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Baseline variability remains one of the dominant sources of distortion in Raman spectroscopy, arising
from sample autofluorescence, wavelength-dependent scattering, and instrument-dependent spectral
response [1]. Such variability can overshadow weak but relevant vibrational signatures and severely
impair reproducibility in classification applications, particularly in medical applications such as
liquid-biopsy analysis for disease detection. Currently used baseline correction algorithms—
including SNIP [2] and EMSC [3]—operate on each spectrum independently and often suffer from
incomplete background removal or Raman peak distortion, especially when baseline shapes vary
markedly across samples. Moreover, their reliance on user-defined parameters introduces additional
variability and subjectivity into the preprocessing workflow. Here we introduce the Baseline
Harmonization Algorithm (BHA), a pre-processing method that equalizes the baseline across
measurements, by suitably minimizing variations among spectra so that the remaining differences
reflect only Raman-specific information. A key novelty of BHA is the modeling of inter-sample
baseline variability using a representation that combines polynomials and a spline component. This
formulation allows BHA to capture both broad baseline curvature and local undulations without
producing artifacts such as oscillatory rippling or Raman peak distortion. The performance of BHA
was compared with SNIP and EMSC using synthetic Raman datasets designed to reproduce realistic
measurement conditions and baseline variability. Classification performance was evaluated using
with PCA-SVM models with both internal and external validations. Across all simulations, BHA
provided higher classification accuracies, particularly in external validations. The method was then
applied to Raman spectra of blood plasma from cancer patients and matched controls. Following
BHA preprocessing and PCA-SVM classification, sensitivities and specificities approached 0.95.
Models trained on BHA-corrected spectra consistently outperformed those where data were pre-
processed using SNIP or EMSC. Importantly, BHA showed markedly improved performance in
external validation on independent datasets measured under different conditions. This configuration
represents a particularly stringent test for classification workflows, thus successful performance in
this scenario provides strong evidence of an algorithm’s robustness and generalization capability.
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