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Fig.1 Comparison of terahertz time-domain spectrum and
absorbance spectrum of three kinds of tobacco cuts
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Fig.2 Terahertz time-domain spectrum of samples
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Table 1 Classification accuracy of three models of absorption
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Fig.3 Coefficient of variation corresponding to different
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Table 2 Classification accuracy of absorption coefficient spectral
after dimension reduction by low variance filter
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Fig.4 Terahertz spectral data dimensionality reduction results of
PCA of three kinds of tobacco cuts
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Table 3 Classification accuracy of absorption coefficients treated
by low variance filtering combined with PCA
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2.4 KFFs&35E 5 ZAEE

JE R E R GIB AR ) R d & 78, HR R,
FRMIRE FE LS. Ry AR AR AN 5 56 R 2 S Y61 2 501
RECHE, A — S AW R B S )R
Tk 22 AEAT T BEAT LR AT Ab R, DUV BRI o Bk 2
BOGHEZE 5o o AR b i I o b i e B A
#: (Fast Fourier Transform, FFT) 3k15. M2z, #H£A0
22 [BIEAE 5 B S Bs, 54 0~1.15 THz X8
PR BRI .

FHAIER B T LAE e, 3 Bl 22 i 5iek (5 5 # A e A
0.10~1.15 THz. 3 FAZAUsEA G R XA, W2
BUSIRIEECR, Hre)Ed, feg), 3+ HAERREE
WA ZEM. ot 3 MR SR S-G FETE, K
T ZE VP 45 A T A T A SR SR AT A FR B,
PRSI N FAG R AT 4328 IR % (Successive
Projections Algorithm, SPA) FfH#E 73 A i A FN Tt AL 1)
IS R IR BURFE P i 2 e R, o ST 4
KM% % (Root Mean Square Error, RMSE) , %1
JIMRRZE R /ING 37 NRHAIE AW 6 Fr7, RMSE 4 0.612.
ATLAEH, SPA IEFEMIFFIE RUKNZ Rt s 8RS AE AT,
X UG AT B SR AN A 22 2 R] 1R 22 5

1.25%107

% 1.00x1071 22 Cut tobacco
g

& 7.50<10%F

) M2

= :

) Cut reconstituted
= 5.00<10 tobacco

S

&

fodt 2.50x10%+

=

B 0
2 14 £2 Cut tobacco stem

-2.50x10% 1 L L L )
0 0.26 0.52 0.78 1.04 1.30
452 Frequency/THz

B S ZARLKHZIE SR
Fig.5 Terahertz frequency-domain spectrum of three
kinds of cut tobacco
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Table 4 Classification results of SVM based on terahertz
frequency-domain spectrum of three kinds of cut tobacco
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Identification of tobacco materials based on terahertz time-domain
spectroscopy

Zhou Bo?, Zhu Wenkui'*, Wang Zhaogai’, Jiang Pengfei?, Liu Hongkun?, Li Zhihui*, Zhang Ke?, Fu Lili*

(1. Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou 450000, China; 2. Agricultural and Sideline Products Processing Research
Center of Henan Academy of Agricultural Sciences, Zhengzhou 450000, China)

Abstract: Tobacco leaves can often be classified in detail by variety, stalk position, and place of production. Different tobacco
components include leaf shreds, stem shreds, and reconstituted tobacco leaf shreds. It is a high demand to classify and identify
the tobacco components in recent years. This present work aims to analyze the absorption coefficient spectrum and refractive
index spectrum of three tobacco components in the range of 0.35-1.50 THz using the terahertz time-domain spectroscopy. The
low-variance filtering combined with Principal Component Analysis (PCA) was performed for the spectral feature extraction
and dimension reduction on spectroscopy data. Three classification models were developed to determine the specific
absorption and refraction spectra of tobacco, including Support Vector Machine (SVM), K-Nearest Neighbor (KNN), and
Bagged trees. The results show that a higher accuracy was achieved in the classification model using the absorption coefficient
spectrum. The low variance filter combined with the PCA feature extraction significantly improved the classification accuracy,
and the KNN model presented an accuracy rate of 98.3%. Furthermore, the Successive Projections Algorithm (SPA) feature
extraction was also utilized for the frequency domain spectrum combined with the SVM model, where the classification
accuracy was also about 90%. Consequently, the terahertz time-domain spectroscopy technology can be expected to serve the
classification of cut tobacco. The finding can provide a strong reference for the application of terahertz time-domain
spectroscopy to the non-destructive detection of tobacco materials.

Keywords: spectroscopy; models; tobacco components; terahertz time-domain spectroscopy; classification and recognition;
K-nearest neighbor classification; low-variance filtering
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