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ABSTRACT 
 
     This study proposes a computational framework integrating geometric analysis and nested 
optimization to optimize the assembly of prefabricated bridge superstructures. Although 
prefabrication improves productivity, geometric deviations during fabrication and transport 
frequently cause member interference and assembly failures, especially when aligning shear 
connectors with precast panels. To address this, unmanned aerial vehicle (UAV) 
photogrammetry is utilized to extract the precise as-built geometry of the components. The 
Minkowski difference and transformation duality are then applied to translate distance-based 
collision risks into a geometric containment problem, defining a collision-free default region of 
interest (dROI) for individual panels. To account for sequential installation constraints, an 
influenced region of interest (iROI) is also established to capture inter-panel interactions. 
Subsequently, a nested optimization approach utilizing backward reasoning is employed to 
maximize cumulative motion freedom across the span, effectively mitigating the combinatorial 
explosion typical of sequential assemblies. Ultimately, application results confirm that this 
methodology successfully predicts collision-free configurations prior to construction, significantly 
reducing assembly failures and advancing data-driven, smart bridge construction. 
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