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Abstract. Start your abstract here…At present, the non-destructive testing methods of the wind 
turbine blades has fiber bragg grating, sound emission and vibration detection, but there are all 
kinds of defects, and the engineering application is difficult. In this regard, three-point slope 
deviation method, which is a kind of visual inspection method, is proposed for monitoring the 
running status of wind turbine blade based on the image processing technology. A better blade 
image can be got through calibration, image splicing, pretreatment and threshold segmentation 
algorithm. Design of the early warning system to monitor wind turbine blade running condition, 
recognition rate, stability and impact factors of the method were statistically analysed. The 
experimental results shown showed that it has highly accurate and good monitoring effect. 

1.  Introduction 
As an important part of wind turbine, operating condition of wind turbine blade seriously affect the 
overall performance of wind turbine. According to statistics, the wind farm accident caused by the 
blade failure accounted for about 30% of the total accident rate. As the work environment of wind 
turbine is relatively poor, it is very inconvenience and difficult to maintain it. Once blade broke down, 
the staff could not found and handle it in time. 
     The technology of monitoring condition and diagnosing fault of wind turbine blade in on-line way 
can reduce maintenance operations and help to find the wind machine mechanical and electrical initial 
failure, which can effectively curb major accidents and prevent the occurrence of joint failure [1]. At 
present, many non-destructive testing methods of blade quality, such as X-ray, ultrasonic, acoustic 
emission, optical fiber sensor and infrared thermal imaging detection, but acoustic emission detection 
is most suitable than others for real-time monitoring active blades[2]. Some people used acoustic 
emission technology to monitor the load damage process of composite material through the 
honeycomb sandwich composite static compression failure test [3]. A set of wind turbine blade crack 
wireless monitoring system was designed by using the acoustic emission in the laboratory 
environment [4]. There are some new monitoring methods in recent years. Someone made a non-
contact detection method based on leaf time difference prediction blade fault to address the 
shortcomings of contact monitoring of existing fan blades [5]. From the video image to start, the blade 
state extraction and diagnosis methods were studied in depth by using the digital image processing 
technology [6], but it could not achieve on-line monitor. There are some companies to begin to try 
ebbing fiber gratings inside the blades on the time of producing wind turbine blades. Except acoustic 
and fiber grating detection have had some tests in the actual small wind turbine, other methods are still 
in the theoretical or experimental study stage. Although the acoustic emission method can realize the 
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on-line damage detection for the blade and detect the initial failure and track its expansion process, its 
signal is weak and fastly attenuate [7]. It is difficult to extract the signal in the complex background 
noise. Moreover, it is extremely sensitive to environment factors. FBG(Fiber Bragg Grating) is light 
weight and high sensitivity and has wide detection range, but it is more brittle and easy damaged. 
Once damaged, it would not be replaced. Besides, FBG has some problems on performance stability 
and price, which leads to its application being limited [8]. In short, there is not yet relatively perfect 
and mature mature technology program for detecting defects and damage of wind turbine blade [8-9]. 

In view of the shortcomings of current study for monitoring wind turbine blade fault on-line, we 
put forward a three-point slope deviation method based on image processing theory and technology. 
The method needs to make three markers on the blade. Then the blade operating state could be 
determined by detecting the slope deviation between the centers. The fault diagnosis effect was tested 
through designing the  experiment. 

2.  Image processing 

2.1.  Calibration 
Due to manufacturing errors, lens surface error and the axial spacing between lens, the optical camera 
lens used in the machine vision will have a certain degree of distortion. Distortion affects the accuracy 
of the parameters extracted from the image feature. Therefore, calibration is necessary before the 
image processing, the main principle of which is to use of distortion images to reverse the camera 
internal parameters. The experimental device uses a short focal length CCD lens, which mainly 
affected by radial distortion. 

The lens distortion occurs during the transformation of the camera coordinate system to the 
imaging plane coordinate system, the relationship is: 
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As in equation (1), f  is the main distance of the camera. 
But there are some gaps between the ideal imaging plane coordinates and the real imaging plane 

coordinates. If only radial distortion is considered, the corrected coordinates is as follows [10]: 
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As in equation (2), k is the radial distortion coefficient. If it was negative, it is barrel distortion, 
otherwise pincushion distortion. 

