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Wood has played a crucial role in human civilization, serving various purposes
throughout history. However, as organic materials, wooden artifacts from past cultures can
degrade over time due to various factors. Despite this, some objects have managed to
survive. The preservation and study of cultural artifacts can offer valuable information and
understanding of past cultures. The identification and understanding of wood species are a
fundamental aspect of the preservation and conservation of the objects. One of approaches
for wood identification method is examining of wood anatomy, which can vary greatly
among species. The traditional method for identifying wood species involves examining the
wood anatomy through histology preparation and optical microscope observation.
However, this method can be problematic as it requires removing a significant amount of
wood sample, which can be restrictive or even prohibited when dealing with historical
objects. The purpose of this study is to demonstrate the use of X-ray CT (X-ray computed
tomography) to observe wood anatomical characteristics and identify wood taxa.

In Chapter 1, the importance of wood anatomy and research background was discussed.
In addition, X-ray computed tomography and its importance for wood analysis were
introduced.

In Chapter 2, the author discussed that identifying the wood species used in traditional
Indonesian dagger sheaths, known as kris, is crucial for preserving historical
understanding. The study used synchrotron X-ray microtomography (SRX-ray pCT) to
identify the wood materials used for kris sheaths. Small samples were obtained and
analyzed using the SRX-ray uCT instrument at SPring-8 (synchrotron radiation facility)
and the study successfully identified three taxa of wood species: Dysoxylum sp.,
Tamarindus indica, and Kleinhovia hospita. The technique also revealed non-random
spatial distribution of prismatic crystals in 7. indica and K. hospita which may have a
mechanical function in certain cells. This method is non-destructive, allowing small
samples to be kept or used for further analysis.

In Chapter 3, standard X-ray CT was used to obtain 3D structure of 21 Japanese wood
species commonly used to make cultural objects. These wood species are frequently found
in more than half of designated cultural objects in Japan. X-ray CT was used to evaluate

the objects in museums. However, the resolution of X-ray CT datasets was insufficient to




visualize important anatomical features for identification purposes. To overcome this
limitation, the study aimed to extract density and texture information from the 21 wood
samples that scanned using X-ray CT machine, and used this information to develop a
wood classification model by combining density histogram and textural features of GLCM.
The model achieved a prediction accuracy of 91.5%, showing that it is possible to develop
more accurate model by using these features.

In Chapter 4, the author explored the interlocked grain phenomenon, where the wood
grain inclines in one direction in a series of annual rings and then changes direction in the
following rings. While X-ray CT could provide insight into the internal structure of wood,
the resolution was not high enough to fully examine certain longitudinal elements,
particularly fibers that reveal grain angle. However, the appearance of vessels could still be
observed despite the low resolution. The author then discussed the use of image analysis
techniques, specifically particle image velocimetry (PIV) and two-dimensional Fast Fourier
Transform (2D-FFT), to analyze the variation of grain angle in Cinnamomum camphora by
examining the visible vessels in X-ray CT images. The author found that the wood grain
orientation changes periodically, forming left and right-handed spirals that range from -25°
to 16° and -22° to 18°, respectively, by using 2D-FFT and PIV. Additionally, the study
revealed an intra-annual ring pattern with variations in the wood grain angle within annual
rings, with the maximum angle changes observed in the central region of the annual rings.
Moreover, the PIV results showed that although the majority of vessels inclined in the
tangential direction, there was a minor deviation where vessels were found to be inclined in
various radial orientations along the tree radius.

In conclusion, using X-ray CT can be useful to inspect internal structure of wood that
can be applied in wood anatomy observation and also wood identification. SRX-ray uCT
could be useful to perform microscopic identification due to the high-resolution advantage,
even with small amount of sample. As a non-destructive technique, standard X-ray CT
could be alternative to perform wood identification of designated cultural properties by
adopting computer vision to extract important species-specific features. Furthermore, with
the ability to inspect internal structure object, standard X-ray CT could mimic conventional

serial sectioning to reveal 3D organization of wood.
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