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Article Type ~ ABSTRACT

Research Paper Background and Objective: Cervical cancer detection is a critical task where accurate and interpretable
diagnostic tools can significantly enhance clinical outcomes. Existing explainability methods, such as
Grad-CAM, provide visual insights into model predictions but often lack precision in highlighting
diagnostically relevant regions. To address this, we integrated Ricci Flow into the gradient computation
process, aiming to refine the geometric structure of heatmaps and improve their interpretability.
Methods: In this methodological study, the SIPaKMeD dataset, comprising 4,049 cervical smear images
across five diagnostic categories, was preprocessed and augmented to address class imbalance and ensure
data uniformity. A ResNet50 model was trained on the dataset for 40 epochs using a balanced set of whole-
slide images. Ricci Flow was applied to the gradient matrix, interpreted as a Riemannian tensor, to
iteratively smooth and refine the geometry of the gradient space. Heatmap quality was evaluated through
supervised comparison with cropped cell images and by computing insertion and deletion metrics to
quantify the alignment of heatmaps with diagnostically critical regions.

Findings: The Ricci Flow-enhanced Grad-CAM outperformed the standard Grad-CAM, achieving an
insertion AUC of 0.671 and a deletion AUC of 0.153. The refined heatmaps consistently demonstrated a
sharper focus on diagnostically important regions, with over 90 percent alignment with expert annotations.
Additionally, the Ricci Flow-based method provided a deeper geometric understanding of the feature

Received: space, emphasizing the region’s most critical for classification.

Dec 8th 2024 Conclusion: The results of the study demonstrated that integrating Rich Flow into Grad-CAM, utilizing

Revised: geometric smoothing, enhances the interpretability of heatmaps and offers a novel approach in the field of

Jan 25t 2025 Explainable Artificial Intelligence (XAl) for cervical cancer diagnosis. This method not only improves
model accuracy but also aligns with the hypothesis that neural networks alter data topology during training.
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