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Abstract: In the process of automatic detection for the road cracks, the traditional algorithms can not always get 
satisfactory results. This article applied the grey entropy of the grey system theory into the surface image 
preprocessing and segmentation, and offers a new more effective way for the road image denoising. With the 
presence of the noise in the surface image, we use the grey entropy value of each pixel in the neighborhood and 
their median value as the weight coefficient of each pixel, and find the weighted average value of the 
neighborhood window to replace the centre pixel of the neighborhood in order to achieve the noise filtering. 
Simulation results show that the method is superior to the traditional mean filtering, grey weighted average filter 
algorithm, and lay a good foundation for further processing of pavement crack. Copyright © 2013 IFSA. 
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1. Introduction 
 

Surface image will inevitably be subjected to a 
variety of subjective and objective reasons for the 
noise caused by pollution in the image processing 
and collection. All kinds of random noise, especially 
the salt and pepper noise of impulse noises, 
distributed in the polarization of gray level of the 
surface image, corroding the real pixels of the surface 
image, not only seriously masks the true state of the 
road, fractures the following detection and causes 
great disturbance, even with the noise mixing into the 
low gray pixels, causes a certain degree of 
miscarriage of justice information of the target 
position, shape, size and other characteristics. 
Therefore, before the crack is automatically detected 
and measured, we can reduce the noise, filter the 
image, and lay a good foundation for the follow-up 
process of image filtering. 

Currently, there are many kinds of the algorithms 
about the surface image denoising, such as the linear 
filter, nonlinear filtering, as well as some complex 
filters combined with some new science direction. 
Li Li [1] proposed that, one of the challenging 
problem of the automatic interpretation for video or 
image response to road conditions, is to detect the 
low to moderate width crack whose width is less than 
¼ inch; Yaxiong Huang [2] proposed a suitable high-
speed, real-time pavement crack detection image 
processing algorithms. The goal of [3] is to use 
digital image processing techniques to automatically 
detect and identify surface cracks; New fast adaptive 
algorithm for breakpoint-detection and connection in 
the road image processing is proposed in [4]. Gang 
Wang [5] pointed out that we could use 2  statistical 

hypothesis testing approach to ruling on the noise for 
surface image with complex background; Gang Li [6] 
proposed a way of combining the Ostu method and 
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Maximum mutual information to detect the crack; 
Qigang Zhu [7] presented that the surface image 
pixels can be divided into four categories, and 
designed different methods to process different type 
of image pixels, filter out the noise and save the edge 
of the crack respectively. The classical median 
filtering algorithm of nonlinear filters applied to 
noise reduction, enhancement, and other 
preprocessing methods of surface image were 
introduced in [8, 9]. Changrong Xie [10] focused on 
the mean filer, median filter, Wiener Filtering, Otsu 
segmentation method, global histogram threshold 
method, etc. several classical image processing 
algorithms in the pavement crack detection. 

However, because of the inherent complexity in 
the process of the surface image collection, 
transmission, storage and analysis, the traditional 
processing algorithm can not solve all the problems. 
Meanwhile, relying on the existing branches and the 
concept of the subject, the image filtering algorithm 
encounter bottleneck, so looking for new ideas and 
breakthrough is placing in front of us. 

Road Image itself is gray, and the road noise 
added exacerbates the gray nature. Except for the 
outermost ring of pixels outside, any neighborhood of 
a pixel distributes eight surrounding pixels 
adjacently, and the adjacent pixels display certain 
characteristics of the texture. Because the image 
noise is not inherent elements of information system, 
the distribution characteristic of pixel grayscale is not 
relevant to the real pixels of the surface image, with a 
visually obtrusive or fuzzy feeling.  

Denoising preprocessing stage has been a hot 
topic. Traditional image denoising are linear filtering 
and nonlinear filtering. Among them, a typical 
representative of linear filtering are mean filter, 
nonlinear filter are a typical representative of the 
median filter. In the mean filter, using the average of 
the image neighborhood window pixels as the center 
of the new value. The practice of 
M N neighborhood average, to a certain extent, can 
inhibit the high-frequency noise. Later, with the 
emerging mathematics, systems engineering 
disciplines in the development of cross-disciplinary, 
grey system theory was proposed by Professor Julong 
Deng [11] and later a new approach using the grey 
relational coefficient as weighted value of each pixel 
in the neighborhood window for noise reduction 
come forth [12]. This algorithm is improved to some 
extent than the filtering effect of the original 
algorithm for making that the image pixel closer to 
the average value of neighborhood pixels in the 
window plays a greater weight in  
the average calculation. 

