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Meaningful Mesh Segmentation Guided By the 3D Short-cut Rule Zhi-Quan Cheng, Bao Li, Gang Dang, Shi-Yao Jin PDL Laboratory, National University of Defense Technology, P.R. China [email protected]



Abstract. Extended from the 2D silhouette-parsing short-cut rule [25], a 3D short-cut rule, which states “ as long as a cutting path mainly crosses local skeleton and lies in concave regions, the shorter path is (other things being equal) the better ” , is defined in the paper. Guided by the 3D short-cut rule, we propose a hierarchical model decomposition paradigm, which integrates the advantages of the skeleton-driven and minima-rule-based meaningful segmentation. Our method defines geometrical and topological functions of skeleton to locate initial critical cutting points, and then employs salient contours with negative minimal principal curvature values to determine natural boundary curves among parts. Sufficient experiments have been carried out on many meshes, and have shown that our framework could provide more perceptual results than pure skeleton-driven or minima-rule-based algorithm.



1 Introduction Mesh segmentation [1][2] refers to partitioning a mesh into a series of disjoint elements. It has become a key ingredient in many mesh operations, such as texture mapping [3][4], shape manipulation [5][6], simplification [7], mesh editing [8], mesh deformation [9], collision detection [10], shape analysis and matching [11][12][13]. Especially, the process that decomposes a model into visually meaningful components is called part-type segmentation [1] (or meaningful segmentation). Actually, meaningful segmentation is a challenging work and still in its infancy, e.g. compared to image segmentation (hundreds of papers). So, more researches are seeking to find more effective procedures, which can produce natural results that are in keeping with human recognition. Especially, more advanced coherency issues should be addressed, such as pose invariance [14], handling more complex models, e.g. David and Armadillo, extracting similar shapes over similar objects. 1.1 Related work The basic mesh segmentation problem can be viewed as clustering primitive elements (vertices, edges and faces) into sub-meshes, and the techniques finishing the partition include hierarchical clustering [3][11], iterative clustering [4][5][7], spectral analysis



[15], and region growing [16]. We prefer readers to get recent surveys from [1] and [2]. Different from former explicit decomposition algorithms, two type implicit methods can also produce reasonable results. One type, including [16][17][18][19], is guided by the minima rule [20], which states that human perception usually divides an object into parts along the concave discontinuity and negative minima of curvature. Enlightened by the minima rule, the mesh’s concave features, identified as natural boundaries, are used for segmentation in the region growing watershed algorithm [16]. Due to the limitation of region growing, the technique can not cut a part if the part boundary contains non-negative minimum curvatures. And then, Page et al. [17] have used the factors proposed in [21] to compute the salience of parts by indirect super-quadric model. In order to directly compute the boundary of a part and avoid complex super quadric, Lee et al. [18] have experientially combined four functions (distance, normal, centricity and feature) to guide the cutting path in a reasonable way. And our previous work [19] could achieve similar results by principal component analysis technique. However, the segmentation results of these algorithms are dependent on the structures of underlying manifold surface, so they are sensitive to surface noises and tending to incur over-segmentation (one instance is shown in Fig. 9.a). The other, including [6][10][22][23], is driven by curve-skeleton/skeleton [24] that is 1D topologically equivalent to the mesh. The skeleton-driven algorithms can guarantee perceptually salient decomposition, however, boundaries among parts do not always smoothing and follow natural visual perception. Consequently, it would be a better choice to combine the skeleton-driven approach with the minima rule. 1.2 Overview Traditional 2D short-cut rule [25] states that human vision divides a silhouette into parts based on two important geometric factors: cut length and local symmetry (Fig. 1.a). For a 3D mesh, its local symmetry axis is its skeleton [24], and the cut length can be computed as the length of cutting loop curve that goes over the surface. Consequently, on the basis of the skeleton and cutting path, we extend the short-cut rule from 2D parsing to 3D segmentation. The extended 3D short-cut rule (Fig. 1.b) can be defined as “ as long as a cutting path mainly crosses local skeleton and lies in concave regions, the shorter path is (other things being equal) the better ” . skeleton
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Figure 1. Structural diagram of short-cut rule. (a)2D short-cut rule (b) 3D short-cut rule



