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AFFECT OF SAMPLE POSITION ON COLOUR VALUES OF
WOOD UNDER DIFFUSE ILLUMINATION

Y. Dog. Dr. Celil ATIKZ

Abstract

Colour of the \vood surface is a major criterion in evaluating the quality
of furniture, panels, door elements and flooring. Meamvhile, wood is not
isotropic, and the textural quality of the surface affects the visual
appearance. Optical devices using diffuse illumination compensate deficiency
of illumination \vith given inclination. Using diffuse illumination CIE L*alb::
colour values of different structural areas of oak \vood in t\o directions
perpendicular to each other are determined. Fibre areas were found to be
more sensitive to sample position than ray areas. Also the colour difference
values betvveen structural areas of oak vvood is greater than 20. Therefore
comparison and segregation of \vood based on colour measurement must be
made carefully.

Keyvvords: Oakwood, Wood colour, CIE Lab, Diffuse illumination

1. INTRODUCTION

Colour of the \vood surface is a major criterion in evaluating the qualily of furniture,
panels, door elements and flooring. The colour compatibility of components is important vwhen
assembling individual pieces into final products. In the past, the segregation of pieces on the basis
of colour had to be carried out by trained personnel. However, human judgment is not alvvays
consistent and certainly inlluenced by the surroundings as well as by the colour variations vvithin
a lot. For this reason, industry started to employ electronic colour measuring systems to keep
colour variations of products vvithin specified ranges (RESCH et al.; 2000).

Novvadays, the colour of vvood is measured for many reasons: effect of storage, drying
and heating.conditions (WEGENER et al., 1987, MITSUI et al., 2001, MONNONEN et al., 2002,
SUNDQVIST, 2002); relationship bctvveen Chemical composition and colour (KLUMPERS et al.,
1992, CHARRIER et al., 1995, DELLUS et al., 1997, BURTIN et al., 2000), effect of felling
season (MONONEN et al., 2002); identification of vwood species (MILLER et al. 1985); and the
sorting of solid vvood and veneer products (RESCH et al., 2000).

As most materials vvood is not isotropic, and the textural quality of vvood surface will also
affect the visual appearance or colour depending on direction of illumination and observation. For
example, textured materials, such as nubby fabrics, pile carpet, and velvets will cast small
shadovvs vvithin themselves and appear darker than a smooth material of the same liue value and
chroma (ANONYMOUS, 2001).
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The fibres forming \vood are thin and long shaped, standing parallel to each other and are
visible in longitudinal section. Therefore, light source position will cause different shadovvs that
result in reflectance values betvveen two marginal points, \vhere measuring the geometry plane of
these points are perpendicular to each other.

Some colour measuring devices use 4570° geometry (perpendicular observation and
illumination wvith 45° inclination) a plane is defined by light source, observed point of the object
and observer. This can be corrected by performing multiple measurements vvhile sample is rotated
around an observation axis. illumination of sample from many directions simultaneously (using
Ullbricht sphere) is a different approach to eliminate multiple directional observations. Geometry
based on this diffuse illumination is denoted as d/0°.

The aim of this study is to investigate how efficacious diffuse illumination is in measuring
of vvood colour.

2. MATERIALS AND METIIODS

Five oak trees (Quercus petrea) used in this study vvere harvested in istanbul - Turkey.
After felling, the debarked vvood sample disks (from the bottom and the middle of the stem) vvere
divided into four parts and sapvvood was separated from heartvvood at the same time. Later, the
samples vvere dried at room temperature. Radial faces of dry vvood samples vvere planed for
colour measurements (BURTIN el al., 2000, RESCH et al., 2000).

The CIE L*a*b* colour measurements vvere performed using an Elrepho 3300
spectrophotometer, using D65 illumination, 10° Standard observer, d/0° geometry and 9 mm
aperture vvith 5 mm measuring area (to enable measurement of small ray areas, a 5 mm area is
selected). Colour differences vvere calculated using the follovving equation.

