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SOFTWARE FILTERS OF SURFACE ROUGHNESS

The aim of this article is to present the systémooghness measurement, the prob-
lem of data filtering and processing the resultsh& beginning of this article three
basic elements of the surface are defined: roughmesviness and surface shape.
When measuring roughness all of these three patscanned together and under
evaluation they need to be separated. Filtratiggossible using roughness meas-
urement systems and software filters. Next pathefarticle is focused on a de-
scription of problems of hardware filtering of tkabree surface components. Soft-
ware data filtering description follows the destidp of hardware filtering. The
description of the software filter contains theibasathematical definition of the
filters and their known area of usage and theiitéitions

Keywords: roughness, waviness and shape of the surfacetenehyare and soft-
ware filters

1. Introduction

Measurement and evaluation of surface texture esgmts a major qualita-
tive advance in recent years. Leading producenseafsuring instruments (Hom-
mel, Carl Zeiss, and others) respond actively i@ reguirements. The evolution
of measuring instruments is determined by the teehmeeds of their users as
well as by their financial strength. Surface tegtisgrfrequently checked by means
of single-purpose measuring instruments. For géson, some afie keyprodu-
cers who put pressure on developing standardedglatevaluating the quality of
measurement of machined surfaces are the manwdestaf such instruments
themselves [2].

This complex evolution has ultimately led to impedvtechnologies of
existing tools for surface texture measurementamalysis, as well as to better
methods, measuring systems and the system of assssand evaluation of sur-
face texture that are still under development THe system of assessment and
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evaluation of surface texture is defined by a botigtandards which describe
designations, measurement, and evaluation of surfexture, calibration of
measuring instruments, and other aspects. Theys@mlled GPS standards
which set out geometrical product specificatior]s Hbwever, the orientation in
many new standards and manuals that have emergedheylast few years is
very difficult. And when measuring roughness, adiotompanies use measuring
applications that are not optimal. These findihgge led to the creation of this
article with a brief summary of the filters, inclag references to relevant GPS
standards.

Generally, the measurement and assessment of sudature represent
a separate field of metrology. Using special teghes, the data required for char-
acterizing the quality of surface can be obtaiféte following questions arise:
What is in fact the surface of a part and whattarproperties? What determines
these properties? What parameters are used tafydsmth information and un-
der what conditions are they evaluated? Theséharadpects are dealt with in the
measurement of surface roughness.

2. Origins

Surface roughness plays a decisive role in thegutigs and behaviour of
parts in service. It also affects the life and tiomal performance of parts and
therefore the development of measuring technologlyraetrology of surface in-
tegrity is receiving ever greater attention [4].dlmain an objective evaluation of
the quality of surface, an ever greater numberaodipeters are used which pro-
vide relevant information about the surface undeasarement. This information,
however, must be extracted, i.e. filtered, fromgshegace in the course of meas-
urement because the surface is the entire colfedfigrregularities (roughness,
waviness, form) which constitute the surface tex{ltig. 1). These irregularities
differ in their spacing and their impact on thedtional performance of the sur-
face. This is why they must be separated for aimalZmmponents of the surface
texture are separated by filtering. In order teedeine specific roughness param-
eters (Ra, Rz, Pt and others) from the measurefilep(primary profile), the
roughness component must be separated from othes tf irregularities found
in the surface.

It is a collection of relatively closely-spacedfage irregularities which are
inevitably created during or as a consequence ofifaature. The most important
elements in this creation include the cutting spéeed, the shape and wear of
the tool, and others. However, roughness doesnchide surface flaws, i.e. ir-
regular random rare irregularities (scratches, ksiadents, and others) which
arise from defects in the material, damage by agtdorces, and others. It is an
irregularity of a larger size onto which roughnesssuperimposed. It results from
the machine tool acting on the work piece, e.gratibn, insufficient stiffness,
imprecise fit, and others [8]. This is the reafface after removing roughness and
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waviness. Errors may be caused by heat, low stiinpoor adhesion of slide

ways, and other factors.
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Fig. 1. Surface components

3. Data filtering system

The surface roughness measurement system enc@spass processing
stages. The first stage involves taking the sunfaoéle of the product by means
of a transducer attached to the surface roughmesssrt That is, obtaining raw
data (primary profile). The second stage consisfgacessing this profile. The
profile processing stage can be split into two a@ine comprises hardware-
based filtering (indicated by the red rectangled #me other software filtering
(blue rectangle).

When processing raw data, it is necessary to pbiethe order, in the first
step is used a hardware filter for characterigsbspe, waviness, roughness) to
be evaluated. This is followed by a software filegplication, in which the
choices intersect with the output parameters. ilfpementation of the filters
used is shown in Fig. 2. The application shouldilveys followed from left to
right when applying filters as show in Fig. 2. heftfirst step hardware filters are
always used and in the next step software filteesuged. This is the basic and
rudimentary filtering according to ISO standardseDasic features of the instru-
ment are sufficient for this purpose and no addiiomachine equipment is
needed.

