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Abstract 

Nowadays, X-ray computed tomography (CT) wood nondestructive testing technology 

has been applied to detection of internal defects in log for the purpose of obtaining the 

optimal wood cutting plan. Multifractal spectrum and wavelet transform are usually used 

for analyzing, modeling, and extracting different complex features of signals and images. 

A novel CT image edge detection method which using multifractal spectrum theory 

combined with wavelet transform is applied in this paper. The new method can be divided 

into the following main steps: (1) Calculating the wavelet module values of wood defect 

image. (2) Combining wavelet transform module values with multifractal theory. (3) 

Calculating the multifractal spectrum from the wavelet transform. (4) Selecting the 

appropriate threshold to wood defects detection. A large number of experimental results 

show that the new method to recognize the wood defects is effective. 

 

Keywords: Computer tomography; Multifractal spectrum; wavelet transform; wood 

defects detection. 

 

1. Introduction 

During the past decades, a large number of effective nondestructive log testing 

methods have been applied in laboratory experiments and in industrial production. Such 

as acoustic emission testing, electromagnetic testing, ultrasonic testing, liquid penetrant 

testing, eddy current testing, radiographic testing, nuclear magnetic resonance (NMR) and 

laser testing etc [1]. Among all the nondestructive testing methods radiographic testing is 

the most widely used, especially X-ray testing method. In this paper, we chosen X-ray 

computed tomography scanning technology for nondestructive log testing. X-ray 

computed tomography can reduce the effect of physical factors and provide three 

dimensional (3D) information of the sample compared with the conventional radiography 

method [2-3]. X-ray computed tomography has provided a better method for observing 

intact wood structure. By the method of X-ray computed tomography, a large number of 

relevant experiments (include wood defects, wood moisture, wood density et al) have 

been completed in the past decades by the scientists from all over the world [4-9]. Among 

all of these, defects detection is the most important application of X-ray computed 

tomography. 

After acquiring the X-ray computed tomography image, image edge detection is a key 

step in the defects detection of log images. A large number of edge detection methods 

have been proposed for different purposes in different applications.  

But most of them can be grouped into two categories. Among the earliest works of 

edge detection are Roberts, Sobel, and Prewitt edge detectors, all of which detect edges 

use convolution masks to approximate the first derivative. Other methods, such as 
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Laplacian of Gaussian (LOG) edge detector, usually search for zero crossing in a second 

derivative of an image [10]. In contrast, canny edge detector is a relatively new operator. 

Three performance criteria defined for the optimality edge detection were good detection, 

good localization, and unique answer to a true edge [11]. 

Both wavelet transform and multifractal spectrum theory have been widely used in 

signal analysis, object modeling, and image processing, etc. [12-18]. Due to the image 

signal mutation point and noise have different sensitivity on wavelet coefficients, make 

the wavelet transform has good image denoising effect. And multifractal spectrum theory 

is can not only outstanding global image features, but also better response the local image 

characteristics compared with traditional image processing methods. In recent years, the 

wavelet local maxima modulus based method is received widespread attentions because it 

can calculate the multifractal spectrum simply and effectively [19-22]. A promising edge 

detection method combined wavelet transform with multifractal spectrum theory was 

provides in this paper. 

 

2. Multifractal Formalism 

Multifractal also called complex fractal or multiple scale fractal, often used to 

summarized a fractal system which cannot fully describe by using a single exponent (the 

fractal dimension), it is from the local property to study the features of the shape. 

Multifractal spectrum theory is can not only outstanding integral fractal features, but also 

better response the local fractal characteristics compared with other single exponent 

methods. 

 

2.1. Lipschitz-Hölder Exponent 

Assume that )(xf  is the function of f: RR , where 



00 )()( xxCxxPxf  , 0 , P is a polynomial which is not more than , 

],[ 0 xBx , 0C , and C is a constant. 

Let 
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Then )( 0x  is the Hölder exponent of )(xf  at point 0x  and )(x  is the Hölder 

exponent of )(xf  in the domain of definition. The Hölder exponent   can describe the 

local characteristics well of function )(xf . 

 

2.2. Legendre Spectrum 

First of all, we defined 
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If 0)()( k

n

k

nn IIc  , then there exists a concave function  as: 

)}0(:),{( 2  xyRyx                                                                                   (6) 

Let 
*  be the Legendre spectrum of  , then the Legendre transformation of   is 

determined by: 

)]([inf)()( * qqf
q

l                                                                                        (7) 

The function )(lf  is called Legendre spectrum of Hölder exponent  , where q  is a 

weighting factor. 

 

3. Wavelet Transform and Its Module Value 

The wavelet transformation is to zoom and translate a basis wavelet, a scaling function 

with variable amplitude, and integrate the product which consists in expanding signals 

based wavelets. The basis wavelet (also called mother wavelet) is denoted by )(x . The 

zoom and translation operations are performed by the following two parameters: the scale 

parameter s and the location parameter b. The wavelet transform of the signal x is defined 

as: 
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We choose the two dimensional Gaussian function )2/exp()( 2xx   as the 

smoothing kernel, and choose the second order partial derivatives of Gaussian function in 

the x, y direction as the basis wavelet. 
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Then, the wavelet transform in the point x1 is defined by: 
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The wavelet transform in the point y2 is defined by: 
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For the calculation of two dimensional wavelet transform modulus maxima needs a 

certain direction. Thus, the partial derivative of Gaussian function in the x, y direction is 

usually defined as a basis wavelet vector. 

