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Abstract:  The main purpose of the research was to assess the possibility of application of the two-
dimensional wavelet analysis to perform simulations to detect the characteristic surface areas. The research 
was performed on the basis of the possibility of assessment of the parameters of the face milling process, i.e. 
feed per revolution and feed per tooth. The images of the surface layer of the samples were analyzed. The 
analysis of the images obtained after the wavelet filtration showed that in the images were visible 
characteristic bands, which were created as a result of removing material by particular cutting inserts. The 
application of the wavelet analysis allowed to detect characteristic information about surface attributes, 
which were not visible before the filtration process. 
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1. Introduction 
The dynamic development of science and technology implies an increasing requirements for the quality 
of machine parts. There are many methods of production of machine parts. However, milling process is 
one of the most commonly used in the production process. The application of numerical methods and 
computer techniques cause that to diagnosis of the milling process are used more and more complex 
algorithms. These methods allow to characterize 3D signals and detect in them relevant information. The 
classical methods of analysis are increasingly replaced by new data processing algorithms, which were 
developed at the turn of recent years. When applying these techniques to signal analysis, it is possible to 
better understand real occurrence of certain phenomena occurring, among others, in the machining 
process. Those phenomena should be treated as non-stationary signals, therefore appropriate algorithms 
should be used to evaluate them.   

The analysis of the surface texture of machine parts is crucial part in the manufacturing process. For this 
purpose, sophisticated algorithms are used to highlight important information about the signals. The 
application of two-dimensional wavelet transform allows to complex analysis of the surface texture 
(Zahouani et al., 2008). The wavelet analysis was developed at the turn of the twentieth and twenty-first 
century. This method allows to more complex assessment of the measurement data. Analyzing signal 
using a wavelet transform it is possible to detect and to provide information about irregularities or sudden 
changes in the signal, as well as to determine the place of their occurrence. This fact makes that it is 
possible to use this method of filtration for the diagnostic analysis of the 3D surface topography. Wavelet 
transform is mainly used to analysis of non-stationary signals, that is, those which are characterized by 
non-periodic irregularities. The application of wavelet transform leads to removing signal background 
features. On the subsequent level of decomposition are analyzed information on different frequencies.  
Thus, it is possible, on particular level of analysis to detect characteristic information, which is not visible 
at other decomposition level. Wavelet transform uses a wide range of mother wavelets. Each group has 
different properties of wavelets and the appropriate wavelet choice is important for further signal analysis. 
Various mother wavelets can be successfully used for surface analysis. However, the results obtained for 
a particular mother wavelets at subsequent levels of decomposition are significantly different from each 
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other. The selection of the mother wavelet can be made based on the statistical tests presented in the paper 
(Stępień, et al., 2015). Many researchers have used wavelet transform to diagnose milling process (Zhai, 
et al., 2011, Romero-Troncoso, et al., 2004, Kasashima, 1994) or to analyze the Geometrical Product 
Specifications signals. In (Abdul-Rahman, 2013) authors applied wavelet transform to filtering of 
freeform surfaces. In the work (Stępień, 2013) were analyzed the deviations of cylindrical surfaces. The 
work (Wang, et al., 2010) present results of the application of wavelet transform to assess 
nanotopography of crystal surfaces. In the work (Jiang, 2008) a engineering and biomedical surfaces were 
used to demonstrate the application of wavelet analysis in the assessment of surface topographical 
features. Zawada-Tomkiewicz (2010) applied wavelet transform to describe a digital image of a machined 
surface. The theory and techniques for the extraction of morphological structures from micro/nano scalar 
surfaces were investigated in (Jiang, 2004). Analyzing the current state of art it can be noted that wavelet 
transform is appropriate tool to make the filtration process of the surface texture, however is still rarely 
used tool. 

The issue of shaping of the surface layer in machining processes is undoubtedly a complex process, which 
is related with influence of particular machining errors. These errors are caused by periodically variable 
rigidity of system which consist with machine tool - handle - workpiece - tool, condition of cutting inserts 
or pockets in the main body of the milling cutter, improperly selected process parameters or insertion 
errors of cutting inserts (Nowakowski, 2017). Both axial as well as radial errors in the positioning of the 
cutting inserts affect the actual values of the milling process parameters. Radial errors have a significant 
influence on the value of the feed per tooth parameter, while axial errors affect on the depth of cut 
(Nowakowski, 2014). Therefore, it should be stated that the feed per tooth parameter is one of the most 
important factor which influence on the surface roughness.  

