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Abstract 

An automated wood species recognition system is designed to perform wood inspection at custom checkpoints in 
order to avoid illegal logging. The system that includes image acquisition, feature extraction and classification is 
able to classify the 52 wood species. There are 100 images taken from the each wood species is then divided into 
training and testing samples for classification. In order to differentiate the wood species precisely, an effective 
feature extractor is necessary to extract the most distinguished features from the wood surface. In this research, an 
Improved Basic Grey Level Aura Matrix (I-BGLAM) technique is proposed to extract 136 features from the wood 
image. The technique has smaller feature dimension and is rotational invariant due to the considered significant 
feature extract from the wood image. Support vector machine (SVM) is used to classify the wood species. The 
proposed system shows good classification accuracy compared to previous works. 

Keywords: image classification, wood texture, wood species, support vector machine, pattern recognition. 

1. Introduction 

Traditional wood identification system which is based 
solely on human expertise is not practical nowadays. 
Several automatic wood species recognition have been 
developed based on spectral analysis and image 
analysis. The wood species identification based on the 
spectrum analysis involves a lot of time, money and 
specialists as shown in the previous research1-6. In 
addition, the technique is not suitable to be applied in 
real life applications by non-experts and is more 
practical to do it in the laboratory rather than in the 
field. On the other hand, the image-based processing 
provides a simpler method in classifying the wood 

species. The method involves only the inspection of a 
cross section of the wood surface that can be determined 
by human naked eye with the aid of magnifying lens. 
Refs. 7 and 8 develop an automatic tropical wood 
species recognition system to classify 20 wood species 
and 10 wood species respectively. In both works, Grey 
Level Co-occurrence Matrix (GLCM) is used as the 
feature extractor to extract the features from the wood 
texture. After the database is increased to 52 wood 
species the accuracy dropped to 50% indicating that the 
GLCM in the previous work is inadequate for large 
wood database. This is due to the unvaried nature of 
macroscopic anatomy image of the wood, but it contains 
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a visual texture - variation of intensities which form 
certain repeated arrangements9.  

In order to improve the performance of the wood 
species recognition system, a reliable and precise 
feature extractor is needed. To correctly extract the 
wood features from the wood texture and overcome the 
limitations of GLCM, a new feature extractor, Improved 
Basic Grey Level Aura Matrix (I-BGLAM) is proposed. 
Support Vector Machine (SVM) is used as classifier to 
classify the wood species based on the feature extracted 
from the I-BGLAM. Several phases which consist of 
image acquisition, feature extraction and classification 
are proposed as the design of the automated wood 
recognition system. 

2. Proposed Methodologies 

The proposed wood identification system based on 
image analysis consists of several parts: image acquisi-
tion, feature extraction and classification. The illustra-
tion of the proposed system is shown in the Fig. 1. 

Fig. 1. Proposed wood identification system 

2.1.  Image acquisition 

In image acquisition stage, images of wood surface are 
captured by a specially designed portable camera. The 
portable camera has 10 times magnification, which is 
the same specification as the magnifier used in manual 
wood identification process. The size of each image is 
768 × 576 pixels.  

The wood images are pre-processed using 
homomorphic filters to enhance the image presentation. 
Homomorphic filtering uses a linear filter to do a non-
linear mapping to a different domain and later it is 
mapped back to the original domain. This algorithm 
reduces all unwanted illumination and reflectance on the 
image. Image brightness is also normalized, thus 
enhancing the contrast of the image. The algorithm of 

homomorphic filtering is explained in more detail in 
Ref. 10. 

2.2. I-BGLAM feature extractor 

In order to overcome the limitations of the conventional 
BGLAM technique, an improved BGLAM feature 
extractor is proposed. Basically, the improved BGLAM 
feature extractor is rotational invariant and the size of 
feature dimension is reduced by considering only the 
discriminative features. Besides that, I-BGLAM 
features are directly calculated from the grey level 
mapping of images which overcome the limitations of 
GLCM.  

This is done by creating a new characteristic 
vector which combine of the occurrence of 00 together, 
the occurrences of 01 and 10 together and the 
occurrences of 11 together. 

[ 𝟔 𝟔 𝟒 𝟒 | 𝟑 𝟖 𝟑 𝟐 | 𝟔 𝟔 𝟑 𝟓 | 𝟔 𝟑 𝟑 𝟒 ]  ⇒ [ 𝟐𝟐 𝟑𝟑 𝟏𝟏] 

For example, 

6 +  3 +  6 +  6 =  21 , 4 + 2 + 5 + 4 = 15   and 
6 + 4 + 8 +  3 + 6 + 3 + 3 + 3 = 3     

This is how a 32 feature vector BGLAM becomes a 3 
feature vector invariant to image rotation. The number 
of I-BGLAM features depends only on the grey level 
segmentation as shown in Eq. (1): 

 
( 1)
2f

GL GLN × +
=                                    (1) 

Where Nf is the number of features and GL represents 
grey level.  