Later, people realized the lack and defect of grey 
relational analysis [13], and as the extension and 
development of gray system theory, the grey entropy 
theory was proposed by Professors Qishan Zhang, 
Weiyou Han, Julong Deng [14]. Then, grey entropy 
was applied to all levels of social and economic life 
[15-17]. Throughout the literature at home and 
abroad, grey entropy theory in image denoising 

application is also rarely reported. From the basis of 
grey entropy, we combine the grey entropy and 
weighted mean filter, and discuss a new weighted 
mean filtering algorithm.  

Because when the surface image is in high-speed 
access, real-time processing, the data can not be too 
large, and the image processing system’s own 
capacity is limited, or the system efficiency will be 
reduced, the cost of processing will be straight up, we 
can see the surface image is with a typical “small 
data” characteristics. The surface image data 
distribution is unknown, likely to be noise pollution, 
and the image geometric distortion takes place in the 
process of imaging, some noise pixels with low gray 
level is similar to the crack pixels, and it is difficult 
to identify the mixed pixels. So we say with a typical 
surface image is with a typical mature of 
“uncertainty”. Therefore, using the grey system 
theory to deal with surface image is reasonable and 
applicable. 

The remainder of the paper is organized as 
follows. In Section 2, we introduce the classical 
filtering algorithm based on the grey relational 
analysis (GRA) model concisely. In Section 3, a new 
method based on the grey entropy about the image 
denoising is put out to improve the filtering effect. 
We use the experimental images and surface images 
to simulate the effect of the implementation of the 
algorithms, and their results were compared in the 
final section. 
 
 
2. Classical Adaptive Added-Weigh 

Mean Filter Based on GRA 
 

In traditional mean filter method, all the elements 
in the window are treated equal no matter they are 
normal pixels or noise points, and they are given the 
same weight value when using them to calculate the 
value of the central pixel. When the noise density is 
little, maybe the impact from the noise points in the 
filter window can be ignored, but with the noising 
increasing, the effect of filtering turns to get worse. 
To overcome the weakness, we discuss an algorithm 
for the noise reduction and edge protection, which is 
the classical added-weigh mean filter based  
on GRA [12]. 

“GRA is a method of quantifying the trend 
relationship between systems or two elements of a 
system, and this relationship can change with time” 
[13]. As it shown in [12], this added-weigh mean 
filter algorithm derives from the combination 
between the traditional mean filter and GRA, which 
can be described as below: 

Suppose an image has a size of M rows and 
N columns noted by, a central pixel in the image can 
expressed as ( , )f k l  ( 2, , 1,k M   

2, , 1)l N  (For simplicity, the outermost layer of 

pixels do not implement  the image processing, which 
will reduce the complexity of the algorithm and will 
not affect the effectiveness of testing algorithms), 
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then a 3  3 window template marked with 
corresponding image grey levels is given by 
 

 ( 1, 1) ( 1, ) ( 1, 1)

( , 1) ( , ) ( , 1)

( 1, 1) ( 1, ) ( 1, 1)

f k l f k l f k l

f k l f k l f k l

f k l f k l f k l

    

 

    

 
 
 
  

 (1) 

 
We can apply the GRA into the image filtering 

process, which is described as follows [12]: 

Step 1. Determine comparative sequence 1X and 

reference sequence 0X  as below, namely, 
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where  
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Step 2. In order to avoid the difference between 

the orders of magnitude of data, initialize the various 
components of the sequence if necessary. For the 
range of image data locates the interval [0,255], this 
steps can be ignored herein.   

Step 3. Compute the different sequence, 
maximum difference and minimum difference by 
assorting the different sequence.   
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Step 4. Calculate the grey relational 

coefficients ( )
01

k , 
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Step 5. Let grey relational coefficients be 

corresponding weigh, and calculate the added-weigh 
means value of the central pixel ( , )f k l as below, and 

we get  
 

1 2 9
01 01 01

1 2 8 9
01 01 01 01

( 1, 1) ( 1, ) ( 1, 1)ˆ ( , )
f k l f k l f k l

f k l
  

   
       


   




 

(9) 

Obviously, ˆ( , )f k l  is the result of calculating the 

added-weigh mean value for the pixels in the 
neighborhood window of ( , )f k l . 
 
 

3. Improved New Image Filtering 
Algorithm based on the Grey Entropy 

 

3.1. Background of the New Algorithm 
 

Compared to the traditional mean filtering 
algorithm, the algorithm does have the advantage to a 
certain extent. It has changed the fact that all the 
pixels in the filter window are treated equally no 
matter the current pixel is true pixel or not, so the 
algorithm can get rid of the negative effects of noise 
pixels to a certain extent. However, because of the 
limitations of its own in the calculation of the grey 
relational analysis model, the algorithm by using 
GRA still can not get enough satisfactory results. 

