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Rezumat:

Rugozitatea unei suprafete prelucrate trebuie
filtratd pentru a elimina erorile de forma si ondulatia.
Cel mai comun filtru, filtrul Gauss, introduce
distorsiuni atunci cdnd este utilizat la unele suprafete
din lemn, in timp ce filtrul robust de regresie Gauss
(RGRF) nu. Totusi, timpul de procesare la utilizarea
filtrului RGRF este semnificativ mai mare, deoarece
acesta opereaza iterativ si implicd in evaluare toate
valorile profilului analizat. In aceastd lucrare este
propus un algoritm modificat, care reduce numarul de
valori ale ferestrei de ponderare. Efectul filtrului RGRF
cu fereastra de ponderare scurtatd este comparat cu
acela al filtrarii cu RGRF fara modificare, pe profile
slefuite din lemn si plastic si este evaluat ca valoare a
erorii absolute a parametrilor de rugozitate Ra si Rt.
Au fost testate diferite lungimi ale ferestrei de
ponderare, insa s-a constatat cé la o valoare egala cu
1,254 (A fiind lungimea de unda de prag a filtrului),
erorile sunt neglijabile. Timpul de procesare scade
semnificativ cdnd numérul de valori ale profilului se
limiteaza la aceasta lungime a ferestrei de ponderare.

Cuvinte cheie: filtru robust de regresie Gauss;
fereastra de ponderare; suprafete slefuite; duratd de
procesare.

INTRODUCERE

Orice evaluare cantitativd a rugozitatii unei
suprafete prelucrate din lemn necesita o filtrare a
datelor achizitionate digital de catre instrumentul de
masurare, de regula un palpator sau laser, pentru a
elimina erorile de forma si ondulatia. Instrumentul
scaneaza secvential profilele suprafetei, care pot fi
ulterior procesate si evaluate. Procesarea datelor
incepe cu eliminarea erorilor de forma cu ajutorul unei
regresii bazate pe metoda celor mai mici patrate
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Abstract:

Roughness of a processed surface has to be
filtered to remove form errors and waviness. The most
common filter, the Gaussian filter, introduces distortions
when used on some wood surfaces, whereas the Robust
Gaussian  Regression  Filter (RGRF) does not.
Unfortunately, the computation time when using the
RGREF is increased significantly because the filter works
iteratively and involves all profile data points in the
evaluation. A modified algorithm that reduces the number
of datapoints in the weighting window is proposed in this
paper. The effect of the RGRF with a truncated window is
compared to that of the RGRF without truncation on
profiles of sanded wood and plastic and evaluated as an
absolute error of Ra and Rt roughness parameters.
Various weighting windows were tested and it was found
that a window equivalent to 1.254 (A being the filter cut-off
length), gave negligible errors. The computation time is
reduced significantly when the number of data points is
limited by this weighting window.

Key words: Robust Gaussian Regression Filter;
weighting window; sanded surfaces; computation time.

INTRODUCTION

Any quantitative evaluation of the roughness of a
processed wood surface requires that the data acquired
digitally by a measuring instrument, usually a stylus or a
laser, is filtered to remove form errors and waviness. The
instrument scans sequential profiles of the surface, which
can be later processed and evaluated. Data processing
begins with removal of form errors by a least squares
regression to obtain the primary profile. Further, the
roughness profile, which includes only the shortest
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pentru a obtine profilul primar. Apoi se obtine profilul
de rugozitate, care include numai deviatile de la
profilul nominal cu lungime de unda scurta, prin
filtrarea profilului primar pentru a atenua lungimile de
undd mai mari asociate cu ondulatia. Filtrarea
utilizeaza o lungime de unda de prag (A), fiind
valoarea care determina care lungimi de unda
urmeaza sa fie eliminate din datele profilului. Un filtru
calculeazd o linie medie prin mediere ponderata a
valorilor vecine pentru fiecare punct al profilului.
Conform celei mai utilizate metode de filtrare,
ponderile deriva dintr-o functie Gauss glisanta (Fig.
1), care este functia de ponderare a filtrului Gauss.

