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Problem Statement

➢ Can object-centric representations with domain priors  
yield more accurate and interpretable scene 
classification than vision-only models?
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Studied Domain

➢ Rural U.S. agricultural landscapes
➢ NAIP aerial imagery
➢ Focus: Concentrated Animal Feeding Operation     

(CAFO) infrastructure detection & categorization
○ High structural variability in CAFO infrastructure (size, composition, layout)
○ Strong visual overlap with non-CAFO agricultural/industrial sites
○ Lack of component-level annotations

➢ Goal: Accurate, infrastructure-aware, interpretable 
CAFO type classification



Why Monitor CAFOs?
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PRISM-CAFO Pipeline
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Interpretability



Result Summary

✔ Improves baseline (15% for 

spatial)

✔ Maximum improvement for CNN 

based models



Analysis: Significance of Components

● Feature Importance

○ Gradient–activation analysis

○ Barn area dominates feature importance (0.74)

○ Domain priors contribute strongly (0.15–0.47)

○ Barn–pond proximity adds discriminative signal (0.27)



Analysis: Significance of Components

● Domain knowledge Importance

○ Barn masks highest probability impact (0.45 swine)

○ Manure lagoons critical for swine/beef classification

○ Multi-component diversity improves dairy recognition



Summary
✔ Detector-anchored infrastructure extraction using YOLOv8 + SAM2 + 
geometric filtering

✔ Prior-conditioned, mask-guided spatial attention for object-centric 
classification

✔ Infrastructure (object) -aware scene reasoning

✔ Consistent gains across backbones; up to 15% F1 improvement (Swin-B)

✔ Object-level interpretability via mask attributions & Grad-CAM

✔ Systematic analysis of feature & mask importance



Paper Link:
https://arxiv.org/pdf/2601.11451
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