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Abstract: Liquid chromatography—mass spectrometry (LC—MS) combines high separation ability
with high sensitivity. It has become a core analysis tool. It is widely used in life science. It is also es-
sential in clinical medicine and environmental science. However, LC-MS produces high-dimension-
al data. The raw data is complex and contains significant noise. Therefore, efficient data processing
algorithms are necessary. These algorithms must be robust. The goal is to convert raw signals into ef-
fective scientific information. This paper focuses on the data processing workflow. It highlights three
key tasks. The first task is signal extraction. The second task is spatiotemporal alignment. The third
task is substance identification. This review analyzes the methodological evolution of these tasks. It
also explores their internal logic deeply. Furthermore, the study reveals common challenges in cur-
rent research. One major problem is the lack of algorithm generalization. Another issue is the ab-
sence of standardized benchmark datasets. The fragmentation of the software ecosystem is also a criti-
cal bottleneck. To address these pain points, specific directions are proposed. One direction is phys-
ics-guided artificial intelligence (AI) modeling. Another is the construction of standardized bench-
mark systems. Algorithm development must integrate instrument mechanisms with data science. This
integration is crucial. It aims to build next-generation LC-MS technologies. These technologies
should be high-robustness and interpretable. Cloud collaboration is also a key feature for the future.
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Fig. 2 Panoramic conceptual diagram of the evolution of liquid chromatography—mass spectrometry data processing algorithms
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Table 1 ~ Comparison and tool matrix of three algorithmic dimensions for LC~MS data processing
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Table 2 Summary of mainstream algorithms and tool resources for LC-MS data processing
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Table 3 Overview of representative LC~MS data processing software tools and platforms
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