A profile filter is at the basis of measurementofface texture parameters.
It affects the measured values to a great extdre. purpose of this filter is to
separate shortwave and long wave components freqrtfile and remove those
wavelengths which are above or below a given fraqué5]. These filters have
the same transmission characteristics but diffecemttoff wavelengths. They
transform the profile by removing irregularitiestiviarge spacings, e.g. waviness
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or other form errors, which would distort the ronghs measurement. To ensure
correct output from these filters, one has to ifigtite sampling length by which
the data from the surface under examination isetdiltered. The profile filter
splits profiles into longwave and shortwave compise

Waviness |1
profile

Roughness \ | |
profile

Lf filter

Parameters of:

Waviness

Ls filter

Roughness

L filter

Product
profile

Primary
profile

Primary
1 profile

Profile algorithms

Fig. 2. Surface roughness processing system

While measuring surface texture values, one shiailel account of the con-
ditions prescribed by standards. It is the relaimm between the standardized
stylus tip radius and the ratio of roughness cut-off wavelengitfas. It is the
focus of theC'SN EN ISO 3274 standard [5] (Table 1).

Profile filter —\c — ,Filter which defines the intersection betwdlea roughness
and the even shorter wave components presenturfacs”.

Profile filter —As — ,Filter which defines the intersection betwdem roughness
and waviness components”.

Profile filter —Af — ,Filter which defines the intersection betwdbe waviness
and the even longer wave components present irfacsll

Figure 3 shows the filtered lengths of the indi@tiuiardware filters to each other.

100%

50% b ==
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hs cutoffvalue  AC Al Wavelength 3,

Fig. 3. Hardware-based filters of surface roughness
Software filters follow after the hardware-basetkfs of surface roughness.

With software filters, one can obtain the valuegpatticular surface roughness
parameters. According to tlieSN EN ISO 16610-1:2015 standard, these filters
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are divided into two basic groups: 2D and 3D pediiters. Both types of soft-
ware filters comprise further sub-groups accordae mathematical procedure

used:

- Linear profile filters -CSN EN ISO 16 610-20,
- Morphological profile filters SN EN ISO 16 610-40,
- Robust profile filters €SN EN 1SO 16 610-30 [9].

Table 1. Classification of filters according to 1661

i'/lgzr Category Symbol Designation Name st;?]gard
G FPLG Gaussian 16610-21
FPL S FPLS Spline 16610-22
SW FPLSW Spline wavelet 16610-29
CD FPMCD Closed disk 16610-41
CH FPMCH C'Osedszg;::r:‘tta' linel 1 6610-41
Fp oD FPMOD Open disk 16610-41
FPM OH FPMOH Open shgé'rf]%rr‘]tta' line-1 1 6610-41
AD FPMAD Alternating sequence 16610-49
A AR | il segmentd 1661049
EPR G FPRG Gaussian 16610-31
S FPRS Spline 16610-32
FP 2RC FP2RC 2RC 3274
Note: FP = filter profile (2D), L = linear, M = mphological, R = robust,
FPLG = filter profile — linear — Gaussian

Literature sources differ in classifying this filtdt is not clear whether it
belongs to mechanical (hardware-based) filterofiware filters. Why should it
be discussed here then? It is mainly becausait iaput filter on which genuine
software filters are based (linear, robust, aneiofitters). The primary goal of
the first RC filters, which consisted of resistardd capacitors, was to eliminate
major fluctuations of the output signal and to dedbe surface profile to be in-
dicated or displayed correctly. Eventually, compsitgith analogue/digital cards
began to be employed for evaluating data from aantoeasuring machines.
Later, the 2RC filter for modifying the surface fil@was included in standards
as a double analogue RC filter with separate lifitk& drawback of this type of
filters is the distortion in the transmission funat mainly due to phase shift (see

Fig. 4).
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Fig. 4. Profile plot from 2RC filter

These are the most common filters in roughness unea&nt applications.
They have appropriate transmission characterigads2/a0) and the percent
transmissiond) is easy to determine for any wavelength chodeh (n many
cases, e.g. with surfaces produced by a sequemtiferént methods, linear pro-
file filters exhibit undesirable side effects [2-d]he fundamental specification
of this filter differs for open and closed profilés order to fully specify this type
of filter, one has to know the following equations:

- weighting function,

- transmission characteristics for long and shaves.