Consequently, the number of features becomes less 
at the same time. In this research, the numbers of grey 
level experimented is 2, 4, 8, 16. Finally, a grey level of 
16, which gives 136 features is chosen for the final 
experiment because it gives the highest classification 
accuracy compared to other grey levels.  

2.3. Classification 

The classification process is performed by training a 
classifier model that works by differentiating features of 
the class of observed collected data. Support Vector 
Machine (SVM) is a useful tool as a learning algorithm 
in analyzing and recognizing data. Previous works in 
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Refs. 11-17 shows that the implementation of SVM 
classifier result to high classification rate. 

3. Results and Discussion 

The experiment was conducted by using 90 training 
samples and 10 test samples for each wood species and 
is repeated for 30 iterations. From the result obtained 
(Table 1), the classification accuracy for training 
samples for all set showed 100% in accuracy. The 
computed training accuracy showed that SVM is able to 
train the training model and identify the trained data in 
training samples database accurately. The classifier 
managed to classify the test samples with an average 
accuracy of  
99.84 ± 0.23 % for 52 wood species. 

 
Table 1. Average classification accuracy 

Set Classification 

accuracy (%) 

Train  100 

Test  99.84 ± 0.23 

 
The proposed system showed an increment in test 
accuracy compared to the previous works done shown 
in the Table 2. 
 
Table 2. Previous works on wood species recognition system 
based on image texture 

Ref. 
 

No of species 
(No of 

samples) 

Texture feature 
(No of features) 

Classification 
accuracy (%) 

7 20 (1949) GLCM (20) 95.00 

17 7(101) Image 
segmentation (5) 93.00 

18 5 (250) GLCM (20) 72.00 

19 11 (347) GLCM (24), 
Color (18) 82.00 

20 22 (1270) GLCM (24), 
Color (18) 80.80 

21 25(1250) GLCM (124) 68.40 

22 10 (1000) GLCM (3) 95.00 
23 25 (500) GLCM (44) 92.60 

24 20 (2010) Gabor filters-
GLCM (200) 91.00 

25 30 (3000) 

Gabor filters-
GLCM (200), 
Gabor filters 
(80),GLCM(20) 

90.33 

4. Conclusion 

The classification of features extracted from I-BGLAM 
using SVM classifier shows an improvement in the 
classification accuracy compared to previous proposed 
systems.  The features extracted from the wood species 
using I-BGLAM as feature extractor are more distinct, 
thus improved the accuracy of the wood recognition 
system. In future, an advance wood recognition system 
is needed to overcome the size of wood database and 
able to differentiate the wood species that contain more 
likely features with each other. A robust feature 
extractor that capable to extract the most discriminant 
features from the wood texture is the aim for 
development in future. 

Acknowledgements 

The authors would like to thank Malaysian Ministry of 
Higher Education (MOHE) and University of Malaya 
for funding this research through High Impact Research 
Grant (UM.C/HIR/MOHE/ENG/16) and BKP Grant 
(BK047-204). The authors also would like to thank 
Forest Research Institute of Malaysia (FRIM) for 
providing us with the wood samples. The first author 
would like to thank to Ministry of Higher Education 
(MOHE) for awarded him My Master scholarship. 

References 

1. Fuentealba, C., et al. Wood products identification by 
internal characteristics readings. in Industrial 
Technology, 2004. IEEE ICIT'04. 2004 IEEE 
International Conference on. 2004. IEEE. 

2. Choffel, D. Automation of wood mechanical grading: 
coupling of vision and microwave devices. in Photonics 
East'99. 1999. International Society for Optics and 
Photonics. 

3. Piuri, V. and F. Scotti, Design of an automatic wood types 
classification system by using fluorescence spectra. 
Systems, Man, and Cybernetics, Part C: Applications and 
Reviews, IEEE Transactions on, 2010. 40(3): p. 358-366. 

4. Baas, P., E. Wheeler, and M. Chase, Dicotyledonous wood 
anatomy and the APG system of angiosperm classification. 
Botanical Journal of the Linnean Society, 2000. 134(1‐2): 
p. 3-17. 

5. Rojas, J., et al., Wood species identification using stress-
wave analysis in the audible range. Applied Acoustics, 
2011. 72(12): p. 934-942. 

