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1. Hyperspectral (HS) images 16. The use of red, green, and blue (RGB) color imaging
2. Molecular Detection (MD) 17. Hyperspectral Image Cube Data

3. Complex System 18. Supervised Algorithm

4. Ensemble 19. Training

5. Fluorescence Spectroscopy and Microscopy 20. Data Base

6. Kinetics 21. Classification

7. Infrared spectroscopy (IR) 22. Unsupervised Algorithm

8. Hyperspectral Imaging (HSI) 23. Clustering

9. Spatial Resolution 24. Hierarchical Clustering Algorithm (HCA)
10. Molecular Mapping 25. K-Median

11. Artificial Intelligence (AI) 26. Principle Component Analysis (PCA)

12. Machine Learning 27. Polietylen (PE)

13. Pin Hole 28. Polyethylene glycol (PEG)

14. Depth of Focus (DOF) 29. HORIBA

15. Confocality 30. Raman Shift
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Abstract

Nonlinear Raman scattering spectroscopy is an optical method used to detect vibrational modes
of target molecules, enabling the analysis and detection of chemical species at the molecular
scale. When combined with a confocal optical microscope, this system can scan the sample
surface point-by-point and record the molecular information present. By processing the raw
spectral data and spatial coordinates, two-dimensional hyperspectral images are generated,
containing nonlinear Raman scattering information for each pixel. Advanced statistical methods
in artificial intelligence and machine learning are then used to extract information about the spatial
distribution of molecules and chemical phases with high sensitivity and accuracy. In this study, an
integrated optical setup consisting of a confocal optical microscope and a Raman spectroscopic
system was used to scan the surface of a heterogeneous polymer sample at 3900 points using
a visible laser with a wavelength of 532 nanometers. The recorded hyperspectral images were
then processed using artificial intelligence and machine learning statistical methods to extract
a molecular map of the spatial distribution of
polymers in the sample.
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