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The surface roughness of Chinese fir and Eucalyptus wood samples were 
measured using the stylus profile method in order to investigate the 
correlation between near infrared (NIR) spectroscopy and surface 
roughness. The results showed that the NIR spectra absorption showed 
differences among samples from different surface roughnesses, and the 
absorption decreased with the increase of the surface roughness. A strong 
relationship was found between the surface roughness parameters, i.e., 
the arithmetical mean deviation of the profile (Ra), the ten-point height of 
irregularities (Rz), and the maximum height of profile (Ry). Based on the 
NIR spectra of the Chinese fir wood samples and the mixed wood samples 
of the two wood species, and the correlation coefficients of these two types 
of wood samples in a calibration set were 0.77 to 0.83 and 0.67 to 0.74, 
respectively. A relatively poor correlation was found in the model based 
on the Eucalyptus samples; however, it was still significant. These results 
suggested that there was relative information about the surface roughness 
from the NIR spectra, which further illustrated that the surface roughness 
may influence the effect of models for wood properties built by NIR data. 
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INTRODUCTION 
 

Surface roughness characterizes the microcosmic geometry features composed of 

irregularities determined by small spacing, peaks, and valleys on a machined surface 

(Magoss 2008). Wood is a porous natural material; its surface roughness can be mainly 

attributed to the machining conditions and the anatomical structural properties of the wood. 

There are significant differences in cellular structure between hardwood and softwood, and 

the surface roughness exhibits great differences depending on the variety and if other 

conditions are the same. Even for one species, the surface roughness changes with the 

diameter of the vessels (Magoss 2008). Thus, the surface roughness is sensitive to changes 

in certain influencing factors (Fujiwara et al. 2003).  

Though wood surface roughness is difficult to control, it is still an important index 

for wood product quality. In addition, it directly affects the bonding performance, 

machining properties (Ozdemira and Hiziroglub 2007), and surface quality (Richter et al. 

1995) of wood products during production. Finally, it is also a waste of wood resources.  

Near-infrared (NIR) spectroscopy, as a nondestructive evaluation technique, has 

been successfully used to rapidly and accurately estimate the physical properties of wood, 

such as wood density (Inagaki et al. 2012), moisture content (Adedipe et al. 2008), the 

microfibril angle (Hein et al. 2010), wood color (Yang et al. 2012), chemical composition 

(Kelley et al. 2004; Üner et al. 2011), and surface properties (Tsuchikawa et al. 2001; Defo 

et al. 2007). In addition, the relationship between the NIR spectra and the surface roughness 
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has been studied for Pinus taeda (Schimleck et al. 2005). The cited study reported that 

surface roughness contributed to weaker statistics and that the surface roughness of Pinus 

taeda has a weak influence on the effect of models built by the NIR data. However, very 

few studies have investigated the use of Chinese fir and Eucalyptus wood surface 

roughness using the NIR spectra. 

This paper focuses on the use of NIR spectroscopy in combination with the partial 

least squares (PLS) analysis to investigate the relationship between wood surface 

roughness and the NIR spectra. This study aimed at revealing information pertaining to the 

surface roughness and its influence in the effect of models for Chinese fir and Eucalyptus 

wood properties built by NIR data because of their high correlation relationship.  

 
 
EXPERIMENTAL 
 

As two of the most important plantation wood species in China, Chinese fir 

(Cunninghamia lanceolata) and Eucalyptus (Eucalyptus pellita), collected from Anhui and 

Guangdong provinces, respectively, were chosen as representative typical wood species of 

softwood and hardwood, respectively. Five trees were collected from each species, and 

disks of 10 cm in length were cut from each tree at the height of 1.3 m. After the disks were 

air-dried, the disks were cut into small samples with different surface roughnesses and a 

size of 15 mm × 15 mm ×15 mm. Each species include 60 samples and a total of 120 

samples were prepared. 

 The Handysurf (E-35A) surface profileometer (Tokyo Seimitsu, Tokyo, Japan) 

with the stylus contour method was used to measure the surface roughness of samples, with 

a  sampling length of 0.8 mm, an evaluation length of 4 mm, a profile resolution of 0.02 

μm, and a measuring speed of 1 mm/s. The surface roughness was measured five times for 

each sample, and the arithmetical mean deviation of the profile (Ra), (Ry), and (Rz) were 

obtained to analysis the surface roughness. 

The NIR reflectance spectra, expressed in the form of log (1/R), were obtained from 

the cross, radial, and tangential sections of wood samples by an ASD Field Spec® 

spectrometer (Analytical Spectral Devices, Boulder, CO, USA) from 350 to 2500 nm at a 

1 nm interval. A fiber optic probe with an 8 mm spot diameter was oriented perpendicular 

to the surface of wood sample. A piece of commercial PTFE (polytetrafluoroethylene) 

panel was used as the white reference material. Thirty scans were collected and averaged 

to obtain a single spectrum. All measurements were made in a controlled humidity chamber 

(< 60%) and at 20 ± 2 oC. 

