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3D Point Cloud Shape Feature Descriptor Using 2D Principal Manifold
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Abstract:  This paper first construct 2D principal manifold of the 3D point cloud which is typically unoriented and unevenly distributed
in space, and give the quadratic optimized approximation of principal manifold in form of watertight mesh with spherical homeomorphism.
By this method, the shape description of 3D point cloud is converted into the description of 2D principal manifold evenly spread in
spherical parameter field. Then, it applies translation, rotation and scaling to the quadratic optimized mesh to align the mesh polar axis,
denoting this process as initial rough alignment. Finally, the ICNP (iterative closest normal point) algorithm is used to iteratively refine
the rigid transformation to bring the two meshes into the best alignment with respect to the least mean square error, and the alignment

« FEATH: E K A KRR AL 4 (60873110, 61170143, 61472170); 44 fit 38 5 WK 1k 55 £ Ak b 50 TH I A 5256 % OF R U
(ITSM201301)
W kg IR A]: 2014-01-16; & Ui i) 1A]: 2014-04-08; & Fisit) [a]: 2014-05-21
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error is recorded as difference distance between two 3D point clouds. The experimental results show that the proposed 3D point cloud
shape description based on quadratic optimized approximation of 2Dprincipal manifold is robust to noise and resolution, and can be used
as the shape descriptor for 3D retrieval.

Key words: shape feature; 2D principal manifold; optimized mesh approximation; 3D shape retrieval; ICNP
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Fig.1 The left is the input model, and the right is the optimization approach of 2D manifold
by quadric surface mesh
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Fig.2 Results of some surface approximation mesh of their 2D manifold
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(a) Num=1k (b) Num=4k (c) Num=8k (d) Num=10k  (e) Cup after rotation

Fig.4 The surface approximation meshes of one cup with different resolution and pos
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Table 1 The similarity measure d matrix of the models in Fig.4

R 1 B4 PR AR 2 A AGI R d AR B

Cup_a Cup_b Cup_c Cup_d Cup_e Butterfly  Fish Glass  Horse  Plane

Cup_a 0.0000 7.7851e-003 2.0835e—002 1.5600e—003 4.8777e-003 0.4744 0.4910 0.3028 0.2693 0.2196
Cup_b 0.0000 1.0094e-003 7.8265e-003 2.3798e-002 0.5223 0.5204 0.3244 0.2842 0.2406
Cup_c 0.0000 1.4985e-002 3.1912e-002 0.5211 0.5221 0.3390 0.3011 0.2434
Cup_d 0.0000 5.8894e-003 0.4854 0.4865 0.3077 0.2828 0.2242
Cup_e 0.0000 0.4936  0.4995 0.3056 0.2753 0.2230
Chair 0.0000 0.1020 0.2334 0.4289 0.2880
Butterfly 0.0000 0.1174 0.1418 0.1994
Person 0.0000 0.0318 0.1452
Fish 0.0000 0.2636
Handgun 0.0000
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Table 2 Qualitative comparison and analysis of three different search methods
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