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Agarwood is the primary material especially in perfume industry. If agarwood 
with different grades are mixed, the quality will decrease and hence the 
products prices and quality will decrease. During the grading stages, human 
knowledge and experience is critically used in decision making. However, 
human characteristics often tender to fatigue where lead to produce 
misclassification. The price of agarwood is influenced by the resin content 
which can be indicated by the colour. The highest grade of agarwood chips has 
a shining black colour while the lower grade of agarwood chips has a black 
colour that is alternating with the brown colour. This study was conducted to 
determine the relationship of agarwoodcolour properties and its related price by 
adopting the method of artificial intelligence and image processing. 
Colouragarwood images in Red, Green, Blue, (RGB), Hue, Saturation, Intensity 
(HIS) and CIE colorimetric space (CIELAB) has been evaluated by comparing 
the performance of colour pixels classification using Fuzzy C-Means (FCM) 
method. The performance measurement was done through the evaluation of 
classification accuracy using 5 cluster validity indices. The result of cluster 
validity indices shows that CIELAB colorspace with 4 number of cluster proven 
the most consistent in FCM classification. In the later stage, the use of 
statistical measurement i.e. Analysis of Variance (ANOVA) and Duncan 
Multiple Range Test (DMRT) gave a significant relationship when classifying 
five out of seven grades of agarwood chips used i.e. RM250, RM350, RM800, 
RM900 and RM2500. Then, the artificial intelligence system using fuzzy logic 
and neural network concept has been developed and their performance has 
been compared. The result shows that fuzzy logic system successfully 
classified 62.8% of overall accuracy while neural network system gives 58% of 
overall accuracy in grading the agarwood chips. As a conclusion, the proposed 
system is helpful to the agarwood industry especially in determination of 
agarwood chips color during the grading process. 
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Gaharu mendapat permintaan yang tinggi dalam industry minyak wangi. Jika 
gred gaharu adalah bercampur-campur, kualiti minyak gaharu akan 
berkurangan dan dengan itu harga produk dan kualitinya akan menurun. 
Semasa peringkat pengredan, pengetahuan dan pengalaman manusia telah 
digunakan secara kritikal di dalam membuat keputusan.  Walaubagaimanapun, 
ciri-ciri manusia seperti keletihan dan tidak fokus telah menyebabkan 
berlakunya kesilapan semasa kerja pengredan dijalankan. Secaraamnya, sifat 
kolorimetrik kayu gaharu telah dijadikan sebagai pengukur kepada gred kayu 
gaharu disebabkan ianya sering dikaitkan dengan kandungan resin. 
Kebiasaannya, gred kayu gaharu yang tinggi atau mahal akan memberikan 
warna hitam bersinar manakala gred yang lebih rendah atau murah 
memberikan warna hitam yang berselang-seli dengan warna coklat. Di atas 
andaian tersebut, kajian ini telah dijalankan untuk mengkaji hubungan antara 
warna kayu gaharu dan harganya dengan mengguna pakai kaedah kepintaran 
buatan dan pemprosesan imej. Kajian ini dijalankan dengan mengambil 
gambar kayu gaharu dan seterusnya gambar ini ditukarkan kepada ruang 
warna Merah, Hijau dan Biru (RGB), Warna, ,Keamatan dan Ketepuan (HIS) 
dan Ruang Kolorimetric CIE (CIELAB) telah dinilai dengan membandingkan 
prestasi pengkelasan warna piksel menggunakan kaedah cara kabur (FCM). 
Pengukuran prestasi yang telah dilakukan berdasarkan atas penilaian 
ketepatan pengelasan menggunakan 5 indeks pengesahan kelompok. Hasil 
indeks pengesahan kelompok menunjukkan bahawa ruang warna CIELAB 
dengan menggunakan 4 nombor kelompok terbukti paling konsisten dalam 
pengelasan FCM. Di peringkat seterusnya, penggunaan statistic pengukuran 
iaitu Analisis Varian (ANOVA) dan Ujian Duncan Pelbagai (DMRT) member 
hubungan yang signifikan apabila mengklasifikasikan lima daripada tujuh gred 
kayugaharu yang digunakan iaitu RM250, RM350, RM800, RM900 dan 
RM2500. Kemudian, sistem kecerdasan buatan yang menggunakan konsep 
logic kabur dan rangkaian neural telah dibangunkan dan berbanding 
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prestasinya. Hasilnya menunjukkan bahawa sistem logic kabur Berjaya 
mengelaskan 62.8% untuk keseluruhan ketepatan manakala sistem rangkaian 
neural memberikan 58% ketepatan keseluruhan dalam proses penggredan 
kayu gaharu. Kesimpulannya, sistem yang dicadangkan ini dapat membantu 
industry gaharu terutamanya di dalam penentuan warna kayu gaharu semasa 
proses pengasingan. 
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CHAPTER 1 
 
 

INTRODUCTION 
 

 
1.1        Background 

 
 
Agarwood, eaglewood, aloeswood, karas or gaharu; are just a few names that 
synonyms for the resinous, fragrant and greatlypreciousheartwood produced by 
AquilariaMalaccensis and other species of the tree genus Aquilaria(Asia-Taipei 
& Asia, 2005; Asia, 2008; Barden, et al., 2000; Chua, 2008).Naturally, agarwood 
formation is caused by the trees response to a injury associated with the wood. 
In brief, the tree has two response mechanisms to injury. The first is the response 
of tree to produce callus growth and secondly by the resinification process which 
is a chemical defence over the injury(Gunn, et al., 2003). 
 
