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Abstract

Parametric results describing the geometric structure of a surface are influenced by many factors.

One of the most important is the correct preparation of input data. This is related to the type of surface
levelling, the selection of a suitable measuring section or the applied filtration. The data preparation pro-
cedure depends on the adopted measurement technique: contact or optical. Depending on the type of
data acquisition, it is necessary to implement supplementary procedures. Each of the applied operations
on data directly influences the obtained values of individual spatial parameters 3D and surface parameters
2D, such as roughness, waviness or base profile. In this paper, different surface levelling options and select-
ed filtering methods were analysed. In the case of optical measurements, the influence of filling in non-meas-
ured points was also considered. The results obtained allowed us to develop of a data preparation proce-
dure and to determine the influence of the different steps on representative parametric values.
It was found that the most significant factor influencing the parameter values obtained is the removal
of outliers. In this study, based on two measurement techniques: contact and optical, a procedure for se-
guential processing of input data was prepared to assess the impact of the steps performed on the result-
ing values of parameters describing the surface structure. The procedure is based on one of two main types
of surface levelling: levelling with the least squares plane (LS) and levelling line by line (LbL), along with the
impact of one filtering method - removal of outliers (RO). In the case of optical measurements, the impact
of filling unmeasured points (NM) was also considered. It was found that the most significant factor affect-
ing the obtained parameter values is the removal of outliers (RO). The relative differences between the
data for which this operation was not applied are 13 % for contact profilometry and approximately 1% for
optical profilometry. On the other hand, the procedure of filling unmeasured points (NM) has the least im-
pact - however, this is only applicable in the case of optical measurement techniques. The choice of the
appropriate levelling method can affect the final results. Differences between these methods are general-
ly small (up to 5 %), but in certain situations, they can be significant. The obtained results allowed for the
development of a data preparation procedure and determining the impact of various stages on the repre-
sentative parametric values.

Keywords: preparation of measurement data, levelling method, filtering, fill non-measured points (NM), texture
analysis, contact profilometer, measure tip, optical profilometer, data acquisition,
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1. Introduction

The evaluation of the surface texture is essential
in terms of reliable characterization of product’s quality
and its operational/tribological properties [1]. Generally,
there are many different surface texture measurement
techniques. Concerning the way to obtain the surface
texture information, these techniques can be divided
into two categories: contact and non-contact [2-5].
Currently, the stylus profile meter is being the most wide-
ly applied contact method in the mechanical technology.
In this process, a stylus moves across a surface and its
vertical deviations are being acquired. Nevertheless,
because of its low measurement efficiency, high fragility,
risk of surface damage, and inability to measure online,
stylus profile meters were unable to meet the needs of
current automation industry [6, 7]. In order to eliminate
the disadvantages of contact method, many non-contact
methods have been developed by a scientists, including
mainly the acoustics-based and optics-based techniques.
Unfortunately, the acoustic methods are mainly applica-
ble to products with large surface roughness, and thus
their application is limited. An alternative to acoustic
methods constitutes the optical measurement methods,
which recently are being more widely applied in mechan-
ical engineering. These methods include chromatic con-
focal microscopy, point autofocus instruments, focus
variation instruments, phase shifting interferometry,
coherence scanning interferometry and digital holo-
graphic microscopy [8, 9].

According to Krélczyk et al. [10], the in-depth char-
acterization of surface texture should be made both with
application of parametric and non-parametric descrip-
tion. In available standards, parameters characterizing
the surface roughness are described in groups.
The group of parameters connected with the area is
divided into the following sub-groups: height ones, fre-
quency ones, hybrid ones, functions and related param-
eters and others. It should be noted that in relation to
manufacturing technologies, the parametric character-
ization of surface texture is usually being made in ac-
cordance with the ISO 25178 standard and involves the
evaluation of spatial surface roughness parameters
(e.g., Sa - average surface roughness, Sp - maximum
peak height, Sq - root mean square surface roughness,
Sz - maximum height of surface roughness, etc.).
Niestony et al. [11] investigated the 3D spatial surface
roughness parameters during turning of the mould parts
with variable compliance. The research revealed that the
surface topography, alongside the 3D functional param-
eters influence the performance of the machined sur-
face. Maruda et al. [12] studied the surface integrity
during turning of AISI 1045 steel with various cooling/

lubricating techniques such as: machining in dry condi-
tions, MQCL method, MQCL method with extreme pres-
sure/anti-wear additive (EP/AW). The obtained results
have shown that during turning with MQCL + EP/AW
cooling, the surfaces with more even distribution of val-
leys and peaks were generated, which resulted, inter alia,
in the reduction of selected spatial surface roughness
height parameters (Sa, Sp, Sv).

