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Summary 

One of fast developing methods for non destructive testing (NDT) is machine vision. The 
application of vision systems and image analysis and recognition procedures to variety of 
problems such as quality control of different products, surface quality estimation and defect 
identification is very popular nowadays. In the paper short review of applications of vision systems 
in diagnostics was presented, problem of texture in the images was described, some methods of 
textured image analysis was enumerated. Finally, the concept of defect identification with the use 
of image analysis techniques was presented. The purpose was to choose the methods of analysis 
and recognition which make possible to detect anomalies without the necessity of defect database 
and texture database creation. Two methods of texture analysis – GLCM and SVD were elaborated 
and results of algorithm operation were presented. Research were elaborated in Department of 
Fundamentals of Machinery Design of Silesian University of Technology within the framework of  
N504403735/32889 project. 
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KONCEPCJA DETEKCJI DEFEKTÓW POWIERZCHNI Z ZASTOSOWANEM  

METOD ANALIZY OBRAZÓW  
 

Streszczenie  
Jedn  z bardzo szybko rozwijaj cych si  ga zi bada  nieniszcz cych jest wizja maszynowa. 

Metoda ta bazuje na technikach przetwarzania, analizy i rozpoznawania obrazów. Znajduje ona 
szerokie zastosowanie w systemach kontroli jako ci m.in. do oceny stanu powierzchni oraz 
detekcji i identyfikacji defektów. W artykule przedstawiono krótki opis systemów wizyjnych oraz 
przegl d ich zastosowa  w diagnostyce maszyn. Przedstawiony zosta  równie  problem, zwi zany 
z analiz  obrazów, jakim jest wyst powanie tekstury na obserwowanych powierzchniach. W 
artykule opisane zosta y wybrane metody analizy obrazów reprezentuj cych tekstur  oraz 
przedstawiono koncepcj  detekcji i lokalizacji defektów na takich obrazach. Badania zosta y 
przeprowadzone w Katedrze Podstaw Konstrukcji Maszyn w ramach projektu 
N504403735/32889. 

  
S owa kluczowe:  tekstura, analiza obrazów, detekcja i lokalizacja defektów.   

 
 

                                                           
1 Scientific work financed from resources assigned to 
 science in the years 2008-2011 as a research project 

1. INTRODUCTION 

 
One of fast developing methods for non 

destructive testing (NDT) is machine vision. The 
application of vision systems and image analysis and 
recognition procedures to variety of problems such 
as quality control of different products, surface 
quality estimation and defect identification is very 
popular nowadays. The vision systems used in 
industrial applications allow reducing human factor 
influence in production procedures such as tiredness, 

subjective evaluation, working speed, particularly in 
quality control processes. In case of machine vision 
conditions of image acquisition and images analysis 
and recognition methods applied in the system play 
the leading role. An images acquired with use of 
vision systems usually are two-dimensional 
representations of three-dimensional objects. 
Depending of type of a camera and band within 
which objects are being observed, one can obtain: 
regular images (photos), thermograms, ultrasonic 
images or X-ray images. Moreover, depending on 
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the applied optics an object in the image can be 
represented in macro-, micro- or nano- scale.  

One of properties of the observed objects that is 
represented and visible in the images is a texture. 
This property can be understood in two ways as a 
property of the object or property of the area in the 
image representing the object. Problems concerning 
the way of perception of textures done by human 
beings and by machines have been described in 
numerous publications [17],[18],[19],[28]. It is 
understood and well described that the texture can 
cause great difficulties in image processing and 
analysis. Taking into account the image analysis the 
texture is described as a distribution of brightness of 
pixels visible in the image (when a type of the image 
is constrained to monochromatic image) [10], [15], 
or the distribution of the colours (when taking into 
account images in RGB or in another colour format) 
[11],[26]. In the paper the first case was taken into 
account and all analyzed textures were 
monochromatic or colour images were changed to 
monochromatic before processing. 

The subject of the paper deals with the problem 
of localization and identification of anomalies in the 
textured image, where an “anomaly” is supposed to 

be a “defect” of the surface represented in the 

analyzed image. A very important aspect of the 

presented approach is to detect the area of the image 

that differ from the rest of the image. It is usually 

performed with use of appropriate image analysis 

and recognition methods. Such region that differs 

from the neighbourhood is taken into account in 

further, more detailed analysis. The localized 

anomaly, after its analysis, at the following stages of 

operation of the algorithm could be identified as a 

defect. An essential assumption of the concept of 

detection, localization and identification of 

anomalies on surfaces of various technical objects 

was a fact that the algorithm should work without 

the support neither of the database of images 

representing defective textured surfaces nor database 

of the textures nor defects.  