Functie de ponderare/
Weighting function
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wavelength deviations from the nominal profile, is
obtained by filtering the primary profile to attenuate the
longer wavelengths associated with waviness. Filtering
uses a cut-off length (A), which is the value that
determines which wavelengths are to be removed from
the profile data. A filter calculates a mean line by
averaging locally weighted values at each point of the
profile. According to the most widely used filtering
method, the weights are derived from a sliding Gaussian
function (Fig. 1), which is the weighting function of a
Gaussian filter.

Profil trasat/
Traced profile

Linie medie/
Mean line

Fig. 1.

Procedura de calculare a liniei medii a profilului de

rugozitate cu ajutorul unui filtru Gauss (Mahr GMBH

1999). I, este lungimea de baza, care se ia, in mod obignuit, egala cu lungimea de unda de prag (4) a
filtrului / Procedure for calculating the mean line of a roughness profile with a Gaussian filter (Mahr GMBH
1999). I, is the sampling length, which is usually set as equal to the cut -off length (1) of the filter.

Profilul de rugozitate este un vector compus din
deviatii verticale ale profilului primar de la linia medie.
Importanta profilului de rugozitate deriva din faptul ca
permite o evaluare numerica a suprafetei utilizand
parametri de rugozitate si facand posibile comparatii
intre diferite tipuri de suprafete. Suprafetele slefuite
din lemn contin neregularitati datorate atat procesului
de slefuire, cat si anatomiei. Cele mai utilizate metode
de filtrare a profilului, precum cele din ISO 11562
(1997), inlocuit de 16610-21 (2011), si ISO 13565-1
(1996), introduc un tip de distorsiune pe unele
suprafete din lemn cunoscuta ca “push-up” (deviatie Tn
sus). Distorsiunea se produce mai ales in jurul
grupurilor de pori, dar poate fi produsa si de varfuri
accidentale ale profilului, care nu caracterizeaza
rugozitatea de prelucrare (Krisch si Csiha 1999,
Anonymus 2002, Gurau s.a. 2005). Un standard
“robust” fata de valorile izolate ale profilului este
ISO/TS 16610-31 (2010), care descrie filtrul robust de
regresie Gauss (RGRF). In cazul suprafetelor din
lemn, vaile adanci cauzate de anatomia lemnului sau
varfurile  accidentale, care nu caracterizeaza
prelucrarea, pot fi considerate valori izolate ale
profilului. Algoritmii noului standard au fost testati inca
din perioada céand standardul era in forma draft,
constatandu-se aplicabilitatea Iui Tn cazul lemnului
(Gurau s.a. 2002, Fujiwara s.a. 2004, Gurau s.a.
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The roughness profile is a vector composed of the
vertical deviations of the primary profile from the mean
line. The importance of the roughness profile is that it
allows a numerical evaluation of the surface using
standard roughness parameters, enabling reliable
comparisons between different surface textures.

Sanded wood surfaces contain irregularities due to
both the sanding process and the anatomy. The most
used profile filtering methods, such as those in I1SO
11562 (1997), replaced by ISO 16610-21 (2011), and
ISO 13565-1 (1996), introduce a type of distortion known
as “push-up” on some wood surfaces. The distortion
most commonly occurs around groups of pores, but can
also be produced by accidental high peaks that are not
characteristic of processing roughness (Krisch and Csiha
1999, Anonymus 2002, Gurau et al. 2005).

A standard that describes a Robust Gaussian
Regression Filter (RGRF) in ISO/TS 16610-31 (2010) is
“robust” against outliers. For wood surfaces, deep valleys
caused by wood anatomy or accidental high peaks that
do not characterise the processing may be considered as
outliers. The algorithms of the new standard were tested
when the standard was still in draft, and were found to be
suitable for wood surfaces (Gurau et al. 2002, Fujiwara et
al. 2004, Gurau et al. 2004). Later, the filter was tested
by other authors who confirmed its usefulness for wood
surfaces (Hendarto et al. 2005, Tan et al. 2010).
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2004). Mai térziu, filtrul a fost testat si de catre alti
autori, care au confirmat utilitatea sa in cazul
suprafetelor din lemn (Hendarto s.a. 2005, Tan s.a.
2010). RGRF este o modificare a filtrului din 1SO
11562 (1996) si este aplicat in mod iterativ unui set de
date pana la atingerea unei conditii de convergenta.
Configurarea regresiei generalizate pentru RGRF a
fost descrisa de Gurau s.a. (2005) in forma digitala si
s-a bazat pe informatii din ISO/DTS 16610 31:
2002(E), Brinkmann s.a. (2000, 2001) si Raja s.a
(2002):

