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Abstract: Profile filters separate profile on long wave artbrs
The measurements were performed on the surfaces magave components. As is well known, the results'ueal
of different materials and typical of diversifietharacter. largely depends on selected filter wavelength. Wréler
Glass roughness standards with sinusoidal profilean understate or overstate the parameters valugseater
approximately sinusoidal profile and metallic comgtave  Of lesser degree. .
standards after lathing and grinding were objeaesgarch. Whereas, how will the results be presented, wien t
Analysis was performed including the surface andfiler ~Same surface will be processed by correspondeter fil
evaluation. Statistical analysis was conducted.duezment ~cut-off length or other value specifying the fiticn final
sections and other filter parameters were seledted effect, but with the use of different filtrationgalrithms and
accordance with standards. Measurements wereedastit ~Methods. o _
with stylus tip contact method — using TOPO O1Pickey ~ This is pre-presented in this paper. To illustrétie
designed by The Institute of Advanced Manufacgrin opgra‘uon of various filtration algonthmg, prqﬁlﬁ!ters
Technology, that uses diamond tip inductive sen3gp. action comparison has been adopted for simplificati
sensor radius is equal tqith. The results of measurements During the study measurements were performed on
were filtered by: Gaussian filter, Robust Gaussegression diversified surface types, which were obtained lyious
Filter, Spline, Spline Wavelet, Morphological Filte methods of m_echa_mcal machlnmg..Obtalned data baeel.
Gaussian Filter uses linear system based on Fourigfalyzed using filters: Gauss filter, Robust Gassi
wavelengths. Robust Gauss Regression Filter islairto ~ regression  filter, ~ Spline  filter, ~ Spline  wavelet,
Gaussian Filter, but it is insensitive on the spedi Morphological alternating disk filter.
phenomena in input signal. Spline Filter is basadimear
polynomial combination. Wavelet Filter decomposeile 2. PROFILEFILTERS
on constant shape elements, buton different scales i
Morphological Filter operates on the principle dfefed 2.1 Gaussfilter (FPLG)
profile plotting using circular disc or horizontale segment Gaussian filtration is currently one of best-desed,
with a specified (respectively) radius or lengtbeleBtion of  best-defined, the earliest recognized in ISO, andtroften
suitable filtration method is essential and onethef most  used input data processing algorithm. It resudtsfrom the
important things to obtain reliable measurementultes fact, that Gauss filter is characterized by rekdtiveasy
evaluation. Not all filters are suitable for eagjpa of calculating and interpretation method and the thet all
surface. Filter algorithms differ from each otherdathis digital devices are equipped with the filter ireithinput
influences in a greater or lesser degree on thghmess data processing programs. Gauss filter is defingd b
profile and hence on roughness parameters and essvin wavelength cut-off value. Calculations are basedrourier

parameters related to it. transform. Sampling interval is consistent with Nig
theorem (specifying sampling interval, which doeslet to
Keywords: topography, filtration, roughness profile lose data) [1-2]. It does not show phase shiftind ringing
effect [1-3].
1. INTRODUCTION Equation (1) describes Gauss filter weighting fiorctor
open profile.

Filtration has always played a significant rolesimrface
geometrical structure measurements. It is a wasefarate
features of examined surface which we are intedegte S( )
from insignificant features. Filtration can sigodintly
change data registered while measurement. Deperating

the tests purpose, methods and algorithms to mep%eighting function, . — the cut-off wavelength,
registered results for further analysis should hesen in o - a constant, to provide 50 % transmission charistic at
a conscious way. This includes removing form egrors ’

fltrati | ¢ ori il q licatio of the cut-offi, (is approximately 0,4697).
pre-iiitration 1S ~of - primary profi'e - and -applicafio 0 Long wave components transmission characteristic is
different filtrations which are available in registd data

processing programs determined on the basis of Fourier transform ofgiving

2
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x/lcxex;{—/{ax/]c] } 1)

where: x — the distance from the centre (maximufjhe
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function. Short wave components transmission cheariatic
is its compliment [2].

2.2  Robust Gaussian regression filter (FPRG)
Robust filters are insensitive on input profile

discontinuities as: slope, step and spike (suddés or
dales). Robustness is a relative property. It id Hzat one
filter is more robust to a given phenomena thartfard4].
Calculations of robust Gaussian regression filter quite
similar to Gauss filter calculations. Filter eqoati(2) is
specified by:

w =[1 0 gJx(X] xS, x X, [ "% X[ xS, x2 @)

where: X% - the regression function (given by matrix),

Sk - the space variant weighting function, z -his Yector of
dimension of the profile before filtering [5].