Unscrambler® software (CAMO Software Inc., Woodbridge, NJ, USA) was used 

for the multivariate data analysis. The partial least squares (PLS) analysis, which provides 

a model for the relationship between a set of predictor variables X and a set of response 

variables Y, was used to develop calibration models of surface roughness. Two thirds of 

the samples were assigned to a calibration set, and one third of the samples were assigned 

to a prediction set. The performance of the models was assessed using several common 

statistical measures: coefficient of determination (R2), the root mean square error of 

calibration (RMSEC), and the root mean square error of prediction (RMSEP). A 780 to 

2500 nm area was selected to be analyzed for the relationship between the NIR spectra and 

the surface roughness of wood.  
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RESULTS AND DISCUSSION 
 

Results of Wood Surface Roughness Determination 
Three height parameters were measured in this study, and the surface  roughness 

was expressed by the following parameters: the arithmetical mean deviation of the profile 

(Ra), which refers to the mean value of the absolute distance measured from each point of 

the profile to the mean lines in one sampling length; ten-point height of irregularities (Rz), 

which refers to the sum of the average value of five largest peak heights and five largest 

valley depths in one sampling length; and the maximum height of profile (Ry), which 

measures the distance between the top line and the bottom line of the outline in one 

sampling length.  The Ra was generally analyzed because it could fully reflect the profile 

of the sample surface. 

 
Table 1. Statistical Summary of Surface Roughness of Chinese Fir and 
Eucalyptus 

Samples 

Ra Rz Ry 

Min. Max. Mean SD Min. Max. 
Mea

n 
SD Min. Max. Mean SD 

Chinese fir  
(n=60) 

C 3.1 22.7 10.9 5.2 20.8 114.0 58.0 23.1 31.4 168.2 81.4 31.1 

R 2.0 12.3 4.5 1.8 11.3 64.4 24.6 10.5 16.6 104.2 36.8 18.8 

T 1.8 8.6 3.8 1.5 10.2 47.7 21.3 8.0 11.8 73.4 30.9 13.7 

Eucalyptus 
(n=60) 

C 1.4 11.9 5.0 2.0 10.8 63.6 30.6 11.2 16.6 133.9 49.4 21.0 

R 1.7 8.8 4.2 1.8 9.1 55.5 24.4 10.9 12.5 87.5 39.5 19.8 

T 1.4 8.3 3.8 1.7 7.9 47.2 21.2 8.8 10.2 78.2 34.0 16.6 

C: cross section; R: radial section; and T: tangential section 
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Fig. 1. Profile curve of the cross section of wood  

 

The statistical results of the surface roughness of samples from two species are 

shown in Table 1. The roughness parameters (Ra, Rz, and Ry) and standard deviations 

obtained from the cross section were much larger than that from the radial and tangential 

sections, especially for the samples of Chinese fir. It could be explained that this wood was 

a more porous material, and the wood cells were arranged in parallel to the longitudinal 

axis of the wood. In addition, the cutting direction was perpendicular to the fiber direction 
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in the cross section, which made it easy to produce surface irregularities because of the 

transverse fracture of the wood tissue on the cutting surface. The experiment also revealed 

that the samples of Chinese fir were rougher than the samples of Eucalyptus. This result 

could also be shown by the roughness profile of Chinese fir and Eucalyptus in the cross 

section in Fig. 1. The profiles were obtained from 5 sampling lengths and consisted of 6677 

points. According to Fig. 1, the profile peak of Chinese fir was higher than that of 

Eucalyptus, and the Ra values of Chinese fir and Eucalyptus were 13.20 μm and 5.50 μm, 

respectively. To more accurately understand the differences in surface roughness of the 

three sections between the two species, ANOVA was performed at the 5% significance 

level.  The surface roughness in the cross section between the two species was found to be 

significantly different (F=45.03, P < 0.05), while only a few significant differences (p > 

0.05) were observed in the radial and tangential sections between the two species.   

 

NIR Spectroscopy of Samples with Different Surface Roughness 
Figures 2 and 3 show the NIR absorption of Chinese fir and Eucalyptus with three 

different surface roughness samples (a, b, and c) at wavelengths of 780 to 2500 nm.  

 
Fig. 2. The NIR spectrum of Chinese fir; a: Ra=5.10, Rz=32.40, Ry=49.60; b: Ra=9.60, 
Rz=49.30, Ry=64.20; c: Ra=18.80, Rz=96.00, Ry=132.60 
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Fig. 3. The NIR spectrum of Eucalyptus; a: Ra=1.40, Rz=10.80, Ry=16.60; b: Ra=6.10, 
Rz=37.30, Ry=50.60; c: Ra=11.90, Rz=63.60,Ry=76.80 
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According to the figures, the spectral absorptions in the NIR region were different 

among the samples with different surface roughness, and the absorption decreased with the 

increase in the roughness parameters values (Ra, Rz, and Ry), independent of the species. 