In the weighted mean filtering, we all hope the 
pixel that is close to the true value of the center pixel 
in the image occupy great weight. Pepper noise pixels 
are generally a number of hash points whose gray 
scale changes dramatically, expressed as extreme 
value of the neighborhood window, naturally far 
from the value of the centre pixel in the 
neighborhood window. Therefore, we can use the 
median value of image neighborhood window to 
replace the true value of the centre pixel of the image 
approximately.  

However, we can not completely replace the 
value of the centre pixel of the image window, as 
simple and easy replacement can cause similar 
distribution of pixels in the neighborhood window, 
thereby reducing the level of image intensity 
changes, causing the image smoothed to some extent. 
Simple weighted mean filter though composites all 
the information of neighborhood pixels, all the pixels 
in the neighborhood are handled equally no matter 
what value the pixel is and does not reflect the 
difference between the pixel in the neighborhood, 
and the texture changes of image in the neighborhood 
are obliterated. 
 
 
3.2. Idea of New Algorithm 
 

It is realized that the grey entropy can be used to 
characterize the smooth changes of each component. 
If we form a group from the median value of all 
pixels in the neighborhood window and the value of 
each pixel respectively, measured the closeness 
between pixels and their median pixel in the 
neighborhood with grey entropy, and assign the grey 
entropy value to each pixel as the weight to make the 
weighted mean operation in the neighborhood, thus 
we can get a new pixel value  for the centre value of 
the neighborhood which is closest to the median 
value of neighborhood window but not equal to that, 
which can block out the interference on the filtering 
from the Salt and Pepper noise. This section analyzes 
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theoretically algorithm, and then gives the steps of 
the various theories, and finally through the 
programming, makes the simulation and modeling of 
the theory. 

In order to avoid the situation that the true 
number of the logarithmic may be zero in the process 
of the grey entropy calculation, we can set a 
translation transformation to increase the overall 
pixel value of two when calculating the value of grey 
entropy; calculate the median value of pixels in the 
neighborhood window, and divided the median value 
and each pixel value into one group; then compute 
the grey entropy value of nine sequences in the 
neighborhood (the larger gray entropy values, 
indicating that the pixel value of the neighborhood 
closer to the value, the more away from the Noise 
points; the other hand, the smaller gray entropy, 
indicating that the pixel value more away from the 
median value in the neighborhood, the more close to 
the noise points.) finally, use the 9 grey entropy value 
as the weighting coefficients  corresponding to the 
pixel in the neighborhood window to perform a 
weighted mean operation, and take the result value as 
the new value of the centre pixel in the neighborhood 
window, so achieve the image filtering. 
 
 

3.3. Steps of New Algorithm 
 

Concrete realization of the algorithm steps: 
Step 1, in order to prevent the true number part of 

logarithmic may be zero in the calculation of grey 
entropy, we firstly shift the image of  
a whole transformation; 
 

 ( , ) ( , ) 1g k l f k l   (10) 
 

Step 2, set the current pixel of the image 
is ( , )g k l ( 2, , 1; 2, , 1)k M l N     , and 

compute the median value of the neighborhood 
window where ( , )g k l is the centre pixel. 

 
{ ( 1, 1), ( 1, ), ( 1, 1), ( , 1),

( , ), ( , 1), ( 1, 1), ( 1, ), ( 1, 1)}
v median g k l g k l g k l g k l

g k l g k l g k l g k l g k l
      

       

(11) 
 

Step 3, calculate each group of grey entropy; 
 

( , ) ( , )
( , ) ln( ) ln( )

( , ) ( , ) ( , ) ( , )

v v g k l g k l
z k l

v g k l v g k l v g k l v g k l
  

   
 

(12) 
 

Steps 4, using the grey entropy value of each 
pixel in the neighborhood as weight coefficient, 
calculate the weighted average value as the new 
value of centre pixel ( , )f k l . 

 
1 1

1 1
1 1

1 1

( , ) ( , )
ˆ( , ) ( 2, , 1; 2, , 1)

( , )

k l

i k j l
k l

i k j l

z i j f i j

f k l k M l N
z i j

 

   
 

   

    
 

 
   

(13) 

The frame structure and algorithm flow chart is as 
follows: 

 
 

 

|Calculate the median pixel value in 33 neighborhood window 

Starting from the pixel (2, 2)  

Yes 

Whether is it  
pixel ( 1, 1)M N   

No 

Output, end the cycle 

Compute the grey entropy of each group 

Improved mean operation using the grey entropy as weigh coefficient 

Divide each pixel value in the image neighborhood window  
and their median value into one group  

Move to the next pixel

 
 

Fig. 1. Flow chart of image filtering algorithm based on 
grey entropy. 

