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Abstract
3D reconstruction and semantic mapping are of great importance for many tasks and applications, such as 
consumer robots, augmented reality, and autonomous vehicles. Despite the drastic advancements in 
solving the 3D reconstruction problem, it is still challenging to reconstruct accurate 3D models and create 
semantic maps. Within this dissertation, contributions are made to take steps closer towards optimal 3D 
reconstruction and semantic mapping. First,  we introduce a novel 3D reconstruction system that corrects 
surface loops with sparse feature-based bundle adjustment. In the system, fast 3D surface-based loop 
detection is done by a GPU-accelerated random sample consensus algorithm (RANSAC) with optimized 
randomness supported by fractional calculus. Then, to solve a low-precision problem in surface loop 
detection, an online method for loop sifting is proposed for real-time feedback to the users. For the best 
3D reconstruction performance, an offline method for loop sifting and majorization is also proposed.  To 
overcome the difficulty in collecting ground truth data for evaluating 3D mapping systems, we propose 
dense map posterior (DMP) as a metric for 3D reconstruction and mapping evaluation that can work 
without any costly ground truth data. Finally, a simple and effective real-time 3D semantic mapping 
method is proposed. Besides, a benchmark suite for semantic mapping evaluation is presented.
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