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ABSTRACT

Beech wood is processed also in special area of wood industry where accentuate is 
on color. It is expected the color has a standard value without defects. Precise and fast 
determination of beech color can be useful for sorting of e.g. f loorings. In the article we 
describe the method of recognition of such color.
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INTRODUCTION

Beech (Fagus sylvatica L.), in consequence of its properties, is processed in many 
branches of wood industry. Beech wood utilization can be found in the production of 
consumption articles, sporting requisits, furniture, and other high value products. In these 
areas emphasis is put on beech color as a surface property which value is standard without 
unusual coloration.

The aim of the work is to introduce the method of identif ication of beech wood unusual 
coloration.

Beech wood color was studied in several works. Katuščák and Kučera (2000) 
investigated color of 25 temperate wood species and beech wood was among them. They 
published results in CIELAB space. The results of similar work are presented by Babiak 
et al. (2002) for 18 species and Babiak et al. (2004) for 19 species with beech among them. 
The color homogenization of different wood species including beech was the aim of Tolvaj 
et al. (2002) and Molnár and Tolvaj (2004). Babiak et al. (2004) described the color change 
of beech wood during microwave drying. Fast grading of surfaces that utilized statistics of 
color coordinates for various materials, among which wood belongs, in CIELAB space is 
described by López et al. Beech parquets grading was also subject of interest of Vienonen, 
Asikainen and Eronen (2002). These authors graded beech parquets according the ref lection 
in visible range.
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MATERIAL AND METHODS

Color space CIELAB is defi ned by three coordinates L*, a*, b*. Lightness L* is directly 
proportional to luminance (Habel et al. 1995) and characterizes on the assumption of zero 
values of next two coordinates the gray colors. If the value of lightness is zero then the color is 
black. Th e maximum value of lightness is 100 for white color. Coordinate a* characterizes hues 
between red (positive values of a*) and green (negative values of a*). Coordinate b* describes hues 
between yellow (positive values of b*) and blue (negative values of b*). Th e plane a*b* in polar 
coordinates is defi ned by hue hab (the angle with positive axis a*) and by saturation C*ab (distance 
from coordinate L*).

Fig. 1: CIELAB color space (constant saturation).

Th e next equation defi nes the change of color in CIELAB space:

 (1)

It is possible to use this equation for the modeling of wood color space. Th e wood color is 
a heterogeneous quantity and in CIELAB space it represents a cluster of data. We interpret 
relationship (1) as surface of sphere with center in color 1 and radius Eab (Hrčka a Babiak 
2004). Let’s put the center of sphere to mean of beech wood color coordinates .

We determine the radius as: 

 (2)

where  are coordinates’ variances.
Let’s suppose normal distribution of beech wood color coordinates, then:

 (3)

u is critical value of uniform normal distribution
Th is consideration is broadened by consideration with ellipsoid with the center in the 

mean of color coordinates. Its axis are identical with directions of eigenvectors of data co-
variation matrix:
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where (5)

V-1 is matrix of eigenvectors of co-variation matrix,  are average values of 
transformed coordinates,  are coordinates’ variances.

Th e material used was beech radial board of dimensions of 25x250x1000 mm3 (TxRxL) 
with unusual color with shape as longitudinal narrow streak. Th e board was dried by microwave 
drying. Daily during 10 days we took sample 25x250x100 mm3 , at which we measured color by 
digital camera KODAK 256 Zoom under illumination D65 – Atlas TLL 1200 using the method 
described by Babiak et al. (2002). One observation represented area of 4,5x4,5 cm2. Samples with 
unusual coloration were distinctly dark brown easy to distinguish from slightly red beech wood.

RESULTS AND DISCUSSION

Tab. 1 contains statistical data color coordinates of beech wood in CIELAB space. 

Tab. 1: Color coordinates of beech wood in CIELAB space

Fig. 2 contains histogram of distance Eab from average values of beech wood coordinates 
without unusual coloration. 

Fig. 2: Histogram Eab for beech wood
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Let critical value of the color coordinates be 1,7. Th en radius of the sphere is equal to 3.29.
Fig. 3 contains histogram with unusual beech wood coloration.

Fig. 3: Histogram Eab for beech wood with unusual color

Th e color coordinates distance of unusual coloration exceeded value of sphere radius, what 
is documented in histogram in Fig. 4. 