Z(Z/ _ leInH))z _5](”1) Sy CAX > VI}}H}) (1)

=1

(Gurau s.a. 2005) (Eq.4 © 2004, Springer Science and
Business Media)
unde:

n - numarul valorilor (punctelor) profilului nefiltrat

wi - valoarea ondulatiei pentru indexul k, care
reprezinta valoarea liniei medii.

z; - naltime a profilului nefiltrat

Sy - functia de ponderare

m - indice care marcheaza etapa de iterare (este
un indice si nu o functie de putere)

Jd - pondere verticala suplimentara

Ax - interval de baza (intervalul intre doua puncte
masurate consecutive)

In prima iteratie, cand m = 0, filtrul de regresie
Gauss calculeaza un nivel de referinta pentru care se
aplica fiecarui punct ponderea suplimentara 8° = 1. In
iteratiile urmatoare, valoarea Iui o este data de
conditia:

2
(m} 2
4= W m m
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0 altfel

(Gurau s.a 2005) (Eq.5 © 2004, Springer Science and
Business Media)
unde:

Jpoate lua valoriintre 0 si 1.

cg este o valoare de prag data in (3) si se
bazeaza pe un studiu al lui Bodschwinna (2000):

cy" =4.4478 - median ‘z, —w™ (3)

(Gurau s.a. 2005) (Eq.6 © 2004, Springer Science and
Business Media)

inaltimile profilului aflate aproape de linia medie
stabilita in iteratia precedenta sunt inmultite cu valori
ale lui o apropiate de unu, astfel ca aproximativ
intreaga lor valoare este inclusa. Inaltimile profilului
aflate mai departe de cg fatd de linia medie sunt
fnmultite cu zero. Valoarea Iui J este inclusa intr-o
functie de ponderare modificata (4):

www.proligno.ro pp- 3-11

The RGRF is a modification of the filter from ISO
11562 (1996) and is applied iteratively to a dataset until a
convergence condition is met.

The generalized regression arrangement of the
RGRF was described by Gurau et al. (2005), in a digital
form, and was based on information from ISO/DTS
16610 31: 2002(E), Brinkmann et al. (2000, 2001) and
Raja et al. (2002):

n

> (e —wlVf o sy Ax o min (1)

=1

(Gurau et al. 2005) (Eq.4 © 2004, Springer Science and
Business Media)
where:

n -the number of data points in the unfiltered profile

w, -waviness value at index k, which is the value of
the mean line

z, -is a profile height in the unfiltered profile

Sk -the weighting function

m -index marking the iteration step (this is an index
and not a power function)

o -additional vertical weight

Ax -the sampling interval (the interval between two
consecutive measuring points)

In the first iteration, when m = 0, a reference level
is calculated by the Gaussian regression filter, and the
additional weight 8% = 1 is applied to each data point. In
subsequent iterations, the value of ¢ is given by the
condition:

2
_ Yy’
(m) 1- w for ‘Z, _ W[(m) < Cg,,)
oM = an) o

0 otherwise

(Gurau et al. 2005) (Eq.5 © 2004, Springer Science and
Business Media)
where:

dcan take values of between zero and one.

cgis a threshold value given in (3) and is based on a
study by Bodschwinna (2000):

an) =4.4478 - median ‘Zl - Wl(m)‘ (3)

(Gurau et al. 2005) (Eq.6 © 2004, Springer Science and
Business Media)

Profile heights lying close to the mean line
established in the previous iteration are multiplied by
values of ¢ close to one, so almost their full value is
included. Profile heights further than cg from the mean
line are multiplied by zero. The value of dis contained in
a modified averaging function in (4).
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(Gurau s.a. 2005) (Eq.7 © 2004, Springer Science and
Business Media)

Iteratiile se repeta pana céand diferenta dintre
doua valori mediane consecutive este mai mica decéat
o toleranta data.

