. If the area is smaller than the previously saved 

minimum value, update it, otherwise discard it. Repeat this 

step until the rotation angle of the straight line is greater than 

90 degrees, and the rectangle corresponding to the saved 

minimum value at this time is the minimum circumscribed 

rectangle of the polygon M. 

After the minimum circumscribed rectangle is obtained, 

the width of the rectangle needs to be calculated. Since the 

shape of the wire is slender, it can be considered that the width 

of the minimum circumscribed rectangle of its outline is the 

shorter side of the rectangle. Calculate the distance between 

two vertices of the rectangle, namely: 

 2 2

2 1 2 1( ) ( )D x x y y= − + −  (6) 

In the formula, D is the distance between two points, x1,y1 are 

the horizontal and vertical coordinates of the first vertex, and 

x2,y2 are the horizontal and vertical coordinates of the second 

vertex. 

The four vertices of the rectangle will be calculated by 

formula (6) to obtain three distance values, the minimum 

value of which is the width of the rectangle. 

C. U-net model training 

U-net is pre-trained with open source datasets like COCO, 

ImageNet, etc., and cannot be directly used for transmission 

line icing images. Before network training, data labeling is 

required. LabelImg annotation software was used to label 659 

wire images, including 350 images without ice and 309 

images with ice. The labeling rules are as follows: 

1) Use a polygon to divide the wire, and the boundary 

should be as close to the edge of the wire as possible. 

2) The shape of the wire is slender, and the special 

position of the image is used as the head and tail of the wire, 

such as shock-proof hammer, edge of tower, etc. 

3) If the wire is bent, it shall be marked with at least 8 

points. 

4) If there is more than one wire in the image, only the 

wire with the most serious ice coating can be marked. 

A typical example of annotation is shown in Figure 2. 

After the annotation is completed, each JPG file will 

correspond to an XML file. At this time, the data set needs to 

be processed, and the corresponding binary mask image is 
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generated using the self-written program. And the binarized 

mask image is placed in the same directory, and it is 

corresponding to the original image file name one by one, and 

then the original image is placed in another directory. At this 

time, the dataset can be used for U-net training. 

 
(a) Multi conductor                     (b) Single conductor 

Fig. 2 Wire frame label object segmentation. 

The data set processed above is used as input to the 

network for training, and the training parameters are shown in 

Table 1. The operating system of this article is Ubuntu16.04, 

using NVIDIA RTX 2080Ti graphics card. The number of 

GPUs is 1. Train 929 wire instances out of 552 wire images 

with the above parameters, of which 431 are without ice and 

498 are with ice. 

TABLE Ⅰ. MODEL TRAINING PARAMETER  

parameter name value explanation 

LR 0.002 learning rate 

NUM_WORKERS 4 Threads 

Epoch 3000 
The maximum number 

of iterations 

NUM_CLASSES 2 Number of categories 

IOU_THRESHOLD 0.7 confidence threshold 

D. Evaluation of conductor icing degree 

The remaining 107 images that did not participate in the 

training after labeling are input into the trained U-net model 

as the test set, and the output is the binarized ice-coated wire 

image segmentation mask identified by U-net, as shown in 

Figure 3(b). The white part in the image is the wire area 

recognized by the model, and the black part is the background. 

Due to the complex background, there may be some invalid 

connected domains in the output binarization mask, so the 

output also needs to be filtered. Since these invalid connected 

areas are small and relatively isolated, a threshold can be set 

to filter the connected areas in the image, so as to achieve the 

purpose of retaining only part of the connected areas of the 

wires. 

  
(a) Before filtering                      (b) After filtering 

Fig. 3 Example of filtering based on contour Area Thresholding. 

