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Spectroscopy and Spectral Analysis
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Fig. 1 The feature extraction algorithm

flow chart in this thesis
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Fig. 3 The result of the algorithm in the thesis for processing

the lactose absorption coefficient spectrum
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Table 1 Summary of pure substances absorption peak
Wy 5 W Wi D 45 % / T Hz
il 25 1. 281, 1.435, 2.080
v 0.530, 1.192, 1. 370, 1.814
£ 1.303
TENE 1. 442
&b 1.094, 1.587, 1. 990
AL R B 0. 937
X H R 0.629, 0.876, 1. 083
AR 0. 833
AT A A R 0.857, 1. 047
lCRER) 1.152
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Table 2 Summary of pure substances recognition results

P TR N

R g N

100 Y6 7. b FLHE (98, 8%%) F(0%) 100%

100 %6 7 %) bl AR (99. 2%) TEWE(67. 2%) 100%
100 %6 3 il (98, 1%) WEHE.87%)  100%

100 % T BEE (92, 7%) WABE29.7%)  100%

50 %0 2 2F B FERE96.1%) RHERA5.2%)  100%

S0 INELERA  IIBLERH (94. 3%)  FLBEC0.88%) 100%
100 %6 2 H iR HHER(94.9%)  FEEBEC21.6%)  100%
100 % A RN 4 F R A (98. 6 %) AL T B4R (1. 33%) 100%

90 YA T AL AR A T HAR (98. 4%) AHER21.0%)  100%
75% W 4K AR (99, 2%) Te(0%) 100%
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Fig. 5 Multi-peak fitting result by the method in

this thesis of glucose-lactose mixture
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Fig. 6 Multi-peak fitting result of glucose-lactose mixture after

peak finding by second derivative method
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Table 3 Comparison of absorption peaks frequency

calculated by different methods

T i L X/ THz  F¥R2%/GHz AR/ %
/THz A3 BH A B A RE
0.529 0. 529 0.529 1. 453 0.811 100 100
1. 190 1. 188 1. 189 2.822 1.471 100 95
1. 280 1. 281 1. 316 2.096 36. 16 95 70
1. 368 1. 370 1. 374 3.930 5.595 100 100
1. 435 1. 446 1.434 10. 81 1. 374 100 100
1. 810 1. 813 1. 808 6.426 5. 704 100 100
2. 080 2. 080 2.082 3.319 4.910 100 100
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Table 4 Summary of mixture recognition results

5N £ = B R =

BaY T4l 4 S # Wl P

AEALEE AEALEE MEE R/ % R/ %

40 Y4 4 45 b LA A b TR 100 100
10 %6 AL (73.9%) (65.2%)  (39.9%)

50 %0 F ki R e ] 4 90 95

50 % Bk (61.0%) (57.4%)  (22.1%) o

40 %4 1 %5 bk A b P v 75 100
L0V FZERE  (67.1%) (58.0%)  (43.0%)

40 % LBk L EX 3 R 100 100
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50 Y6 7K H R FHER  RWERS BT AR 90 95
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309 INALERAR (59.1%) (40.3%)  (8.26%)
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Terahertz Spectral Interval Combination Feature Extraction Algorithm in
the Case of Aliasing Absorption Peak

HE Wei-jian, CHENG Liang-lun® , DENG Guang-shui
School of Automation, Guangdong University of Technology, Guangzhou 510006, China

Abstract Terahertz spectrum is an advanced method for material recognition. Due to the different molecular organizations and
structures of different substances, the terahertz absorption spectrum of many substances will have many absorption peaks at cer-
tain frequency, which can be used as important features of the mixture for component detection. Effective and accurate extraction
of the parameters of these absorption peaks is the key to improving the recognition rate. The multi-peak fitting algorithm fits the
spectral curve into the sum of several standard peak functions, which can extract the frequency, wave height and wave width of
the absorption peaks at the same time. However, based on the results of the peak finding algorithm, fitting algorithm determines
the approximate position and number of the absorption peaks before fitting. The peak finding result is not necessarily the optimal
fitting result, and it is difficult to accurately identify the aliasing absorption peaks. In order to improve the recognition and posi-
tioning accuracy of the absorption peaks in the aliasing spectrum, this thesis proposes to divide the pre-processed spectrum into
several sub-intervals by the wave troughs of sharp smoothed curve. Then the sub-intervals are combined for multi-peak fitting,
and the optimal fitting sub-interval combination and the approximate value of the absorption peak frequency are obtained by ge-
netic algorithm. The number of absorption peaks is determined by the peak number increment optimization method in each subin-
terval during fitting. In order to realize the identification of matter, the density clustering algorithm is used to obtain the common
absorption peaks of the same kind of pure substance in multiple measurements. Using those peak data as the standard data, the
proposed spectral matching algorithm based on the absorption peak characteristics enables rapid identification of pure substances
and mixtures of different contents. The actual spectral data of ten kinds of pure substance are fitted and clustered to obtain pa-
rameters of absorption peaks, which are basically consistent with the terahertz spectral database. The recognition rate for identi-
fying the test set of pure substances by the recognition algorithm of this thesis is 100% , which proves the effectiveness of the
feature extraction algorithm and material recognition algorithm. For the spectrum of mixtures with aliasing peaks, the recogni-
tion rate of the second derivative method for the masked absorption peak (1. 280 THz) in the glucose-lactose mixture spectrum is
only 70% , and the extracted frequency average value is 1. 316 THz; The algorithm in this thesis improves the recognition rate to
95% and the average frequency is 1. 281 THz, that is to say, this method improves the resolution of the aliasing peak and can ac-
curately locate the aliasing peak. The Top-2 and Top-3 accuracy of the six types of binary mixtures which have different degrees
of aliasing and consist of 10 pure materials are 90. 8% and 98. 3% , respectively. The extracted features can be effectively applied
to the component detection of the mixture. The algorithm in this thesis can realize the component detection of mixture by using
the data of pure substances as the standard data. which is of great significance to the component detection of mixture in terahertz

spectroscopy.

Keywords Terahertz spectroscopy; Overlapped peak; Multi-peak fitting; Genetic algorithm; Feature extraction; Interval selec-
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