Desi foarte eficace, RGRF necesita durate lungi
de procesare, intrucét ecuatia (4) calculeaza o linie
medie in care fiecare punct al profilului filtrat este
ponderat prin participarea tuturor celorlalte puncte din
profilul nefiltrat. Aceasta Thseamna ca functia de
ponderare are aceeasi lungime cu profilul nefiltrat.

OBIECTIV

Aceasta lucrare prezinta rezultatele studiului
asupra unei metode de a minimiza timpul de
procesare al filtrului RGRF prin utilizarea unei ferestre
scurtate de ponderare. Obiectivul este alegerea unei
ferestre de ponderare optime care sa produca erori
neglijabile comparativ cu metoda RGRF de referinta,
dar sa reduca semnificativ timpul de procesare.
Algoritmul a fost verificat pe profile ale suprafetelor
slefuite din lemn.

METODA, MATERIALE $I APARATURA
a) Algoritm RGRF scurtat

Desi vectorul functiei de ponderare a filtrului
RGRF are aceeasi lungime cu profilul, contine valori
zero la fiecare capat, deci numai valorile ordonatelor
din jurul centrului functiei au ponderi diferite de zero.
Datele punctelor ponderate cu zero nu modifica linia
medie, insad lungesc durata procesului de filtrare.
Aceasta sugereaza faptul ca fereastra de ponderare
poate fi scurtata fara a afecta rezultatul final.

www.proligno.ro pp- 3-11

Zskl Y 'al(m)
W]({erl) _ =l (4)

Zs,d . 51('")
=

(Gurau et al. 2005) (Eq.7 © 2004, Springer Science and
Business Media)

The iterations are repeated until the difference
between two consecutive median values is smaller than a
given tolerance.

Although  highly effective, the RGRF s
computationally expensive, since the equation (4)
calculates a mean line in which each data point in the
filtered profile is weighted with the participation of all data
points in the unfiltered profile. This means the weighting
function has the same length as the unfiltered profile
data.

OBJECTIVE

This paper presents the results of a study on a
method to minimize the computation time of the RGRF
using a truncated weighting window. The objective is to
choose an optimum weighting window that gives
negligible errors compared to the reference RGRF
method, but with a significantly reduced computation time
requirement. The algorithm has been verified on profiles
of sanded wood surfaces.

METHOD, MATERIALS AND EQUIPMENT
a) Truncated RGRF algorithm

Although the weighting function vector of the RGRF
filter has the same length as the profile, it contains zeros
at each end, so only ordinate values around the centre of
the function have a non zero weighting. Data points
weighted with zero do not alter the mean line, but they do
lengthen the filtering process. This suggests that the
weighting window can be truncated without affecting the
overall result.

ime de unda
— (3]
! ]

Functie de ponderare
g

modificata/lun: :
Modified weighting function/cutoff

| 3

(=]

2 3
Ilungimea de unda/ l/cutoff

Fig. 2.

Exemplul unui pozitii a functiei de ponderare centrata pe o valoare egala cu 1 a lungimii de unda si avdnd
lungimea egala cu lungimea profilului/ Example of a weighting function vector centred at a value of one
cut off length and having a length equal to the input profile data. The vector contains zeros at each end

(Gurau et al. 2011, Fig. 6.18 © ISTE Ltd 2011).
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Fereastra scurtata a functiei de ponderare poate
fi definitda ca avand o lungime egala cu q intervale,
astfel ca rezulta (g + 1) valori In fereastra respectiva.
Cand aceasta fereastra scurtata este localizata centrat
intr-un profil cu n valori, profilul este divizat in trei
regiuni cu lungimea dependenta de lungimea ferestrei.
Regiunile de margine au o lungime de ¢/2 intervale,
deci fiecare contine (g/2 + 1) valori. Limitele functiilor
suma date in ecuatia (4) variaza dupa regiune.