Input the filtered binarized mask image into the rotating 

calipers algorithm for minimum circumscribed rectangle 

fitting, and calculate the distance to obtain the pixel diameter 

of the ice-coated wire, and then calculate the wire pixel 

diameter of the terminal corresponding to the non-ice-coated 

image, by subtracting the two, the ice thickness of the wire is 

obtained. The results of wire identification, rectangle fitting 

and pixel diameter calculation are shown in Figure 4. Among 

them, 4(c), 4(d) are the results after U-net identification and 

connected domain filtering operations, Figures 4(e) and 4(f) 

are the calculation results of the rotating calipers algorithm，
The first four lines are the vertex coordinates of the smallest 

circumscribed rectangle of the wire area，The last line is the 

width of the smallest circumscribed rectangle, which is the 

pixel diameter of the ice/ice free wire. 

 

  
(a) Ice free image                        (b) Ice image 

 

  
(c) Filtered ice-free wire mask     (d) Filtered ice wire mask 

 

  
(e) Ice-free wire data                     (f) Ice wire data 

Fig. 4 The intermediate process and results of the calculation of the 

degree of icing of the conductor. 

III. RESULTS AND DISCUSSION 

The training adopts the learning rate Warm-up method. 

When the number of iterations is less than 100 times, the 

learning rate changes linearly from 0, and when the number of 

iterations is not less than 100 times, the learning rate is trained 

at a preset value. Under the warm-up small learning rate, the 

model can gradually approach stability. After the model is 

relatively stable, selecting a preset learning rate for training 

can make the model converge faster. 

After training, a weight file is generated, the test set 

image is imported into the network, and the detection success 

is judged by the ratio of the area of the overlapping part of the 

predicted wire target frame and the marked wire target frame 

to the area of the union of the two frames. When the ratio of 

the areas exceeds 0.7, it is considered that the wire is more 

accurately identified. The training model is used to segment 

the test set and the icing monitoring images of each year. The 

accuracy rate J and recall rate Z are shown in Table 3. The 

model training time is 699min, in the test set, the time is 3.2s, 

and the average time per image is 0.03s. 
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TABLE Ⅲ.. DETECTION RESULTS OF TRAINING WEIGHTS IN TEST 

SETS  

Image 

Souce 
quantity TP FP FN J Z 

Test set 107 72 14 21 83.7% 77.4% 

Typical segmentation results of the U-Net model on test set 

images are shown in Figure 5. Figures 5(a), 5(b), 5(c), and 5(d) 

are the original images of the test set, and the recognition 

results can be divided into the following types: 1) The wire is 

missed, and the recognition result is all black, as shown in 

Figure 5 (e). 2) Identify the insulator part as a wire, see Figure 

5(f). 3) Identify the white background as the ice-coated wire, 

as shown in Figure 5(g). 4) Normal recognition, but with some 

visible invalid connected domains, see Figure 5(h). 

 
(a)                                       (e)  

 
(b)                                       (f) 

 
(c)                                       (g) 

 
(d)                                         (h) 

Fig. 5 Typical segmentation results of U-Net on test set images. 

According to the above steps, the ice thickness of the wire 

was calculated for the 72 terminals with and without ice 

coating, and all of them were successfully calculated 

IV. CONCLUSIONS  

In this paper, aiming at the establishment of the data wire 

icing database of China Southern Power Grid's online 

monitoring system, the algorithm of wire icing thickness is 

studied and verified, and the following conclusions are drawn: 

1) The success rate of the algorithm is affected by factors 

such as image resolution, degree of icing rules, and degree of 

camera contamination. 

2) Since there is no true value reference for the pixel 

thickness of ice-covered images in online detection images, 

the accuracy of the calculation results needs to be calculated. 

3) In the segmentation, the wire is not completely covered 

by the mask. That is, the wire area is not completely divided. 

The camera equipment of the monitoring terminal has a fixed 

preset position. During model training, large-scale training 

and other methods can be considered to improve the algorithm 

performance, so as to realize the optimization of the wire 

segmentation model for the online monitoring system. 

4) The recall rate of the model is not ideal, which may be 

due to the uneven number of images of each monitoring 

terminal in the same glacial period. The images of the same 

terminal have a high degree of similarity, and the image 

segmentation results are similar. It is solved by extracting the 

representative images of each terminal for labeling, and these 

images can represent most of the images in the terminal. The 

recall rate can be greatly improved due to the small terminal 

change per icing period 
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