Published by Atlantis Press
Copyright: the authors

142



Mohd Iz’aan Paiz Zamri, Anis Salwa Mohd Khairuddin, Norrima Mokhtar, Rubiyah Yusof 
 

 
 
  

 

6. Puttonen, E., et al., Tree species classification from fused 
active hyperspectral reflectance and LIDAR 
measurements. Forest Ecology and Management, 2010. 
260(10): p. 1843-1852. 

7. Khalid, M., et al., Design of an intelligent wood species 
recognition system. International Journal of Simulation 
System, Science and Technology, 2008. 9(3): p. 9-19. 

8. Bremananth, R., B. Nithya, and R. Saipriya. Wood species 
recognition using GLCM and correlation. in Advances in 
Recent Technologies in Communication and Computing, 
2009. ARTCom'09. International Conference on. 2009. 
IEEE. 

9. Petrou, M. and P.G. Sevilla, Image Processing. Texture: 
Dealing with Texture. 2006, Wiley John and Sons. 

10. Gonzalez, R.C. and R.E. Woods, Digital image processing 
3rd edition. 2007, Prentice Hall. 

11. Martins, J., et al., A database for automatic classification 
of forest species. Machine Vision and Applications, 2013. 
24(3): p. 567-578. 

12. Martins, J., et al., Forest species recognition based on 
dynamic classifier selection and dissimilarity feature 
vector representation. Machine Vision and Applications, 
2015. 26(2-3): p. 279-293. 

13. Paula Filho, P.L., et al., Forest species recognition using 
macroscopic images. Machine Vision and Applications, 
2014. 25(4): p. 1019-1031. 

14. Yadav, A.R., et al., Multiresolution local binary pattern 
variants based texture feature extraction techniques for 
efficient classification of microscopic images of hardwood 
species. Applied Soft Computing, 2015. 32: p. 101-112. 

15. Hj, W., et al., Wood recognition using image texture 
features. PloS one, 2013. 8(10): p. e76101. 

16. Turhan, K. and B. Serdar, Support vector machines in 
wood identification: the case of three Salix species from 
Turkey. Turk J Agric For, 2013. 37: p. 249-256. 

17. Mallik, A., et al., Classification of wood micrographs by 
image segmentation. Chemometrics and intelligent 
laboratory systems, 2011. 107(2): p. 351-362. 

18. Tou, J.Y., P.Y. Lau, and Y.H. Tay. Computer vision-based 
wood recognition system. in Proceedings of International 
Workshop on Advanced Image Technology. 2007. 
Citeseer. 

19. de Paula Filho, P.L., L.S. Oliveira, and A.S. Britto Jr. A 
database for forest species recognition. in Proceedings of 
the XXII Brazilian Symposium on Computer Graphics and 
Image Processing. 2009. 

20. Filho, P.L.P., et al. Forest Species Recognition Using 
Color-Based Features. in Pattern Recognition (ICPR), 
2010 20th International Conference on. 2010. 

21. Hasan, A.F., et al., Application of Binary Particle Swarm 
Optimization in Automatic Classification of Wood Species 
using Gray Level Co-Occurence Matrix and K-Nearest 
Neighbor. Int. J. Sci. Eng. Res, 2013. 4: p. 50-55. 

22. Mohan, S., K. Venkatachalapathy, and P. Sudhakar, An 
Intelligent Recognition System For Identification Of Wood 
Species. Journal of Computer Science, 2014. 10(7): p. 
1231-1237. 

23. Yadav, A.R., et al. Classification of hardwood species 
using ann classifier. in Computer Vision, Pattern 
Recognition, Image Processing and Graphics 
(NCVPRIPG), 2013 Fourth National Conference on. 
2013. IEEE. 

24. Yusof, R., N.R. Rosli, and M. Khalid. Tropical wood 
species recognition based on Gabor filter. in Image and 
Signal Processing, 2009. CISP'09. 2nd International 
Congress on. 2009. IEEE. 

25. Yusof, R., N.R. Rosli, and M. Khalid. Using gabor filters 
as image multiplier for tropical wood species recognition 
system. in Computer Modelling and Simulation (UKSim), 
2010 12th International Conference on. 2010. IEEE. 

 

Published by Atlantis Press
Copyright: the authors

143


	1. Introduction
	2. Proposed Methodologies
	2.1.  Image acquisition
	2.2. I-BGLAM feature extractor

	3. Results and Discussion
	4. Conclusion
	Acknowledgements
	References


<<

  /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 1.4

  /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 ()

  /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 <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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.)

    /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.)

  >>

  /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