Open profile Closed profile
Weighting function Weighting function
x \J? X Xf\12
S(.X) = = ilc e[_n<m>] S(.X) = OCL;:CLe[_ﬂ( axL )]

x...distance from the centre of the weighting...distance from the centre of the weighting

function function
Ac...cut-off wavelength fc...cut-off frequency in the wave
a...constant (0.4697) L...length of the closed profile

a...constant (0.4697)

Transmission characteristic - long waves Transmission characteristic - long waves

a _ [-n(e)] a _ [-n(ZD)

ay Qo

Transmission characteristic - short waves  Transmission characteristic - short waves

a_ ()] @ _ |-
ay Ao

According to the fundamental principle of theseef#, the filtered profile is
obtained by subtracting the filter mean line frdma primary profile. A nonlinear
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version of a filter which is ,robust” in the presenof sharp peaks and deep
valleys is a more suitable filtering solution. Thmeans that the filter mean line is
less sensitive to the shape of the surface prdfitdaust filters are applicable to
surfaces characterized by sharp peaks and deeysauch as honed surfaces or
surfaces produced by casting or sintering. They oel repetition by which the
weighting (evaluation) function is adjusted effeety in the region of surface
deviations. As a result, the filter mean line iscmiless sensitive to surface pro-
files that consist of sharp peaks and deep valRgbust filters are predominantly
used for stratified surfaces and for representivapss, grooves or pores.

The initial step in the use of this filter is th@&me as with the other roughness
filters in step 1 (see Fig. 5): the profile is takesing the ordinary procedure and
its mean line is identified. In step 2 (see Fig.tBg cut-off filter with the max.
value of 0.8 k filters out the values above/belbig value. In step 3 (see Fig. 5),
the final mean line of the profile is identified igh is then used for subsequent
calculations. In step 4 (see Fig. 5), the filteoedlvalues mentioned in step 2 are
returned. The next processing steps are identidalase used with linear profile
filters [3].

Morphological filters involve two morphological emations: dilation (elon-
gation, extension) and erosion (wear, abrasionghvhifect the size of surface
texture features. Various combinations of both agiens alter the characteristics
of the surface, and the morphological filter geteesaither upper or lower enve-
lope of the surface. Morphological filters are u$edlevelling the surface with
respect to the envelope (Fig. 6) [4].

Fig. 5. Principle of data filtering using robudtdis

Morphological filters apply offset to the inputayeetric entities. In general,
signal processing deals with both continuous (anapand discrete (digital) sig-
nals. Recently, there has been a greater intareliscrete morphological filters
[4, 6, 10]. In discrete morphological filters, thignal is represented by a finite-
size vector. Algorithms have been developed foegaing round and flat struc-
turing elements, and for four basic operationsfuih, erosion, opening and clos-
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ing) which yields 8 filtering options altogethehd&se algorithms are very robust
as well because only the calculations involvedsaitted (by sequence indexing),
added and compared. This demonstrates that digitgdhological filters are cal-
culable and that the algorithms can compete wighGhussian filtering algorithm
[1, 4, 8].

{b) The opening envelope Fig. 6. Cover profile

4. Conclusion

Measurement and evaluation of surface texture septea major qualitative
advance in recent years. Leading producers of miagsimstruments (Hommel,
Carl Zeiss, and others) respond new requiremeis.evolution of measuring
instruments is determined by the technical needsedf users as well as by their
financial strength. Surface texture is frequentigaked by means of single-pur-
pose measuring instruments. For this reason, somhe &ey producers who put
pressure on developing standards related to evwaduthe quality of measurement
of machined surfaces are the manufacturers of ismsttuments themselves.

This article aims to point out the issue of ddtarfng, and thus shed light
on the problems with reproducibility of measuremehsurface integrity para-
meters on a single part in two metrology labora®with equivalent equipment.
Once the results were delivered, an offset betviherprofile curves became
apparent. Although the same part had been meassird laboratory surface
roughness testers of the same type, Hommel EtaB00,Tthe results for pre-
selected roughness parameters were different. &tsecof the difference was
reported to be the choice of different softwareefg and their settings.
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FILTRY PROGRAMOWE CHROPOWATO SCI POWIERZCHNI

Streszczenie

Celem artykutu jest przedstawienie systemu pomimopowatéci, w szczegdIn&i pro-
blemu filtrowania i przetwarzania wynikéw. Na pgtiai tego artykutu zdefiniowano trzy podsta-
wowe parametry powierzchni: chropowstofalistas¢ i ksztatt powierzchni. Podczas pomiaru chro-
powatdci te trzy parametryagsskanowane razem, a na etapie oceny koniecznielestidzielenie.
Filtracja jest maliwa za pomog urzzdzen do pomiaru chropowafoi i filtrow programowych.
Nastpna czs¢ artykutu koncentruje sina omoOwieniu probleméw zwdanych z filtrowaniem
sprztowym tych trzech parametrow powierzchni. Wyjignie filtrowania programowego danych
oprogramowania nagiuje po omoéwieniu filtrowania spgowego. Opis filtrow programowych
zawiera podstawogyvmatematyczg definicje filtrow, ich obszar aytkowania oraz ograniczenia.

Stowa kluczowe:chropowaté¢, falistai¢ i ksztatt pola powierzchni, filtry spgiowe i programowe
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