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IDENTIFICATION OF WOOD SPECIES BY APPLICATION 

OF VISIBLE SPECTRAL REFLECTANCE

Juraj Gigac, Mária Fišerová
Pulp and Paper Research Institute, Bratislava, Slovak Republic

ABSTRACT

Surface colour region of chips of seven wood species (acacia, birch, beech, cherry, hornbeam, 
ash-tree and aspen) was determined by analysis of RGB colour components. Th e acquired data 
of the digital image were analysed by histograms of the entire colour tone image and of the 
colour image of R, G, B colour components. Th e colour determined by this procedure is in good 
accordance with perceptual evaluation of the colour shade of the respective wood species. Moisture 
content signifi cantly infl uences wood colour intensity which is decreasing with decreasing moisture 
content. Nevertheless at diff erent moisture content chips of individual wood species are in the same 
colour region. Results of analyses of wood chips from two samplings confi rmed suitability of the 
proposed method for identifi cation of wood species present in a chip mixture.

KEY WORDS: wood chips, colour space, moisture content, digital technique, image analysis

INTRODUCTION

Several mills in Europe are producing pulp and paper from a mixture of three to fi fteen 
hardwood species of diff erent morphological and chemical composition. Fibre morphology such as 
length and diameter of fi bres, fi bre wall thickness and chemical composition of the processed wood 
species has a decisive infl uence on the pulping process as well as on properties of pulp and paper 
such as porosity, density of paper sheet, opacity, formation and stiff ness. It would be of advantage 
for control of the pulp and papermaking process to get information about weight composition of the 
processed mixture of chips from various wood species. Th is would create a possibility to control the 
composition of wood chips mixture and adjustment of technological conditions related to mixture 
composition. Th e ultimate goal would be on-line measurement of chips mixture composition.

Colour has been a great help in identifying objects for many years. Several publications are 
dealing with identifi cation of wood species by colour measurement (Lebow et al. 1996, Katuščák 
et al. 2002, Katuščák and Kucera 2002, Babiak et al. 2002). Primary objective of some computer 
vision systems is automatic analysis of multispectral images of object surfaces. Computer-aided 
manufacturing technologies are applied in the wood products industry (Shaw et al. 1990, Butler et 
al. 2001). Wood colour identifi cation methods are applied in wood quality evaluation and in analysis 
of wood surface structure defects (Liu and Furuno 2002, Ruz et al. 2005). Many research works 
and patens are dealing with analysis of wood chips related to bark content, moisture and wood 
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species. It is anticipated that by determination of sapwood and heartwood proportion control of 
the delignifi cation process can be improved (Mamoňová et al. 2008). When comparing the colour 
coordinates of wood, one should keep in mind that these characteristics strongly depend on wood 
moisture content (Yeo et al. 2002, Jonsson et al. 2004). Th ese authors proposed a  colorimetric 
technique for measurement of surface moisture content and found linear relationship between 
moisture content and colorimetric coordinates. On-line monitoring control of pulpwood chip 
moisture content as well as determination of wood species percentage in the raw material were 
suggested by some authors (Jonsson et al. 2004).

In application of wood species determination in chip mixtures mathematical methods 
of digitalised image processing must be used. Application of image analysis methods used in 
evaluation of formation, holes, and dirt particles in paper or wood imperfections are anticipated 
(Chareza and Götsching 1990, Neß et al. 1992, Praast and Götsching 1991). For determination 
of wood species amount in a mixture data about moisture content, wood basic density and chip 
size distribution will be necessary in order to convert number and area proportion of chips to 
weight content of each wood species. An on-line measurements system for estimating the relative 
proportion of wood chips species to be fed to a process for producing pulp such is described in 
patent application (Ding 2006). 

Th e objective of this work is identifi cation wood chips species by colour of surface at defi ned 
moisture content and verifi cation of selected wood chips species diff erentiation possibility.

MATERIAL AND METHODS

Wood surface images were digitalised using the fl at EPSON Perfection V700 Photo CCD 
scanner with a movable arm. Th e optical signal of the selected elemental surface area (pixel) was 
scanned by a light sensor and converted to an electric signal proceeding to processing circuits. 
Th e scanned digital images of the trimmed chips surface were saved in Tagged Image Format 
(TIFF). Every image has 190 x 170 pixels and 300 dpi resolution. Every pixel has red, green and 
blue components. Th e colour of the trimmed digital image was factorised to individual colour 
components by the Image J or other programme used in processing of digital images. Afterwards 
histograms of colour tones of the scanned image and of the individual R, G, B, colour components 
are created using the Image J programme. Th e horizontal axis of the histogram represents the 
values of the image tones. Th e histogram of the 8-bit black-white or R, G, B image consists of 256 
vertical columns (for tones value 0 to 255) the height of which represents the frequency of individual 
tones values in the image (grey level). Th e combined histogram of the entire coloured tones image 
in the RGB colour space represents the tones condition in the image and depicts and shows average 
values of the individual R, G, B channels histograms. Th e colour of chips was evaluated by colour 
regions in form of ellipses in G-B, R-B and R-G coordinates.

