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Feature-Preserved Progressive Texture-Mesh in Digital Museum
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Abstract In practice feature information such as colors textures surface normals etc. is necessary to
represent 3D models besides geometry and topology information of triangle meshes. However with the
rapid improvement of 3D capture equipments the accuracy of 3D models increases and results in the large
volume of 3D data. Most traditional methods could not deal with the feature of mesh models such as
boundary edges and textures during simplification. So in order to decrease the data volume of 3D textured
models in digital museum and retain significant feature synchronously a new algorithm of texture-mesh
based on triangle collapse is presented. By the concept of geometry and texture boundary the original
meshes are divided to boundary corner interior or colory triangles according to different boundary
conditions. In this way the quadric and error criterion is improved and constraint strategies are adopted to
preserve the feature of geometry boundaries and texture attributes during the simplification process. In
addition a method combining octree-based compression with progressive meshes is given to provide a
continuous multi-resolution representation of 3D models. The proposed method is successfully applied to

progressive transmission and presentation system of 3D models over the Internet.
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Fig. 1 Triangle collapse. 3 vertices v; v, w3 of triangle T;
merge to 1 vertex v;. The reversal operation is vertex split.
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Fig. 2 Marking all the original triangles into 3 types

internal corner and boundary.
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Fig. 3 2 types of mapping between geometry/texture. a
Texture coordinate corresponds to geometry vertex and b
Texture triangle corresponds to geometry triangle.
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Fig. 4 A 2D example of octree-based division. a Vertices distribution denoted in 2D and b The

corresponding octree denoted in quad-tree .
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Fig. 7 DBoundary preservation of bunny. a Original mesh b Before boundary preservation simplified by

99% and c¢ After boundary preservation simplified by 99 %
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Fig. 8 Texture preservation of capsule. a Original mesh b Before texture preservation simplified by
94%  and c After texture preservation simplified by 94 %
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Fig. 9  Progressive transmission of P-47. a Octree initialization 140 triangles refined by 0.15% b Octree

decoding 17410 triangles refined by 18 % ¢ Base mesh 20672 triangles refined by 21%  and d Original mesh
96720 triangles refined by 100 %
9 P-47 . a Octree 140 0.15% b Octree 17140
18% ¢ 20672 21% d 96720 100 %



1103

C

Fig. 10 Progressive transmission of Kwan-yin.
decoding 6058 triangles refined by 15 %
40384 triangles refined by 100 %

¢ Base mesh 8080 triangles
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Table 1 Experiment Data Comparison
1
Triangle Numbers File Size MB Response Time s Transmission Time s
Models BM
Org. BM Src. PM Non-P PM OT+ PM Non-P PM OT+ PM
Before After
Capsule 12460 830 0.6 0.05 0.02 0.3 2.0 1.1 0.2 2.0 3.0 2.5
Kwan-yin 40384 3158 2.5 0.50 0.25 1.5 8.5 2.9 0.8 8.5 12.0 11.0
Bunny 69451 693 2.5 0.59 0.30 1.7 8.0 2.1 0.2 8.0 15.0 13.0
P-47 96720 8428 7.8 1.10 0.47 2.3 14.0 3.0 0.5 14.0 30.0 28.0
Note Data include the triangle numbers of original mesh/base mesh file size of source/base mesh before compression /base mesh after
compression /[progressive mesh response time and total transmission time of non-progressive mode/progressive mesh mode/octree-initialized
progressive mode.
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Research Background

In digital museum 3D models comprise geometry topology as well as color texture and other attributes. All the feature
information is important for maintaining the appearance and reality of 3D models. As the data volume of 3D models is usually very
large it leads to difficulties in storage transmission and rendering. To solve this problem multi-resolution meshes are often used via
simplification or compression such as progressive meshes. However most methods mainly handle regular models without attributes
and cannot retain model features during processing. In this paper we present a simplification method for texture-mesh models with
geometry and texture feature preservation based on the triangle collapse algorithm. Through a series of collapse operations and
compression of base mesh we create a multi-resolution mesh and accomplished an octree-initialized progressive transmission used in
digital museum for 3D exhibition. This method can not only maintain the surface quality of the geometry similarity but also preserve

the boundary edges as well as color attributes to ensure the reality of 3D models. Our work is supported by NCFC 60533070



