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Research Progress of Deep Learning—driven Near—infrared Spec-
troscopy in Traditional Chinese Medicine Quality Evaluation
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Abstract: Near—infrared (NIR) spectroscopy, as a rapid and non—destructive analytical tech-
nique, holds significant value in the quality assessment of complex systems. With the continuous ad-
vancement of deep learning methods, their integration has provided new research perspectives and
technical approaches for the quality evaluation of traditional Chinese medicine (TCM) . This paper
systematically reviews the application progress of models such as multilayer perceptrons (MLP) ,
convolutional neural networks (CNN) , recurrent neural networks (RNN) , autoencoders
(AE), generative adversarial networks (GAN) and Transformers in NIR spectral modeling. Fo-
cusing on critical aspects including TCM species and processing differentiation, authenticity verifi-
cation, geographic origin tracing, constituent content prediction, processing monitoring and for-
mulation quality assessment, the paper summarizes and analyzes the application characteristics of
different algorithms, as well as their potential advantages and limitations. On this basis, the main
challenges in current research in terms of sample size, model design, training strategies and inter-
pretability are identified. Finally, the paper discusses the application trends and future development
directions of integrating deep learning with NIR spectroscopy in TCM quality evaluation.
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Fig. 1 Common algorithms of deep learning
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Table 1  The features, applications, advantages and disadvantages of deep learning algorithms commonly used in near—infra-

red spectroscopy analysis

Algorithm type  Main characteristic Application case Advantage Limitation
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Fig. 2 Primary applications of near—infrared spectroscopy combined with deep learning in the quality evaluation of traditional Chi-

nese medicine
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Table 2 Application of deep learning algorithms in the quality evaluation of traditional Chinese medicine using near—infrared

spectroscopy
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