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Quantitative analysis of pharmaceutical APIs using a GAM and
Transformer-based NIR-Raman spectral fusion model
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Abstract: Rapid, non-destructive determination of active pharmaceutical ingredients ( API) is crucial for the pharmaceutical
industry . To address scale discrepancies, feature redundancy, and small-sample overfitting in near-infrared ( NIR) and Raman
spectral fusion, we propose TFGA, a quantitative model combining a Global Attention Mechanism ( GAM) and a Transformer.
TFGA directly concatenates raw spectra, utilizing GAM to enhance key features and suppress background noise, while the
Transformer captures cross-modal long-range dependencies of spectral sequences. A physics-driven online data augmentation strategy
is introduced to boost robustness. For tablet API prediction, TFGA achieved an Rf) of 0.966 6, RMSEP of 0.205 3, and RPD of
5.585 6, significantly outperforming PLSR, SVM, RF, and 1D-CNN models. Saliency analysis confirms it accurately identifies
sensitive bands linked to API concentration and characteristic C=N bonds. Overall, TFGA provides an effective approach for high-
precision, interpretable quantitative analysis of heterogeneous multi-source spectra.
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Fig.1 Raw spectra, fused spectra and standardized spectra of tablet samples
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Fig.2 Workflow of the TFGA model for fused NIR-Raman spectra
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Table 2 Comparison of quantitative prediction performance of
different models on the prediction set

it R RMSEP RPD MAPE/%
PLSR 0.534 1 0.766 1 1.496 6 6.59
SVM 0.742 4 0.569 6 2.012 8 5.58
RF 0.799 7 0.502 2 2.2827 4.30
1D-CNN 0.760 1 0.549 8 2.0855 5.99
ID-CNN+GAM  0.811 0 0.4879 2.3499 5.34
Transformer 0.9317 0.293 2 3.909 8 3.26
TFGA 0. 966 6 0.205 3 5.5856 2.40
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Fig.3 Saliency analysis of fused spectra using the TFGA model
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Table 3 Ablation study results of key modules in the TFGA model
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