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Abstract 
The article analyses the problem of assessing the topography of mechanical and electromagnetic surfaces 
obtained by various contact and non-contact scanning techniques. The electromagnetic surface of the 
scanned topography was obtained using various scanning techniques and methods such as Confocal, Focus 
Variation and coherence scanning interferometry technique and Confocal Fusion method. To improve the 
correlation between mechanical and electromagnetic surfaces, morphological filters were used based on 
two basic operations: dilation and erosion. Additionally, for the coherence scanning interferometry tech-
nique, the quality of the topography of the scanned surface was assessed using two colours of light: green 
and white. It was found that the use of morphological filtration has little impact on changes in roughness 
parameters. It was observed that the best agreement between electromagnetic and mechanical surfaces 
was obtained when working with the interferometry technique. 

Keywords: optical profilometer, non-contact measuring methods, topography analysis, scanning colours, mor-
phological operations. 

1. Introduction 

Every process of shaping machine elements involves 
changing the geometric structure of the external surface. 
Achieving the appropriate functionality of this surface 
is one of the essential elements in the design of techno-
logical processes [3,6,16]. Engineers have known for 
many years a range of technologies that allow changes 
not only to the geometric structure of the surface but 
also processes that affect modifications of deeper ma-
terial layers [4,9,17]. This layer is defined as the techno-
logical surface layer and often undergoes very rigorous 
evaluations [2,7,10-12,14], including destructive and 
non-destructive testing. Engineers carrying out techno-
logical processes, however, want to continuously assess 
the quality of the shaped technological surface layer 
without the need for significant interruption of the pro-
duction process or even destruction of the produced 

elements [8,13]. In this regard, the long-standing solution 
is the geometric evaluation of the external surface. For 
many years, there have been standards that detail meth-
ods for measuring the geometric structure of the surface 
using contact methods [23]. The introduction of new 
techniques and measurement methods has necessitated 
the introduction of standards in this area. The changing 
paradigm of measuring the geometric structure of the 
surface in recent times leads the manufacturing com-
munity to recognize non-contact measurements as reli-
able, resulting in surfaces described as electromagnetic, 
as opposed to mechanical surfaces that replicate the 
surface measured by contact instruments [15]. 

Microscopes used in industry for measuring surface 
topography are characterized by various measurement 
techniques and methods. These include Confocal, Focus 
Variation and coherence scanning interferometry tech-
niques and the Confocal Fusion method. Each of these 
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techniques is based on scanning the surface with light 
of varying colors, often dependent on the manufacturer 
of the measuring device. Currently, there are no guide-
lines allowing for a clear comparison and assessment of 
the impact of measurement techniques and methods on 
the obtained values of surface roughness parameters or 
topography in relation to the same parameters acquired 
for mechanical surfaces. The article presents research 
in this area, additionally introducing an interesting de-
velopment of digital filters {morphological filters [1,19-
22]} aimed at aiding in obtaining correlations between 
mechanical and electromagnetic surfaces. 

2. Experimental research 

In this work one of the basic commercial materials 
such as Steel C45 has been used for machining tests. It 
belongs to the European standard EN 10083-2, the steel 
C45 is a medium carbon steel with good tensile strength 
and mechanical properties. The applications of Steel C45 
span various industries due to its suitable characteristics. 
This steel is frequently used for manufacturing machin-
ery components such as shafts, spindles, and durable 
elements of working machines. Wherever high stresses 
and wear resistance are crucial the C45 steel it suitable 
for applications as the first-choice material. 

In addition, the research on the turning process was 
carried out on the Okuma Genos L200-EM multi-tasking 
CNC lathe machine. The CNC lathe is characterised by 
high static and dynamic stiffness, which is related to 
using a sliding solution for moving tool supports. The 
tool material used was coated carbide WC with (Ti, Al) 
N/ (Al, Ti)N. The technical specification of tool holder 
and cutting insert used are SVJBR 25x25-16 with VCMT 
160404-PS AH6225, respectively. PVD-coated carbides 
involve a cemented carbide substrate with a Titanium 
compound (Ti, Al)N, coated to 1 to 3 μm thickness using 
the physical deposition (PVD) process after Tungaloy. 
Wear-resistant Ti(C, N, O) base coatings outperform TiN 
coatings. Conversely, a (Ti, Al)N base coat resists oxida-
tion better. These grades can be interrupted cut due to 
their strong covering and substrate. Finish machining 
parameters were used for machining this steel. These 
parameters achieve good surface topography was it im-
portant to determine correctly roughness parameters 
for different measurement technics. Further, the machin-
ing parameters were kept fixed, i.e., vc=280 m/min, 
f=0.075 mm/rev, ap=0.1 mm. 

