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Machine Learning-Guided Portable Raman Microscopy for
Microplastics Analysis

Microplastic pollution has become a significant environmental challenge, requiring rapid and reliable analytical
methods for particle detection and identification. Conventional techniques based on Raman microscopy provide
high chemical specificity [1]. They are often limited to laboratory settings due to their size, cost, and analysis
time. This work presents a portable Raman microscopy platform [2] that integrates visible-light imaging,
machine learning (ML), and automated spectroscopic analysis for efficient microplastic characterization. High-
resolution optical images are first acquired and processed using ML-based image segmentation to detect
individual particles and separate them from the background. Regions of interest (ROIls) corresponding to
suspected microplastics are automatically extracted based on their morphological features, including size,
shape, and color. The selected ROIs are subsequently investigated by Raman spectroscopy to acquire
vibrational spectra for chemical identification. We tested our approach to detect polystyrene particles (Fig. 1a).
We use several techniques to identify chemical composition: spectral similarity library search and multivariate
curve resolution (Fig. 1b). The proposed workflow reduces analysis time while maintaining chemical specificity.
It provides a practical solution for environmental monitoring, field investigations, and rapid assessment of
contaminated samples.
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Figure 1: Visible image of a sample with polystyrene particles (a); the corresponding chemical map and spectrum (b).



