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Abstract

Objective: To develop and validate a deep learning-based segmentation model for pixel-level recog-
nition of Acid-Fast Bacilli (AFB) in sputum smear images, and to evaluate its generalization ability,
robustness, and clinical applicability across multi-center settings. Methods: Based on data from 319
patients across four medical centers, a total of 5,647 annotated image patches containing target ba-
cilli were collected. A staged ablation strategy was adopted for model construction and optimization.
Within a unified training framework, we systematically compared multi-center training strategies,
the proportion of negative sample mixing, encoder capacity, attention mechanisms, and input reso-
lution. Model performance was comprehensively evaluated through intra-center testing, multi-cen-
ter validation, five-fold cross-validation, and Leave-One-Center-Out (LOCO) validation. Results: The
optimal configuration (U-Net + ResNet50 + scSE + DiceBCE + Strong Augmentation, 512 x 512)
achieved a Dice coefficient of 0.8760 and an IoU of 0.7794 on the test set. Multi-center Dice was
0.8579. Five-fold cross-validation yielded a Dice of 0.8741 + 0.0019, while LOCO validation achieved
0.8591 * 0.0124, with a performance drop of less than 1.50%. Data strategy analysis showed that
simple multi-center data mixing did not yield stable improvements, and incorporating negative sam-
ples at a ratio of 1:1 - 1:3 reduced model performance. The inference time per image was approxi-
mately 0.18 s. Conclusion: In multi-center AFB sputum smear segmentation tasks, a systematically
ablation-driven model development strategy can achieve high accuracy, minimal generalization loss,
and acceptable inference efficiency, thereby providing technical support for the standardization and
intelligent transformation of laboratory diagnostic workflows for tuberculosis.
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Figure 1. Study workflow diagram
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Table 2. Results of multicenter training and negative sampling
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Table 3. Results of model construction and architecture optimization
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Table 4. Results of multicenter generalization validation
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