 
This dark and heavy heartwood is traditionally used for its fragrance in perfume 
industry, aromatherapy, medicine, ceremonial and spiritual rituals and it’s 
depending on the grade(Asia-Taipei & Asia, 2005; Barden, et al., 2000; Chua, 
2008; Gunn, et al., 2003). The demand for Agarwood is high especially in Asia 
and Middle East country(Asia).  This species are widely distributed in 
Bangladesh, Bhutan, India, Indonesia, Malaysia, Myanmar, Philippines and 
Thailand (Asia-Taipei & Asia, 2005; Asia; Barden, et al., 2000; Chakrabarty, et 
al., 1992; Gunn, et al., 2003). In Malaysia, most of the domestics trade are in a 
form of woodchips, powder or sawdust (Chua, 2008).Internationally, the trade of 
agarwood is in form of wood, chips, powder, oil, and medicines.  
 
 
Before the grading process is done, it is essential to prepare a consistent 
agarwood chips in order to optimize financial returns. The process of preparing 
high valuable wood (agarwood) is by removing of undesirable wood from the 
whole wood. This is normally involves removing light sap wood using sharp 
knives or special hooked knives(Asia-Taipei & Asia, 2005). These processes are 
laborious and time consuming. Final product of agarwood chips should be 
uniform in color in order to achieve the best grading(Asia-Taipei & Asia, 
2005).The grade of agarwood, and thus its value depends on a complex set of 
factors such as the resin content, size, fragrance, color, flammability and the 
country of origin (Asia-Taipei & Asia, 2005; Asia, 2008; Barden, et al., 2000; 
Chakrabarty, et al., 1992; Chua, 2008; Donovan & Puri, 2004; Gunn, et al., 2003; 
Keong, 2006; Soeharto & Newton, 2001, 2002; Zich & Compton, 2001). 
Traditionally, grading agarwood is a subjective and complicated process(Asia-
Taipei & Asia, 2005; Chakrabarty, et al., 1992; Chua, 2008; Gunn, et al., 2003). 
 
 
During the grading process, the agarwood chips is usually graded by human and 
the agarwood chips grade is decided by the buyer or seller which is always tend 
to inconsistency. Currently, there is still no standard method and system that 
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have been used in grading the agarwood(Barden, et al., 2000). Consequently, 
the grades vary from country to country and from buyer to buyer.  

 
 

1.2 Motivation 
 
 
Agarwood is a product that is in high demand in the perfume industry. Each 
product or applications is highly depending on the agarwood grade. To become 
a grader, it takesmany years and experiences to accurately grade the agarwood.  
Color is one the important criteria in deciding the Agarwood grade,if different 
grade of agarwood is mixed, the agarwood oil quality will decrease and hence 
the products prices and quality will decrease.Therefore, the machine vision 
technology is suggested to overcome this problem.It also used to transfer human 
knowledge to an artificial intelligent knowledge. Furthermore, registration and 
labeling systems for agarwood products in trade is needed by Malaysian 
government to ease the management and improve transparency in the agarwood 
trade.  
 
 
In this century, the expectation of high quality and safety agricultural product is 
in demand. Therefore, the need for accurate and reliable system or machine 
continues to rapidly grow(Brosnan & Sun, 2004). Computer machine vision 
(CMV) can provide one of the alternative solutions. The declining cost and 
increasing speedof the hardware capability of the CMV provides a significant 
impact to create a system which is cost effective, non-destructive and 
automated(P. Chen & Sun, Z. 1991). The other benefits of using CMV are 
generation of precise descriptive data, quick and objective, reducing tedious 
human involvement, non-destructive and undisturbing. There are many 
applications using CMV  has been introduced in the agricultural sectors and one 
of it isin fruits and food physical (external) measurement using color as the 
sensorial indicator (optical properties) with a combination of artificial intelligent 
or pattern recognition technique to evaluate product quality(Y.-R. Chen, et al., 
2002).Agricultural product quality assessment is subjective with the attribute of 
physical appearance, smell (odour), flavour, texture and also human personal 
view(Blasco, et al., 2003). However, recent study on CMV mainly based on 
camera and computer technology has proven successful in most of the objective 
especially in investigated the physical and optical properties of agricultural 
product(Mendoza, et al., 2006). 
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1.3 Objective of study 
 
 
This research is attempted to develop an automaticsystem by employing CMV 
and pattern recognition technique for the inspection of different grades of 
agarwood chips. The specific objectives include the following: 
 

1. To determine suitable colorspace for the agarwood images 
processing. 

2. To determine the specific color features (optical properties) that 
can independently represent each of the agarwood grades 
used. 

3. To develop and comparethe performanceoffuzzy logic and 
neural network system for the agarwood grading. 
 
 

1.4  Limitations 
 
 
There are several limitations has been considered within the context of this 
research. First, this study considered only seven agarwood grades from aquilaria 
malaccenssis species. The chips were obtained and graded by an expert from 
Malaysia Institute of Nuclear, Malaysia. Therefore, the study material may or may 
not be representative of total agarwood species in Malaysia. Second, the limited 
study in agarwood industry especially in colour properties of agarwood chips has 
led toa difficulty for the researcher to determine the correct grading manually. 
Furthermore, there is also no single literature that scientifically describing the 
optical properties for agarwood chips available. Therefore, the stated results and 
conclusions of this work should be interpreted within the context of these 
limitations. 
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