Reaching the desired surface quality is very important
for maintaining the functional features of machine parts
[13-15]. Thus, the surface texture should be also eval-
uated in terms of non-parametric analysis. The non-par-
ametric analysis involves the assessment of the collected
3D points of the surface and their presentation in the
form of contour maps and isometric images created
in axonometric view. This kind of analysis enables the
identification and analysis of surface formation mecha-
nisms during the manufacturing processes. In example,
the analysis of a 3D machined surface topographies
enables identification of ploughing mechanisms during
ball end milling [16], identification of chatter and feed
marks during milling with slender and rigid tools [17],
as well as chipping of hard SiC particles during laser as-
sisted turning of metal matrix composites [18].

The above deliberations demonstrate that evaluation
of surface texture is essential in manufacturing technol-
ogy, however its accurate identification is strictly corre-
lated with the selected input measurement settings, as
well as the quality of measurement data preparation.
The first and essential factor is the appropriate selection
of the elemental and measurement lengths - according
tothe PN-EN1SO 4287:1999 and PN-EN ISO 11562:1998
standards. Moreover, the recent literature focuses also
on other important aspects related to measurement data
preparation and novel trends in measurement tech-
niques. Lu et al. [19] conducted Electromagnetic Wave
Scattering Simulation applied for the evaluation of sur-
face roughness measurement accuracy. In a simulation
procedure, authors included the variable light incident
angles, the light wavelengths and various workpiece ma-
terials (stainless steel, copper, aluminum, and silicon car-
bide). The simulation results show that, when lower val-
ues of the average surface roughness height are ob-
tained, the performance of low light incident angles is
better than that of large ones. However, in case of higher
tested average surface roughness height values, larger
light incident angles are better, which derives to obtain
better measurement accuracy. Li et al. [20] proposed
a multifeature fusion model for the surface roughness
of cold-rolled strip steel to improve the measurement
efficiency of existing speckle methods. Experimental
results confirm that the proposed multifeature fusion
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model predicts surface roughness with a minimum mean
square error of 0.237 %. Al-Kindi and Shirinzadeh [21]
developed a method for using machine vision data to
acquire reliable surface roughness parameter measure-
ment. Authors compared the stylus-based with vi-
sion-based measurements using standard and non-stand-
ard surface roughness parameters. Two light reflection
models namely Intensity-Topography Compatible (ITC)
model and Light-Diffuse model were adapted and applied
to interpret acquired vision data and to enable suitable
computation of surface roughness parameters. Results
showed that the ITC model gives more superior results
compared to the Light-Diffuse model with remarkable
close values to those acquired by the traditional sty-
lus-based data for a majority of surface roughness pa-
rameters. Zhang et al. [22] proposed a simulated data
and transfer kernel learning-based visual surface rough-
ness measurement method. The experimental results
demonstrated that the developed method can achieve
an accuracy of over 90 % based on the simulated data
and transfer kernel learning, therefore providing a new
improvement strategy for visual surface roughness
measurement. Weckenmann and Kramer [23] conducted
a study concerned with the determination of the
task-specific measurement uncertainty for computer
tomography (CT) measurements as it is an important
parameter describing the quality and the reliability of
measurement results. The work has been focused on
the determination of influences which can be controlled
by the machine operator in the preparation of the meas-
urement data acquisition and evaluation, like the mag-
nification of the workpiece, the number of projections
taken, or the position and orientation of the workpiece.
Authors have confirmed that these factors have influ-
ential effect on the CT measurement uncertainty.