AE *= yi(L, *-L 2%)2 + (a, *-a2*)2+ (bx *-b 2%)2

Measuring of samples - Planed vvood samples vvere measured along longitudinal radial
surfaces. Fibre and ray areas of hardvvood are two of the significant and visible texture elements.
Therefore, these surfaces of sapvvood and heartvvood vvere measured separately. Measurements
vvere realized in two positions of sample perpendicular and parallel to the measuring device.

- 3. RESULTS AND DISCUSSION

Table 1 provides the desired comparison of colours using this popular CIE L*a*b*
system. The dala are average values of 50 readings.

Results indicate vvell-knovvn facts that sapvvood is lighter than heartvvood and fibre areas
are lighter than ray areas. Meanvvhile colour difference values shovv that there are differences
betvveen two orientations of samples for ali structure areas and, the difference increases wvith
lightness values. This fact shovvs that there is little orientation in diffuse illumination. Lightness
values also confirm the fact, vwhile L* values for fibre areas in position B are bigger than those in
position A, the situation for ray areas opposite. This can be explained by orientation of cells in
wvood, vvhile fibre cells are parallel to stem axis the ray cells are perpendicular to stem axis.
Resulting bigger colour difference fibre areas seem to be more sensitive to sample orientation
than ray areas.
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Tablo 1 : Mese Odununun CIE L*a*b* Renk Degerleri
Table 1 : CIE L*a*b* Colour Properties of Oak
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Table 2 shows colour differences between different structural areas of sapwood and
heartwood. AE* values vary betvveen 0.31 and 20.76; accordingly colour difference betvveen
different parts of the same vvood piece is relatively high. Therefore colour comparison only
betvveen the same structural areas will give reliable results.

Tablo 2 :Degisik Strukturel Alanlar Arasindaki Renk Farlu (AE¥*)
Table 2 : Colour Differences (AE*) Betvveen Different Structural Areas

Measured
area
Olgu alani

F
\6 % A
- £t © fEZ
r
éﬂg r (B)
4, FA
gn 6
49 i
HH r (B)

Sapvvood / Diri odun

FA

1.42
9.04
10.03
18.71
17.83
19.41
19.42

F® R
1.42 9.04
- 10.21
10.21
11.25 1.29
20.04 10.92
19.15 10.17
20.75 11.65
20.76 11.75

r (B>

10.03
11.25
1.29

9.66
8.9i

10.38
10.48

lleartvvood / Oz odunu

FA

18.71

20.04
10.92
9.66
0.92
0.92
0.97

F®

17.83
19.15
10.17
8.91
0.92
171
1.70

R<A>

19.41
20.75
11.65*
10.38
0.92
171

0.31

R®

19.42
20.76
11.75
10.48
0.97
1.70
0.31



76 CELIL ATIK

4. CONCLUSION

Results sholv that colour values of wood are affected by sample positioning on measuring
devices instead of diffuse illumination. Therefore for more reliable colour values determination,
the recommendation is to perlorm measurement at multiple directional posilions of sample (at
least two positions perpendicular to each other) calculating averagc values.

As expressed by Resch et al. (2000) the segregation of individual pieces of lumber and
veneer on the basis of colour is quite possible using colour measuring dcvices. Evaluation must be
done for the same structural areas.

In the automated line orientation of sample may cause colour difference greater than pass-
fail tolerance. Furthermore, it is difficult to execute multiple directional measurements at the same
point of moving pieces. Therefore, mounting the colour-measuring device with a 45° angle to
conveyor moving direction is expected to give reliable results.