2.3 Splinefilter (FPLS)

is calculated in three steps: splitting, predictiopdating.
Return to a lower rung (inverse transform) is gdedormed
in three steps: update, predict, combine. The higimg, the
more smoothed filtered profile [7].

25 Morphological alternating disc filter (FPMAD)

Morphological profile filters are idempotent opéoas
(multi-applying does not change output effect) and
monotonically increasing. They are defined with tise of
Minkowski's sums [8-9]. Morphological operationsnche
classified on primary morphological operations, d#ation,
erosion and secondary morphological operations,
i.e. opening (which removes hills smaller than refiee
value), closing (which removes dales smaller thefarence
value). Morphological filters are combination
morphological operations [3-8-10-11]. Morphologiatisk
filter is nonlinear and gives different results rnhélters
based on Fourier transform [1]. Disk with specifiadius is
structuring element [8]. During  morphological ditt

of

Spline process consists in linear combination ofiltration there is no equidistant sampling combpleti with

piecewise polynomials with a smooth fitting betwetbe
pieces. The degree of the spline is equal to tigeedeof the
highest degree of all polynomial which were usegudiion
(4) is non-periodic spline filter equation appli¢al open
profiles.

ll + Ba®P + (1~ ,B)a“Q] W=z (4)

Nyquist theorem. Sampling method and reduction of
information loss is defined by theorems on morppial
sampling series. In case of morphological diskefilt
sampling interval should be smaller than radiushef disc
used in the filtration [8-12]. For open profiles fdwe
filtration there is applied an operation called wenb
transformation converting profile in the area ungeofile

where: 8 — the tension parameter, P, Q — the matrixesgraph [3-8-11]. After filtration there is no oppenity for

w - the vector of dimension of the filtered profile — the
vector of dimension of the profile before filtrati¢6].
Vector of dimension of the filtered profile giveenh

direct reconstruction of primary profile — one canly
determine range in which this profile was containEldere
are available sampling methods for planes, as iclio

wave profile components values. Short wave compisnenorthogonal grid, polar grid, specified grid, stiiati, spiral,

are complementary to the long wale componentsggline
filter is defined by cut-off wavelengths. Besidakefed
profile extraction further it can remove noise [1].

24  Spline wavelet filter (FPLW)

For wavelet analysis it is necessary to investigageal
properties related with time and frequency [§pline
wavelet filter besides filtered profile extractidurther can
delete noise. It is easy to calculate. SimilarlyGauss filter
it uses Nyquist sampling, however it is faster.ther, it is
not necessary to remove form deviation and disits
which occur as end effects in filtered profile, dref
filtration [1].

spider web, points [8-12].
3. EXPERIMENTSAND SIMULATIONS

Research was conducted on surfaces chosen to be
characterized by diverse nature and methods ouhface
treatment, and also that the results were reprabentfor
real surfaces. Measurements were performed ontedlec
surface areas. Contact profilometer TOPO 01P, dedidpy
The Institute of Advanced Manufacturing Technolothat
uses 2um radius diamond tip inductive sensor was used in
the research. Depending on the surface parametdussv
measurement segment with length: 1,25 mm, 4 mm,

Spline wavelet filter decomposes profile on linearl2,5 mm were chosen. Comparisons included:

wavelet combination with constant form and varisuales,
derived from mother wavelet and depended on it ¢ae
notice similarity to Fourier analysis) [7].

Equation (3) describes discrete wavelet transforitin w
mother wavelet:

S(iAx,a) = AX ZS[(i - j)Ax] ga,ij(jAX) 3)

Spline wavelét filter is a multiresolution filtere. having
series of approximation models (ladder rungs) shiogt
measured profile in different degree. Models segeeis
equivalent to cut-off value, and relation accura®pends
on mother wavelet. Every rung of the multiresolntiadder

— glass roughness standard, type C, with Ra =31
— metallic benchmark — surface after milling

— metallic benchmark — surface after grinding

— metallic benchmark — surface after turning

4. RESULTS

Table 1 presents the results for glass roughnesslatd.
Table 2 presents the results for metallic benchnvaitk
surface after milling. Table 3 presents the redoltsnetallic
benchmark with surface after grinding. Table 4 en¢s the
results for metallic benchmark with surface aftening.
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Table 1: The results for glass roughness standard. Table 3: The results for metallic benchmark
with surface after grinding.
profile FPLG | FPLS| FPLW| FPRE FPMAD profile FPLG | FPLS| FPLW| FPRG FPMAD
P/R P P/R P
Ac =0,25 mm Ac=0,8 mm