The next influential aspect concerning the reliability
of GPS measurements is the applied signal filtering meth-
od. A filtering process is the most complicated and least
characterized phase of information processing in surface
metrology. According to Whitehouse [24], the filtration
is a method for decomposition of profile components
with different wavelengths. Currently there are many
methods employed for a surface roughness signal filter-
ing. Among these methods, mainly the Gaussian filtering
[25, 26], spline filtering [27, 28] and wavelet transform
filtering methods [29, 30] are widely presented in a lit-
erature. Barrios-Muriel et al. [31] developed the Singular
Spectrum Analysis (SSA) filtration technique for a surface
roughness measurement. The results confirm that when
selecting an adequate window length, the SSA technique
is an interesting alternative to the standardized methods
such as Gaussian filter, Splines and Wavelets.
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The obtained Results demonstrate high robustness to
outliers and dropouts that are produced in the real sur-
face roughness measurements. Zakharov et al. [32] pre-
sented the generalized analysis of various types of an
asymmetric morphological filter based on simulation.
It has been demonstrated that the asymmetric morpho-
logical filter is effective for scale space analysis of sur-
faces with significant shape errors and waviness.
Thus, the obtained results can be applied to evaluate
the tribological properties of multifunctional surfaces
of products.

The above deliberations reveal that problems of reli-
able surface texture evaluation in manufacturing tech-
nologies constitute the topical problem. Nevertheless,
the aspects related to appropriate selection of input
measurement settings, as well as the quality of meas-
urement data preparation are still insufficiently investi-
gated. Thus, this work fills this research gap and focuses
on the procedure for preparing input data for the reliable
assessment of the geometrical product specification.

2. Methodology

2.1.Materials and devices

As it already was mentioned in the introduction, the
development of manufacturing processes for machine
and equipment components is closely linked to the im-
provement of inspection methods and the determination
of functional surface characteristics. In this study, two
measurement techniques were used: contact and
optical.

The surface structure analysis was performed using
the contact method, using a Hommel T8000 device with
a TKU 300 measuring head and a measuring tip with
a diamond cone angle of 90 degrees. The measurement
parameters were as follows: the Z axis (vertical) range
+ 80 um, the measured area 4.8 x 4.8 mm. Gauss filtering
at 0.8 um, 480 profiles were measured. The filtration
parameters were applied according to the recommen-
dations of I1SO 16610.

The optical measurement was carried out using
a Sensofar S neox optical profilometer. Its measurement
resolution in the direction of Z-axis is 2 nm. The instru-
ment is characterized by repeatability of 0.1 % and ac-
curacy of up to 0.5 %. In addition, the optical profilom-
eter used offers several measurement modes:

e Phase Shift Interferometry (PSI) has been developed
to measure the surface height of very smooth and
continuous surfaces with sub-Angstrom resolution,
for all numerical apertures (NA). Very low magnifica-
tions (2.5%) can be employed to measure large fields
of view with the same height resolution.



« Coherence Scanning Interferometry (CSI) uses white
light to scan the surface height of smooth to moder-
ately rough surfaces, achieving 1 nm height resolution
at any magnification.

« Extended Phase Shifting Interferometry (ePSI) com-
bines two interferometric technologies, CSI and PSI,
overcoming the limitations of the two by achieving
0.1 nm of measurement noise in a larger range of some
hundreds of microns.

* VS| White-light vertical scanning interferometers.
The research issue presented here uses data recorded

using the VSI method. The influence of the other meas-

urement modes on the results obtained is a separate
research aspect.

For both contact and optical measurements, the same
set of specimens and identical, precisely defined meas-
uring areas were used. The measuring field was defined
at 4.8 x 4.8 [mm].

The test objects were specially prepared surfaces.
They were made of different types of materials and using
different surface shaping techniques. The materials were
selected in terms of function and industrial applicability.
A catalogue of the tested specimens is presented
in Table 1.

The surfaces of the specimens were each finished by
precision machining in such a way that they were parallel
to each other and bore no traces of previous technolog-
ical operations, particularly milling. This procedure was

Tab. 1 Materials and their selected characteristics used to make the testing specimen

MATERIAL

APPLICATION

Stainless steel (304)

This grade is resistant to most oxidising acids and can withstand ordinary rusting. It is resistant
to foodstuffs, sterilisation solutions, most organic chemicals and dyes and a wide range of
nonorganic chemicals. It is used frequently in the food industry.

Carbon steel (C45)

Carbon steel, also known as higher quality unalloyed steel. It is used for manufacturing of
machine parts because of its properties. It is easily machined.

Aluminium (2017A)

This alloy has good strength properties (tensile strength, high fatigue strength) and is well suited
for machining. It is moderately resistant to corrosion. It can be subjected to welding. It is used
for components in the automotive industry, machine parts and aircraft structural components.