Th e ellipsoid appends consideration with sphere. Th e transformation matrix V-1 is:

 (6)

Th e change of the coordinate system is due to its turning around the origin and the 
directions of new coordinates are the directions of the eigenvectors of the co-variation matrix. 
Th en ellipsoid is (with the same critical value as sphere) is:

 (7)

Fig. 4 enables us to distinguish if color data are inside of ellipsoid. 
Usual colored samples fall to ellipsoid area. Unusual colored samples are outside of 

ellipsoid. Usual colored samples uniformly edge the ellipsoid. Unusual colored samples directs 
from part of ellipsoid and we can conclude, that on appropriate alpha level don’t fall into the 
ellipsoid. 

Th e data of lightness in this work are the highest from those in literature review. Vice versa 
coordinates a* and b* are the smallest. Th ese facts can be explained by mixing of striking and 
return light, which together fall into sensor.
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Fig. 4: Beech wood color (also with unusual color) in CIELAB space, pe- surface of the ellipsoid; pg – 

surface of the sphere; L, a, b – constants; z - coloration

CONCLUSION

In the article we showed a possibility of identifi cation of unusual beech wood coloring 
with elliptical model of beech wood color in CIELAB space. Distribution of color data around 
of ellipsoid is equal for usual beech wood coloration. Unusual coloration is as one side buckling 
from ellipsoid. And this is the evidence for convenience of elliptical model for identifi cation of 
unusual beech wood coloration. Th e results can be used for pass/fail decisions during sorting 
and grading of beech wood.

data
a*b*L
a*bL*
ab*L*
pe L
pe b
pe a
pg L
pg b
pg a
z
zL
zb
za

10-WR_1_2008.indd   12310-WR_1_2008.indd   123 12.3.2008   20:00:1512.3.2008   20:00:15



124

WOOD RESEARCH

REFERENCES

1. Babiak, M., Mamoňová, M., Hrčka, R., Mamoň, M., 2002: The utilization of digital 
technique for objective determination of the color of wood. In: Wood structure and 
properties. Pp. 99-103, Arbora Publishers. Zvolen

2. Babiak, M., Kubovský, I., Mamoňová, M., 2004: Farebný priestor vybraných domácich 
drevín. In Interaction of wood with various Forms of energy. Pp. 113-117, TU Zvolen, 
Zvolen

3. Babiak, M., Hrčka, R., Hoľpit, M., 2004: Zmena farby buka pri mikrovlnom sušení. In 
Interaction of wood with various Forms of energy. 127-130, TU Zvolen, Zvolen

4. Babiak, M., Hrčka, R., 2005: Boja kao indikator kvalitete drva obyčne jele. In Drvo u 
Graditeljstvu. Pp. 25-30, Zagreb

5. Habel, J a kol., 1995: Světelná technika a osvětlování. 1.vyd. FCC Public. Praha. 437 pp. 
6. Hrčka, R., Babiak, M., 2004: Modelovanie farby smrekového dreva (Picea Abies, L.) 

v priestore CIELAB. In Interaction of wood with various Forms of energy. Pp. 109-111, 
TU Zvolen, Zvolen

7. Katuščák, S., Kučera, L. J., 2000: CIE orthogonal and cylindrical color parameters and 
the color sequences of the temperate wood species. Drevársky výskum, 45(1): 9-22

8. López, F., Valiente, J. M., Baldrich, R., Vanrell, M.: Fast surface grading using color 
statistics in the CIE Lab space. Available on Internet: http://www.disca.upv.es/articulos/
docs/revistas/AR001_05.PDF

9. Molnár, S., Tolvaj, L.: Colour homogenisation of different wood species by steaming. 
Zvolen. In Interaction of wood with various Forms of energy. Pp. 119-122, TU Zvolen, 
Zvolen

10. Tolvaj, L., Varga, D., Komán, S., 2002: Colour modification of dried black locust and 
beech woods by steaming. In: Wood structure and properties. Pp. 109-113, Arbora 
Publishers. Zvolen

11. Vienonen, P., Asikainen, A., Eronen, J., 2002: Color grading of beech parquet blocks by 
using spectral data. Forest Products Journal. 52(2): 49-53

Ing. Richard Hrka, PhD.
Faculty of Wood Science and Technology,

Technical University in Zvolen
T. G. Masaryka 24

960 53 Zvolen
Slovak Republic

E-mail: rhrcka@vsld.tuzvo.sk

10-WR_1_2008.indd   12410-WR_1_2008.indd   124 12.3.2008   20:00:1612.3.2008   20:00:16



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