Ra | 5599 | 0299 | 00297| 0328 0299 0,299 Ra | 5488 | 0454 | 044 | 0469 045p2362"
[um] [um] 0,461*
Rz 14 028 1,026 | 1,036 1,119 1,028 1,028 Rz 1 3424 | 3292 | 3203 3345 33282991
[um] [um] 3,066**
Rt | Rt 2,882%
[um 1,053 1,051 | 1,086 1,135 1,052 1,053 (] 4547 | 4159 | 4029|4277 421F ' o5
Rp Rp 1,054*
] 0,491 0,49 0,495| 0,539 0,491 0,491 [um] 1,61 1516 | 1471 1556 152D7')70.
RV | 9537 0,536 | 0541| 0,58 0,531 0,537 RV | 1814 | 1776 | 1,731 1789 1,798 1038
[um] [um] 1,588**
*

SM | 79278 | 79300 79,348 7934 79397 79,279 SM | 4631 | 4453 | 42,48 4527 443712108
[um] [um] 55,85**
0,515*

Rmr(c) | 0,511 0,512| 0516 0509 051 0,511 Rmr(c) | 0543 | 0513| 0514 0529 05137,

* radius = 1 mm ** radius = 0,1 mm

Table 2: The results for metallic benchmark

with surface after milling.
.| FPLG | FPLS| FPLW | FPRE FPMAD
profile
P/R b
AC=2,5mm
Ra 7,159 7,242*
[um] | 7274 | 6583 | 6126| 7o | 6646 | 5570u
Rz 4 33,407 33,03*
[umy | 33759| 3185 | 30,342 357 . | 32.155| o7u
Rt 4 38,079 40,69*
umy | 41311 | 3544 | 34,019 20" g | 35728 10'0oc
Rp L 18,688 18,197*
[umy | 18582 17,966 17.07% 1o 1814 | 551 1w
Rv 1 14,719 14,833*
, 14, )
umy | 15177| 13884 13267 1505, | 14015 5 Sogu
Sm 374,83 406,334*
umy | 377:05| 3441 | 32578 oo o | 34504 Jn5an
0,452 0,451*
Rmr(c) | 0,451 | 0,461 0461| 0o, | 0461 | ggon.,
*radius=0.2mm *radius=2mm *gc =8 mm
To emphasize the difference in filtration parameter
selection, the results for FPLW and FPMAD are gifen
similar to Ac value recommended for FPLG and for the
carefully balanced value. It results from the fewt spline

wavelet filter and morphological alternating disitef are ' ) ' S e
calculated in different way than others. Figure réspnts ;
graphs for benchmark with surface after grindingtaming

profiles: primary, roughness and waviness. Usedersil

Gauss filter, spline filter, spline wavelet filtegbust gauss
regression, morphological alternating disc filten;, which _
the results presented in Table 3. ".i i iz 3 i

|'r'r|:
Fig. 1: The results for surface after grinding:
a) FPLG, b) FPLS, c) FPLW, d) FPRG, e) FPMAD.
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Table 4: the results for metallic benchmark withface
after turning.

e | Cg“e FPLG | FPLS| FPLW| FPRG FPMAD
Ac =0,8 mm
[Eﬂi] 0784 | 0778 | 0779 077 | 0781 8:;32:*
[:‘rf]] 3738 | 362 | 3634| 3617 3,677 i?gg:*
[uRr;] 4105 | 3984 | 4064| 3983 4,018 31?%1*
[IJRFF;] 1981 | 1,933 | 1,938 1,93| 1,9 é:ggi:*
[Er‘r’]] 1757 | 1,687 | 1,696| 1,686 1,718 é:;g;**
[E'HT] 62,10 | 62,00 | 62161 6216 62,15 ?ﬁgf:
Rmr(c) | 0455 | 0462| 0467| 0459 0,46Q 8:2?2:*

* radius = 0,1 mm ** radius = 1 mm

5. DISCUSSION

with Fourier transform. Filter parameters shouldsbkected
on a different principle then cut-off value.

The use of morphological disk filter does not caasd
effects. Like the spline wavelet filter it does meguire form
deviation removal. Algorithm is faster than Gausterfs
one. Length of disc radius should be much smakant
cut-off value which was used for the same profile.
The bigger morphological disc filter radius, the rmo
information is filtered out. Selection of too bigdius and
application of morphological alternating disc filteon
surfaces with unsymmetrical profile is usually @usf
results underrate .

In general, for very regular profiles, none of dmplied
filters has shown significant differences. Fornkda and
milled surfaces big values of morphological filterlsange
roughness parameter values significantly and spline
wavelets filer values insignificantly. Only profileughness
parameter values after filtration analysis may l¢adalse
conclusions. Shape of profile, before and aftetrafiion,
should also be analyzed to check which componardgs
deleted.
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