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Abstract—Effective  statistical ~ feature  extraction  and
classification are important in image-based automatic inspection and
analysis. An automatic wood species recognition system is designed
to perform wood inspection at custom checkpoints to avoid
mislabeling of timber which will results to loss of income to the
timber industry. The system focuses on analyzing the statistical pores
properties of the wood images. This paper proposed a fuzzy-based
feature extractor which mimics the experts’ knowledge on wood
texture to extract the properties of pores distribution from the wood
surface texture. The proposed feature extractor consists of two steps
namely pores extraction and fuzzy pores management. The total
number of statistical features extracted from each wood image is 38
features. Then, a backpropagation neural network is used to classify
the wood species based on the statistical features. A comprehensive
set of experiments on a database composed of 5200 macroscopic
images from 52 tropical wood species was used to evaluate the
performance of the proposed feature extractor. The advantage of the
proposed feature extraction technique is that it mimics the experts’
interpretation on wood texture which allows human involvement
when analyzing the wood texture. Experimental results show the
efficiency of the proposed method.

Keywords—cClassification, fuzzy, inspection system, image
analysis.

1. INTRODUCTION

ITH more demands in timber industries and more

tightly controlled international requirements, timber
industries are required to meet tighter security requirements
such as more accurate identification of the correct timber
species, prevention of fraud and illegal logging. The wood
texture is examined from the timber surface through a
magnifier that has 10 times magnification [1]. Several
automatic tropical wood species recognition systems have
been developed by [2]-[7] to analyze the macroscopic features
on the wood surface texture.

Statistical features are inherent to the content of images.
Generally, different images will have different statistical
properties [8]. The human-decision-based recognition system
is basically based on visual inspection of the wood anatomy
textures which can be presented as image data processing
using statistical parameters representing the texture. In
addition, fuzzy rules are capable of handling approximate data
for sharply defined problems. Hence, the linguistic

Anis Salwa Mohd Khairuddin and Norrima Mokhtar are with the
Department of Electrical Engineering, Faculty of Engineering, University of
Malaya, 50603 Kuala Lumpur, Malaysia (e-mail: anissalwa@um.edu.my).

Mohd Iz'aan Paiz Bin Zamri, postgraduate student, is with the University
of Malaya, Malaysia.

Rubiyah Yusof is with Malaysia Japan Institute of Technology Malaysia,
Universiti Teknologi Malaysia.

interpretation of the human behavior provided by a fuzzy
model could be useful to experts in determining the wood
species. Due to its simplicity and similarity to human
reasoning, fuzzy logic algorithms have been applied in various
imaging applications [9].

In this paper, we address the problem of wood species
recognition based on statistical features that enables experts’
interference when analyzing the wood texture. Hence, we
proposed a new fuzzy-based statistical feature extraction
technique which focused on the pores distribution on the wood
texture in order to mimic the experts’ interpretation on wood
texture. The contributions of this work are firstly, to improve
the man-machine interface in environments for computer-
aided training of human operators and secondly, the
knowledge acquisition can be achieved for users by carefully
checking the rules discovered from the training patterns.
Therefore, the human operators are able to monitor the system
by analyzing the statistical features generated from the
proposed system.

II. PROPOSED METHODOLOGIES

A.Image Acquisition

The first step in the proposed wood species recognition
system is the image acquisition of the wood surface texture.
One of the characteristics that remain unique to each wood
species even after undergoing the chemical procedures is the
surface texture. The wood samples are in cubic form
(approximately 1 inch by 1 inch by 1 inch in size). A specially
designed portable camera with 10 times magnification is used
to snap the images of the wood texture. The size of each image
is 768 x 576 pixels. The wood images are pre-processed using
homomorphic filters in order to enhance the image
presentation. Homomorphic filters are used to sharpen the
features on the image and flatten the lighting variations of an
image. Therefore, illumination and reflectance on the images
are removed.

B. Feature Extraction

The statistical feature extraction process consists of two
steps namely pores extraction and fuzzy pores management
(Fig. 1). The statistical features will only allow distinct pores
to be acknowledged as characteristics of a wood species.
Then, a neural network classifier is used to classify the wood
species based on the statistical wood features.