Aiming at integrating the minima-rule-based and skeleton-driven approaches, we



would develop a robust meaningful segmentation paradigm guided by the extended 3D short-cut rule. And the new approach would also guarantee to divide an arbitrary genus mesh into a collection of parts isomorphic to disk / half-disk (base of planar parameterization). Especially, the algorithm would be resolution-independent, which means that the same segmentation is achieved at different levels of detail (e.g., in Fig. 2, two Armadillo meshes in different fidelity are decomposed into similar components, although segmented separately). In a nutshell, the partitioning algorithm is carried out in two stages. Firstly, the hierarchical skeleton (Fig. 2.e) of a mesh is computed by a repulsive force field (Fig. 2.d) over the discretization (Fig. 2.c). And for every skeleton level, the critical cutting points (the larger points in Fig. 2.e) are preliminarily identified by geometrical and topological functions. Secondly, for each critical point, corresponding final boundary is obtained using local feature contours in valley regions. As a result, our algorithm can automatically partition a mesh into meaningful components with natural boundary (Fig. 2.f and 2.g). In general, the paper makes the following contributions: z We first extend the short-cut rule from 2D parsing to 3D mesh segmentation, and address the extension mechanism in detail. z Guided by the extended 3D short-cut rule, an automatic meaningful segmentation paradigm is presented, which can successfully integrate two type segmentation algorithms in theory and practice. The decomposition is robust due to using new excellent geometrical and topological properties of skeleton, and the final borders of the parts are natural on the ground of the minima rule. The rest of the paper is structured as follows. Critical cutting points are located in section 3 based on the core skeleton extracted in section 2, and then the cutting path completion mechanism is illustrated in section 4. Section 5 describes the hierarchical decomposition of meshes. Section 6 demonstrates some results and compares them with related works. Finally, section 7 makes a conclusion and gives some future researching directions.
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Figure 2. Stages of Armadillo in our segmentation algorithm. (a)low-resolution Armadillo with 2,704 vertices (b)high-resolution Armadillo with 172,974 vertices (c)voxelized volume representation in 963 grids (d)corresponding repulsive force field (e)core skeleton with critical cutting points (the larger red points) (f)segmentation of low-resolution Armadillo (g) segmentation of high-resolution Armadillo



2 Core skeleton extraction and branch priority



2.1 Core skeleton extraction The skeleton of a mesh is generated by directly adapting a generalized potential field method [22], which works on discrete volumetric representation [26] of the model. Core skeleton, starting at the identified seed point, is discovered by common force following method on underlying vector field. At seed point, where the force vanishes, the initial directions are determined by evaluating eigen-values and eigen-vectors of corresponding Jacobian matrix. The force following process evaluates vector (force) value at current point and moves in the direction of the vector with a small predefined step (value σ , set as 0.2). Consequently, the obtained core skeleton, e.g. Fig 2.e, consists of a set of points sampled by above process. Once the core point skeleton is extracted, similar smoothing procedure [27], is applied to alleviate the problem of noise. Basically, this procedure expands the fluctuant skeleton to a narrow sleeve, defined by each point’s bounding sphere with radius of given threshold value σ , and then it fines the shortest polygonal path lying in the 2σ wide sleeve. The procedure gives a polygonal approximation of the skeleton, and can be imagined as stretching a loose rubber band within a narrow sleeve. Subsequently, the position of each point in the original skeleton is fine-tuned by sliding to the nearest point on the polygonal path. 2.2 Skeleton branch selection According to the number of neighbouring points, skeleton points are classified into three kinds: terminal nodes (one neighbor), common nodes (two neighbors) and branch nodes (more than two neighbors). In the paper, terminal points and branch points would be viewed as feature points. Any subset of the skeleton, bounded by the feature points, is called a skeleton branch. It is important to determine the order of the branches, since our approach would like to detect initial critical cutting points by measuring related geometrical and topological properties and the separated parts would not be taken account into subsequent computation of critical points. Basically, the ordering should allow small but significant components to be extracted first, so that they are not absorbed by larger components in an improper way. We use three criteria to find the best branch: the type, length and centricity. For each branch b, which is a set of points, we define its priority P(b) as its type value adding the product of the reciprocal length and sum of all normalized centricity of its points, since we treat the total number of points as its length. 1 P (b )=Type(b ) + (Equation 1) ∑ C (t ) Length(b) t∈b The type of the branch b is determined by the category of its two end points. The type weight of the branch with two branch nodes is low (value is 0), that with one



terminal and one branch node is medium (value is 1), and that with two terminal nodes is high (value is 2). The centricity of a point t is defined as the average hops from t to all the points of the skeleton. In a mesh, let maxH represent the maximum average hopping numbers among all points, i.e. maxH=maxt(avgH(t)). We normalize the centricity value of vertex t as C(t)=avgH(t)/maxH. After a mesh has been partitioned based on the critical cutting points in the selected branch, the current centricity values of points are no longer valid in the following segmentation. Hence, we should re-compute the centricity values after each partitioning when we want to select another branch.



