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Abstract A method of unifying the normal orientation of point clouds in multi-layer Riemannian graphsis presented
to address the challenges for existing normal propagation methods of point clouds sampled from curved surfaces in
quick processing of massive data. In this method, the point clouds are recursively divided into subsets to obtain the
core point sets. The surface variability of the core point sets controls the recurrence number, and a multi-resolution
model of tree structure is constructed for the point clouds. The nodes of the point-cloud multi-resolution model are
traversed from top to bottom, and the multi-layer Riemannian graph of the point clouds is thus constructed from the
subset of non-leaf nodes. Using the sequential traversal method, the normal unification of the sample points in the
top-layer Riemannian graph is transmitted downwards. For each Riemannian graph unit, the minimum spanning
tree algorithm is used to obtain the normal unification of the sample points. The experimental results demonstrate
that this method can effectively improve the computational efficiency and memory utilization in processing massive
point clouds and ensure the accuracy of the normal propagation of sample points in complex feature areas.
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Fig. 1 Multi-layer Riemannian graph. (a) Point cloud; (b) the first layer of Riemannian graph;
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(c) the second layer of Riemannian graph; (d) the third layer of Riemannian graph
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Fig. 2 Normal propagation of sample points. (a) Ununified sample normal; (b) normal propagation result of the first layer;

(c) normal propagation result of the second layer; (d) normal propagation result of the third layer; (e) sample

normal after propagation
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Fig. 3 Normal propagation error of top-layer Riemannian graph
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Fig. 5 Comparison of normal unification results based on single-layer and multi-layer Riemannian graph methods.

(a) Single-layer Riemannian graph method; (b) multi-layer Riemannian graph method
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Table 1 Performance statistics of normal unification processes of methods

Methods in [12]

Number of sample

Methods in [14] Method in this paper

Model points /10° Time /s Memory usage /% Time /s Memory usage /% Time /s Memory usage /%

Hood 0.12 2.81 2.01 1.56 0.69 2.07 0.81
Fandisk 0.44 11.37 11.93 6.01 6.09 6.73 5.89
Venus 0.79 24.77 21.44 10.88 10.21 12.51 10.92

Anya 1.01 29.46 27.43 15.09 12.17 16.26 13.01
Maitreya 1.31 39.60 35.39 20.17 14.98 23.17 16.82
Dragon 2.10 63.84 57.23 31.39 .23.01 35.39 25.21
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