The first step in the proposed statistical feature extraction is
the pores extraction process. Basically, binary images are
created from the homomorphic filtered image where only
black pores are present and only white pores are present as
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shown in Fig. 2. The pores extraction process extracted the
statistical properties of pores from both binary images for each
wood sample.
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Fig. 1 The flowchart of the proposed wood recognition system
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Fig. 2 (a) Black pores image of Palaquium stellatum and (b) white
pores image of Palaquium stellatum

In this research, the area of a region was detected and
measured by pixels which mean we used the number of pixels
inside a region to represent the area of region. The
components in an image are classified to convert a binary
image into a label matrix to compute region descriptors. Let &
represent the estimated standard deviation of all the void area,
[l represent the estimated mean of all the void area, and S;
represents the area of the ith void. The ith void is defined as a
pore if:

-7 L1 L1 .
L0, = YL S and 6 =T, (S; — ) (1)

where 6 is a weight used to adjust the threshold of the void
area.

The second step in the proposed statistical feature extraction
is the fuzzy management process. Fuzzy if-else rules are
employed to categorize the pores from both binary images into
several features such as sizes of pores, types of pores and
pores arrangements. Supposed we have a set of input images
from a wood database with n-feature variables and m image
samples. The input data (wood sample features) X, on the
pattern space is represented by the following pattern matrix: X,
= [Xp1 » Xp2s ooy Xpnls P = 1,2,...,m. These training patterns are
classified into M (M < m) classes. In this paper, the wood data
has 38 feature variables with 52 classes, that is, n = 38, m =
number of training samples, and M = 52. The 38 feature
variables are the statistical features extracted from both binary
images (black pores only and white pores only) such as:

1) Sizes of pores (6 features extracted from both binary
images).

The measurement of pore size is defined by [1]. The pores
are divided into 3 categories by using fuzzy rules: small pores,
medium pores and large pores as:

e [F the tangential of pore is below 100 pm, THEN the pore

is considered as small pore.

e [IF the tangential of pore is between 100 um to 200 pm,
THEN the pore is considered as medium pore.

o IF the tangential of pore is above 200 um, THEN the pore
is considered as large pore.

2) Types of pores (6 features extracted from both binary
images)

Pores may present in singles, pairs and multiple on the
wood surface. Single pores are called solitary pores. Pair pores
present as two pores combined and become a single pore.
Chain pores present when multiple pores combine to form a
long string of pores. The fuzzy rules are:

e [IF pore is individual pore THEN it is a solitary pore

e IF pore is combination of 2 individual pores THEN pore
is a pair pore

e IF pore is combination of 3 or more individual pores
THEN pore is a chain pore.

3) Arrangement of pores (12 features extracted from both
binary images).

The arrangements of pores are determined by calculating
the mean distance between pores by using Euclidean distance
approach. The pores arrangements are determined based on
fuzzy rules as:

o IF distance between small pore to small pore THEN it is
smallsmall

e IF distance between medium pore to medium pore THEN
it is medmed

o [F distance between large pore to large pore THEN it is
bigbig

e [F distance between small pore to medium pore THEN it
is smallmed

e [F distance between small pore to large pore THEN it is
smallbig

e IF distance between medium pore to large pore THEN it
is medbig

4) Number of vessels per square millimeter (mm) (2 features
extracted from both binary images) is computed as:

Num of pores in the image (2)
area of image in mm?

5) Mean (4 features extracted from both binary images)
The average distance between pores and average size of
pores are computed for each wood sample.
6) Standard deviation (4 features extracted from both binary
images).
The standard deviation for pores distances and size of pores
are computed for each wood sample.
7) Quantity of oval pores (2 features extracted from both
binary images).
8) The pore is identified as an oval pore if y > % xandy <

2x where y and X represent the axis length perpendicular
to each other.
9) Quantity of deformed pores (2 features extracted from
both binary images).
The pore is identified as a deformed pore if y > 2x where
y and X represent the axis length perpendicular to each other.
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C.Classification