Wet wood chip samples were independently collected from chip piles in two mills. Th e 
fi rst mill is producing chemical and the second semichemical pulps. From chips collected in the 
fi rst mill two panels were prepared from two series of wet and two series of dry chips of acacia 
(Robinia pseudoacacia L.), birch (Betula alba L.), beech (Fagus silvatica L.), cherry (Cerasus avium 

L.), hornbeam (Carpinus betulus L.), ash-tree (Fraxinus excelsior L.) and aspen (Populus tremula L.). 
Each of this series was composed of four chips from each wood species. From chips collected in 
the second mill a panel composed of one series of wet chips of birch, hornbeam, poplar (Populus 

alba L.) and spruce (Picea excelsa L.) was prepared. Moisture content of wet chips was determined 
gravimetrically and was in the range 24-45 %. Dry chips were prepared by drying at 105 °C.
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RESULTS AND DISCUSSION

On Fig. 1 the scanned panel of a series of wet chips from seven wood species from the fi rst mill 
is shown. By visual observation of chip surface colour the individual wood species can be identifi ed: 
acacia in the fi rst line, birch in the second, beech in the third, hornbeam in the fourth, cherry in the 
fi fth, aspen in the sixth and ash-tree in the seventh line.

Fig. 1: Scanned panel of wet chips from acacia (A), birch (Br), beech (Bu), cherry (C), hornbeam (H), 

aspen (O) and ash-tree (J)

Visual comparison of colour and surface structure of wet wood chips on Fig. 1 and Fig. 2 shows 
marked diff erences between he tested wood species. 

Fig. 2: Trimmed images of scanned wet chips from seven wood species (prepared from the scanned panel 

of chips on Fig. 1) 

On Fig. 2 the trimmed images of scanned wet chips from seven wood species are 
presented. Th e digital, mathematical expression of colour specifi c for each tested wood species 

(A)

(Br)

(Bu)

(C)

(H)

(O)

(J)

ACACIA BIRCH BEECH CHERRY HORNBEAM ASPEN ASH-TREE

WR_1_2010 09-Gigac.indd   3WR_1_2010 09-Gigac.indd   3 3/8/10   11:42 AM3/8/10   11:42 AM



82

WOOD RESEARCH

was elaborated by application of colour tone image mean value and standard deviation of the 
respective histogram. On Fig. 3 and Fig. 4 histograms of colour tone images of individual B, G, 
R colour components and of the complete colour tone image of the trimmed images of wet birch 
and hornbeam chips are presented. 

Fig. 3: Histograms of the colour tone image of B, G, R colour components and of the complete colour tone 

image of the trimmed image of one wet birch chip

Fig. 4: Histograms of the colour tone image of B, G, R colour components and of the complete colour tone 

image of the trimmed image of one wet hornbeam chip

On Fig. 5 the colour of wet chips and chips dried at 105 °C is compared by combination of 
the three colour components R, G, and B. For each wood species collected in the fi rst mill is the 
mean value range of the coloured tone image marked by an ellipse. Higher tone values of colour 
components are representing lower colour saturation. Colour of aspen is of lowest intensity 
among the tested wood species; its ellipse is placed uppermost and on the extreme right. Th e 
colour intensity of beech is highest of tested wood species and is characterised by lowest tone 
values of colour components; the colour ellipse of beech is placed on the low left side. With 
decreasing moisture content of chips in the range 25-45 % colour intensity decreased. Drying 
at elevated temperature of 105 °C caused marked colour changes; consequently dry chips on 
Fig. 5 are darker, that is of higher colour intensity than could be expected from relationships 
gained by observation of wet chips of moisture content in the range 25-45 %.
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Fig. 5: Evaluation of acacia, birch, beech, cherry, hornbeam, ash-tree and aspen chips colour 

On Fig. 6 graphical records of the R,G,B colour components of wet chips from two 
independent samplings in two mills are shown. Th e colour of chips sampled in the second mill 
is marked by the letter A. On Fig. 6 birch, hornbeam and spruce are marked by large coloured 
dots: birch A red dot, hornbeam A light coloured blue dot, poplar A yellow dot and spruce A 
green dot. Th e colour of chips from the second mill is in the range of the colour of chips from 
the fi rst mill marked by a red ellipse for birch and a light coloured blue ellipse for hornbeam. 
Poplar chips are brightest (that is of lowest colour intensity); just little darker (higher colour 
intensity) are spruce chips. 