),(,
),(

),(
),( 212

1

bbb
sbWT

sbWT
sbWT

f

f

f 





















                                                                     (13) 

The module of this wavelet transform is determined by: 
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The direction of the wavelet transform vector is defined as: 
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When Zms m  ,2 , the Reference [23] point out the wavelet transform module value 

),( sbMf


 and the Hölder exponent   have the close link as follows: 
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                                                                                               (16) 

Where the index K is a constant. 

 

4. Image Multifractal Analysis Method Based on Wavelet Transform 

Multifractal can provide statistical information on fractal scale, but can’t describe 

the local fractal properties and kinetic features adequately. The wavelet transform 

theory is a powerful tool to reveal the fractal properties of the local scale. We can 

see the rich details of fractal by using wavelet transform. Therefore, we introduce 

the theory of multifractal spectrum combined with wavelet transform. The partition 

function based on wavelet transform is defined as follows: 

q
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Where Ls is the set of all wavelet transform modulus maxima at the scale s, satisfying 

their local derivative constraint in scale [24].  

For each weighting factor Rq , the scaling function )(q  with the partition function 

),( sqZ  asymptotic decay on scale s:  
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This means that it’s scaling function )(q  and the partition function ),( sqZ  has the 

following relationship: 

)(~),( qssqZ 
                                                                                                             (19) 

The major realization process of image edge detection by using the multifractal 

spectrum calculation based wavelet transform modulus maxima method can be 

summarized as follows: 

(1) Calculate the wavelet transform module value and its direction of each point on the 

original image by using formula (13) and (14) at multiple scales. 

(2) Compute the Hölder exponent   of each point using function (16). 

(3) Compute the scaling function )(q  based the partition function ),( sqZ using 

formula (17) and (18). 

(4) Calculate the Legendre multifractal spectrum )(lf of each point using function 

(7). 

(5) Select the appropriate multifractal spectrum threshold for image edge 

detection. 

 

5. Experiment and Results 

The image used in the experiment is a Korean pine X-ray CT cross section image 

with crack and knot. In order to make valuable timber resource used reasonably and 

ensure the quality of wood processing, the exact position and accurate edge 

detection of several wood defects must be determined. Then, the optimal sawing line 

to cut the log is given.     
 

                           

Figure 1. The Original Wood CT               Figure 2. Image after Sobel                   
eeeeeeeeeImage                  ddkddd           Operator Processing                         
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Figture 3. Image after Roberts     
Operator Processing 

 

 

 

 

 

 

Figture 4. Image after Prewitt 
Operator Processing 

 

                           

Figture 5. Image after Log Operator 
Processing. 

Figture 6. Image of Legendre 
Spectrum Edge Detection. 

 

                            

Figture 7. Image of Wavelet 
Transform Edge Detection. 

Figture 8. Image of Multifractal 
Combined with Wavelet Transform 

Edge Detection
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Figture 1 is the original log CT image with crack and knot defects. Figtures 2-5 are 

the images processed by using traditional Sobel operator, Robert operator, Prewitt 

operator, and Log operator edge detection methods with adaptive threshold. Figtures 6-

7 are the edge detection images processed by using Legendre spectrum and wavelet 

transform, respectively. Figture 8 is the detail edge detection image by using 

multifractal combined with wavelet transform method.  

As can been seen in Figtures 2-5, the result images after conventional edge detection 

operators cannot well depict detailed edge information in original log CT image. The 

detected edge information by the classical Sobel, Robert, Prewitt and Log operators is 

imperfect and uncontinuous. It cannot reflect the shape and position coordinates of log 

defects exactly. As can been seen in Figture 6, the detected edge image processed by 

Legendre spectrum can well reflect the global information of log defects, but the local 

information is not complete. From the crack defect in the red circle in Figture 6 and 

Figture 7, it can be seen that the wavelet transform can better reflect the local 

characteristics of defect images compared with the Legendre spectrum method. And 

from the crack defect in the blue square in Figture 7 and Figture 8, it can be seen that 

the novel multifractal combined with wavelet transform method can better shown the 

local and global characteristics compared with the wavelet transform method. In 

conclusion, compared with the traditional operators, the multifractal combined with 

wavelet transform is a better log defect edge detection method. This method can better 

reflect the local and global characteristics of log defect images at the same time.  

 

6. Conclusion 

Log nondestructive testing technology is a newly emerged synthetical technology, and has 

been developed very fast in recent years. X-ray computed tomography has many unique 

advantages such as high resolution, easy operating, quick testing and visual results compared 

with other conventional nondestructive testing methods. A new multifractal formalism 

combined with wavelet transform log CT image edge detection method is applied in this 

paper. By calculating the wavelet transform values, the Hölder exponent   can be calculated. 

And by calculating the partition function ),( sqZ , the scaling function )(q can be 

computed. After the calculation of the scaling function )(q and the Hölder exponent  , the 

wavelet-based multifractal spectrum )(lf can be computed. By setting a suitable threshold 

of )(lf , the intact defects edge of log CT images can be extracted accurately. Then the 

better log sawing line can be obtained according to the practical need. Wavelet-based 

multifractal spectrum method is an excellent edge detection method, which can display the 

intact edge information of log CT defect images from local to global. A promising edge 

detection method for identify the log interior defects by using multifractal combined with 

wavelet transform is provided. 
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