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ABSTRACT 
 
The method of X-ray fault detection is more widely in power equipment, for the effects of irradiation environment 
detection systems and X-ray images are subject to a variety of imaging noise disturbance, there will be a variety of 
poor contrast, poor uniformity background, ambiguity and large shortcomings. Currently used in the Poisson 
noise into white Gaussian noise methods and the use of wavelet shrinkage method will result in a large number of 
image detail is lost, the optimal parameters studied gradient X-ray image blur fast non-local means filtering 
de-noising (GFNL) method, which retain the original image details while effectively removing image noise, power 
failure has important implications for diagnostic equipment. 
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INTRODUCTION 

 
In modern society, X-ray detection plays an integral role in security, medical, industrial testing, etc., to promote 
economic development has become an important force. With the rapid development of computer technology, 
image processing technology and a variety of peripheral technology, the X-ray inspection of the traditional NDT 
methods to get great progress [1]. X-ray digital imaging system in the detection of electrical equipment has 
convenient, real-time, without disassembly, the image processing, etc., and gradually get more power fault 
detection. 
 
Yunnan Electric Power Research Institute has launched a number of projects for the X-ray, has made some 
achievements. However, real-time detection system is affected by many factors, degradation, generating an image 
signal, and recording the transport process, often subject to interference noise of various [2]. The presence of poor 
contrast X-ray images, the background of poor uniformity, ambiguity and other shortcomings, some of the defects 
of the human eye can not clearly be checked out. Based on the electrical equipment of X-ray images to detect the 
presence of many characteristics, study X-ray digital images acquired from different pathways through de-noising 
image blurred or even impossible to distinguish the original raw image processing into a clear and rich image a lot 
of useful information available, making it easier to target image detection and measurement of interest. 
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THEORETICAL SECTION 
Studies have shown that X-ray imaging system image degradation is mainly due to the system of random noise. 
X-ray generation and interaction with matter, in both time and space to satisfy Poisson random process. For fast 
X-ray imaging systems, due to the exposure time is short, X-ray quantum noise generated more prominent, 
seriously affecting the quality of the image. Currently on the X-ray image de-noising There are two methods: one is 
the square root image noise, the Poisson noise into Gaussian white noise, and then use the more mature Gaussian 
noise reduction algorithm; Another using wavelet shrinkage method [3-6]. However, these methods will result in a 
large number of image detail is lost. To solve this problem, we studied the X-ray image gradient optimal parameters 
of fuzzy non-local means filtering rapid de-noising methods. 

 
NL-means algorithm originated in the neighborhood filtering algorithm is a generalization of neighborhood 
filtering algorithm, its similarity to get the whole weight distribution of gray area surrounding pixels, reducing 
image noise while maintaining a strong image spatial resolution capabilities. While this method of calculating the 
capacity, processing speed, particularly when dealing with larger image, this problem is more prominent; 
Moreover, the method can introduce artificial image artifacts in smooth regions, the image becomes blurred, the 
spatial resolution is affected. 
For the digital image, ( ).( )v v i i I= ∈ ,the I  is set of pixel, the algorithm NL case expression is: 
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v N v N− is the weighted distance of i and j pixels located two gray level neighborhood 

Gaussian. In Buades theoretical analysis and experimental results show that the recent studies, NL-Means 
algorithm on both subjective and objective performance than common image de-noising algorithms, such as 
Gaussian filtering, anisotropic filtering, the total error is minimized, neighborhood filtering, etc. it originated in the 
neighborhood filtering algorithm is a generalization of neighborhood filtering algorithm, its similarity to get the 
whole weight distribution of gray area surrounding pixels, reducing image noise while preserving image has a 
strong spatial resolution capacity rate [7]. 
 
When using a conventional image NL complex algorithm, the calculation amount is large, the processing speed is 
slow, especially when dealing with large image, this problem is more prominent; Moreover, the method can 
introduce artificial image artifacts in smooth regions, the image blurred, the spatial resolution is affected. In order 
to solve the above problems, this paper the traditional NL-means method to improve, Prewitt operator to introduce 
the use of gradient information of the image, this can effectively reduce the correlation between neighboring pixels 
of the image, making the smoothing smoother, you can eliminate the artificial artifacts, and the image has not been 
a place rich texture blur. While the original NL denoising algorithm to reduce complexity and save computing time 
to adapt to industrial production tasks testing needs. NL algorithm based on the principles of traditional bilateral 
filter, consider not only the gray image attributes, but also consider its geometric properties, therefore, a study of 
the proposed algorithm can achieve similarity measure gray and geometric properties, and combining traditional 
NL-Means filtering algorithm, making filtering method not only for the cycle repeating pattern images more 
images have excellent de-noising effect, for redundancy is not high image processing can achieve better results. 
 
Traditional algorithms known from NL principles, requires two window size is one pixel neighborhood window 
size K × K, a neighborhood of pixels in the search window, the window size L × L, i.e., the size of the area inside 
the L × L neighborhood of the selected pixel size K × K NL-means algorithm implementation, K × K in the region 
of the sliding window size L × L, the contribution of the weight determination area based on the similarity of the 
central pixel of the gray region. 
 
Therefore, the information added to the gradient algorithm, which makes the correlation between decrease in the 
neighborhood of image pixels, but, in place rich texture, decreased amplitude, smooth and small in the decrease in 
the area of the image, then added after the gradient information, by increasing h, so smoother smoothed to eliminate 
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artificial artifact, but not where the rich texture are blurred in practice ∆ν can inhibit the effects of noise Prewitt 
operator to calculate, the main principle is to first use Prewitt operator to introduce gradient information, combined 
with image variance to determine the approximate optimal filter parameters h, due to the gradient operator can be 
introduced to reduce the correlation between image pixels, so the original NL de-noising algorithm complexity 
reduction, to save computation time [8]. 
 