Aluminium (7075)

An aluminium alloy with very high mechanical strength and high fatigue resistance. It has
medium corrosion resistance and is suitable for machining, polishing and grinding. It is used in
moulds for foam plastics, stamping and punching parts, in heavy-duty machine and structural

components as well as in aerospace and sports equipment components.

Copper (M1E)

It is characterised by very good electrical conductivity. It is suitable for enamelling and refining
annealing. It is used for electrical discharge machining and in the electrical industry, in electrical
installations, in the manufacture of apparatus for the chemical and food industries, for radiators,

printed circuits and electrical machine parts.

Brass (MO58A)

machined.

various surface shaping methods
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This alloy is used in the manufacture of industrial and marine fittings, clamps, piping and
plumbing. An advantage of the alloy is its good susceptibility to hot forming. These properties
make it easy to obtain any shape, even very complex ones. Brass elements can be easily

b)

B Fig. 1. Specimens made for testing with a specially shaped surface a) engineering drowning; b) view of samples and their surfaces
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intended to reduce as far as possible interference that
could affect the extraction and identification of charac-
teristic traits. The objects prepared in such a way were
then subjected to a specialised surface shaping process.
Selected, measured specimens are shown in Fig 1.
Surface texturing was carried out using selected pro-
cessing techniques that are most commonly used in in-
dustrial applications. The following surface texturing
methods were listed for each of the materials used:
» Glass bead blasting - operating pressure 2; 4; 6 [bar],
« Blasting - operating pressure 2; 4; 6 [bar],
e Whetting - 12; 21; 30 [kHz],
The surface textures thus prepared were then meas-
ured using contact and optical techniques. The data
obtained were further analysed.

DATA ACQUISITION

Contact profilometer

Leveling method
line by line

Data file

- Roughness parameters

- Abbott curve
- Texture direction

-Fractal analysis

B Fig. 2. Measurement data management procedure
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Optical profilometer

Leveling method
least squares plane

1 : s Fill NM points

2.2.Calculation procedure

The structures prepared by the various surface shap-
ing techniques regardless of the data acquisition method
were saved as .sur files. The geometric surface structure
analysis was carried out in MountainsMap 10
software.

A procedure was prepared in the software to deal
with the input data in a sequential manner. This was to
assess the impact of each step on the result obtained.
The values of the parameters describing the surface
structure each time provided a feedback value for the
data operation carried out. The procedure is shown in
the form of a diagram (fig. 2).

Filtering
maximum deviations

Data analysis: Data analysis:

- Surface parameters
- Roughness parameters - Roughness parameters
- Abbott curve - Abbott curve
- Texture direction - Texture direction

-Fractal analysis -Fractal analysis




The first step was to determine the effect of the cho-
sen type of surface levelling on the data obtained.
Two main types of levelling were tested:
 levelling least square plane (LS),

* levelling line by line (LbL).

Levelling should be regarded as the most important
step in data preparation. This is because the amplitude
parameters (as well as the removal of the shape of the
cylindrical surface under test when using line by line
method) depends on the type of selected levelling
method.

The next procedure for the data prepared in this way
was to remove outliers (RO). This operation is crucial as
it reduces interference and minimizes the number of
possible errors arising during data acquisition. Examples
include point and local contamination on the surveyed
surface, vibrations or other non-periodic disturbances.
Often, maximum deviations are characterised by a spike
in the amplitude value of the surface, which should not
be taken into account during the analysis. Removal of
maximum deviations is particularly recommended for
optical measurements.

Due to the use of optical measurement techniques,
the effect of filling in non-measured points (NM) was
independently investigated. This represented the third
operation on the data. The removal of maximum devia-
tions was carried out together with the filling in
non-measured points (NM). This operation is marked in

green in the diagram (fig. 2) and is only used for optical
measurements. In case of contact measurements, it is
not necessary to apply this operation, so this step is
omitted. The data recorded according to the procedure
shown were collated and compared, determining the
effect of each operation on the results obtained.

3. Results and Discussion

For the presentation of the results of the developed
procedure, a surface made of M1E copper shaped by
blasting with an abrasive operating pressure of 4 bar and
an average abrasive size of 2.75 mm was selected.
This type of texture was selected because of its highly
isotropic nature and the lack of clear directionality of the
structure. This directly affects the parametric rep-
resentation in particular for the 2D roughness and basic
profile parameters. The relationships associated with the
input preparation procedure for each material type and
geometric surface structure are analogous.