In the article, first of all some problems 

concerning setting up the vision system were 

mentioned, next, types of texture were described. 

Some methods of its analysis were cited and two of 

them – that had been used in algorithm, were 

described. Finally a concept of localization and 

identification of the anomalies on various textured 

surfaces was described and some initial results were 

presented. 

  

2. VISION IN DIAGNOSTIC 

 

In technical diagnostics such modern method as 

machine vision is applied more often and often. 

With the application of the vision systems in 

diagnostics some essential groups of problems can 

be solved. There are problems connected with 

particular elements of the vision system such as: 

lightning, cameras, position of cameras and 

illumination in relation to an object being observed. 

Types of cameras and lightning have to be well 

suited to the task and they strongly depend on the 

problem to be solved. Nowadays, the choice of 

equipment for the vision system is practically 

unlimited therefore all problems and tasks have to be 

well thought over before setting up the system. 

Concerning the hardware - cameras, it is possible 

to choose among cameras with the areascan or 

linescan matrices, slow cameras or fast cameras, 

where the acquisition speed begins from several 

frames/second up to several hundred or even 

thousand frames/second. Moreover, it is possible to 

choose between cameras with low or very high 

resolution.  

Concerning the illumination, there is also a large 

assortment available. It is possible to choose a 

different type (IR, UV, visible) and colour of the 

light, representing different phenomena of 

illumination (diffused, focused, collimated). Another 

problem concerns the position of the lighting 

towards camera and object being observed. It is 

possible to apply frontlight, backlight, in various 

combinations: dark field and bright field. Depending 

of the lighting position different details could be 

distinguished from the observed object so they are 

better visible in the acquired image and thanks to 

that image processing and analysis methods applied 

at the further stage of algorithm could be less 

complicated and their application could be faster. In 

Fig.1 the influence of the position of the illuminator 

and difference in the acquired images was presented. 

 

 

Fig1. Influence of the position and a type of 

illumination on the details visible in the acquired 

images [42] 

 

The application of the machine vision in 

technical diagnostics is strongly connected not only 

with the well suited hardware but also to image 

processing and image analysis techniques that are 

indispensables. In the literature one can found 

number of methods of image processing and 

analysis. The usage of particular methods depends 

on a defined task and kind of a problem to be solved. 

Moreover, the type of the image (colour or 

monochromatic) influences the selection of the 

image analysis methods. In the domain of image 

analysis that has been developing from the early 

60’s, one can distinguish a group of methods 
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dedicated to the analysis of images representing 

various types of images: natural images e.g. in 

geographic research [3],[38], images acquired during 

medical examinations such as x-ray or ultrasonic 

[1],[29],[32] and images of technical objects. In 

technical/ industrial applications vision systems are 

widely employed [4] and technical objects are 

observed in macro-,  micro- and nano- scales [12], 

[40]. Images characteristic for all these domains 

could be processed and analyzed with use of 

numerous methods. 

As it was mentioned in the introduction, one of 

very important properties of objects representation is 

a texture. The texture in the image may be helpful or 

on the contrary, can cause the image analysis 

difficult depending of a purpose of the image 

processing. The texture and problems connected 

with its presence at the surface were described in the 

following paragraphs of the paper. 

  

3. TYPES OF TEXTURES REPRESENTED IN 

THE IMAGES 

 

In the image analysis domain a texture is treated 

as a property of the image representing observed 

object. The texture is a property which is well 

understood by a human, but it causes problems when 

has to be recognized by means of machine vision 

methods. In the paper a term “texture” is understood 

as a property of an observed object represented in 

the image whereas the image can contain a part of 

the observed object or the whole object. It has to be 

underlined that texture could be described in 2D or 

3D. In case of 2D the texture could be understood as 

a pattern or group of patterns on a flat surface, 

whereas in 3D case the texture means coarseness or 

smoothes of the surface.  

In the paper textures are understood as a “pattern 

on the flat surface”, even if in reality the surface is 

visible in 3D. As it was mentioned, the texture is 

described as a distribution of brightness of pixels 

visible in the image (when a type of the image is 

constrained to monochromatic image), or the 

distribution of the colours (when taking into account 

images in RGB or in another colour format).  

 

  
a) eye-birds view of trees b) snake skin 

  
c) textile d) metal plate 

Fig. 2. Examples of natural and manufactured 

textures [41] 

In the paper all analyzed textures were 

monochromatic or were changed to monochromatic 

before processing. All the images used in the paper 

were downloaded from a texture database for 

computer games [http://www.cgtextures.com/]. 