In the turning process, a surface was obtained, whose 
geometric structure was evaluated using various meas-
urement techniques. As part of the research, an assess-
ment was made of the influence of the method of rep-
licating the technological surface on its functional 

parameters described by a set of roughness parameters. 
The studies were conducted using a contact profilometer 
and an optical topographic microscope. 

The contact profilometer was a Hommel T8000 de-
vice with a TKU 300 measuring head and a measuring 
tip with a diamond cone angle of 90 degrees with a radius 
of 2um. The measurement parameters were as follows: 
the Z axis (vertical) range ± 80 μm. Measurement speed: 
0.2 mm/s. The Sensofar S neox 090 equipment was used 
as a topographic optical microscope, which, as a multi-
sensory equipment, allows for scanning surfaces using 
the Confocal, Focus Variation and coherence scanning 
interferometry technique and Confocal Fusion 
method. 

In the mechanical engineering, automotive, and aer-
ospace industries, there still exists a paradigm that dic-
tates using contact measurements for accurately assess-
ing surface topography. However, with the development 
of the Industry 4.0 revolution, where continuous, un-
manned control of the production process becomes 
a crucial production element, the use of fast scanning 
devices for the surface assessment using non-contact 
methods becomes a necessity. Understanding the dif-
ferences in surface assessment using metrologically dif-
ferent measurement techniques is essential. According 
to the literature [15], when measuring surfaces using 
contact methods or profilometers, we obtain the so-
called mechanical surface. Performing the same meas-
urement using non-contact devices, such as optical or 
laser scanners/microscopes, mostly yields an electro-
magnetic surface (visible light lies within the electromag-
netic spectrum). Additionally, the influence of non-con-
tact measurement techniques and methods should be 
expected. Understanding their impact on the quality of 
the assessed geometric structure of the surface is of 
significant utilitarian importance. 

Figure 1 presents an isometric view of both the me-
chanical and electromagnetic surfaces of the same 
sample. 

Clear differences are visible in the presented isometric 
views between the mechanical and electromagnetic sur-
faces. Since the sample for the study was produced by 
turning, resulting in a characteristic anisotropic surface, 
it becomes possible to analyse the surface quality based 
on its roughness profile. Example visualizations of the 
mean profile generated in the MountainsMap Expert 
10.0 system from 9 intermediate profiles are shown in 
Figure 2. 

According to the requirements of the surface rough-
ness profile determination procedure, S and L-type fil-
tering were applied, and the measurement segment was 
set at 4.6 mm. A Gaussian filter with a value of 2.5 µm 
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a) b) 

Fig. 1. Isometric view of the mechanical surface (a) and the electromagnetic surface (b) created by FV scanning. 

was applied as the S filter (S-FILTER), which eliminates relatively uniform waveform is visible, with fluctuations 
the smallest elements from the primary surface, and a in the profile height ranging from -1.0 µm to 1.5 µm. For 
Gaussian filter with a value of 0.8 mm was also applied the electromagnetic surface, a sinusoidal profile is ob-
as the L filter (L-FILTER), which eliminates the largest served (Fig. 2b), with the range of profile height changes 
elements from the surface. The result of this filtration is comparable to the profile obtained for contact measure-
defined as the S-L SURFACE. ments. To assess the influence of non-contact topogra-

Example profiles of the mechanical and electromag- phy measurement techniques, additional profiles were 
netic surfaces, presented in Figure 2, already visually extracted for one of the most accurate surface scanning 
exhibit different natures of waveforms. In the case of methods – coherence scanning interferometry tech-
the profile from the mechanical surface (Fig. 2a), a nique. In this case, a comparison of the scanning result 

a) 

b) 

Fig. 2. Average profile from 9 profiles generated from the mechanical surface (a) and the electromagnetic surface (b) created by FV 
scanning. 
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Fig. 3. Isometric view of the electromagnetic surface created by coherence scanning interferometry with green light (a) and white 
light (b). 

was additionally made concerning the light color. In most 
optical topographic microscopes used for surface scan-
ning, white or green light is employed. Changing the light 
color significantly affected the digital representation of 
surface topography. A comparison of two surface to-
pographies obtained using the coherence scanning in-
terferometry technique for the same (identical) surface 
fragment is presented in Figure 3. 

a) 

in this case, the measured profile should be eroded by 
the same structuring element after the scan, in order to 
compensate the dilation effect of the mechanical contact 
[5]. That can be matched by using the morphological 
filter. A morphological filter is based on two morpholog-
ical operations, dilation and erosion, that work using 
a structuring element of a given size. For example, the 
profile below is dilated by a disk of a certain radius. 

