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Abstract This study proposes two effective algorithms for the qualitative and quantitative analysis of components in
a mixture. For cases wherein the spectrum of each component in the mixture can be obtained in advance, we develop
a simple process, namely “known component analysis (KCA),” which requires a small number of samples. In
contrast, for cases wherein a mixture contains many components or the spectra of some components cannot be
obtained, we develop “unknown components analysis (UCA),” whose calculation time is considerably less than
those of the traditional algorithms. Compared to KCA, UCA requires more samples to be analyzed to ensure the
high accuracy rate. These proposed algorithms provide new ways to detect and measure key biomedical substances.
Key words terahertz technology; terahertz spectroscopic analysis; mixture algorithms; qualitative and quantitative
analysis
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Fig. 1 Spectra of four pure samples of
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Fig. 2 Measured spectra and calculated spectra. (a) Mixture sample of L.-Glu, D-MI, and CMH;

(b) mixture sample of all four components
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Table 1

Concentration results of mixture sample of .-Glu, D-MI and CMH

Actual concentration

Calculated concentration

Root mean squared Average root mean

Component na/% na/% error E gus squared error E pusi /%

L-Glu 4.65 4.65 0

D-MI 4.65 4.55 0.0215 4.65

CMH 4.65 4.10 0.1180

F2 AFYRIRA RS YR Bk A5 R
Table 2 Concentration results of mixture sample of all four components
Actual concentration  Calculated concentration Root mean squared Average root mean
Component _
n./% ne/% error Egus squared error E pys, /%

L-Glu 4.90 4.50 0.0816

D-MI 4.90 4.90 0

CMH 4.90 4.60 0.0612 0.44

GABA 4.90 4.80 0.0204
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Table 3 Parameters of mixture samples

including NAA and NE

Mass of other

Sample NAA mass NE mass
five components
number mi/mg m,/mg
ms/mg

1 3.02 1.13 -

2 9.85 7.02 -

3 11.99 15.08 -

4 9.20 3.82 —

) 1.20 9.98 -

6 4.13 8.91 —

7 15.20 12.03 -

8 12.87 3.19 —

9 4.86 4.80 —

10 7.02 13.03 -
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Fig. 3 Spectra of 10 mixture samples. (a) Before wavelet transform; (b) after wavelet transform
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Table 4 RMSE and correlation coefficient between predicted and actual concentrations of NAA and NE in mixture

Correlation Average correlation

Component RMSE E gus Average RMSE Egys o _
coefficient R coefficient R
NAA 0.0040 0.9913
0.0040 0.99135
NE 0.0040 0.9914
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Table 5 Accuracy of algorithm models under 26 AT L ) TN AE B R
different sample numbers Table 6 Prediction accuracy of different algorithms
Number of Correlation Correlation
RMSE E rusn Algorithm RMSE E gus.
samples coefficient R, coefficient R,
6 0.0125 0.9026 Partial least squares 0.0231 0.8052
8 0.0055 0.9853 BP nerve network 0.0175 0.8353
10 0.0040 0.9914 Support vector regression 0.0040 0.9914
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