The photos used, are photos of real objects, made 

in natural environment. The purpose of the author, at 

this initial stage of the research was to apply these 

photos as a testing set for elaborated procedures. In 

the further research images acquired in laboratory 

conditions will be processed and influence of 

appropriate selection and configuration of vision 

system elements such us cameras and illumination 

will be taken into account and examined. 

Textures could be divided into two groups: for 

the sake of their origin – one can distinguish natural 

textures (Fig. 2a, 2b) or human manufactured 

textures (Fig 2c, 2d), for the sake of the distribution 

of the pattern – one can distinguish textures: regular, 

random and oriented. Examples were presented in 

Fig 3. [41] 

 

  
a) random (wooden 

panel) 

b) random (marble plate) 

  
c) regular (metal plate) d) oriented  

Fig. 3. Examples of three types of manufactured 

textures [41] 

 

As it was mentioned above the presence of the 

texture in the analyzed image sometimes could be 

helpful, but more often is a source of analysis faults 

and misunderstandings of the image. Problems 

concerned with the texture analysis were divided 

into four groups and processing of textured images 

was related to four main aspects concerned with 

texture analysis and recognition [22],[27]. The first 

consists in texture classification – that means 

identification of a surface type through analyzing its 

texture. The second is texture segmentation – the 

division of the image into regions of different 

textures. The third problem is to find out whether the 

textured surface contains defects which is defined as 

texture defect identification. The paper deals with 

this aspect of texture analysis. The fourth problem 

concerned with the texture is defined as “shape from 

texture” and is understood as the estimation of the 

shape (in 3D) of the observed object on the basis of 

changes of 2D texture in the analyzed image. 

Another very important problem related to texture 

processing and analysis is that the texture is scale 
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and resolution sensitive. The same object observed 

from different distances looks differently. Similar 

situation is when the textured surface is observed 

with high and low resolution cameras. When 

working with the texture analysis, these factors have 

to be taken into account [27], [34]. 

 

4. TEXTURE ANALYSIS METHODS 

 

The texture analysis methods can be divided into 

four groups. There is a lot of examples of 

applications of the various methods from every 

group in the literature. Below only some groups and 

selected methods have been enumerated. These 

groups are [10], [22],[39]: 

statistical, 

- histogram analysis [7],[24], 

- Gray Level Co-occurrence Matrix (GLCM) 

[15], [32], 

- Singular Value Decomposition (SVD) [20], 

[36] 

- Principal Component Analysis (PCA) [5], 

[35], 

- Local Binary Pattern (LBP) [21],[25], 

structural,  

- morphological methods [2] [9], 

- primitive measurement [15], [33] 

model based,  

- random fields models [10], 

- fractal models [29], 

filter based, 

- spatial domain filtering, 

- frequency analysis [31],[37], 

- joint spatial/frequency analysis [6],[16]. 

In the presented research, two selected methods 

from the first group have been applied, and some 

exemplary results have been presented in the further 

part of the paper. Therefore these two methods 

GLCM and SVD have been shortly explained below.  

4.1. Gray Level Co-occurrence Matrix (GLCM) 

 

Gray Level Co-occurrence Matrix method is 

called the second order histogram and is one of the 

most well-known and widely used methods in 

texture analysis. The GLCM is a new matrix created 

from the matrix of a digital image where gray levels 

were reduced to n. The GLCM is nxn matrix that 

contains the information concerning pairwise 

relations between pixel intensities for a particular 

distance d, and orientation q. These two parameters 

determine the position of the second investigated 

pixel in relation to a reference pixel. Distance d is 

counted in pixels, and orientation, described in 

degrees that equals usually to the range from 0° to 

135°, determines direction in that the investigated 

pixel is placed.  In [13] one can find precise 

information how to create GLCM. For every created 

GLCM the estimation of statistical features is 

possible. In [14] Haralick proposed the estimation of 

14 features for GLCM created with the use of d=1 

but in each direction what was time-consuming. On 

the basis of the research made afterwards it was 

established that five of the features were relevant 

(eq.1), so that features that were usually estimated 

were constrained: 
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Enumerated features of GLCM (1) were 

estimated and used in further investigations. 

