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Abstract 

 

 

In this paper, we report the results of the research conducted with three ob-

jectives based on the concept that “capturing the properties of a given piece of 

wood does not depend on how the coordinate system is used.” 

The first objective was to find a method other than optical ones, such as near 

infrared (NIR) spectroscopy, that could be employed to simultaneously evaluate 

multiple wood properties. NIR spectroscopy can be an effective method for as-

sessing the properties of wood. However, we aimed to measure the properties of 

a given wood sample without relying on a specific coordinate system such as 

NIR spectral data. Herein, we attempted to simultaneously estimate multiple 

wood properties such as water content, density, and Young's modulus by analyz-

ing the vibrational spectra obtained on standing trees. Using least absolute 

shrinkage and selection operator and partial least squares models, it was found 

that water content and density can be estimated with high accuracy. Therefore, 

properties such as water content and density can be simultaneously estimated 

on the basis of NIR spectra as well as the vibrational spectra on standing trees.  

The second objective was to evaluate wood variations on the basis of physical 

approaches. Considering that wood is a system in which multidimensional prop-

erties change in a coordinated manner, it is necessary to have an approach that 

allows the comprehensive evaluation of the properties that can be directly meas-

ured but also the variations of other correlated properties.  Therefore, this study 

was based on such a comprehensive approach to evaluate the properties of wood 

and their variations. As a starting point, we focused on the density and shrink-

age of wood, whose correlation was reported in previous studies. Even if the 

wood has the same density, the measured shrinkage rate varies significantly; 

the possible causes are the molecular structure of the cell wall and the cell-wall 

distribution of the wood. In this study, NIR spectroscopy was performed to eval-

uate the molecular structure of the cell wall, and the cell wall distribution was 
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analyzed using the spectrum obtained from the Fourier transformation of a mi-

croscopic image from a cross section of wood based on a physical approaches. As 

a result, in both spectral analyses, a low-shrinkage group, containing earlywood, 

had a narrower eigenvalue distribution, lower Helmholtz free energy, and 

higher entropy than a high-shrinkage group, which comprised latewood. These 

properties were analyzed with different techniques such as NIR spectroscopy 

and the spectrum obtained from the Fourier transformation of a microscopic 

image from a cross section of wood. These results were strongly consistent with 

observations from micrographs and previous knowledge of the physical proper-

ties of woods. Therefore, wood variations can be evaluated on the basis of phys-

ical property approaches.  

The third objective was to explore a new perspective on the significance of 

using regional resources based on physical approaches. The use of local re-

sources is a complex system wherein multidimensional factors influence each 

other. Moreover, in recent years, given the strong global emphasis on sustaina-

bility, it is necessary to consider the importance of using local resources not only 

from an economic perspective but also from an environmental protection view-

point. In this study, we conducted research based on physical approaches, con-

sidering an example a craft beer business that uses local resources e.g., wood 

(wooden barrels), and calculated the entropy for each sample group. This has 

enabled us to determine the significance of using regional resources from an 

unprecedented perspective. Our research allows the implementation of a new 

proposal to incorporate a physical perspective for determining the significance 

of using regional resources in that region; however, further research is needed 

to derive a definitive and clear perspective. 

As mentioned above, this paper is composed of three objectives. The evalua-

tion of physical approaches based on the concept of "capturing the actual condi-

tion of a given piece of wood does not depend on how the coordinate system is 

used" is an effective strategy for expressing the system that are composed of a 

combination many elements. To gain in-depth understanding of the properties 
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of wood, a new perspective that regards wood as a physical system with multiple 

degrees of freedom is important. 
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