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Identification of a Grass Species Using a Terahertz Wave Based on
Hybrid Machine Learning Method
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Abstract In this study, the terahertz time-domain spectroscopy (THz-TDS) technology was used to conduct
experimental tests on seed samples of astragalus japonica. We obtained the terahertz time-domain spectra of five kinds
of Astragalus adsurgens Pall. seeds in the effective frequency range of 0.2-1.2 THz, and used the fast Fourier
transform analysis to study the optical parameters such as the absorption coefficient and refractive index of each grass-
seed sample. It was found that in the effective frequency range, the peak intensity and delay time of the time-domain
spectrum of the samples were different, and the average absorption coefficient and standard deviation of each spectrum
line were significantly different. In addition, the average refractive index of the samples was significantly different. At
the same time, this study proposes a hybrid model of optimized experimental data that combines principal component
analysis (PCA) with random forest machine learning (RF). Based on the terahertz refractive index spectrum, 200

datasets of five forage species were statistically calculated, and the calculated results were compared with the calculated
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results of the RF model. The results show that the average classification accuracy of principal component analysis-

random forest (PCA-RF) in the mixed model is 91.20%. Compared with the RF model, both total average

classification accuracy and the classification accuracy of each sample of the PCA-RF model are better than those of the

RF model. The study shows that the PCA-RF model combining THz-TDS with the hybrid machine learning algorithm

can be used as an effective method for the nondestructive identification of the authenticity of forage grass seeds. In

particular, it can be used for the classification of forage grass varieties of the same family with little difference.
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Table 1 Relevant information of five samples of Astragalus
adsurgens Pall. seeds

Number Name Place of origin Year
Sample 1~ Sha Da Wang 1 Helin 2010
Sample 2 Sha Da Wang 2 Helin 2012
Sample 3 Sha Da Wang 3 Helin Before 2010
Sample 4  Sha Da Wang 4 Helin 2016
Sample 5 Sha Da Wang 5 Helin 2016
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Fig. 2 Terahertz time and frequency domain spectral waveforms of five Astragalus adsurgens Pall. seeds.

(a) Terahertz time

domain spectral waveforms; (b) terahertz frequency domain spectral waveforms
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Fig. 3 Absorption coefficient spectra of five Astragalus

adsurgens Pall. seeds
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Fig. 4 Average absorption coefficient and standard deviation

of five Astragalus adsurgens Pall. seeds
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Fig. 5 Refractive index spectra of five Astragalus adsurgens
Pall. seeds
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Table 2 Classification results of RF model

Classification accuracy of all kinds of samples/ %

Classification accuracy of

Z
°

Sample 1~ Sample 2~ Sample 3~ Sample 4  Sample 5 five samples/ %
1 75 100 86 67 86 83.30
2 80 89 86 80 100 86.70
3 91 60 100 86 67 83.30
4 60 100 100 67 86 83.30
5 80 67 67 100 100 83.30
6 75 100 89 80 100 86.70
7 100 63 100 100 80 86.70
8 80 100 78 71 100 83.30
9 75 85 75 88 100 86.70
10 100 83 80 80 90 86.70
Average classification accuracy/ % 81. 60 85.00 86.10 81.90 90. 90 85. 00

3.3 HEAIERE PCA-RFER
R T v B AL AR AR L ARG B, 2 I B S R A
T SR 2, AT — o M T i DR R
JE U 5 H 04T A B, B IBCRRAE 2 S5 PR AT A AT
SE N 5 BB RE i BT S FR RO R B AT R
L35 AT, SR I A B BTk A s 1) — A E U LT RE
RE A TS F GRS B , A5 A R8BI 1Y)
PR R, LAREALAR AR AR A S S Ay, 8257 PCA-RF
B St 47 6 SR B E AT S o A ) L AR B T A
SRR 4 B BT RRR B BT SRR WSR3 TR
Hod 2 54 10 STk R T 95. 00%, 24 95. 79% , Ril
A FE R B BT STER R A B T 99. 6854, Uk B Hi

#£3 EIRSHHEE 1 B
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Eigenvalue contribution

contribution rate/ %

rate/ %
1 84.29 95.79 95.79
2 3.214 3. 650 99. 44
3 0.2125 0. 2400 99. 68
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# 4 PCA-RF BRI 32 45 R

Table 4

Classification results of PCA-RF model

Classification accuracy of all kinds of samples/ %

Classification accuracy of

e Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 five samples/ %
1 80 100 100 90 100 93. 30
2 100 83 89 80 100 90. 00
3 100 83 75 100 100 93. 30
4 100 80 83 100 75 90. 00
5) 100 100 80 100 71 90. 00
6 86 100 83 100 100 93. 30
7 86 75 100 100 100 90. 00
8 90 100 100 100 100 96.70
9 100 100 87 100 88 90. 00
10 100 100 86 100 80 93. 30
Average classification accuracy/ % 94. 20 92.10 88. 30 97.00 91.40 91. 20
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