The corrected imaging plane coordinates is converted to the image coordinate system, and the 
conversion relationship is as follows: 
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As in equation (3), r  and c  are the coordinates of the image coordinate system, xS and yS are the 
distance between the adjacent pixels in the horizontal and vertical directions of the image sensor, xC

and yC are the vertical projection coordinates of the projection center on the imaging plane. 
),,,,,( yxyx CCSSkf is the internal parameters of  the camera, and calibration is a process to solve 

the parameters of camera. It is necessary for solving the problem to use the standard calibration plate. 
The results is as follows: 
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The size of the collected image is 576768× . 
The images corrected before and after are shown in figure 1. The bend of the front door and wall in 

figure 1(a) is very clear, but this is almost eliminated after calibration. The calibration can improve the 
accuracy of later image processing. 

 
    a. Before calibration       b. After calibration 

Figure 1. Calibration. 

2.2.  Image segmentation 
Due to wind machine working in the wild environment, the background information of the blade 
image is complicated and mixed with a variety of noise. The pretreatment seriously affects the 
accuracy of the regional parameters of the blade image extracted and also had great influence on the 
system reliability. Considering the speed and time of filter, binomial filter is used to reduce the 
surrounding noise interference. Then the regional area, similar elliptic coefficient and first-order 
moments of triple selection are used to ensure the accuracy and integrity of the blade segmentation, as 
shown in figure 2. 

         
      a. Three-point position      b. Threshold segmentation 

Figure 2. Image segmentation. 

3.  Principle of three-point slop deviation method 
The factors, such as the strong wind load, the sand erosion, the atmospheric oxidation and humid air 
corrosion, would inevitably lead to pores, cracks, wear and corrosion, accumulating to a certain extent 
of which would cause the blade bending or fracture [11]. Bending and fracture are the most common 
form of blade failure. 

 The method that the ribbon is added on the edge of the blade can increase the gray gradient 
between the blade and the surrounding environment in order to get the better image of wind turbine 
blade from the background [8]. Likewise, if three points were marked on the blade, the operating 
status of the blade could be monitored by detecting the possible relative change in the three-point 
position in real time. 

However, the points A , B and C is composed of a number of pixels in image processing, as shown 

in figure 3. The three regional centers are cpA , cpB and cpC , the coordinates of which are 
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),( cpcp colArowA , ),( cpcp colBrowB  and ),( cpcp colCrowC . The area of blades are Aarea , Barea and 
Carea , which have i , j and k  pixels, then: 
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Figure 3. Three-point slope deviation  in image coordinate system 

The solution of ),( cpcp colBrowB  and ),( cpcp colCrowC  is similar to equation (5). In order to make 
the measurement more accurate, i , j and k  should be as equal as possible. The best shape of the three 
markers should be circular, which helps to extract the center point and improve accuracy. 
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When blade is bent, 
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When blade is bent, a number of mark points are less than three. 

Assume that the slope between any two points in the three points is 1Sv  and 2Sv , then the three-

point slope deviation dSv  is: 
1

12 || −−= SvSvSvd                                                                   (8) 

In theory, when the blade state is normal 0=dSv , but due to manual marking errors and feature 
area segmentation errors, it is always not equal to zero. 

4.  Experiment analysis 
Twenty consecutive randomized experiments on normal, slightly curved and severely curved blades 
were performed, as shown in table 1. Each value in table 1 takes the average of ten values, which were 

obtained in the case of blade rotation. The data of dSv was statistically analyzed by using MINITAB, 
which is a tool dedicated to experimental data analysis, as shown in figure 4. The results of data 
analysis are given in table 2.  