A supervised artificial neural network algorithm has been
implemented in various identification and prediction problems
such as iris image classification [10], thermographic crack
detection [11], and classification of breast masses in
mammograms [12]. In this paper, a back propagation neural
network is used to classify the wood images. The training
dataset consists of input signals assigned with corresponding
target. The target is the desired output z (represent the 52 class
of species). The trained network is then used to simulate the
test data. The output of the simulation on the test data resulted
to 52 class data. The classification accuracy of the proposed
system is calculated based on percentage of correctly
classified test samples over number of test samples as:

Num.of correctly classified samples
Total num.of test samples

Accuracy = x 100 % 3)

III. RESULTS AND DISCUSSION

The wood database consists of 52 wood species where 100
images were taken from each wood species: 70 images for
training and 30 images for testing. The wood surface has
several distinctive features that may be used to discriminate
the wood species. Fig. 3 shows the examples of types of pores
and different sizes of pores extracted from a wood image.
These statistical properties of pores on wood texture are used
to classify the wood species by using the proposed automated
wood species recognition system.

pore | Solitary
g B pore

Fig. 3 Different types and sizes of pores on wood surface texture

This paper focused on analyzing statistical features of
pores on 5200 wood images and used back-propagation neural
network classifier to classify the wood images. The
classification accuracy of the proposed system is tabulated in
Table I. The neural network classifier is executed for several
iterations. The number of iterations affects the generalization
accuracy as shown in Table I. The highest classification
accuracy is achieved at the 5™ iteration which is approximately
91.73 %. This shows that classifying wood species based on
statistical properties of pores is reliable to be implemented in
the timber industries.

TABLEI
THE CLASSIFICATION ACCURACY FOR TRAINING AND TESTING DATA
Experiment 1 2 3 4 5

Train (%) 95.88 95.00 94.86 96.13 95.82
Test (%) 90.58 89.10 89.94 90.83 91.73

Finally, the proposed system is benchmarked with the
previous works. Table II summarizes the results published on
the literature using image analysis approach to classify wood
species. The previous works focused on extracting features
based on the grey level of the images by using Grey Level Co-
occurrence Matrix (GLCM) and Principle Component
Analysis (PCA) techniques. As presented in Table II, majority
of the previous works achieved classification accuracy of less
than 80 % and all previous works used less than 2000 wood
images in their experiments which are considered inadequate
compared to the proposed system. Albeit the accuracy of the
system proposed by [4] is 95 %, the accuracy dropped to 78%
when the GLCM technique is implemented on the current
wood database. Hence proving that GLCM feature extractor is
inadequate due to the macroscopic anatomy image of wood is
not uniform and contains variation of intensities which form
certain repeated pattern called visual texture [13]. The
advantage of the proposed system compared to previous works
is that the proposed system enables human intervention when
analyzing the wood texture and to aid human-machine
interface.

TABLEII
THE COMPARISON OF CLASSIFICATION ACCURACY AND DATABASE BETWEEN
THE PROPOSED FEATURE EXTRACTOR WITH PREVIOUS WORKS

. Wood database  Classification accuracy
Previous works

(Images/species) (%)
GLCM technique by [2] 360/5 72 %
GLCM technique by [3] 360/5 72.8 %
GLCM technique by [4] 1949 /20 95 %
GLCM technique by [6] Not reported / 10 Not reported
PCA technique by [5] 180/ 60 70 % - 80 %
GLCM technique by [7] 1270/ 22 78 %

Proposed fuzzy-based statistical

0,
feature extraction 9173 %

5200/ 52 species

IV. CONCLUSION

In this work, an automated wood species recognition system
based on image analysis is presented. The proposed fuzzy-
based statistical feature extraction which imitates experts’
understanding of wood surface texture managed to extracts
discriminant statistical features of wood pores which will be
used for classification purposes. The supervised artificial
neural network trained by back propagation algorithm able to
classify 52 wood species with accuracy of approximately 91%.
The simple experimental setup permits the adoption of the
proposed method in real-time application. In spite of the
improvement produced by the proposed fuzzy-based statistical
feature extractor when compared to previous works that
implemented GLCM and PCA feature extractors, it is clear
that there is a lot of room for improvement. The challenge is
how to extract most discriminant statistical features to mimic
the experts’ understanding on wood texture. For future works,
we plan to investigate automatic techniques to extract the most
discriminant wood features which will result to less
misclassification rate and also a more robust classification
module is needed to accommodate larger wood database.
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