2. Methods 
The main aim of the research was to assess the possibility of application wavelet analysis to evaluate the 
value of selected parameters of the face milling process, i.e. feed per revolution and feed per tooth. For 
this purpose there were produced sixty-four samples. The input parameters of the face milling process 
were: cutting depth in the range of ap = 0.1 - 2 mm, feed per tooth in the range of fz = 0.1 - 0.22 mm/tooth 
and cutting speed in the range of vc = 200 - 350 m / min. The vertical milling centre AVIA VMC 800 was 
employed to carry out cutting process. Measurements were performed using the optical profilometer 
Talysurf CCI. The research was carried out on the images of the surface roughness. All signals were 
analyzed using selected mother wavelets. Due to the multiplicity of data, the results of analysis for three 
selected samples were presented in the article. The machining parameters are presented in Table 1. 

Tab. 1: Milling process parameters. 

No. sample vc, m/min fz, mm/tooth ap, mm 

17 250 0.1 0.1 

44 300 0.18 2 

59 350 0.18 1 

The results of the analysis for particular samples are presented in Figures  1-3. In Figures 1b, 2b and 3b, 
the distances which correspond the set parameter value of feed per tooth have been marked. These 
distances correspond to the detected distances of the particular, characteristic bands, which were 
identified in presented Figures.  

In Figure 1a is presented the view of the surface roughness for sample No. 44. The analysis of the image 
showed that there were not possible in unambiguous way to detect in image the characteristic surface 
zones, which were created as a result of removing material by particular cutting inserts. On this image it 
can be noted two characteristic bands which represent zones of impact one and the same cutting insert. It 
should be noted that this cutting insert was positioned incorrectly. The filtered surface image which was 
obtained using mother wavelet db20 is presented in Figure 1b. In the signal generated as a result of the 
wavelet-transform-based decomposition of the surface roughness signal it is possible to detect machining 
marks for all five cutting inserts. The remove a part of surface irregularities allow to visualize 
characteristic information which were not visible before filtration process. The distance between each 
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cutting marks correspond to the specified parameter value of the feed per tooth. Therefore, it can be 
concluded that the application the wavelet analysis to signal filtration allows to achieve satisfactory, 
better results.   

 
Fig. 1: Sample No. 44 a) surface roughness b) filtered surface image 

An analogous analysis was also carried out for other samples. In Figure 2 is presented the results of 
analysis for sample No. 17. The surface is characterized by a regular distribution of irregularities. The 
analysis performed using mother wavelet db15 showed that in the filtered image were created 
characterisitc bands which represent particular cutting marks. 

 
Fig. 2: Sample No. 17 a) surface roughness b) filtered surface image 

The analysis was also carried out for surfaces of the sample where machining marks were observed in 
various directions. This machining marks indicate that the material was removed by the rearward flank of 
cutting insert. Figure 3 shows the results of filtration for sample No. 59 and mother wavelet coif5. The 
application of wavelet analysis resulted in the removal of a part of surface irregularities. From the surface 
was filtered out components in a certain frequency range. In this figure, particular machining marks were 
highlight. 
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Fig. 3: Sample No. 59 a) surface roughness b) filtered surface image 

3.  Conclusions  
The research result shows that it is possible to apply two-dimensional wavelet transform to analysis the 
surface topography signal. The research was carried out in order to identify value of the feed per 
revolution and feed per tooth parameter. Based on the obtained results, it can be concluded that wavelet 
analysis is an appropriate tool for assessing value of selected parameters of the face milling process. In 
the created signals, it can be detected characteristic information which are not visible on the surface 
topography images, before filtration process. On the tested surfaces were identified bands, which 
represent the locus of material removing by particular cutting inserts. The research was performed for 
various surface topography signals. There were analyzed both image of samples on which the surface 
irregularities were periodical, as well as for the samples image on which the cutting process did not cause 
visible, regular impact of each cutting insert on the surface layer. In all cases, on the obtained images it 
was possible to detect crucial information about signal. 
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