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Abstract: Quality control is a core link in ensuring the safety, efficacy, consistency, and controllability of traditional Chinese medicine
(TCM). Over the past decade, with the proposal of the “quality marker (Q-Marker)” concept and the rapid advancement of bioanalytical
techniques, omics technologies, and artificial intelligence (Al), TCM quality control is undergoing a transition from an “experience-
plus-science” paradigm to a “science-plus-intelligence” paradigm. The Q-Marker theory provides theoretical support for the
transformation of TCM quality control from a “single-index component” approach to a multi-dimensional, systematic, and clinically
oriented comprehensive evaluation system. This paper systematically reviews the research progress over the last decade, with a focus
on analyzing the key roles of Al in near-infrared (NIR) spectroscopy rapid detection, Q-Marker discovery, multi-source data fusion
modeling, and whole-chain intelligent regulation. The research demonstrates that Al, through automated feature extraction, multimodal
fusion, deep learning-based modeling, and interpretability analysis, significantly enhances the ability to decode the “component-
efficacy-clinical outcome” relationships within complex TCM systems, thereby driving the intelligent upgrading of online analytical
technologies such as NIR. On this basis, we propose a digital and intelligent TCM quality evaluation system with Q-Markers as the

core, Al as the driving force, and data as the bridge. This system achieves an intelligent regulatory paradigm characterized by “clear
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components, measurable efficacy, visible processes, and shared information”, and represents a key pathway for advancing TCM quality

control toward standardization, internationalization, and high-quality development.

Key words: traditional Chinese medicine; quality markers; artificial intelligence; digital intelligence evaluation system; near-infrared

spectroscopy; intelligent supervision
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Fig.1 Technical strategy for AI-driven multi-source data fusion and comprehensive evaluation of quality markers of

traditional Chinese medicine
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