3 Locating critical cutting points Just as the principle, observed by Li et al. [10], geometrical and topological properties are two important characteristics, which distinguish one part from the others in mesh segmentation. We adapt the space sweeping method, used in computational geometry, to sweep a given mesh perpendicular to the skeleton branches. Let b be a selected branch. If b is a medium type, we sweep it from its terminal point Pstart to the other node Pend. And some points nearby Pend are excluded from the sweeping, since no effective critical points lie in the region. In the paper, the nearby region is a sphere, whose centre is Pend and its radius is the minimal distance from the point Pend to the nearest vertex on the surface. In other ways，b would be a high or low type, and be swept from the point with smaller cross-section area. 3.1 Geometrical function For the selected branch b, we compute the area of cross-section at each point p on sweeping path from Pstart to Pend-1, and then define new geometrical function G(p). AreaCS (p +1) - AreaCS (p) G (p)= , p ∈ [ pstart , pend -1 ] (Equation 2) AreaCS (p) To accelerate the computation of cross-section area at each point, we approximately calculate it by summing up the number of the voxels that are intersected by the perpendicular sweeping plane of the current point. By lining the dots of G(p), we get a connected polygonal curve, which fluctuates in the way that there are a few outburst pulses on almost straight line close to zero. Three kinds of dots would be filtered out, and Fig. 3 shows the three kind sample profile of AreaCS(p) and G(p). On the viewpoint of AreaCS(p), it’s obvious that Fig. 5.a denotes a salient concavity, Fig. 5.b and 5.c respectively mean the fact how a thin part connects with a thick part. In the G(p) curve, if the rising edge of one pulse goes through the p axis and its trough is less than -0.15 (Fig. 5.a or 5.c), the cross dot t would be selected. In addition, the peak of positive pulse (Fig. 5.b), whose value is more than a threshold 0.4, would also be identified. The points located in the skeleton, corresponding to dot t indicated by dashed lines, are marked as candidate critical points that would be used to divide the original model.
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Figure 3. Three kind sample profiles of AreaCS(p) and G(p)



By using the G(p) function, our method can segment L-shaped object (Fig 4.a), which is just the ambiguity of the minima rule theory [16]. However, it is not right to directly treat all selected points (e.g., Fig. 4.b) as real critical points, since straight absorption would lead to over-segmentation, as shown in Fig. 4.c. Hence, we avoid some over-parts by excluding some candidate points from the set of critical points. The exclusion is performed by checking whether three nearby candidates are located in a same space, defined as in the second paragraph of section 3. And if the nearby phenomenon happens, only the first critical point is preserved. Therefore, the oversegmentation problem would be effectively resolved, and the natural result is gotten as Fig. 4.d. Besides these, if the nearby instance, between two adjacent critical points, existed, the point with smaller peak value would be discarded. G(p) 1 -1 (a)
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Figure 4. The segmentation of L-shaped object. (a)the object can’t be partitioned by watershed algorithm [16] (b)corresponding profile of G(p), calculated by equation 2, with candidate critical dots in red color (c)over-segmentation problem (d)final result after critical point exclusion



3.2 Topological Constraint The topology of a mesh is characterized by its genus, its orientation, the number of its connected components, and the number of its boundary components [28]. In the paper, we use the genus property to achieve topological guarantee. This means that any



genus mesh can be eventually divided into a collection of parts isomorphic to disk / half-disk. We equivalently define the genus of a connected oriented manifold by counting the number of rings in the skeleton of a mesh, since the number of rings is equal to that of handles. A ring is a closed path, on which one point can reach itself again when leaving away in a direction. For example, there is no ring in a sphere, one cycle in a torus skeleton, and two rings in an eight-shaped surface. Thus, their genera are zero, one and two, respectively. The rings are employed to constrain the segmentation process as follows: once a ring existed in the skeleton and only one cutting critical point was detected, the partitioning process should be in progress until the ring has been divided into at least two parts by inserting another critical point. Our topological constraint capacity is determined by the accuracy of skeleton. If no ring detected, the function would not do its work, e.g. Dragon in Fig. 7.