Th e colour specifi cation of the three wood species used in the second mill (beech, hornbeam 
and poplar) is very specifi c, diff erent and the colour areas (ellipses) of chips at various moisture 
contents are not overlapping. Th is makes possible a good resolution of these three wood species.
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Fig. 6: Comparison of R, G, B colour components of wood chips from sampling in both mills (chips from 

sampling in the second mill are marked with the letter A)

CONCLUSIONS

Colour specifi cation of various wood species (acacia, birch, beech, cherry, hornbeam, ash-tree 
and aspen) can be determined by spectral refl ectance in the visible region. Th e digitalised image of 
chip surface can be created by converting the optical signal recorded by a detector to an electrical 
one using a CCD scanner. It is possible to identify wood species by processing the digitalised image 
at known moisture content as each wood species are characterised by a specifi c colour. For each 
wood species a typical colour region in form of tree ellipses were determined. Th is colour region 
includes colour of chips at various moisture levels. 

WR_1_2010 09-Gigac.indd   6WR_1_2010 09-Gigac.indd   6 3/8/10   11:42 AM3/8/10   11:42 AM



85

Vol. 55 (1): 2010

ACKNOWLEDGEMENT

Th is work was supported by the Slovak Research and Development Agency under contract 
No. APVV-0340-07.

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 ´02. Pp 99-103, Arbora Publishers, Zvolen, Slovakia

2. Butler, D.A., Brunner, C.C. and Funek, J.W., 2001: Wood-surface feature classification 
using extended-color information. Holz als Roh- und Werkstoff 59: 475-482

3. Ding, F., 2006: Method and apparatus for estimating relative proportion of wood chips 
species to be fed to a process for producing pulp. CA 2549576. Filed 2006-06-05

4. Chareza, C., Götsching, L.,1990: Analyse optischer Oberflächeneigenschaften bedructer 
und unbedructer Papiere mit Bildanalysator. Das Papier 44(5): 185-194

5. Jonsson P., Sjöström M., Wallbäcks L., Antti H., 2004: Strategies for implementation 
and validation of on-line models for multivariate monitoring and control of wood chip 
properties. Journal of Chemometrics 18(3-4): 203-207

6. Katuščák, S., Kucera J.L., 2000: CIE orthogonal and cylindrical color parameters and the 
color sequences of the temperate wood species. Drevársky výskum 45(3): 9 – 22

7. Katuščák, S., Kučera, J.L., Varga, Š., Vrška, M., Čeppan, M., Šutý, Š., Jablonský, M., 2002: 
New method of recognition of wood species. Increasing of the effectiveness of colorimetric 
recognition of Picea excelsa and Abies Alba. Drevársky výskum 47(1): 1-12

8. Lebow, K.P., Brunner C.Ch., Maristany, G.A., Butler, A.D., 1996: Classification of wood 
surface reatures by spectral reflectance. Wood and Fiber Science, 28(1): 74-90

9. Liu, J., Furuno, T., 2002: The fractal estimation of wood color variation by the triangular 
prism surface area method. Wood Science and Technology 36:385-397 Springer-Verlag. 
DOI 10.1007/800226-002-01148-2

10. Mamoňová, M., Geffert, A., Mamoň, M., 2008: Digital technique for objective 
determination of color space of wooden chips used to control delignification process. 
Conference COST E53. Pp 239-251, 29-30 October, Delft, The Netherlands

11. Neß, C., Praast, H., Renner, K., Götsching, L., Papp, J., 1992: Formation von graphischen 
Papieren und Gleichmäßigkeit der Druckbildwiedergabe. Das Papier 46(11): 641-651

12. Praast, H., Götsching, L., 1991: Formation graphischer Papiere. Das Papier 45(7): 333-347
13. Ruz, A.G., Estévez, A.P., Perez, A.C., 2005: A  neurofuzzy color image segmentation 

method for wood surface defect detection. Forest Products Journal 55(4): 52-58
14. Shaw, G.B., Butler, D.A., Funck, J.W., 1990: Using color in machine vision systems for 

wood processing. Wood and Fiber Sci. 22(4): 413-428
15. Yeo, H., Smith, W.B., Hanna, R.B., 2002: Determination of surface moisture content of 

wood utilizing a colorimetric technique. Wood and Fiber Sci. 34 (3): 419-424

WR_1_2010 09-Gigac.indd   7WR_1_2010 09-Gigac.indd   7 3/8/10   11:42 AM3/8/10   11:42 AM



86

WOOD RESEARCH

Ing. Juraj Gigac, Phd.
Pulp and Paper Research Institute

Lamačská cesta 3
841 04 Bratislava
Slovak Republic

E-mail: gigac@vupc.sk

Ing. Mária Fišerová, Phd.
Pulp and Paper Research Institute

Lamačská cesta 3
841 04 Bratislava
Slovak Republic

E-mail: fiserova@vupc.sk

WR_1_2010 09-Gigac.indd   8WR_1_2010 09-Gigac.indd   8 3/8/10   11:42 AM3/8/10   11:42 AM



<<
  /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 /Off
  /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 false
  /OPM 1
  /ParseDSCComments false
  /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 (None)
  /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


