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DOMAIN-ADAPTIVE FINE-TUNING OF HI-DIFF FOR ENHANCED
MICROSCOPY DEBLURRING & BACTERIAL FLAGELLAR MOTOR
[LOCALIZATION

3. Deblurring Results (Visual)

5. Flagellar Motor Localization

1. Introduction

(Kaggle)

Motivation: Fluorescence microscopy suffers from de-

focus blur, obscuring nanoscale structures like bacterial
flagellar motors. Task: 3D localization of bacterial flagellar motors in

Challenges: Cryo-ET tomograms. textbfMetric: Modified F5-Score

Comparison on Leishmania Dataset. Note the recovery of
fine parasite structures.

e Traditional methods (e.g., Blind Deconvolution) (Recall-focused) with distance tolerance < 150A.

struggle with noise amplification.

e Pre-trained Deep Learning models fail due to severe
Domain Shift.
Contributions:

Fig. 3. Joint-Small Model Deblurring (BBBCO06) [Blur, Deblur, Oringin]
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Visualization
Fig 2.2. Visual Comparison (Blur vs Ours vs GT)

Methodology: MHAF-YOLO Pipeline We em-
2. HI-Diff Methodology ployed a slice-wise detection approach with 3D aggre-
gation:

Architecture: Combines Latent Diffusion Model 4. Quantitative Aﬂ&l}’SiS e Model: Multi-Head Attention Fusion YOLOv10 for
(LDM) with a Regression Transformer. small objects.

1. Target Domain Evaluation (Leishmania): Sequen- e TTA: Test-Time Augmentation (Horizontal Flip) to
f , f tial Fine-Tuning (Source — Target) yields the best perfor- boost robustness.
4 (&) ® @[] ;. b, 79
. ) . 2T L & mance (+3.24 dB). Note that "Reverse” order causes severe o Post-Processing: Weighted Box Fusion (WBF) and
Cand | TP MScae 5D collapse, confirming domain directionality matters. 3D NMS for precise volumetric ageregation.
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S 1 !ﬁé' v Baseline Pre-trained (GoPro)  37.07 0.9335 achieved significant improvements over the baseline on
| Bloc. ] l;JEE'IH Joint (5k) Mixed Dataset 39.74 0.9578 the hidden test set.
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Fine-Tuning Strategies e Catastrophic Forgetting (BPAEC): Fine-tuning on

e1. Joint Training: Merge Leishmania & BPAEC Leishmania degrades performance on the source domain

Tt aget (BPAEC), indicating a trade-off between specialization )
ALASELS. and generalist capability. 6. Conclusion
e 2. Sequential (Source — Target): Pre-train on

C lex Struct BBBC06): Joint traini
structure (BPAEC), fine-tune on target (Leishma- ¢ Complex Structures ( ): Joint training on

). (Optimal Strategy) large datasets enables the model to handle complex o Strategy: Sequential Fine-Tuning yields best deblur-
Nlia ). 11mMa raite : : '
P 5y grayscale structures where the baseline fails. ring results (40.31 dB).
o GGeneralization: Model works well on unseen do-
Test Dataset Metric Strategy Score A vs Base mains.
BPAEC Avg PSNR Baseline 11.87 : : :
T rk: Integr lurrin re-pr n
(Source Domain) BPAEC-Only 31.98 +20.11 » Future ¥o . tegrate deblurring as pre-processing
Seq. (Ours) 24.33 -7.65 (Forget) to boost detection.

Fig. 1. Joint-Small Model Deblurring (Leishmania) [Blur, Deblur, Oringin] BBBC06 Avg PSNR Baseline 11.87 -

(Unseen Complex) Joint-Large 36.17  +24.30

Conclusion: Use Sequential strategies for peak perfor-
mance on specific targets, and Joint Training for broad
ceneralization across diverse biological samples.

Fig 2.1. Visual Comparison (Blur vs Ours vs GT)