This may be mainly because the relatively stronger diffuse reflection was associated with 

an increase in surface roughness (Huang et al. 2007; Hauptmann et al. 2013). When the 

surface roughness was relatively large, the NIR reflectance was affected, which led to the 

decrease in absorption. On the contrary, when the surface was smooth, the reflectance 

would be denser and the absorption increased.

1 

Correlation between Wood Surface Roughness and NIR Spectra 
Wood surface roughness affected the sample absorption, reflectance, and refraction 

of NIR, and samples with different surface roughnesses exhibited a different NIR 

absorption. Therefore, the feasibility of NIR to predict wood surface roughness as a non-

contact measurement was investigated in this study. The raw spectroscopic data of samples 

in the cross section was used to build calibration models.  

  

Table 2. Regression Statistics for Calibration and Prediction of PLS Models 

Model types Parameters No. of PCs RC
2 

RMSEC 
(%) 

RP
2 

RMSEP 
(%) 

RPD 

Model 1         
(n=60) 

Ra 6 0.77 2.36 0.62 3.91 1.61 

Rz 6 0.83 9.38 0.66 15.74 1.71 

Ry 6 0.79 13.75 0.69 18.04 1.76 

Model 2         
(n=60)  

Ra 5 0.55 1.27 0.56 1.54 1.44 

Rz 5 0.59 6.28 0.55 9.29 1.42 

Ry 5 0.46 10.67 0.46 24.09 1.23 

Model 3       
(n=120)  

Ra 6 0.71 2.70 0.66 2.80 1.60 

Rz 6 0.74 11.58 0.64 13.84 1.62 

Ry 6 0.67 18.19 0.56 20.07 1.46 

PCs: principal components; RC
2 : coefficient of determination of the calibration model; RMSEC: root 

mean standard error of calibration; RP
2: coefficient of determination of the prediction by prediction set 

RPD: ratio of performance to derivation 
 

 
 
 
Fig. 4. Relationship between measured and predicted Ry of the samples from model 2. 
Calibration set (n=40); Prediction set (n=20) 
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Fig. 5. Relationship between measured and predicted Ra’s of the samples from model 3. 
Calibration set (n=80); Prediction set (n=40) 

 

Table 2 shows the summary statistics of the PLS models developed for the 

roughness parameters (Ra, Rz, and Ry) using NIR spectra in the wavelength range of 780 to 

2500 nm. Model 1 was based on Chinese fir samples, model 2 was based on Eucalyptus 

samples, and model 3 was based on a mix of these two species samples. All of the principal 

components that were based on NIR spectra explained more than 95% of the variance in 

the spectral data. For model 1, the calibration for Rz provided the strongest correlation, with 

an RC
2 of 0.83, RMSEC of 9.38%, RP

2 of 0.66, RMSEP of 15.74%, and RPD of 1.71. 

Similar results were also observed in models 2 and 3. In almost all cases, the values for the 

coefficient of determination were lower for the prediction set than the calibration set. It has 

been shown that an RPD value of approximately 1.5 is sufficient for the initial screening 

(Schimleck et al. 2003). The RPD value for Ra, Rz, and Ry of Eucalyptus samples were 1.44, 

1.4, and 1.23, respectively; it seemed that the performance of models built with Eucalyptus 

samples was relatively poor. The correlations between the roughness parameters of 

Eucalyptus samples and the NIR spectra were not as good as those from the other samples. 

This may have been because the Eucalyptus samples had less surface roughness, which 

provided a minimal effect on the absorption of the NIR spectra, and Eucalyptus wood had 

a more complex composition. When the samples from the model-building set were used, a 

better prediction of performance was exhibited, which might be because there were more 

data points and a larger surface roughness range. There was a relatively poor relationship 

between the measured and predicted Ry values of the samples from model 2, as shown in 

Fig. 4. Figure 5 shows the relationship between the measured and predicted Ra values of 

the samples from model 3. From the above analysis, the correlation between surface 

roughness and the NIR spectra was not very high but overall, was still significant. This was 

contradictory to other research that found the surface roughness contributed to a weaker 

correlation statistic (Schimleck et al. 2005).  

 
 
CONCLUSIONS 
 

1. The results clearly showed that there were great differences among samples of different 

surface roughness, and the absorption decreased with the increase in surface roughness.  
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2. Strong correlations were obtained between the measured and predicted values based on 

the Chinese fir samples and the mix of these two species samples. A relatively poor 

correlation was found in the models based on Eucalyptus samples; however, it was still 

significant.  

3. It can be concluded that the NIR spectra provides some information about surface 

roughness in the samples. However, because of the high relationship between NIR and 

the surface roughness, the surface roughness may influence the effect of models 

intended to predict other attributes of Chinese fir and Eucalyptus wood properties built 

using the NIR data.  

4. In general, the surface roughness models did not achieve the most optimal accuracy 

because of the limitation in the number and surface roughness of the samples. In future 

research, it would be helpful to choose a larger number of samples from more species 

and to include different surface roughness levels.  
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