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Knowledge driven beam bridge point cloud instance-level

segmentation

PANG Bo', Al Yan?, ZHANG Jiaqi’, WANG Feiliang’, YANG Jian’, NIE Kefu’

(1. Shanghai Key Laboratory for Digital Maintenance of Buildings and Infrastructure; School of Ocean and Civil
Engineering, Shanghai Jiao Tong University, Shanghai 200240, P. R. China; 2. China Railway Shanghai Group Co.,
Ltd, Shanghai 200040, P. R. China)

Abstract: In the context of the demand for digital life-cycle maintenance of bridges, rapid reverse modeling
techniques have become key links in building the foundation of maintenance data. The 3D point cloud data
collected by scanning is a key element that constitutes the maintenance archives and digital twin. The accuracy
of the semantic information of components under a digital control framework depends on the accuracy of the
instance-level semantic segmentation of the point cloud. To achieve high-precision and interpretable
segmentation of typical bridge instances, design knowledge is introduced as semantic information and a

knowledge-driven point cloud instance-level segmentation method is proposed. Firstly, by using clustering-
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based data optimization to handle classification errors in category-level segmentation, the accuracy of instance

extraction parameters can be improved. Secondly, based on the geometric relationships between the

components determined by the design criteria, the boundary of the bridge deck and the distribution of the beam

axis are determined. Finally, based on the formal rules of the centerline of the bridge pier and the orthogonal

layout of the longitudinal and transverse beams, a dynamic bounding box is constructed to achieve instance level

segmentation of the bridge deck and beam. The implementation results on practical scanning point cloud data

show that the proposed method has good instance-level segmentation performance, reduces the dependence of

segmentation method on data, and can provide support for the automated bridge modelling technique from

scanning point cloud to digital twins.
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Fig.1 Flow of bridge component segmentation algorithm
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Fig.3 Raw scanning point cloud of highway bridges
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Fig.4 Result of category level semantic segmentation
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Fig.5 Optimized category level semantic segmentation
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Fig.6 Determination of the dividing line of the bridge deck
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Fig.7 Bridge deck instance segmentation
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Fig.10 Vertical beam extraction and segmentation
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Fig.11 Result of instance level semantic segmentation
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