From figure 4, even under normal condition, dSv  is not zero. Although dSv  measured through the 
experiment under normal condition, slightly curved condition and severely curved condition is floating, 
the distinction is also obvious. Therefore, the operating state of the blade can be judged by setting a 
suitable three-point slope deviation threshold. At the same time, if the multiple thresholds were set, the 
classification of the curved degree could be achieved. table 2 shows the specific data of the average, 
the standard deviation and other information. 
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Table 1. Experimental data of  three-point slope deviation dSv    

Times Three-point slope deviation dSv  
Normal Slightly Curved Severely Curved 

1 0.0102 0.0478 0.1316 
2 0.0115 0.0473 0.1324 
3 0.0128 0.0474 0.1334 
4 0.0130 0.0456 0.1312 
5 0.0108 0.0453 0.1322 
6 0.0109 0.0494 0.1338 
7 0.0121 0.0486 0.1318 
8 0.0110 0.0456 0.1326 
9 0.0114 0.0491 0.1329 

10 0.0113 0.0475 0.1315 
11 0.0111 0.0473 0.1313 
12 0.0126 0.0476 0.1302 
13 0.0112 0.0466 0.1308 
14 0.0117 0.0474 0.1320 
15 0.0117 0.0469 0.1307 
16 0.0120 0.0483 0.1304 
17 0.0127 0.0471 0.1305 
18 0.0111 0.0470 0.1309 
19 0.0126 0.0470 0.1303 
20 0.0113 0.0472 0.1308 

 

Figure 4. Three-point slope deviation in three different states. 

Table 2. Experimental data analysis results of dSv . 

Variable N Mean StDev SE Mean 98% CI Z P 

Normal 20 0.01165 0.000772 0.000157 (0.011290,
0.012014) 0.32 0.749 

Slightly 
curved 20 0.04730 0.001061 0.000224 (0.046780, 

0.047820) 0.45 0.655 

Severely 
curved 20 0.13156 0.001053 0.000312 (0.131045, 

0.132085) 0.29 0.771 
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Double thresholds were designed for fault diagnosis and bent classification. In the case of different 
speed of the wind turbine blade, the recognition rate of the monitoring system is obtained as shown in 
figure 5. 

 

Figure 5. The effect of rotate speed on recognition rate. 

From the figure 5, when the blade speed is low, the system has a better recognition for the blade 
state, low false positives and good reliability.When the blade speed gradually increase, the recognition 
rate begin to decline, but the diagnosis for blade fracture malfunction is relatively more stable. 
Through observation, it is the main reason whether the top marker of the blade could be extracted.  

When the blade rotates, the line speed of the top mark is the greatest than others. When the 
exposure is constant, the faster the subject is, the more blurred the image is. As shown in figure 6, 
when the blade speed is increasing, the impact of the rotational speed for the lower mark is minimal, 
and the tip mark of blade is rapidly blurred with the increase of the speed, and even the "ghost" will 
appear.  

 

 a. 0 r/min                       b. 7 r/min                       c. 15 r/min                     d. 30 r/min 

Figure 6. Mark status at different speeds. 

However, if the quality of the camera in the experiment can be improved, the impact of speed on 
system identification will be effectively reduced. Therefore, the camera quality is a key factor 
affecting the stability and reliability of the system. The selection of it should be strictly based on the 
actual operating conditions, type and parameters of the wind turbine blade. The location of the camera 
is shown in figure 7. As the blade is too long, if a camera can not meet the actual shooting 
requirements , we can use the approach of two cameras real-time mosaic or three cameras fixed-point 
shooting. The encoder in the wind turbine chassis provides the signal of making camera capture blade 
picture. You can use fiber or 4G LTE network to transfer image data. The control signal is access to 
the safety chain circuit, if a fault is detected, the system will automatically make the blade shutdown. 
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 Figure 7. The way of camera and marker arrangement. 

5.  Conclusions 
According to the actual working situation of the wind turbine blade, the three-point slope deviation 
method based on machine vision is proposed to monitor the running state of the blade. Major 
conclusions are as follows: 

The visual inspection theory of three-point slope deviation is proposed, and the model system is 
designed. The experiment results proved that the method is effective and reliable. It could effectively 
monitor the running state of the blade and timely warning in the event of failure. 

The system is simple, low cost and good reliability, which is worthy of being promoted and applied. 
The impact of blade pitch, non-fault deformation or bad weather on monitoring system need to be 

further studied. The engineering test will be carried out on the actual wind turbine blade to improve 
the on-line monitoring and fault diagnosis method. 
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