b) 

Based solely on the isometric images of the surface, 
it is difficult to assess its morphology unequivocally. For 
this purpose, a range of functional parameters is utilized. 
Although their determination method is clearly defined 
in the standards [23], there is a lack of information re-
garding the influence of surface replication methods on 
their quality or variability. In the literature on the subject 
[14,15], in manufacturing industries and line with histor-
ical conditions, mechanical surfaces obtained through 
replication by contact profilometers are considered as 
reference or base surfaces. When attempting to compare 
the morphology of mechanical and electromagnetic sur-
faces, difficulties arise due to the inherent measurement 
technique discrepancies. As is known, contact profilom-
eters have a stylus in the form of a cone with a rounding 
radius equal to 5 µm (industrial devices) or 2 µm (labo-
ratory devices). In the case of optical profilometers, there 
is no such limitation, and the only limitation is the reflec-
tivity of the surface or the refraction and reflection of 
light. To compare mechanical and electromagnetic sur-
faces, morphological filtration can be applied. When 
measuring surface texture with a stylus instrument, the 
stylus tip, a sphere with a radius of 2 µm, slides on the 
surface during the scan. The instrument records the 
position of the sphere's centre and delivers the profile 
curve. This profile is not the real surface but the result 
of a morphological dilation of the real surface by a sphere 
with a radius of 2 µm. To get closer to the real surface 

The disk rolls over the surface and the path of its center 
is recorded (Fig. 4a - red line). Dilation tends to enlarge 
peaks and fill holes in. Structuring elements can be the-
oretically of any shape. If the disk is rolled below the 
surface, it is called erosion (Fig. 4b). General concepts 
of morphological filters are discussed in ISO 16610-40 
and ISO 16610-80. When dilation is followed by erosion, 
it is called a morphological closing which is a morpho-
logical filter that creates the upper envelope. The disk is 
rolled below the dilation line. The envelope closes holes 
and pores while following the upper shapes of peaks and 
hills. 

a) 

b) 

Fig. 4. Dilation (a) and erosion (b) as two basic morphological 
operations 
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If the sequence is reversed, i.e. erosion followed by 
dilation, it is called a morphological opening which cre-
ates the lower envelope. Morphological closing and mor-
phological opening are filters but dilation and erosion 
they are just morphological operations [1,19-21]. 

Morphological filters are defined in ISO 16610-41 for 
profiles and in ISO 16610-81 for surfaces. They cover 
only the disc (sphere) and horizontal segment (planar) 
structuring elements, but in principle, one could use any 
shape as a structuring element. Alternating symmetrical 
filters are described in ISO 16610-49 for profiles and in 
ISO 16610-89 for surfaces [1,19-21]. 

To assess the effect of using morphological filtration, 
a digital image of the mechanical surface was generated 
using dilation and erosion filters. For each of the scanned 
surfaces (mechanical and electromagnetic), basic surface 
parameters were determined, such as: 
• Sa, Arithmetical Mean Height, 
• Sp, Maximum Peak Height, 
• Sv, Maximum Pit Depth, 
• Sz, Maximum Height. 
and area roughness parameters: 
• Sk, Core height 
• Spk, Reduced Peak Height 
• Svk, Reduced Valley Depth 

The influence of measurement techniques and meth-
ods on the assessment of surface topography in terms 
of arithmetical mean height (Sa) is presented in Fig. 5. It 
was observed that the Sa parameter for the mechanical 
surface (with and without morphological filtration) gives 
approximately middle values in relation to Sa obtained 
from electromagnetic surfaces. The influence of mor-
phological filters in this case is rather small. These filters 
contributed to a decrease in the Sa value, with the max-
imum difference, in relation to the mechanical surface 
without filtration, being only 1.8 %. 

The smallest Sa values were obtained for interfero-
metric measurements, regardless of the scanning light 
color (white light – primary color or green). In this case, 
Sa=0.493 µm was obtained, which means a decrease in 
value in relation to the mechanical surface by as much 
as 16.7%. The use of Focus Variation, Confocal or 
Confocal Fusion led to an increase in Sa. The average 
increase in Sa is 16.2 %. 

Evaluation of the geometric structure of the surface 
based on the Sa parameter takes into account the feature 
of averaging surface topographies resulting from the 
functionality of this parameter. The significant influence 
of measurement techniques was much more visible in 
the assessment of the geometric structure of the surface 

Fig. 5. Changes in the Sa parameter for different techniques and measurement methods, as well as the use of scanning light colors 
and morphological filters, are shown in Fig. 5. 
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using height parameters. The influence of measurement 
techniques and methods on changes in Sp, Sv, and Sz is 
presented in Fig. 6. 