3.1.Stylus profilometry

The surface measured with a Hommel T80O0O0 contact
profilometer was entered in the form of a .sur file into a
calculation sheet created in the MountainsMap environ-
ment, and then analysed according to the procedure
described before. The individual views of the surface
subjected to the operation are shown in the illustration
(fig. 3).

b)
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Fig. 3. Surface view for different data preparation procedures - contact profilometer: a) levelling least square plane (LS); b) levelling
least square plane (LS) + remove outliers (RO); ¢) levelling line by line (LbL); d) levelling line by line (LbL) + remove outliers (RO)
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The illustration (fig. 3) shows surfaces subjected to
different levelling and filtration operations. The greatest
differences can be seen between the levelled surface
and the surface with the outliers removed. These differ-
ences are mainly reflected in the elevation values. It is
worth noting that the individual areas are characterised
by slightly smoother contours of the visible texture motif
The results of individual operations carried out on the
data are also presented in the form of graphs compiling
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__ 60

g 50

Sa [um] Sq [um]

LI 7,07 8,99
W LS+RO 6,30 8,00
W LbL 6,97 8,86
M LbL+RO 6,21 7,88

40
30
20
10
o Hmmwm HENWm

selected parameters describing the geometric structure
of the surface. The data are summarised in the form of
spatial parameters (fig. 4) and a 2D group representing
basic profile parameters (fig. 5) and roughness (fig. 6).

The graph (fig. 4) shows a summary of the values of
selected spatial surface parameters depending on the
data preparation operation used.

Sp [um] Sv [um] Sz [um]
46,40 44,40 90,80
43,60 40,80 84,40
45,80 45,60 91,40
43,00 41,40 84,40

HLS ®LS+RO mLlbL mLbL+RO

B Fig. 4. 3D spatial parameters - contact measurement
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LS 7,02 8,89 26,00 27,50 53,60
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mLS 7,02 8,89 26,00 27,50 53,60
H LS+RO 6,25 7,90 23,20 24,70 47,80
W LbL 6,97 8,82 25,80 27,40 53,30
M LbL+RO 6,20 7,84 22,80 24,60 47,40

HLS ELS+RO mLlbL mLbL+RO

b)

B Fig. 5. 2D amplitude parameters for different data preparation procedures - contact measurement: a) basic profile; b) roughness
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When analysing the graphs (fig. 4-5), it can be seen
that the removal of outliers have a major impact on the
relative change in all parameter groups. The largest rel-
ative differences were observed for the roughness pa-
rameters, amounting to 13 %. For the other groups (spa-
tial parameters and parameters describing the basic
profile), the relative differences do not exceed 11.6 %.
It should be noted that the relative difference between
the type of levelling used (LS/LbL) for flat surfaces (de-
void of shape error) does not exceed 1 % for data without
outliers removed and 6 % with RO.

3.2. Optical profilometry

As in the case of the measurement using contact pro-
filometry, the same surface was measured with a
Sensofar S neox optical profilometer using the VSI tech-
nigue. The data obtained were entered into an analogous
calculation sheet to maintain the methodology, the se-
quence of procedures used and the filtration parameters
adopted. The calculation sheet for the contact profilom-
eter was extended by the procedure of filling in
non-measured points for each levelling variant. The il-
lustration (fig. 7) shows plots (for the case of the least
square plane levelling) showing the influence of the in-
dividual steps on its graphical representation.

The data presented (fig. 6) show the areas subjected
to selected levelling and filtering operations, as well as
filling in non-measured points, which is particularly im-
portant for optical measurements. Filling in non-meas-
ured points was carried out independently for the lev-
elling variant (fig. 6b) and for the procedure including
removal of outliers. It is worth noting that filling in
non-measured points is a prerequisite in many cases of
surface analysis, particularly for fractal analysis.
The degree of occurrence of non-measured points can
also vary with the type of measurement technique used
or the surface structure itself, its reflectivity or
material.

The results of each operation carried out on the data
(including all levelling methods used) are also presented
in the form of parametric charts. The data is summarised
in two groups: the levelling least square plane with indi-
vidual analysis sequences is presented in the charts
(fig. 7 and 8), and the levelling method line by line
(fg. 9-10). The data present the values of the 3D and
2D spatial parameters for the basic profile and
roughness.

