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The problem of image analysis of the fracture surfaces, which are formed by scanning electron 

microscope, is considered. This image is characterized by nonuniform illumination of the 

surface. That’s why it needs preprocessing. To do this, a retinex transformation is applied. For 

further localization and analysis of the dimples on the digital image of the fracture special 

technology was developed. It includes Otsu segmentation of equalized image, image skeleto-

nization, removal of small objects, calculation of size and orientation distributions of recognized 

dimples. Due to this, the contours of the dimples are more fully distinguished as characteristic 

elements of the viscous relief of the destruction of heat-resistant steels and their quantitative 

estimates are obtained. 
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АНАЛІЗ ФОРМИ ЯМОК НА ФРАКТОГРАФІЧНИХ ЗОБРАЖЕННЯХ 
ТЕПЛОТРИВКИХ СТАЛЕЙ 

І. Б. Івасенко, О. Р. Берегуляк, Р. А. Воробель 
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Розглянуто задачу виділення та аналізу ямок на цифровому фрактографічному зображен-

ні зламу для розпізнавання характерних елементів в’язкого рельєфу руйнування тепло-

тривких сталей. Для цього застосовано ретинекс перетворення, яке вирівнює освітлення 

поверхні зламу. Це дало змогу повніше виділити контури ямок та обчислити їх статис-

тичні ознаки. 

Ключові слова: деградація сталей, кількісні фрактографічні ознаки, сегментація зобра-
жень, ретинекс, ямки. 

Fractographic research is traditionally used to study the mechanisms of destruction 

of steels under controlled laboratory conditions and for examination of damage of the 

real construction elements. Often such studies are qualitative although most researchers 

share the point of view that the quantitative characteristics of the fracture elements are 

related to the energy intensity of destruction. In this case, the means for obtaining di-

gital fractographic images is a scanning electron microscopy (SEM). On such obtained 

digital images the information load are the shape and size of the material fracture surfaces. 

In order to more precisely define the edges of the dimples in the image of the relief 

structure of the fracture surface the preprocessing of digital images is used. Filtering is 

applied for the preprocessing of fractographic images [1]. It eliminates unsharpness and 

is based on the Laplace operator as a means of high-frequency component acquisition. 

The unsharpness as the value of the edge is calculated from the difference between the 

pixel gray level value in the center of local neighborhood ( , )L i j  and low-frequency 

smoothed component ( , )L i j , where ,i j W∈ , 1,i N= , 1,j M= . This edge crispening 

is  required  for  enhancements  of  voids  from  the background. In [2] the scheme was  
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proposed to determine the closed contours of the regions denoting the surface or void. 

Proposed methodology uses image enhancement and relies on the systematic combina-

tion of basic image processing techniques to accomplish the task in an automated manner. 

In [3] pre-processing of images removes large-scale fluctuations of mean brightness 

and contrast. A normalization was derived as suitable method by generalization of one-

dimensional stochastic processes. The brightness is transformed by a moving algorithm 

with mean value 128 and standard deviation 50. The above-mentioned works confirm 

the necessity of pre-processing of images for their further normalization. 

Extreme value analysis of both the maximum dimple sizes and lateral growth fac-

tors of maximum dimples was performed correlated to the fracture behavior of spheroidal 

graphite cast iron in [4]. Dimple size was measured manually. A dimple image quan-

titative analysis method was proposed in [5]. It measured and analyzed the dimples by 

means of edge detection based on combination of B-spline wavelet transform and 

mathematics morphology, water-growing segmentation and measurement method. In 

order to extract the bottom of each dimple Otsu binarization was applied in [6]. Gaussian 

filter and Laplace operator for detection of dimples edges was proposed in [7]. 

After analysis of papers in this area, we propose a method for dimples segmenta-

tion and analysis with the following steps: 

1. Image brightness equalization using retinex model [8]. 

2. Otsu segmentation of equalized image. 

3. Image skeletonization. 

4. Removal of small objects. 

5. Calculation of size and orientation distribution. 

Classic single scale retinex (SSR) method [8] is based on the implementation of 

algorithmic computation of reflectance for element L(i, j) in image L by the expression 

 [ ] [ ] ( , )
( , ) ln ( , ) ln ( , ) ( , ) ln ,

( , ) ( , )

L i j
R i j L i j L i j F i j

L i j F i j
= − ∗ =

∗
   (1) 

where ( , )L i j  is a gray level value of the halftone image with coordinates ( , ),i j  

1, , 1, ;i N j M N M∈ ∈ ×  is the size of the image L ; ( , )F i j  is impulse response of 

low pass smoothing Gaussian filter; ∗  is means convolution of the impulse response 

( , )F i j  with image L , which results in smoothed image 

 ( , ) ( , ) ( , )L i j L i j F i j= ∗ , (2) 

where 
2 2 2( ) /( , ) i jF i j Ke− + σ= ; σ  is standard deviation; K  is weight coefficient, which 

is selected so that 

 ( , ) 1
i j

K F i j⋅ =∑∑ . (3) 

The SSR method allowed us to align object in the scene and to use basic threshold 

segmentation methods for dimples extraction (see Fig. 1–2). 

For the segmentation of spines the Otsu method is used [9]. We calculate the 

threshold level T
*
 by maximizing the between-class variance 

 { }* 2

1
arg max ( )b

T L
T T

≤ <
= σ ,  

where 2 2 2
0 0 1 1( ) ( )( ( ) ) ( )( ( ) )b T P T T P T Tσ = µ − µ + µ − µ , 0 1( ), ( )P T P T  are cumulative 

probabilities; 0 1( ), ( )T Tµ µ  are mean values; 2 2
0 1( ), ( )T Tσ σ  – variances of two classes. 

Results of Otsu segmentation are presented in Fig. 2 (c–d). One can see that without 
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preliminary SSR processing many dimple edges are missed and some dimples are 

binarized as edges. 

 

Fig 1. 3D representation of input image of fractured surface received by electronic microscope (a)  

and the result of its processing by SSR method (b). 

 

Fig. 2. Input image (a), processed by SSR method (b) and corresponding Otsu segmentation (c–d). 

The next step is image skeletonization [10]. The largest detected skeleton is 

selected and small objects are removed using operations of mathematical morphology. 

The shape of every dimple is analyzed and corrected separately using closing operation 

with small structuring element (see Fig. 3). Histograms of dimple orientation angle 

from –90 to 90° and averaged diameter are presented in Fig. 4. 

 

Fig. 3. Skeletonization of binarized image (a) and result of dimples extraction (b). 
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Fig. 4. Histograms of dimple orientation angle from –90 to 90° (a) and averaged diameter (b). 

The proposed technology of image processing makes the analysis of dimples more 

precise. This is achieved by the rejection of excessively small dimples and unclosed 

contours. The proposed technology of dimples analysis on fractographic images of 

fractures makes it possible to more accurately evaluate the mechanical properties of the 

materials under study due to obtaining a more reliable distribution of such parameters 

as the orientation and diameter of the dimples. 

The authors express gratitude to the prof. O. Z. Student for guidance throughout the 
research. 
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