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Fig.l The position of terahertz waves in the electromagnetic spectrum
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Fig.2 Typical terahertz time-domain spectroscopy system
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Fig.3 Absorption coefficient spectra of RDX (red) and HMX (blue)
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Tab.1 Characteristic terahertz spectrum of different explosives

Types of explosives Characteristic peak position/THz The range of spectrum/THz Reference
RDX 0.84, 1.08, 1.50, 1.92,2.30 0.3-3
HMX 1.75,2.50, 2.90 0.3-3 1)
LLM-105 1.27, 1.59, 2.00, 2.08, 2.20, 2.29
FOX-7 1.59/2.12 0.2-2.4 [25]
RDX 0.82, 1.05, 1.50, 1.92,2.20
SAZ 1.34, 1.81, 2.35,2.57,2.75,2.92
AAZ 1.76, 2.40, 2.55,2.71, 2.86
GUAZ 1.38,2.01, 2.31, 2.55, 2.84, 2.91
0.8-3 [11]
TAGAZ 1.10, 1.46, 1.67, 2.12, 2.25, 2.38, 2.96
HNIW 0.84, 1.45,2.28,2.77
TEX 1.71,2.33,2.53,2.91
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Tab.2 Recognition rates comparison of different

methods
. Method
Relative — -
humidity Traditional peak searching Wavelet transform
algorithm +ResNet-50
2% 95% 99.6%
50% 40% 96.6%
55% 35% 96.6%
67% - 96.2%
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Application and research progress of terahertz spectroscopy

technology in explosive detection

ZHANG Ruiping';, WANG Qin?, BAO Lixia™

(1. Department of Public Security, Beijing Police College, Beijing 102202, China;
2. Lenovo (Beijing) Co., Ltd., Beijing 100089, China;
3. Analysis and Testing Center, Beijing Institute of Technology, Beijing 102488, China)

Abstract:

Significance  Due to its advantages of low energy, high transmission, fingerprint spectroscopy, and safety,
terahertz spectroscopy technology can be used to detect and identify single substances, mixtures, and hidden
explosives. It is a promising detection technology in the field of security and has broad application prospects.
However, owing to various factors inlcuding instruments, environment, and samples, the signal-to-noise ratio of
terahertz spectral data decreases, making it difficult to obtain effective spectral characteristic peaks, which
seriously affects the effectiveness and accuracy of peak finding comparison methods for identifying explosives. In
order to improve the accuracy of terahertz spectral data, the application of machine learning technology in
terahertz spectral analysis technology for detecting explosives was explored. It was pointed out that machine
learning can further improve the accuracy of terahertz spectral technology detection, and develop more refined
data processing techniques and more effective data augmentation techniques. Combining machine learning with
traditional spectral analysis techniques is an important development direction in the field of terahertz spectral

technology for detecting explosives.

Progress  Firstly, spectral technology is a commonly used method for substance detection. Based on the
different absorption, reflection, and scattering of electromagnetic waves by explosives in different frequency
bands, the main detection methods include Raman spectroscopy, terahertz technology, millimeter wave
technology, X-ray technology, etc. Among these detection methods, terahertz technology is widely used in
explosive detection due to its non invasiveness, high resolution of biological tissues, strong penetration, specific
fingerprint spectra, and safety advantages. Next, the principle of terahertz spectroscopy technology and its
research in explosive detection are introduced in detail. This article summarizes the research on terahertz
spectroscopy technology in detecting single substances and their mixed explosives, detecting hidden explosives,
and analyzing the characteristic absorption peaks of explosives. It is of great significance for establishing an
explosive spectrum database and also promotes the application of terahertz spectroscopy technology in the field of
security inspection. However, due to the influence of factors such as samples, environment, and detection
instruments on the detection results, the ability and reliability of using characteristic peak comparison method to
identify substances are greatly weakened. Machine learning technology has the characteristics of adaptability,
efficiency, and accuracy, which can solve these problems to a certain extent. This emphasizes the important

application of machine learning in terahertz spectroscopy technology.

Conclusions and Prospects  Terahertz spectroscopy technology has great application prospects in the field of
explosive detection, and plays an important technical support role in explosive risk monitoring and prevention.
However, during the detection process, factors such as instruments, environment, and sample status can affect the

accuracy of identifying characteristic terahertz spectral peaks. With the continuous optimization of machine
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learning algorithms and the gradual expansion of datasets, machine learning will become an important means of
detecting explosives in future terahertz spectroscopy technology. The future application of machine learning in
terahertz spectral analysis has the following trends: Firstly, it is necessary to develop more sophisticated data
processing techniques and more effective data augmentation techniques to solve the problem of large amounts of
data; Secondly, machine learning needs to be combined with traditional spectral analysis to meet the requirements
of fine interpretation, such as anomaly detection.

Key words: public safety;  explosive detection;  terahertz spectrum;  machine learning
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