B Y 888388

5

b) LS + fill in non-measured points (NM); ¢) levelling least square plane (LS) + remove outliers (RO); d) LS + RO + fill in non-measured

I Fig. 6. Surface view for effects of different data preparation procedures - optical profilometer: a) levelling least square plane (LS);

points (NM)
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B Fig. 8. 2D amplitude parameters for different data preparation procedures (LS) - optical measurement: a) basic profile; b) roughness

An analogous comparison of results was used in case
of the non-contact technique. In this comparison, the
effects on the parameters of geometric structure of the
surface (GSS) and of filling in non-measured points, were
also taken into account. Analysing the chart of spatial
parameters (fig. 7), no significant differences in parameter
values are observed regardless of removing outliers and/
or filling in non-measured points (NM). The maximum
relative difference is 1.1 %. For the parameters describing
the base profile and roughness parameters (fig. 8b), for
a presented data preparation procedure, the values ob-
tained with outliers removed are smaller. The highest
relative difference for the surface roughness parameters
is 4.3 % and for the parameters describing the base
profile is 2.7 %.
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For optical measurements using the data preparation
procedure (LbL), it was observed that removal of outliers
had an effect on the relative change in each of the groups
of parameters analysed. The analysis showed that the
largest relative difference (4.3 %) was observed for the
roughness parameters. For the spatial parameters the
relative difference is 1.7 % and for the parameters de-
scribing the base profile 3.4 %.

In the prepared data using the LS and LbL methods
in the optical measurements including filling in non-meas-
ured points (NM), differences in the values obtained are
noted. The maximum relative difference (LS+NM/
LbL+NM) is equal to 2 %. The additional use of remove
outliers reduces this difference to 1.7 %.
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Fig. 10. 2D amplitude parameters for different data preparation procedures (LbL) - optical measurement: a) basic profile:

b) roughness

Despite its versatility, the applied methodology carries
certain limitations. For periodic surfaces, an individual
approach to levelling is necessary, particularly using LbL
to determine the specific direction. In the case of optical
measurements, it is essential to independently verify the
filling of unmeasured points and select an appropriate
degree of approximation for the filling. Despite these
limitations, the data preparation method is highly effec-
tive and proves to be significantly useful in comprehen-
sive surface roughness analyses.

10

Conclusions

The article presents selected procedures for preparing
input data for contact and optical profilometry that affect
the representation of surface irregularities. After ana-
lyzing the research results, the following conclusions
were formulated:

» During analysis of the data sets for both the contact
profilometry and optical profilometry techniques, it
was found that the parametric representation describ-
ing the surface structure is most influenced by filtering
- removal of outliers (RO). The relative differences
between the data for which this operation was not
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applied are 13 % for contact profilometry and ~1 %

for optical profilometry, respectively.

* Thisis related to the fact that all unitary features are
removed from the surface, which deviate from the
fundamental part of the irregularities present and may
represent environmental disturbances. It should be
borne in mind that this operation is useful in optical
data acquisition, where the measurement is affected
by material/surface reflectivity, light polarisation and
wavelength.

* Thelevelling method is also an important issue affect-
ing the results. Although, for the presented data set,
the differences between the methods are small and
do not exceed <5 %, in some cases they can signifi-
cantly influence the values of the obtained results.

* Thisis particularly relevant for cylindrical surfaces or
those with irregularities, particularly waviness. If the
levelling least square plane method is used, the sur-
face irregularities will be taken into account in the
parametric analysis as a whole. In the case of the line
by line method, it is possible to remove a shape (e.g.
a cylinder) when levelling in a direction parallel to the
hight of a cylinder.

e The parameter values obtained from the measure-
ment on the presented data set are least influenced
by the filling in non-measured points (NM)
procedure.

» This operation is mainly used for optical measurement
techniques. It conditions the coverage of the entire
area with data (approximation of data on the basis of
values adjacent to NM).

* On the other hand, this operation can be of great
importance and significantly affect parameter values
when the surface is reflective or anisotropic and the
degree of coverage of the surface with measurement
points will be limited. This was confirmed by an inde-
pendent study on a different data set, which in turn
will be the subject of a separate publication.

* |t is worth noting that as the number of NM points
increases, the value of the standard deviation
increases.

e The use of filling in non-measured points operations
in the data preparation process is essential for fractal
analysis.

Understanding these relationships will help reduce
errors related to measurement procedures and data
preparation for research, as well as allowing a proper
assessment of the geometric structure of the surface.
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