It was observed that the Sv parameter, determining 
the maximum pit height, is at a comparable level for the 
mechanical and electromagnetic surfaces obtained by 
interferometric scanning and Focus Variation technique. 
Significant decreases in Sp and Sv values were achieved 
after applying morphological filters. In relation to the 
mechanical surface, the average decrease for Sv and Sp 
was 34 %. 

It should be emphasized that the applied morpholog-
ical filter did not improve the agreement of the analysed 
parameters regarding the mechanical and electromag-
netic surfaces. For the measurement techniques used, 
much better agreements were obtained without using 
this filter. For example, after interferometric scanning, 
the difference between the Sp of the mechanical surface 
and the electromagnetic surface obtained for green and 
white light was -7.8 % and -15.4 %, respectively. 
Comparing these data to the Sp and Sv parameters after 
filtration, a value of -22 % and more is obtained. It was 
observed that interferometric scanning resulted in 
a decrease in Sp and Sv values compared to the mechan-
ical surface. Other techniques and methods for scanning 

topographies (Focus Variation, Confocal Confocal Fusion) 
lead to an increase in Sp and Sv values. In this respect, 
only the Focus Variation technique gives acceptable 
values in relation to the mechanical surface. 

Analyzing the resulting Sz parameter, which is defined 
as the sum of the largest peak height (Sp) value and the 
largest pit depth (Sv) value, a decrease in Sz for interfer-
ometry and an increase for the other scanning tech-
niques were obtained. The smallest differences in rela-
tion to the mechanical surface were obtained for inter-
ferometric scanning with green light (-10.5 %) and Focus 
Variation technique (15 %). 

An interesting analysis was the observation of the 
influence of measurement techniques and methods on 
functional parameters. In this regard, basic areal material 
ratio curve parameters such as Sk, Spk, and Svk were 
used (Fig. 7). 

Based on the areal material ratio curve charts (exam-
ples in Fig. 7), significant changes in the course of these 
curves depending on the measurement techniques and 
methods were observed. For this reason, an analysis of 
the curves was conducted through the parametric eval-
uation of their main features described by the values of 
Sk, Spk, and Svk (Fig. 8). 

Fig. 6. Changes in the Sp, Sv, and Sz parameters for different techniques and measurement methods, as well as the use of scanning 
light colors and morphological filters. 
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a) b) 

Fig. 7. Areal material ratio curve for mechanical surface (a) and electromagnetic surface created by interferometric scanning using 
white light. 

a) 

c) 

b) 

Fig. 8. Changes in the Sk, Spk, and Svk parameters for different techniques and measurement methods, as well as the use of scanning 
light colors and morphological filters. 
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The morphological filter significantly affects the value 
of the core height Sk and the reduced peak height Spk. 
Interestingly, depending on the type of filter (dilation or 
erosion), the Sk and Spk parameters are sometimes larger 
and sometimes smaller than the nominal value, i.e., with-
out the filter application (Fig. 8a and b). Generally, the 
morphological filter does not significantly affect the Svk 
parameter - reduced valley depth (Fig. 8c). It was ob-
served that, from a technical point of view, the core 
height parameter achieves comparable values for me-
chanical and electromagnetic surfaces only after inter-
ferometric scanning (Fig. 8a). Other non-contact tech-
niques generate values almost twice as high. This char-
acteristic of these measurement techniques may lead to 
erroneous engineering interpretation of tribological or 
technological properties of the generated surface. 
It seems that this fact should be considered in the meas-
urement methodology, for example, by correcting these 
values using a formula that considers the influence of 
the measurement technique. 

The machinery industry expects the ability to assess 
the geometric structure of the surface based on profile 
parameters. This is mainly related to contact measure-
ment techniques, where the use of simple, mobile con-
tact devices allows for roughness evaluation directly at 
the point of manufacture. However, this solution must 
correlate with measurements already performed in 

metrology rooms, on specialized contact and non-con-
tact devices. For this reason, an assessment of changes 
in basic profile roughness parameters obtained by vari-
ous measurement techniques and methods was made. 

The morphological filter does not significantly affect 
the Ra parameter values (Fig. 9). The decrease in Ra ob-
tained after filtration falls within the range of standard 
deviation values determined for a series of 9 profiles. 
Interestingly, when evaluating Ra in relation to contact 
measurements, the greatest differences were obtained 
for profiles from interferometric scanning. Evaluating 
only their average values, a decrease in Ra of up to 
20 % was obtained in this case - Fig. 9. 