In prima regiune, linia medie este calculata in
conformitate cu ecuatia (5). Fereastra functiei de
ponderare nu este centrata pe valoarea filtrata pana la
ultima valoare a regiunii datoritéd pozitiei la marginea
profilului.

g+l

Zz, Sy -5,( )
_ =l
T g ) (5)
Zskl -0
I=1 k=12.. 441
2

(Gurdu s.a. 2011, Eq.6.12 © ISTE Ltd 2011)

W(mﬂ)

Regiunea de mijloc se extinde de la (¢/2 + 2) la
[n— (g2 + 2)], iar functia de ponderare este simetrica
in jurul valorii filtrate (6).

k+§
(m)
Z 28y 9
q
1=k-4
W(m+1) _ 2
oY =
k-v% (6)
(m)
Z Sy -0,
q
1=k-4
2 k:g+2,2+3.“n—[1+2)
2 2 2

(Gurau s.a. 2011, Eq.6.13 © ISTE Ltd 2011)

Regiunea finald este datd de ecuatia (7) si
functioneaza pe acelasi principiu ca (5), astfel ca
functia de ponderare este simetrica doar fata de prima
valoare a intervalului, din cauza pozitionarii la
marginea profilului.

Z 2 Sy 51("1)

W]Em+l) _ l=n—(q+1)

Sk 51(’71)

l:n—(q+1)

k=n—(g+1),n—(q)...n

(Gurdu s.a. 2011, Eq.6.14 © ISTE Ltd 2011)

b) Comparatii ale efectului filtrului RGRF cu si fara
scurtare a ferestrei de ponderare la suprafete

slefuite
Epruvete de stejar, fag si molid au fost slefuite
manual, paralel cu fibrele, cu hartie abraziva cu
granulatie P1000. O astfel de granulatie fina
reprezinta un caz extrem de slefuire in care
7
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The truncated window of the weighting function
may be defined as having a length of q intervals, so that
there are (g + 1) data points in the window. When this
truncated window is centrally located in a profile
containing n data points, the profile is thereby divided into
three regions, which are related to the length of the
window. The outer regions are g/2 intervals long so they
each contain (¢/2 + 1) data points. The limits on the
summation functions given in equation (4) vary by region.

In the first region, the mean line is calculated
according to equation (5). The window of the weighting
function is not centered on the filtered data point until the
final data point because of the margin location at the start
of the region.

g+l

>z sy 8"
) _ 1=l

W(mH _

T gl n) ()
Zskl 2
I=1 k=12.. 441

2

(Gurdu et al. 2011, Eq.6.12 © ISTE Ltd 2011)

The middle region extends from (g/2 + 2) to [n —
(g2 + 2)] and the weighting function is symmetrical
around the filtered data point (6).

k+g
(m)
Z 28y 9
q
k-1
W(m+1) _ 2
oY =
k-v% (6)
(m)
Sy -0,
q
1=k-<
2 k:g+2,2+3.“n—[1+2)
2 2 2

(Gurdu et al. 2011, Eq.6.13 © ISTE Ltd 2011)

The final region is given by equation (7) and works
on the same principle as (5) so the weighting function is
only symmetrical around the first data point because of
the margin location at the end of the region.

Z Zp Sy 51(m)

W/(cmﬂ) _ 1=nf(qzl)
Sk 51(m)

l:n—(q+1)

k=n—(g+1),n—(q)...n

(Gurau et al. 2011, Eq.6.14 © ISTE Ltd 2011)

b) Comparison of the effect of RGRF with and
without truncated weighting window on sanded
surfaces

