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Abstract. The results of a computer image analysis of sliding couple elements’ upper layers are
presented in the paper. When performing the measurements, the primary focus was placed on fibres’
diameters and porosity analysis. One of the objectives of the measurements made was to determine 
the usefulness of a computer image analysis for the examination of functional properties of future 
upper layers. Algorithms were proposed to transform the images of sliding couple elements’ upper 
layers, allowing complete or partial automation of the measurements.
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1. Introduction

Today’s science more and more often utilises the benefits of a computer ima-
ge analysis. Owing to the application of appropriate image transformations, it is 
possible to acquire information which would otherwise not be attainable for the 
human being’s visual system. Moreover, owing to an automated measuring process, 
better repetitiveness of results is obtained. Where appropriate software is used, the
computer can also take quantitative measurements. Bearing the above facts in mind, 
one will easily notice that the image analysis process can be made much easier and 
faster when appropriate software is used. Obviously it is indisputable that, as regards
image interpretation, the computer outclasses the human sense of sight. However, 
explicitness of computer’s decisions coupled with the fact that the computer is never 
affected by stress or indisposition should be taken into account.
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A computer image analysis is used in many fields, e.g.: medicine, geography,
archaeology, communications, criminology, astrology, automation and robotics, 
military science, machine-building and operation, and many others. In this study, 
it has been used for an analysis of oxide layers.

The term ”upper layer” means the part of material adhering to the surface along
with the surface, whose properties differ from those of the material core. The pur-
pose of applying upper layers is to improve the functional properties of the object 
processed, in particular to enhance its mechanical properties [1].

Anodic polarization of aluminium in solutions of properly selected acids may 
transform the metal’s upper layer into an oxide layer, Al2O3, ideally adhering to 
the substrate. Such layer protects the surface against atmospheric corrosion in 
a satisfactory way. An oxide layer on aluminium is most often colourless, porous,
has an amorphous structure and properties of a good insulator [2].

2. Research material

According to the current state of knowledge, electrochemical production 
methods of oxide layers are playing the most important role in aluminium 
enrichment. In order to produce oxide layers on aluminium, water solutions 
of sulfuric or oxalic acids are most often used. By controlling the electrolyte’s
chemical composition and process parameters as well as by selecting an appro-
priate technology, it is possible to design some properties of the obtained sliding 
couples’ upper layers [1].

The high-temperature hard anodizing method developed at the Department of
Ceramic Materials and Tribology, University of Silesia, allows making use of the heat 
generated during the process to control the properties of the oxide layers obtained.  
A correctly conducted process enables shaping the properties mentioned later in the paper. 
In the above-mentioned method, oxidation is conducted in a three-component 
water solution, whose name depends on its chemical composition [3].

The analyzed samples were produced in a hard anodizing process, in a three-
-component water electrolyte called SAS. The electrolyte contains:

— sulfuric acid — 33 g/l,
— adipic acid — 67 g/l,
— oxalic acid — 30 g/l.
The electrolyte temperature during oxidation was selected from the range

of 293-313 K, whereas anodic density of current was ranged between 2 and 
4 A/dm2.

The designed technology facilitates controlling such properties of oxide layers as:
— layer’s microhardness in the range of 300-600 µHV;
— surface roughness (Ra) in the range of 0.36-1.0 µm;
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Fig. 1. Structure of an oxide layer obtained via hard anodizing in a three-component SAS electrolyte 
at a temperature of 303 K and anodic density of current of 2 A/dm2

Fig. 2. Structure of an oxide layer obtained via hard anodizing in a three-component SAS electrolyte 
at a temperature of 313 K and anodic density of current of 4 A/dm2

— upper layer’s roughness in the range of 2-19%;
— a wide range of oxide pores' diameters.

The figures below present the fibrous structure of an oxide layer subjected to 
a computer image analysis. The presented fibrous structures of oxide layers are
oriented in a normal direction towards the substrate as a result of the electric field
influence. Such structures are characteristic of amorphous layers.

In the successive stage of the study, a porosity analysis of the layer shown in 
Fig. 3 was made. Porosity is a factor which determines, inter alia, enhanced wear 
resistance and absorption of lubricants. Such parameters are of essential importance 
for functional properties of upper layers in sliding couples [3].
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Fig. 3. Porosity of an oxide layer obtained via hard anodizing in a three-component SAS electrolyte

Fig. 4. Metilo programme window with the oxide layer structure

3. Measuring tools

The programme used for a computer image analysis of the oxide layers pro-
duced was Metilo, version 9.11.

The principal objective while creating the programme was to provide a simple
and comprehensive tool for a quantitative description of images. The programme was
designed for the Windows operational system. Its equipment related requirements 
minimal compared to the configuration of a medium class PC [4].
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Fig. 5.  GIMP programme widnow with the oxide layer surface morphology

Fig. 6. Structure of an oxide layer obtained via hard anodizing in a three-component SAS electrolyte 
at a temperature of 303 K and anodic density of current of 2 A/dm2, with cut-out fragments for 

automatic diameter measurement

The GIMP version 2.2.13 was used as an auxiliary programme.

