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Abstract: Multimodal spectral fusion provides a new technical pathway to overcome the characterization bottleneck in quality control
of complex traditional Chinese medicine systems. Due to insufficient information capacity, single-modal spectral techniques cannot
independently achieve comprehensive characterization of such complex systems. This paper systematically reviews the progress of
multimodal spectral fusion for intelligent quality detection in traditional Chinese medicines. First, fusion strategies are classified into
low-level, mid-level, and high-level categories, with their principles and application scenarios described. Second, the algorithm
evolution from traditional machine learning to deep learning models is reviewed, highlighting the critical role of explainable artificial
intelligence. On this basis, this paper then analyzes the core challenges at two levels. At the data level, challenges include a lack of
standardized collection and modality heterogeneity. At the model level, challenges include difficulties in heterogeneous feature fusion

and cross-scenario transfer. The strategies and algorithms of multimodal spectral fusion can provide core support for constructing a
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new paradigm for intelligent quality detection of traditional Chinese medicines.

Key words: traditional Chinese medicine quality detection; multimodal spectral fusion; fusion strategies; deep learning; explainable
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Fig.1 Overall framework of multimodal spectral fusion in traditional Chinese medicine quality detection
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Table 1 Comparison of characteristics and applications of commonly used spectral techniques
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Fig.2 Schematic diagram of three fusion strategies and information flow for multimodal spectra
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