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ABSTRACT 

Natural disasters such as earthquakes, tsunamis, and floods are swift and severe events that occur 

across the world. It is crucial for emergency management and recovery efforts to document the 

distribution of damage as soon as a natural disaster occurs. Detecting building objects and accurately 

extracting their footprints from images of collapsed structures is a significant challenge in disaster 

assessment, urban planning, and remote sensing. This research introduces a deep learning-based 

framework that enhances building footprint localization and damage classification using pre- and post-

disaster satellite imagery. The proposed Enhanced U-Net (EUnet), developed from a modified Siamese 

U-Net architecture, reduces inference time while maintaining accuracy, thereby enabling faster disaster 

assessment. The application of data augmentation and optimal thresholding further improves the 

detection of small buildings. To refine damage estimation, the Damage Estimation U-Net (DE-Unet) 

is designed by integrating a Damage Ratio Analyzer algorithm with the EUnet model, enabling 

accurate quantification of varying damage levels (no damage, minor damage, major damage, and 

destroyed) within affected regions. Additionally, the Damage Enhanced U-Net (DamageX-Unet) is 

developed by incorporating an Enhanced Connected Component Labelling (ECCL) algorithm with the 

EUnet model to improve classification performance. The ECCL algorithm is introduced Dynamic 

Thresholding and Union–Find data structure to boost precision and recall by accurately merging 

damaged building components. Evaluated on the xBD dataset, the proposed models outperform 

existing methods, demonstrating the potential of advanced segmentation and post-processing 

techniques in improving post-disaster building damage assessment. This framework will be invaluable 

for government disaster management agencies, insurance companies, and other related organizations. 
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