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ABSTRACT

A model was designed to identify wood species between Pinus densiflora for. erecta Uyeki and Pinus densiflora
Sieb. et Zucc. using the near-infrared (NIR) spectroscopy in combination with principal component analysis (PCA)
and partial least square discriminant analysis (PLS-DA). In the PCA using all of the spectra, Pinus densiflora for.
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erecta Uyeki and Pinus densiflora Sieb. et Zucc. could not be classified. In the PCA using the spectrum that has

been measured in sapwood, however, Pinus densiflora for. erecta Uyeki and Pinus densiflora Sieb. et Zucc. could be
identified. In particular, it was clearly classified by sapwood in radial section. And more, these two species could be

perfectly identified using PLS-DA prediction model. The best performance in species identification was obtained when

the second derivative spectra was used; the prediction accuracy was 100%. For prediction model, the R,” value was
0.86 and the RMSEP was 0.38 in second derivative spectra. It was verified that the model designed by NIR spectro-
scopy with PLS-DA is suitable for species identification between Pinus densiflora for. erecta Uyeki and Pinus densi-

flora Sieb. et Zucc.

Keywords : wood identification, near-infrared spectroscopy, principal component analysis, partial least square dis-
criminant analysis, Pinus densiflora for. erecta Uyeki, Pinus densiflora Sieb. et Zucc.
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(b) Second derivative NIR spectra

Notes) PDE, Pinus densiflora for. erecta Uyeki; PD, Pinus densi-
flora Sieb. et Zucc.; CS, cross section; RS, radial section;
HW, heartwood; SW, sapwood.

Fig. 1. Original and second derivative NIR spectra of
Pinus densiflora Sieb. et Zucc. and Pinus densiflora
for. erecta Uyeki.
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Table 1. Absorption bands and corresponding vibration modes for wood in NIR wavelength region (Tsuchikawa
et al., 2005)

Peak Wa\(’er;L_llI;lbel' Bond vibration Remarks
1 7,000 OH str. first overtone Amorphous regions in cellulose
2 6,718 OH str. first overtone Semi-crystallie regions in cellulose
3 6,450 OH str. first overtone Crystalline regions in cellulose
4 6,287 OH str. first overtone Crystalline regions in cellulose
5 5,980 CH str. first overtone Aromatic skeletal due to lignin
6 5,800 CH str. first overtone Furanose/pyranose due to hemicellulose
7 5,587 CH str. first overtone Semi- or crystalline region in cellulose
8 5,464 OH str. + 2 x CO str. Semi- or crystalline region in cellulose
9 5,219 OH str. + OH def. Water
10 4,890-4,620 OH str. + CH def. Cellulose
11 4,404 SH str. first overtone Cellulose and hemicellulose”
12 4,280 CH str. + CH def. Semi- or crystalline region in cellulose
13 4,198 CH def. second overtone Holocellulose

Notes) str., stretching; def., deformation; *, cited from Schwanninger e al., (2011).
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Fig. 2. Second derivative NIR spectra of Pinus den-
siflora Sieb. et Zucc. and Pinus densiflora for. erecta
Uyeki (Tsuchikawa et al., 2005).

— 705 —



o}A)2- - o] ¥3] - Yoshiki Horikawa - Junji Sugiyama

@ PDE_CS_HW
BPDE_CS_SW
APDE_RS_HW
@ PDE_RS_SW
OPD_CS_HW
OPD_CS_SW
APD_RS_HW
< PD_RS_SW

PC1(92%*)

(a) Score plot using the original spectra

2.00E-04
1.508-04 ©PDE_CS_HW
1.00E-04 W PDE_CS_SW
5.00E-05 A PDE_RS_HW
& 0.00E+00 © PDE_RS_SW
-
§_5‘OOE_DS OPD_CS_HW
OPD_CS_SW
-1.00E-04
APD_RS_HW
-1.50E-04 ©PD_RS_SW
-2.00E-04

-2.50E-04

-0.0004 -0.0002 0.0002 0.0004

0
PC1(60%)

(b) Score plot using the second derivative spectra

Notes) PDE, Pinus densiflora for. erecta Uyeki; PD, Pinus densi-
flora Sieb. et Zucc.; CS, cross section; RS, radial section;
HW, heartwood; SW, sapwood; *, explained variance.

Fig. 3. PCA score plot of Pinus densiflora Sieb. et
Zucc. and Pinus densiflora for. erecta Uyeki on the
PC1 and PC2.
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Fig. 4. PCA score plot of Pinus densiflora Sieb. et Zucc. and Pinus densiflora for. erectra Uyeki by measuring
position of NIR spectra.
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Table 2. Assignment of representative NIR absorption bands in Fig. 5

Wavenumber

Peak (cm™) Bond vibration Remarks
1 5,800 CH str. first overtone Furanose/pyranose due to hemicellulose
2 5,220 OH str. + OH def. Water
3 4,404 SH str. first overtone Cellulose and hemicellulose
4 4,280 CH def. second overtone Semi- or crystalline region in cellulose

Notes) str., stretching; def., deformation
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Fig. 5. Comparison between the spectrum obtained from PC1 and PC2 in PCA and the second derivative spec-
tra obtained from Pinus densiflora Sieb. et Zucc. and Pinus densiflora for. erectra Uyeki.
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Table 3. Statistical summary of PLS-DA models

Calibration set

Prediction set

Spectra PLS Correct
Pretreatment factors R2 RMSEC R} RMSEP prediction (%)
Original spectra 11 0.83 0.41 0.80 0.45 97.5
Second derivative spectra 7 0.84 0.39 0.86 0.38 100.0
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Fig. 6. Histogram of class value computed by

PLS-DA on the basis of the original (a) and second

derivative spectra (b).
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Table 4. Assignment of representative NIR absorption bands in Fig. 7

Peak wa‘(/::;t_llr;lber Bond vibration Remarks
1 4,404 SH str. first overtone Cellulose and hemicellulose
2 4,280 CH def. second overtone Semi- or crystalline region in cellulose
3 4,198 CH def. second overtone Holocellolose

Notes) str., stretching; def., deformation
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Fig. 7. Comparison between the spectrum of regression coefficients obtained from factor 7 in PLS-DA (a) and
second derivative spectra obtained from Pinus densiflora Sieb. et Zucc. and Pinus densiflora for. erectra Uyeki
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