Specimens of oak, beech and spruce were sanded
by hand parallel to the grain with P1000 grit paper. Such
a fine grit size represents an extreme case of sanding,
where the height variation due to processing is minimized
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neregularitatile produse de slefuire sunt minimizate,
iar posibilitatea aparitiei distorsiunilor de filtrare este
maxima. Aceste suprafete permit testarea robustetei
unei metode de filtrare la un nivel de incredere mai
ridicat decat in cazul celor pregatite cu granule mai
mari. Pentru a largi intervalul de analiza, o epruveta
de stejar a fost pregatita prin slefuire cu P120, ca un
exemplu de granulatie tipica de slefuire industriala
fnainte de finisare. Doua suprafete din plastic slefuite
cu P60 si P120 au fost adaugate ca exemple ale unui
material omogen. Slefuirile cu P60 si P120 au fost
realizate pe o masina de slefuit cu banda lata.
Masuratorile au fost realizate cu un instrument
TALYSCAN 150 al companiei Taylor Hobson utilizand
un palpator cu o raza la varf de 2,5 pm si un unghi la
varf de 90%, cu o viteza de scanare de 1 mm/s. Pentru
fiecare epruveta s-a masurat o suprafata de (16 x 50)
mm? prin prelevarea secventiala de profile
perpendicular pe fibra. Fiecare profil a fost inregistrat
la o rezolutie de 1 pum, maxim posibilda cu acest
instrument, iar distanta intre profile a fost de 400 um.
O lungime a profilului de 50 mm a fost considerata
suficientd pentru a cuprinde variatia anatomica a
lemnului. Datele au fost stocate in format ASCII si au
fost prelucrate cu algoritmi definiti in MathCad™. Din
fiecare suprafata s-a selectat un profil primar in mod
aleator. Desi datele au fost inregistrate la o rezolutie
de 1 um, aceasta a fost scazuta in studiul de fata la
10, respectiv 100 um pentru a accelera viteza de
procesare. Profilele de rugozitate au fost obtinute prin
filtrarea profilelor primare cu filtrul RGRF cu si fara
scurtare a ferestrei de ponderare. Pentru suprafetele
slefuite cu P1000, s-a utilizat o lungime de unda de
prag de 8 mm, in timp ce, pentru P60 si P120 a fost
preferatd o valoare de 2,5 mm. Aceasta alegere s-a
bazat pe un studiu anterior privind selectia acelor
lungimi de unda care sa nu distorsioneze suprafetele
din lemn (Gurau s.a. 2006). Pentru a verifica faptul ca
fereastra de ponderare scurtata la o lungime egala cu
g intervale nu produce erori semnificative, profile de
rugozitate obtinute cu un numar de valori g au fost
comparate cu profile de rugozitate de referinta
obtinute fara scurtare. Lungimea g a ferestrei de
ponderare a fost setata pe rand egala cu 0,25, 0,5,
0,75A, A, 1,1A, 1,2X, 1,25X, 1,357, 1,51, 1,75 si 2.
Eroarea inregistrata pentru fiecare valoare a lui q a
fost luata ca vector al diferentelor in fiecare punct intre
profilul obtinut cu acea valoare a lui g si profilul de
referinta.

Au fost calculati doi parametri pentru evaluarea
erorii: fnaltimea totala a profilului Rt si media in
valoare absoluta a ordonatelor, Ra, conform 1SO 4287
(1997).

REZULTATE $I DISCUTII

Fig. 3 indica variatia erorii ARa cu marimea
ferestrei de ponderare la stejar, fag si molid slefuite cu
P1000 si masurate la o rezolutie de 10 pm.
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and the possibility of filtering distortions is maximized.
These surfaces allow the robustness of a filtering method
to be tested with a greater degree of reliability than
surfaces prepared with larger grit sizes. To widen the
range of analysis, a surface of oak was sanded with
P120, as this grit size is commonly used in industry for
sanding prior to finishing applications. Two plastic
surfaces sanded with P60 and P120 were added as
examples of a homogeneous material. Sanding with P60
and P120 was achieved using a wide-belt sander.

Measurements were carried out with a Taylor
Hobson instrument TALYSCAN 150 using a stylus with
2.5 um tip radius and 90° tip angle, at a speed of 1 mm/s.
An area on each specimen of (16 x 50) mm® was
scanned by taking sequential profiles across the grain.
Each profile was recorded at a resolution of 1 um, the
maximum possible with this instrument, while the gap
between profiles was 400 pum. A profile length of 50 mm
was considered sufficient to typify the wood anatomical
variability. The data were stored in ASCIl format and
processed with algorithms written in MathCad™. One
primary profile was randomly selected from every
surface. Although the data was recorded at 1 um
resolution across the grain, this was decreased to 10 and
100 um for this study, to speed the computation time.

