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Abstract 

Wood products are required high degrees of structural performance and reliability in case of construction 

material. However, mechanical properties and moisture content of wood vary widely because of its highly 

anisotropic characteristics. Therefore, accurate nondestructive grading systems are desirable for wood industries. 

We developed a fast online grading apparatus for sawn lumber based on near-infrared (NIR) spectroscopy that 

utilizes a novel wavelength dispersive NIR spectrophotometer equipped with a diffraction grating linear sensor 

and high intensity lighting. This device makes it possible to acquire spectra from the entire surface of wood 

lumber running on a conveyor belt at a speed of 120 m/min. Predictive models for modulus of elasticity (MOE)  

and moisture content (MC) were developed from the NIR spectra with the aid of partial least squares regression 

(PLSR) analysis. The MOE and MC predictive models demonstrated sufficient levels of prediction accuracy for 

use on high speed conveyor belts. The developed device could be utilized for the online quality certification of 

sawn lumber in commercial sawmills. 
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1.  Introduction 
 

Near infrared (NIR) spectroscopy, which is based on the absorption within the range of 800 – 

2500 nm due to the overtones and combinations of fundamental vibration, has been applied to 

the nondestructive estimation of various properties of organic material. NIR technique has a 

potential to predict not only chemical properties, but also mechanical properties of wood, 

where there are some relationships between mechanical properties and chemical components 

[1, 2]. 

In consideration of the practical use of NIR technique for the lumber, it is necessary to 

acquire spectra for a whole surface of wood under high speed moving condition. We newly 

designed NIR spectrophotometer with linear image sensor for high speed acquisition of the 

NIR spectra for moving condition of wood. The feasibility of NIR spectra to predict moisture 

content (MC) and modulus of elasticity (MOE) was investigated. 

 

2.  Material and method 
 

2.1 Design of spectrophotometer and spectral acquisition 
Figure 1 shows an overview of the spectrophotometer interior, which is primarily composed 

of the light source, diffraction grating, and linear sensor. The illuminating area of wood 

surface was approximately φ40mm. Detector was put on the centre of circular arranged 

halogen lamps. 

Diffuse-reflectance spectra of Hinoki Cypress (Chamaecyparis obtusa) surfaces were 

acquired ranging from 872 nm through 1718 nm with 1nm interval. The spectrophotometer 

was mounted on the flat belt conveyor with running at 120 m/min. Averaged spectra were 

automatically acquired. Totally 306 averaged spectra were collected. 
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Figure 1 Designed NIR spectrophotometer 

 

2.2  Samples 
A total of 20 Hinoki Cypress boards various moisture contents were prepared. The sample 

size was 26 (Radial)×114 (Tangential)×1000 (Longitudinal) mm. A set of weight 

measurement, NIR spectra acquisition and bending tests for the determination of MOE were 

repeatedly performed during air-drying at ambient temperature (25-30°C) until they became 

the equilibrium moisture content. 

 

2.3  PLSR calibration 

All of the spectra were transformed by standard normal variate (SNV) transformation and 

gap-segment 2nd derivative with a 0-point gap and 13-point segment. Partial least square 

regression (PLSR) analysis was employed to build the MC and MOE prediction models. 

The mean-centered 2nd derivative spectra ranging from 900 to 1600 nm was used as the 

explanatory variables to predict MC and MOE. 

Figure 2 shows concept of PLSR analysis. 
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Figure 2 Concept of PLSR analysis 

 

 



3.  Results and discussion 
 

The cross validated result of the PLSR predictive models for MC and MOE are summarized 

Figure 2. Based on ratio of performance to deviation (RPD) of 3.51 and RMSECV of 0.63%, 

we found the MC predictive model to have a sufficient level of prediction accuracy. The 

MOE predictive model also shows a high RPD value of 1.66 and a RMSECV of 0.89 GPa. 

It is expected that the device could be utilized for efficient quality certification of sawn 

lumber in commercial sawmills. 

 

 

 
 

Figure 2 PLSR analysis of moisture content and MOE 
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