 
 
3.4. Simulation Results Analysis  

of Algorithms 
 

Under the new idea of the algorithm, using 
MATLAB software programming, compared with the 
traditional algorithm, the results are as follows: 
 
 

  
 

(a) image with noise     (b) traditional mean filter 
 

  
 

(c) grey relational filter     (d) grey entropy filter 
 

Fig. 2. Algorithm results of experimental image. 
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(a) image with noise       (b) traditional mean filter 
 

  
 

(c) grey relational filter      (d) grey entropy filter 
 

Fig. 3. Algorithm results of surface image. 

 
 
3.4.1. Subjective Analysis of Algorithm 
 

From the filtering effect of experimental image 
with noise, we can see that the original image is 
relatively clear, with high quality; noise image, 
because of adding a certain of degree noise, resulting 
in a lot of image sharpening processes, is not clear, 
and the edges have been blurred, visual quality is 
poor; the traditional mean filtering to some extent, 
improve the quality of the image, but the noise can 
still be seen, and the edges are blurred; the traditional 
grey relational filtering algorithm has a certain 
improvement than the traditional mean filter, and the 
visual quality has further enhanced; the grey entropy 
filter method presented in this section has further 
improved the processing effect of the noised image, 
and the outline of the image gradually becomes clear, 
while the smooth area still maintain a relatively 
smooth state; Unfortunately, in the image, it still 
looms some white spots. How can further 
automatically remove the spots, will be the follow-up 
where we need to work.  

From the view of the surface image with cracks 
processing, the present algorithm can make better 
result than the mean filtering and traditional grey 
relational filtering. Crack part has been enhanced 
while remaining the smooth part outside still smooth 
to some extent and not textured. The result image 
processed by the new algorithm can get an overall 
better quality. 
 
 
3.4.2. Objective Evaluation 
 

In order to evaluate the effectiveness of methods 
above objectively, the most famous practice has been 
done by computing the Peak Signal/Noise Ratio 

(PSNR) as criterion to evaluate the performance of 
filters. Set ( , )f k l to be the grey-scale value of the 

pixel of the original image without noise, ˆ ( , )f k l  to 

be the one of image made by denoising, and the size 
of the image is M N , thus the PSNR formula is 
given as following. 
 

2

2

1 1

255
10lg

1 ˆ[ ( , ) ( , )]
M N

k l

PSNR
f k l f k l

MN  




 
(13) 

 
PSNR is a quantitative assessment method for 

image processing quality. From the formula of the 
definition, it is easy to find that the more the PSNR 
is, the higher the quality of image denoising is. In 
Table 1, we give the experimental result that the 
value of PSNR after processing by the three kinds of 
filters when the cameraman (256  256) image is 
added the rates of 0.05, 0.1, 0.15, 0.20 noise.  

For a more objective assessment of the quality of 
the treatment algorithm, we use proven methods peak 
signal to noise ratio to test the effect of the algorithm. 
The following experiments about image with noise 
use peak signal to noise ratio to test results: 
 
 

Table 1. PSNR of various filtering methods compared. 
 

Noise density 0.05 0.10 0.15 0.20 
Mean filter 31.4518 30.4357 29.7892 29.1371 
grey relational 
filter 

33.3456 32.4611 31.6385 30.7752 

grey entropy 
filter 

35.1436 35.6705 36.0213 36.4174 

 
 

As can be seen from the table, when the images 
were added to 0.05,0.10,0.15,0.20 density noise, the 
PSNR value obtained by the new algorithm based on 
gray entropy is the highest, but also for the same 
density noise, the difference of PSNR made between 
the new method and the traditional grey relational 
filter, is much larger than the difference of PSNR 
made between the traditional grey relational filter and 
traditional mean filter, which indicates that the new 
filtering  algorithm based on grey entropy has made 
much progress than the traditional grey relational 
filtering method. 
 
 
4. Conclusion 
 

This paper introduced the application of grey 
relational theory in image filtering, and then try to 
apply the grey entropy theory into the image filtering, 
analyzed the binding sites between the grey theory 
and image filtering, presented the main idea and 
creativity of the algorithm, explained the mechanism 
and specific implementation steps, the algorithm's 
flow chart and the frame structure, finally, by the 
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software, from the experimental image and surface 
image, both explained and verify its validity, and 
calculated the value of peak signal to noise ratio from 
an objective point of view, which use the way of 
figures to show the effectiveness of the new image 
denoising method based on grey entropy.  

The research of this paper put grey entropy model 
to solve the practical problem, and enriched the grey 
system theory and expanded the application range of 
slope grey entropy. In the follow-up study, we will 
continue to tap the potential of gray entropy theory, 
and look for the point of integration of theory and 
algorithm to improve the algorithm implementation 
mechanism, try our best to get rid of the residual faint 
white spots for image quality increased. 
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