The roughness profiles were obtained by filtering
the primary profiles with the Robust Gaussian
Regression Filter with and without a truncated weighting
window. For surfaces sanded with P1000, a cut-off length
of 8 mm was used, while for the P60 and P120, a cut-off
length of 2.5 mm was preferred. This choice was based
on a previous study regarding the selection of cut-off
lengths, which do not distort the wood surfaces (Gurau et
al. 2006).

To ensure that the truncation of the weighting
window to a length of q intervals did not introduce
significant errors, roughness profiles obtained with a
range of g values were compared with reference
roughness profiles obtained without truncation. The
length q of the weighting window was set in turn to 0.254,
0.5A, 0.75A, A, 1.1A, 1.2X, 1.25A, 1.354, 1.5, 1.75A and
2\. The error for any value of q was taken as a vector of
the differences at each point between the profile obtained
with that value of g and the reference profile.

Two parameters were calculated to evaluate the
error: the peak to valley height Rt and the mean of the
absolute ordinates Ra as from ISO 4287 (1997).

RESULTS AND DISCUSSION

Fig. 3 shows the variation of the error ARa with the
size of the weighting window for oak, beech and spruce
sanded with P1000 and measured at a resolution of 10
pum.
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Fig. 3.

Comparatie intre RGRF si RGRF cu scurtare ca variatie a lui Ra in functie de marimea ferestrei de
ponderare. Speciile au fost slefuite cu P1000 si masurate cu o rezolutie de 10 um/ Comparison between
RGRF and RGRF with truncation as a variation of Ra with the size of the weighting window. Species were
sanded with P1000 and measured with a 10 um resolution.

Din Fig. 3 se poate observa ca pentru fiecare
specie, eroarea a fost neglijabila incepand cu o
lungime a ferestrei de ponderare de 1,251. Valorile
ARt sunt prezentate Tn Tabelul 1, pentru o serie de
materiale, marimi ale particulelor abrazive si lungimi
de ferestre de ponderare, la o rezolutie de masurare
de 100 um, iar in Tabelul 2, la o rezolutie de masurare
de 10 um.

From Fig. 3 it can be seen that for each species
the error was negligible from a window length of 1.25A.
The values of ARt are presented for a range of materials,
grit sizes and window sizes, in Table 1, for a measuring
resolution of 100 um and in Table 2, for a measuring
resolution of 10 um.

Tabelul 1/ Table 1

Comparatii intre RGRF si RGRF cu scurtare evaluate prin parametrul Rt, pentru diferite valori ale ferestrei
de ponderare q. Profilele au fost masurate la o rezolutie de 100 um/ Comparisons between RGRF and
RGRF with truncation evaluated with Rt , for different sizes of the weighting window q. The profiles had a
100 um resolution

Epruveta/ g=h g=11L ¢g=12A q=125\ q =135\ q=14A1 g=1.5A

Specimen AR?
Stejar/Oak 3 3 4
P1000 0.023 0.013 4.5%10 2.033x10 - - 6.034x10
Fag/Beech 3 4
P1000 0.016 - - 2.033x10 - - 1.319%10
Molid/
Spruce 1207  0.062 0.036 0.013 4454x10°  1.23x10° 4.59%x10™
P1000
Stejar/Oak 3
P120 0.279 - - 0.012 - - 1.098%10
Plastic P60 - - - 0.023 8.97x10° - -
Plastic -3 B

- - - A1 2. 1

P120 0.121 0.119 835x10
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Tabelul 2/ Table 2
Comparatii intre RGRF si RGRF cu scurtare evaluate prin parametrul Rt, pentru diferite valori ale ferestrei
de ponderare q. Profilele au fost masurate la o rezolutie de 10 um/ Comparisons between RGRF and RGRF
with truncation evaluated with Rt, for different sizes of the weighting window q. The profiles had a 10 um

resolution

Epruveta/ g=A ¢g=125L g=15A

Specimen AR? AR? AR?
Molid/Spruce 3
P1000 0.064  0.016 9.764x10
Stejar/Oak 3
P1000 0.02 3.225%10
Fag/Beech 3
P1000 2.76x10