DAGINIK AYDINLATMA KOSULLARINDA ORNEK KONUMLAMANIN
ODUNUN RENK DEGERLERI UZERINDEKI ETKISi

Y. Dog. Dr. Celil ATIiK

Kisa Ozet

Mobilya, kapi, yer kaplamasi gibi drtnlerin en 06nemli Kalite
degerlendirme kriterlerinden birisi ytzeyinin rengidir. Bununla birlikte
odun tekdiize bir yapida degildir, bu nedenle de yilizey tekstiri gorsel
algilamay! etkilemektedir. Daginik aydinlatma kullanan cihazlar belli acidan
aydinlatma kullanan cihazlarin eksigini gidermektedir. Bu calismada mese
odununun farkl striktirel alanlari birbirine dik iki farkli konumda daginik
aydinlatma kullanarak CIE LialbJ] renk degerleri belirlenmistir. Oz isini
alanlarina kiyasla lif alanlarinin konumlanmaya daha hassas oldugu
belirlenmistir. Ayrica mese odununun farkli alanlari arasinda renk farki
degerleri 20°nin Gstindedir. Bu nedenle renge dayali odunun karsilastirilma
ve siniflandirilma islemleri ¢ok dikkatli yapiimahdir.

Anahtar kelimeler: Mese, Odun rengi, CIE Lab, Daginik aydinlatma

1. GIRIS

Ahsap ylzeyinin rengi mobilya, panel, kapi elemanlari ve zemin kaplamalarinin kalite
degerlendirmesinin en 6nemli kriterlerinden birisidir. Farkli elemanlarin son driinde birlestigi
anda bireysel parcalarin renk uygumu oOnemlidir. Eskiden renge dayanarak yapilan parca
siniflamasi tecribeli isciler tarafindan yapilmaktaydi. Bununla birlikte insan degerlendirmesi her
zaman ayni olmayip ¢evreden etkilenmektedir. Bu nedenle renk farkliliklarini istenilen seviyede
tutmak igin endustri kuruluslari elektronik renk él¢tim cihazlari kullanmaya baslamistir.

Ginumizde depolama, kurutma ve sicaklik gibi etkileri belirlemek, kimyasal yapi ile renk
iliskisini, kesim mevsiminin etkisini belirlemek, afac¢ tiri teshisi ve kaplama dretiminde
siniflama gibi birgok sebepten dolayr odunun rengi odlgiilmektedir.

-Bircok malzeme gibi odunun yizeyi farkhliklar gostermektedir. Odun yiizeyinin teksturu
aydinlatma ve g6zlem agisina bagh olarak gorsel algilama da etkilenmektedir. Deri, hah ve kirk
gibi malzemeler kendi yiizeylerine golge yaptiklari icin ayni renk ve tondaki diiz bir malzemeden
daha koyu goérilmektedirler.

Odun, birbirine gore paralel duran ince ve uzun lifler meydana gelmektedir ve mobilyada
bu liflerin boyuna kesitlerini gérmekteyiz. Bu nedenle isik kaynaginin yéniine bagl olarak farkli
goblgeler olusturacaktir. Isik yansitma degerleri de iki marjinal nokta arasinda olacaktir, ki bu iki
nokta arasindaki agi diktir.

Bazi renk él¢um cihazlari 4570° renk 6lcim geometrisi kullanmaktadir, ki bu agiyi 1sik
kaynaginin, incelenen noktanin ve algilama noktasinin olusturdugu dizlem belirlenmektedir.
Olgiim ekseni etrafinda cisim gevrilerek yapilacak gok sayida 6lgiim bu hatayi giderebilmektedir.
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Ornegi birgcok yonden aydinlatmak ise ¢ok sayida 6lgiim yapmayi giderecek baska bir yontemdir.
Bu daginik aydinlatmaya dayanan geometri d/0° olarak adlandiriimaktadir.

Bu calismanin amaci, odun rengi &lgiminde daginik aydinlatmanin ne kadar etkili
oldugunu belirlemektir.