 

4.2. Singular Value Decomposition (SVD) 

The Singular Value Decomposition method is a 

statistical well known method of matrix 

decomposition into several component matrices that 

contain useful information and properties of the 

original matrix. Image analysis SVD is usually 

applied to compression and reconstruction of 

images, image restoration, and texture analysis [20], 

[36]. This method is based on statements from linear 

algebra:   

For every complex matrix A of dimensions m n , 

there are such unitary complex matrices U and V, 

that 

),...,(diag l1

*
AVU

, where   

l m nmin( , ) ,    and  when          (3) 

r rank ( )A

1 2 0 0...     ...=r r+1 l,  

Numbers 1,..., r  are unequivocally determined 

in A and they are called singular values of matrix A. 

So the matrix is: 

 

),...,(diag,R r1

n,m
S

00

0S

(4) 

 

When solving equation (1) with regard to A, one 

gets an equation (3) 
*

VUA   (5) 

In order to detect anomalies on the textured 

surface with the use of SVD, the original image had 

to be divided into k subregions of the nxn dimension 
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each. For every subregion SVD was calculated and 

than the matrix  was taken into account. The first 

singular value of S is 1 and was treated as a new 

value of the whole subregion. The values in 

subregions differ when the anomaly appears. As a 

result of such approach a new map representing the 

original image is obtained. In the map the regions 

where in the original image anomalies appear differ 

from the regions without anomalies.  

 In this method, the essential problem is to find 

an appropriate value of n. This value determines the 

dimension of subregions (nxn) and is important for 

detection of the anomaly. If the size of the region is 

too big, anomalies could be omitted or not detected, 

or, in case when n is too small, there is too many 

subregions, so the calculations might be very time 

consuming. 

These two methods GLCM and SVD were used 

at two different stages of the algorithm elaborated on 

the basis of a concept presented in the next 

paragraph. They were used in order to detect texture 

presence and to localize an anomaly in the analyzed 

images. 

5. BACKGROUND OF THE CONCEPT 

 

The idea of undertaken research was to elaborate 

and test algorithm that allow anomaly detection, 

localization and defect identification on the various 

surfaces of technical objects with the use of image 

analysis and recognition techniques. The most 

important assumption of the concept was the fact 

that defects should be found on the textured 

surfaces. The purpose was to choose the methods of 

analysis and recognition which make possible to 

detect anomalies without the necessity of defect 

database and texture database creation. This 

assumption was made on the basis of a fact that it is 

hard to specify the localization, type, size and 

number of defects that appear on different textured 

surfaces during different production processes and 

these factors could make impossible to build an 

appropriate database. In the paper an “anomaly” is 

understood as an area in the image that is supposed 

to be a “defect” of the real surface. Therefore a very 

important aspect of the presented approach was to 

detect the area of the image being analyzed that 

differ from the rest of the image. Such region that 

differs from the neighbourhood was taken into 

account in further, more detailed analysis. The 

anomaly, after its analysis, at the following stages of 

the algorithm could be identified as the defect. The 

concept of the way of achieving this aim was 

presented in the next paragraph. Moreover, in the 

presented concept, identification of presence of one 

of three types of texture was scheduled. 

 

5.1. Concept of defect detection, localization and 

identification

 

The algorithm was divided into three main parts. 

They were presented in Fig. 4. More detailed 

scheme of the algorithm was presented in Fig. 5.. 

Three main blocks were named from their 

functionalities. The first block represents texture 

type determination, where the GLCM method was 

used. The second part stands for the main part of the 

whole algorithm that is anomaly detection, 

localization and analysis. At the stage of localization 

of an anomaly the SVD method was used, and on the 

basis of its results a region of interest (ROI) with the 

anomaly was distinguished. Further analysis was 

made only for distinguished ROI region. 

 

 

Fig. 4. General schema of the concept 

 

The third block stands for defect identification 

which means the estimation whether the anomaly 

found in the image should be treated as a defect. In 

the next paragraph two first parts of the algorithm 

have been described more precisely and some results 

have been presented. The third part of the algorithm 

has not been described in details and results obtained 

by means of this part of the algorithm have not been 

presented. There are currently being elaborated. 

5.2. Operation of the algorithm and the first 

results

 

The scheme of the concept of the algorithm was 

presented in (Fig. 5). In the image every general 

block was divided into more detailed parts where 

three main steps were visible.  

 
Fig.5. Scheme of the elaborated concept 

What kind of texture is 

presented in  the image? 

plain random 

Is there any  anomaly? 