4. Computer analysis results

At the first stage, the oxide layer’s fibrous structure was subjected to an analysis.
Bearing in mind the difficulty with analysing the entire input image, the researchers
decided to cover only selected fragments with the analysis. Ten fragments were cut 
out to this end, which were then subjected to a detailed analysis. 
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Fig. 7. Input image (example fragment) Fig. 8. Input image normalization

Fig. 9. Normalized image subjected to the action 
of an averaging filter

Fig. 10. Binary image

The structure was analyzed paying special attention to the fibres’ diameter
measurement. The following algorithm was applied for the measurement: the
cut-out fragment was subjected to normalization and the image thus obtained 
was subjected to an averaging filter with a matrix of 3*3 pixels; finally, automatic
binary-to-decimal conversion was performed.

The subsequent step was to manually measure the diameter of fibres and to
compare the results of both measurements.

The image of another sample was subjected to analogous procedures. The results
thus obtained are presented in the overall table below.
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Table 1

Breakdown of fibre diameter measurement results for oxide layers no. 1

Manual measurement Automatic measurement

Item Fibre diameter d 
[µm] Average value of d Fragment no. Fibre diameter d 

[µm]
Average value 

of d

1 0,1896 0,1694 1 0,1440 0,1504

2 0,1503 Standard 
deviation 2 0,1570 Standard 

deviation

3 0,1634 0,020808729 3 0,1440 0,012971764

4 0,1634 4 0,1320

5 0,1570 5 0,1700

6 0,1397 6 0,1430

7 0,1572 7 0,1580

8 0,1766 8 0,1510

9 0,1900 9 0,1360

10 0,2067 10 0,1690

Table 2

Breakdown of fibre diameter measurement results for oxide layers no. 2

Manual measurement Automatic measurement

Item Fibre diameter d [µm] Average value of d Fragment 
no.

Fibre 
diameter d 

[µm]

Average value 
of d

1 0,2157 0,2308 1 0,1830 0,1944

2 0,2222 Standard 
deviation 2 0,2030 Standard 

deviation

3 0,2353 0,017138119 3 0,1620 0,022086698

4 0,2094 4 0,1970

5 0,2419 5 0,2080

6 0,2419 6 0,2360

7 0,2549 7 0,2080

8 0,2419 8 0,1750

9 0,2419 9 0,2020

10 0,2027 10 0,1700
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Fig. 11. Structure of an oxide layer obtained via hard anodizing in a three-component SAS electro-
lyte at a temperature of 313 K and anodic density of current of 4 A/dm2, with cut-out fragments for 

automatic diameter measurement

Fig. 12. Porosity of an oxide layer obtained via the proposed electrolytic treatment method

At the subsequent stage of research, the oxide layers’ porosity images were 
also analyzed. Prior to principal measurements, the images were subjected to 
initial processing consisting of Gaussian blur. Next, using the Metilo programme, 
automatic decimal-to-binary conversion was carried out.

The obtained results are shown in the figures below. In addition, as a result of
the measurements, the pores’ volume fraction of 19% was obtained as well as their 
shape coefficient close to unity.
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Fig. 13.  Diagram of  individual pores’ fractions on surface

Fig. 14. Diagram of the number of pores with a defined field value
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5. Summary

In this study, fibres’ diameters were measured manually and automatically.
When comparing the results of both measurements, one may conclude that in 
this case, a computer-aided quantitative (as well as qualitative) analysis process is 
highly useful. It allows accelerating the measurements considerably and offers high
repetitiveness of the results obtained.

By means of a computer image analysis also porosity of the oxide layers was 
examined. The results obtained via computer image analysis are close to reality.
This shows that the obtained porosity ranges between the porosity values achieved
by means of the proposed hard anodizing method.

A computer image analysis, in particular the possibility of making measure-
ments in a semi-automatic or automatic manner, enables considerable elimination 
of the so-called human error. Owing to the application of appropriate software, it is
possible to obtain results concerning the properties of future upper layers of sliding 
couple components in a quick and relatively accurate manner.
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Komputerowa analiza obrazu warstw wierzchnich elementów  
skojarzeń ślizgowych

Streszczenie. W pracy przedstawiono wyniki komputerowej analizy obrazu warstw wierzchnich 
elementów skojarzeń ślizgowych. Wykonując pomiary skupiono się na pomiarach średnicy włókien 
oraz analizie porowatości. Jednym z celów przeprowadzenia pomiarów było określenie przydatności 
komputerowej analizy obrazu podczas badania właściwości użytkowych przyszłych warstw wierzchnich. 
Zaproponowano algorytmy przekształceń obrazu warstw wierzchnich elementów skojarzeń ślizgowych 
pozwalające na całkowite lub częściowe zautomatyzowanie pomiarów.
Słowa kluczowe: analiza obrazu, skojarzenia ślizgowe, warstwy wierzchnie
Symbole UKD: 531.43