2. MATERYAL VE YONTEM

Calismada kullanilan bes adet mese ajaci (Quercus petrea) istanbul’dan temin edilmistir.
Kesimden sonra gévdenin dip, orta ve u¢ kisimlarindan alinan disklerin kabuklari soyulduktan
sonra ortadan dort esit parcaya ayrilarak diri ve 6z odunlari birbirinden ayrilmistir. Daha sonra
ornekler oda sicakhginda kurutulmustur. Kuru orneklerin radial yuzeyleri renk dlciimleri igin
planyalanmistir.

CIE L*a*b* (*- 1976 CIE renk Ol¢clim standardi) renk o&l¢umleri Elrepho 3300
spektrofotometre ile D65 aydinlatma, 10° standart algilayici, d/0° geometri ve 5 mm dl¢iim alani
kullanilarak gerceklestirilmistir. Renk farklar ise asagidaki denkleme gére hesaplanmistir.

AE* =1/(L, :~L2%)2+(a, *~a2*)2 2>, *-b2*)2

Olgiim, planyalanmis radyal yiizeylerde gergeklestirilmistir. Lif ve 6z 1sini bélgeleri
gorsel olarak da farklilhk gdsterdiklerinden bu iki alan ve ayrica 6z ve diri odun bdélgeleri de ayri
ayri 6lcilmustir. Olgiimler gévde ekseni ve cihaz eksenine dik veya paralel gelecek iki farkl
pozisyonda yapimistir.

3. BULGULAR VE TARTISMA

Tablo |’de yaygin olan CIE L*a*b* sistemi kullanilarak istenilen renk degerleri
verilmistir. Elde edilen veriler 50 6lcimun ortalamasidir.

Sonuglara diri odunun 6z oduna kiyasla daha acik renkli oldugu ve lif bélgesinin 6zisini
bolgesine kiyasla daha agik renkli oldugu gibi ¢ok iyi bilinen gercek de goérilebilmektedir.
Bununla birlikte érnek pozisyonuna gore her bdlgede farklilik oldugu belirlenmistir ve bu farkhilik
acik renkli bolgelerde daha belirgindir. Bu veriler daginik aydinlatmada bir miktar yonlenme
oldugunu gostermektedir. Renk parlakligi degerleri de bunu desteklemektedir, B pozisyondaki L*
degerleri A pozisyona glre daha yiiksektir, 6zisini alaninda durum ise bunun tersidir. Bu durumu
hiicrelerin yoni ile agiklanabilir, lifler govdeye paralel olurken ézismlari.gdvdeye dik ydndedir.
Daha biyiik renk farki meydana gelen lif bdlgesi él¢im pozisyonuna dalla duyarli oldugunu
anlasiimaktadir.

Tablo 2’de farkli alanlar arasindaki renk farklari yer almaktadir. AE* degerleri 0,31 ile
20,76 arasinda degismektedir, buna gore bir odunun degisik bolgeleri arasinda oldukga yiiksek
renk fark bulunmaktadir. Bu nedenle ancak ayni striktiirel bdlgeler arasinda yapilan kiyaslamalar
guvenilir sonuclar verecektir.

4. SONUG VE ONERILER

Elde edilen sonuglara goére daginik aydinlatma uygulanmasina ragmen drnek pozisyonu
renk degerlerini etkilemektedir. Bu nedenle daha givenilir sonuglar igin farkli pozisyonlarda (en
azindan birbirine dik iki pozisyonda) él¢cim yapilmahdir.
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Resch ve ark. (2000) belirtti§gi gibi renk &élgim cihazlar kullanarak kaplama parcalan
siniflanabilir. Ancak degerlendirmede ayni striktirel bélgeler kullaniimalidir.

Otomatik hatlarda numunenin yonu kabul edilen sinirlardan daha yuksek renk farki
bulunabilir. Bununla birlikte hareket halindeki numunenin bir noktasinda ¢cok yénli 6lgim yapma
oldukca zordur. Renk 6l¢iim cihazinin hareket yéniine gére 45° agi ile yerlestirilmesi tatmin edici
sonuglar verecektir.
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