Monochromatic 

image 

yes 
no 

Surface without 

defects 

ROI processing  

(image enchancement + binarization)

Localization of ROI with 

ROI analysis (estimation of topological 

features of anomaly)

Defect idetntification 

(anomaly estimation)

regular

Texture type 

determination

Anomaly  

detection, 

localization 

and analysis

Defect

identification
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The first stage of the algorithm consists in 

texture type determination. It is possible to 

distinguish regular and random textures from plain 

surfaces at this stage of the algorithm. Texture type 

identification procedures operate on the basis of 

GLCM method that investigates the distribution of 

intensity level of pixels in the image. According to 

the method, new gray levels co-occurrence matrices 

were created and five statistical features (equations 

1) were estimated. Afterwards, the chosen statistic 

feature values were plotted. On the basis of the plots 

it was possible to identify if the texture in the image 

was plain, random or regular. When changes of the 

statistical values were random – the texture was 
treated as random as well. If changes of the chart 
were minimal, or did not appear, one can state that 
the texture is plain. If the changes of the plot were 
regular (periodical), one could state that the surface 
represented in the image was also regular. This 
estimation was based on the visual survey of the 
plots. It is planned in further research to elaborate 
other methods that can help to find automatically 
regularities in these textures.  

The example presented below concerns the 
application of GLCM to three kinds of textures. In 
Fig. 6. there are plots of contrast estimated for the 
gray level co-occurrence matrices created for the 
original matrix investigated in two directions: 
horizontal, q is equal to 0 ° (column 3) and vertical q 
is equal to 90° (column 4), for the distance d equal 
to 1 (pixel). All the examples were obtained for the 
images transformed to monochromatic and scaled to 
128 gray levels. It is clearly visible that for images 
representing surfaces with regular texture, plots of 
the statistical feature (contrast) in these two 
directions, are regular (1st and 2nd row in Fig. 6). 
What is interesting in the case of the first texture  
(1st row) it is possible to observe a trend in the plots 
which represents the orientation of the texture in the 
image. 

 

 
Fig. 6. Texture type determination 

 
The second stage of the algorithm consists in 

localization of the region of interest with a defective 
part of the textured image. At this stage, size and 
spatial localization of the ROI in the image is 
estimated and saved. The searching for the 
anomalies is based on the SVD method. As a result 

of the application of this method the ROI with the 
anomaly found is marked, and distinguished. An 
example of the operation of SVD method in order to 
localize and distinguish the ROI with an anomaly 
was presented in Fig.7. In further processing only 
the ROI with anomaly was taken into account. 

 

 
Fig. 7. Localization of an anomaly 

 
The following stage of the algorithm consisted in 

ROI enhancement and binarization. At this stage of 
the algorithm, the ROI was binarized – with one 
threshold set experimentally on the basis of results 
from the experiments. The threshold was established 
in advance. As a result, binary image with extracted 
and well visible anomaly was obtained. Such the 
image was an input for the next step in the algorithm 
- ROI analysis. At this stage for the distinguished 
anomaly (the object in the image), some topological 
(geometrical) features were estimated. As the result 
a vector of the values of chosen features was 
created. 

Features which values were estimated were e.g.: 
area, perimeter, diameter, Feret diameter, moments 
of inertia of the object and other factors connected 
with the shape and localization of the object. These 
features are estimated with the use of LV functions. 
It is possible to distinguish up to 81 different 
features. Some of them are correlated, therefore only 
representative features have to be chosen [8]. 
Investigations concerning usefulness of the 
representative features for different anomalies are 
being currently conducted. Thanks to topological 
analysis, it is possible to estimate the size and shape 
of the anomaly. 

  
6. CONCLUSIONS 

 
On the basis of the initial research on the 

described concept of defect detection and 
identification, one can state that it is possible to use 
image analysis methods to distinguish regions with 
the anomalies even on the textured surfaces. With 
use of statistical methods of matrix analysis the 
anomalies could be detected and localized without 
the necessity of the database containing images of 
textures and textures with anomalies.   
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The first step of the algorithm can be treated as a 

possibility because taking into account the main 

purpose of the algorithm – anomaly detection and 
texture type determination seem to be not necessary. 
Simultaneously, it is thought that it can be helpful 
for choosing a texture method analysis, since some 
methods are dedicated for a particular type of 
textures. 

In the paper the last step of the algorithm that 
consists in defect identification has been only 
mentioned, since it is currently being elaborated. 
Such identification could be made with use of 
classification or clustering procedures on the basis of 
a vector of relevant features. The method of 
anomalies identification will be chosen dependently 
on the available information of expected defects.   

On the basis of literature review, one can state 
that the method that requires only a minimal training 
stage using a few normal samples, named “novelty 
detection” [23], [30] can be also attractive in defect 
identification problem. This approach is a subject of 
the further research of the author. 
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