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Comparison of Spectral Pattern-Recognition Methods for
Slimming Drugs in Express Delivery Channels

Zhang Aolin', Wang Jifen', Liu Song', Shi Xuejun®, Xu Xiaojie’, Zhou Di’, Zhang Zhen'
'College of Investigation, People’s Public Security University of China, Beijing 100038, China;
‘Forensic Expertise Center of Beijing Customs Anti-Smuggling Bureau, Beijing 100000, China

Abstract Slimming medicines containing illegal additives, often distributed through mail and other delivery channels, are
primary targets for public security organizations to curb food, drug, and environmental crimes. To enable rapid
identification of such drugs, this study adopted molecular spectral analysis technology to examine slimming medication
containing estazolam, sildenafil, sibutramine, flurazepam, and zolpidem; 145 groups of spectral data were obtained.
Principal component analysis was utilized to extract the principal component factors and reduce data dimension. Based on
the extracted 20-dimensional data, the Fisher discriminant analysis (FDA), K-nearest neighbor (KNN), and support vector
machine models were established for comparison. In model 1, three Fisher discriminant functions were constructed to
discriminate five types of samples, and the accuracy reached 100%. In model 2, the change of K value will affect the
accuracy of the classifier. Through the adjustment of K value, 5 kinds of samples can be classified quickly, with an
accuracy rate of 100%. In model 3, RBF kernel function was used to compare the classification effect of zolpidem and
other four kinds of slimming drugs, and the accuracy rate reached 100%. Through the dataset in the experiment, the
samples of different brands of zolpidem are identified and the actual cases are analyzed, which has a certain reference for the
public security organs to investigate such cases.
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Table 1 Experimental equipment and parameters

Facility Parameter

Spectral resolution: 2 cm™"

Nicolet 1520 Spectral repeatability : better than 0. 02 nm

Fouri
o Number of scans: 32
transform ‘
infrared Measuring range : 4000-400 cm '
spectrometer Dynamic adjustment up to 130000 times/s

Signal-to-noise ratio: 50: 1
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Table 2 Summary of discriminant functions of 5 groups of drug samples

Function Function test Correlation Total Wilks” Lambda Sig Eigenvalue
FDA1 1to4d 0.998 2263. 451 0 0. 000 286. 651
FDA2 2to4d 0.996 1482.129 0 0. 000 124. 386
FDA3 3to4 0.99 815. 397 0.003 0. 000 50. 449
FDA4 4 0.928 271.596 0.14 0.913 6.157
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Table 3 Accuracy of drug classification in 5 groups

Type Zolpidem Estazolam Flunirazepm Sibutramine Sildenafil Accuracy /%
Zolpidem 30 100
Estazolam 30 100

Flunirazepm 30 100
Sibutramine 25 100
Sildenafil 30 100
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Fig. 4 Classification accuracy of samples under KNN model
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Table 4 Classification accuracy of samples under KNN model

units: %
K Zolpidem Estazolam Flunirazepm Sibutramine Sildenafil
1 59.4 59.4 59.4 59.4 59.4
2 88.5 88.5 88.5 88.5 88.5
3 93.5 93.5 93.5 93.5 93.5
4 98.2 98.2 98.2 98.2 98.2
5 100 100 100 100 100
6 99 99 99 99 99
7 100 100 100 100 100
8 100 100 100 100 100
9 100 100 100 100 100
10 100 100 100 100 100
11 100 100 100 100 100
12 100 100 100 100 100
13 100 100 100 100 100
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Fig. 5 Classification accuracy of SVM model
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Table 6 Classification accuracy of 8 brands of Zolpidem

Drug Number Brand C1 C2 C3 C4 C5 C6 C7 C8 Accuracy
Miaozi Slimming capsules Cl Cl 3 100%
Xianmei capsules C2 C2 1 1 50%
Xianfeixianwei tablet C3 C3 1 1 50%
Quzixiu Slimming capsules C4 C4 10 100%
Zhuikelier capsules C5 C5 1 100%
Xianti pill [l C6 C6 7 100%
Meizhixuan Pill C7 C7 2 100%

Xiuzhixiufu capsules C8 C8 1 2 66.70%
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