The best agreement of the electromagnetic profile 
with the mechanical profile was obtained by the confocal 
method. Other non-contact methods generated Ra val-
ues about 7-8.8 % higher. However, it should be noted 
that the Ra parameter shows low stability values for 
a series of profiles (9 profiles) generated from the base-
line electromagnetic surface. The standard deviation for 
these profiles falls within the range of 0.04-0.07 µm, 
which represents a spread of 8-13 % from the contact 
Ra. Only good profile stability was achieved for interfer-
ometric scanning with white (baseline) light, where the 
spread determined by the standard deviation is compa-
rable to contact measurements and falls within the 2 % 
limit. 

Fig. 9. Changes in the roughness parameter Ra for different techniques and measurement methods, as well as the use of scanning 
light colors and morphological filters. 

https://0.04-0.07
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Interesting changes were observed during the analysis 
of the height parameters of roughness profiles. Unlike 
the Ra case (Fig. 9), the best agreement was achieved 
for the electromagnetic profile based on interferometric 
scanning. In this case, the parameter Rp, relating to the 
maximum profile peak height, showed very good agree-
ment between contact Rv and after interferometric scan-
ning (Fig. 10). In the same context, Rv for interferometry 
showed a decrease in value of only 10%. Additionally, 
the obtained total Rz has good agreement with contact 
Rz. In this case, it can be indicated that roughness pa-
rameters Rp, Rv, and Rz determined from the profile ob-
tained by interferometric scanning achieved acceptable 
agreement with parameters determined from the me-
chanical profile. Unfortunately, subsequent non-contact 
techniques do not perform well as techniques corre-
sponding to contact methods. Based on profiles obtained 
by Focus variation, Confocal or Confocal Fusion tech-
nique, higher values of parameters Rp, Rv, and Rz are 
always obtained compared to contact ones. The distri-
bution of these changes correlates closely with the cor-
responding surface topography parameters (Fig. 6), 
where the still interesting measurement method com-
bining confocal technique with Focus variation (Confocal 
Fusion), where the highest values of this set of roughness 
parameters reach almost 2 times the differences in re-
lation to the baseline – contact profile. 

Fig. 10. Changes in the Rp, Rv, and Rz parameters for different techniques and measurement methods, as well as the use of scanning 
light colors and morphological filters. 
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3. Conclusions 

Based on the conducted research, significant influ-
ence of measurement techniques and methods on the 
values of surface topography and roughness parameters 
was observed. The impact of digital correction methods 
of surface topography performed by morphological fil-
tration was also analyzed. It was found that: 
• The use of morphological filtration has little impact 

on changes in areal average roughness (Sa) or arith-
metical mean height of the roughness profile (Ra). This 
filter significantly affected geometric height parame-
ters such as Sp, Sv, Sz evaluated for surfaces. The in-
fluence of morphological filtration on the roughness 
profile is minor. 

• For the group of arithmetical mean height parameters 
(Sa, Ra), no adequate measurement technique for elec-
tromagnetic surfaces was found that would allow 
achieving comparable parameters to mechanical sur-
faces. In this regard, coherence scanning interferom-
etry technique always gives the smallest values for 
parameters Sa or Ra, regardless of the scanning light 
used. 

• The best agreement between electromagnetic and 
mechanical surfaces was obtained when evaluating 
height parameters of the surface as well as the profile 
for coherence scanning interferometry technique. In 
this case, differences in the values of roughness profile 
parameters (Rp, Rv, Rz) did not exceed 10 %, and com-
parable deviations were also obtained for surface 
parameters after interferometric scanning with green 
light. 

• Examining the effects of surface representation by 
various measurement techniques and methods in 
terms of areal material ratio, it was found that com-
parable values of Sk, Spk, and Svk for mechanical sur-
faces were obtained within a certain range for coher-
ence scanning interferometry technique. Interestingly, 
in this case, the values of mean height of peaks above 
the core surface (Spk) for both mechanical and elec-
tromagnetic surfaces are comparable and show the 
smallest deviations from each other. Values of core 
roughness depth parameter (Sk) and reduced dale 
height parameter (Svk) are strongly dependent on the 
measurement technique. Also, in this case, Confocal, 
Focus Variation, and Confocal Fusion generate sur-
face topography parameters significantly higher than 
those for mechanical surfaces. 

• It should be noted that, fundamentally, optical scan-
ning techniques such as Confocal, Focus Variation, 
and Confocal Fusion generate surface topography 

parameters significantly higher than those for me-
chanical surfaces. This fact should be taken into ac-
count in measurement procedure algorithms where 
the comparison of surfaces obtained by different 
measurement techniques is foreseen. 
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