Din Tabelul 1 si Tabelul 2 se poate observa ca From Table 1 and Table 2 it can be seen that the

eroarea a scazut pe masura ce marimea ferestrei de | error decreased as the size of the window increased. The
ponderare a crescut. Durata de procesare a crescut | computation time increased with each increase in window
odata cu lungimea ferestrei de ponderare. Cea mai | length. The greatest ARt error for a window length of
mare eroare ARt la o lungime a ferestrei de ponderare | 1.25A was 0.121um, which is acceptable when compared
de 1,250 a fost de 0,121um, care este acceptabila | to the deviations caused by wood anatomy.
comparativ cu deviatile cauzate de anatomia The computation time depends on the profile
lemnului. length and the measuring resolution, in other words on
Timpul de procesare depinde de Ilungimea | the number of data points in the evaluation. When
profilului si de rezolutia de masurare, cu alte cuvinte, | compared with filtering with no truncation, tests
depinde de numarul de valori aflate in evaluare. | performed for profile lengths of 50mm with a measuring
Comparativ cu situatia cand au fost filtrate fara | resolution of 10um and a cut-off length of 8mm required
scurtare a ferestrei de ponderare, testele efectuate pe | only one third of the computation time when using a
profile lungi de 50mm la o rezolutie de 10um si o | truncation window of 1.251. Note that effective
lungime de unda de 8mm au necesitat o treime din | computation time also depends on the computer
timpul de procesare cand s-a utilizat o fereastra de | performance, but, for example, on the PC where the
ponderare de 1,250. De remarcat faptul ca timpul | profiles were tested, the computation time when
efectiv de procesare depinde de asemenea de | employing RGRF was 247s, which decreased to 100s for
performanta computerului, dar, de exemplu, pentru | a truncation window of 2\ and to 75s for a truncation
PC-ul pe care s-a realizat testarea profilelor, timpul de | window of 1.25)A. Sampling the same profiles measured
procesare la utilizarea filtrului RGRF a fost de 247s, | at a resolution of 100um reduced the computation time to
care a scazut la 100s pentru o fereastra de ponderare | approximately 3s with a truncation window of 1.25)
de 21 si la 75 s pentru 1,251. Pentru aceleasi profile | compared to 7s for the standard RGRF. Such high
masurate la o rezolutie de 100um, timpul de procesare | computation speeds are necessary if the algorithms are
s-a redus la aprox. 3s pentru o fereastra de 1.251, | to be used for an on-line evaluation tool.
comparativ cu 7s pentru filtrul standard RGRF.
Asemenea timpi rapizi de procesare sunt necesari
daca algoritmii sunt utilizati pentru procese de

evaluare calitativa on-line. CONCLUSIONS
The Robust Gaussian Regression Filter is suitable
CONCLuUzIl for wood surfaces, but has the disadvantage that is

Filtrul robust de regresie Gauss este adecvat | computationally expensive, as all data points are
pentru suprafetele din lemn, ins& are dezavantajul ca | considered at every iteration in the evaluation. A modified
necesita durate lungi de procesare, deoarece la | algorithm of the RGRF was proposed in this paper, which
fiecare iteratie toate valorile profilului sunt considerate | reduces the window of datapoints and divides the profile
in evaluare. In aceastd lucrare a fost propus un | in three regions with specific weighting windows, for
algoritm RGRF modificat, care reduce numarul | central and marginal areas. RGRF with various weighting
valorilor ferestrei de ponderare si divide profilul in trei | windows were tested on sanded surfaces of oak, beech,
regiuni avand ferestre de ponderare specifice pentru | spruce and plastic. A value of 1.25L of the weighting
zonele centrald, respectiv marginale. RGRF avand | window introduced negligible errors compared to a RGRF
diverse ferestre de ponderare au fost testate pe | without truncation, but significantly reduced the
suprafete slefuite de stejar, fag, molid si plastic. O | computation time.
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valoare de 1,25\ a ferestrei de ponderare a introdus
erori neglijabile comparativ cu RGRF fara modificare,
dar a redus durata de procesare in mod semnificativ.
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