In order to solve the above problems, this paper the traditional NL-means method to improve the use of information 
contained gradient Prewitt operator to extract the image gradient information, effectively reducing the correlation 
between neighboring pixels of the image, making the smoothing smoother, you can eliminate artificial artifacts, 
and the image has not been a place rich texture blur. Meanwhile fuzzy gradient optimization algorithms, and adjust 
filter parameters adaptively according to the noise model, optimal denoising effect [9]. 
 
NL-means algorithm for the shortcomings, the project studied the NL-means algorithm gradient correction, image 
noise reduction formula is as follows: 
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The digitized image description as follows: 
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Where the V∆ is the gradient information of the image. Prewitt use has the effect of suppressing noise operator to 
calculation methods. Prewitt operator, which is a discrete differential operator for gradient approximation of 
computing the image brightness function. Use this image at any point operator, will produce a corresponding 
gradient vector or its normal vector. 
 
Assuming gray image satisfy the following relation: 
 

γβα ++= yxyxI ),(                                                                                                                                 (9) 

 
Wherein the gradient is a, then each pixel value of eight neighboring pixels can be obtained in a matrix of 3*3, a 
weighted average, taking the horizontal and vertical components of base sub-template, the two templates were 
convolved with the original image , get directions layers are: 
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Fig. 1 is the three operators with the original picture with pictures from the test results of the three operators can be 
found using Prewitt operator best effect. 
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    (a) Original picture                                  (b) Sobel  handling                          （c）Roberts handling                         （d）prewitt handling 

 
Fig. 1 Different gradient operator to extract the results 

 

NL-Means algorithm FNL conventional algorithm, the complexity of the maximum weighted distance between the 
two Gaussian pixel, because each pixel should be calculated for all pixels in the region around the value of its 
distance, and calculates the weighted distance here weights. Algorithm based on the principle of pixel 
neighborhood and search the entire image should be calculated over the entire image area, then the efficiency is too 
low, poor usability engineering, which increases the complexity of computation [10,11]. 
 
Therefore, in order to improve the computational efficiency, the window select two parallel computing by 
providing two window size, a window size is the pixel neighborhood K × K, a neighborhood of pixels in the search 
window, the window size L × L, i.e. L × L-size region inside the neighborhood of the selected pixel size K × K 
execution NL-means algorithm, K × K in the region of the sliding window of size L × L, the region is determined 
based on the similarity of the central pixel area contribution of the right gray value. For larger common noise image, 
and generally K = 7, it is sufficient to take L = 21, and for low-noise image K = 3, L = 7 can satisfy the basic 
requirements of noise. K and L. Projects to take to set the window size according to the noise level, noise level for 
different input is divided into several levels of five levels, namely, low noise, low noise, medium, high, and high 
noise, different settings for different noise processing window. 
 

EXPERIMENTAL SECTION 
 
When a high voltage circuit breaker system equipment repair and maintenance workload of the largest equipment 
in recent years, many researchers dedicated to fault diagnosis of high voltage circuit breaker. Implementation of 
digital X-ray imaging detection, you can not open the device will be able to understand its internal fault defects for 
early detection of potential failure, the failure to determine the location and type is important, and work more 
efficiently [12]. 
 
Fig. 2 shows the X-ray detection circuit breaker scanned image, the image clearly see objects in a rectangular 
circuit breaker foreign object. Figure 3 X-ray digital images contain horizontal and vertical noise, you can clearly 
see the movement of the contact position of the breaker. Figures 4 and 5 for the noise-canceling effect diagram 
containing varying degrees of vertical noise. 
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(a) X-ray detection image                                                            (b) Noise in the processed image uniformity 
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Nonlocal Means Noise Layer
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(c) Noise model                                                                                               (d) Processing results 

Fig. 2  After denoising digital X-ray image renderings - Equipment 1 
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(a) X-ray detection image                                                                       (b) Noise in the processed image uniformity 

Our Method Noise Layer
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(c) Noise model                                                                                             (d) Processing results 

Fig. 3  After denoising digital X-ray image renderings - Equipment 2 
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(a) X-ray detection image                                                                     (b) Noise in the processed image uniformity 
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(c) Noise model                                                                                              (d) Processing results 

Fig. 4  After denoising digital X-ray image renderings - Equipment 3 
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(a) X-ray detection image                                                                                     (b) Noise in the processed image uniformity 
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(c) Noise model                                                                                                     (d) Processing results 

Fig. 5  After denoising digital X-ray image renderings - Equipment 4 
 

RESULTS AND DISCUSSION 
 
X-ray system of random noise is present in a digital image, the study shows, X-ray generation and interaction with 
material at the time and space Poisson random process. A digital imaging device for the power system based on a 
perspective X-ray detector, since the exposure time is short, X-ray quantum noise generated more prominent, 
affecting image quality. Accordingly, the first uniform noise model using GFNL algorithm extracts the noise 
model, the noise reduction processing scanned images, while reducing image noise has a strong ability to maintain 
spatial resolution, while the smoothing smoother eliminate system with noise, and the image has not been a place 
rich texture blur, electrical equipment maintenance tasks can be adapted to the testing needs, can be seen from 
Figure 2-5, using the proposed algorithm can get an X-ray picture noise is good deal. 

 
CONCLUSION 

 
Through the traditional NL-means method to improve the use of information contained gradient Prewitt operator to 
extract image gradient information developed GFNL algorithm, making filtering method not only for the cycle 
repeating pattern images more images have excellent denoising effect, for redundancy is not high image processing 
can achieve better results, effective treatment of the noise problem X-ray image of the X-ray detection power after 
equipment failure has important reference value. 
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