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Applications and Prospects of Spectral Imaging Technology in
Forensic Science: Focus on Hyperspectral, Raman,
and Terahertz Imaging
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(School of Investigation, People’s Public Security University of China, Beijing 100038, China)

Abstract: Spectral imaging technology integrates spectral analysis with spatial imaging capabilities,
enabling comprehensive multidimensional characterization of the chemical composition and morpho-
logical distribution of forensic evidence. It has emerged as a cutting-edge optical force driving ad-
vancements in forensic science evidence examination. Leveraging advantages such as speed, non-in-
vasiveness, and minimal pretreatment requirements, this technology plays a pivotal role in the visu-
alization, identification, and classification of diverse field evidence. This paper systematically re-
views the fundamental principles and latest research advances of mainstream spectral imaging technol-
ogies—including hyperspectral imaging, Raman imaging, and terahertz time-domain imaging—
based on bibliometric analysis. It focuses on exploring their typical application scenarios and effec-
tiveness in examining biological evidence, trace evidence, and document analysis. Furthermore,
the paper analyzes critical challenges in practical application, including sensitivity limitations, lack
of standardized protocols, and environmental interference. It also outlines future development
trends—such as multimodal integration, intelligent analysis, and portable device development—to
provide a technical roadmap for establishing a new generation of spectroscopic precision forensic evi-
dence examination systems.
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