4 Cutting Path Completion Direct segmentation only based on critical cutting points may not have exact and smooth boundaries among parts. To resolve the limitation, the ultimate boundaries between parts are completed at the aid of the feature contours of the underlying valley surface. Therefore, the skeleton-driven and minima-rule-based algorithms are consistently embodied in the 3D short-cut rule. The operational principle of boundary extraction can be sketched out as Fig. 5, and its carryout together with locating critical points (integrated by the 3D short-cut rule) is given by a precise algorithm framework in pseudocode (Algorithm 1).
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Figure 5. Operational principle sketch of the boundary extraction guided by the extended 3D short-cut rule. (a)the restricting zone, built on a larger red critical cutting point, is formed by two parallel planes, which are perpendicular to the direction of the critical point and distance to the point with a threshold value. (b)(c)the feature contour, located at the armadillo’s ankle in high and low resolution meshes, is used to define the partitioning boundary



On one hand, the 3D short-cut rule requires to employ local medial axis, when partitioning a mesh. Until now, we have computed its skeleton, and found initial cutting positions marked by the critical points. For each critical point, we build corresponding segmentation region, enclosed by a restricting zone. For example, the ankle of the armadillo is enclosed by a restricting zone, shown as Fig. 5.b and 5.c. One zone (illustrated in Fig 5.a) is sliced by two parallel planes, whose normal is identical to the direction of the corresponding critical point, and both planes keep a same distance to the critical point with a threshold d value.
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where, value σ, defined in section 2, is the distance between the adjacent skeleton points, and LNGedge is the average edge length of the mesh. On the other hand, the 3D short-cut rule implies that it prefers to divide a given mesh into disjoint parts along the concave regions. Therefore, if one concave region lies in the defined restricting zone, we are inclined to extract the cutting boundary from the region. For instances, the Fig 5.b and 5.c demonstrate that the dark blue contour, located in the restricting pink zone, is used to get natural perceptual boundary between foot and leg of the Armadillo model. Similar to [19], we use proper normalization to unify the minima curvature value of each vertex, obtain the concave feature regions by filtering out the vertices with higher normalized value, extract contour curves from the graph structures of the regions (e.g. the blue regions in Fig. 1.a and 1.b) and complete best curve path going over the mesh in the shortest way. We refer readers to [19] for details regarding the feature contour extraction and path completeness. For every feature contour, we compute its main direction based on principle component analysis of its vertices. But only the feature contour, whose main direction is approximate to the orientation of the corresponding critical point, is treated as one boundary curve. The approximation is measured by the angle between them. And if the separation angle is less than π/4 in radian, we say that the points are approximate. Note that, once there is none concaving contour locating in a restricting zone, corresponding critical point can be removed and no partitioning action happens. In order to get the accurate segmented parts, the part salience theory [21] is employed. The theory is implemented by the testing criterion method [18], and is used to check whether a part is significant enough or not. The criterion combines three factors, which are area, protrusion, and feature. Since our approach is heuristic, it is possible that there is manual rejection for some model. Fortunately, all models, used in the paper, require no manual interference. Therefore, we can generally address that our approach may be viewed as automatic meaningful segmentation. Algorithm 1. 3D short-cut rule implementation framework in pseudocode 1 2 3 4 5 6 7 8 9



: void 3D_short-cut_rule (PolygonMesh& mInputMesh){ : compute core skeleton s of mInputMesh; : construct branches set bs by breaking s; : while(sizeof(bs)!= 0){ : select b with the maximal priority from bs; : build critical points set ps by sweeping b; : for (each point p in ps) { : create corresponding restricting zone rz of p ; : calculate the minimal principal curvature value pc of each vertex located in zone rz; 10: feature contours extraction in zone rz; 11: complete the longest feature contour and form a closed boundary; 12: } //end for 13: remove b from bs; 14: }//end while 15: part salience testing; 16: }



5 Hierarchical Segmentation In addition to seed points, which generate the core skeleton for a given mesh, the divergence of the vector field of the mesh can also be used to compute level 1 skeleton. The divergence in a given region of space is a scalar that characterizes the rate of flow leaving that region, and a negative divergence value at a point measures the “sinkness” of the point [29]. In other words, one low divergence point implies that there is a protrusion in the corresponding area, e.g. horns and ears of Cow in Fig. 6. Consequently, by sweeping the level 1 skeleton and repeating the previous steps (described in algorithm 1) in sequence except that core skeleton is replaced by level 1 skeleton, it is easy to hierarchically segment a given mesh. Fig. 6 has shown one instance, a cow mesh is hierarchically decomposed. Besides these, the voxels and skeletons of each obtained part can also be re-computed, and further divided by the former procedure. A part in the hierarchy can be recursively decomposed until at least one of the following conditions is met: (a) there is no critical cutting point detected in the part; (b) there is no ring in the skeleton, so that the topological constraint is satisfied; (c) the value of hierarchical segmentation level does not exceed a given threshold, which can be manually pre-set by user.
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Figure 6. Hierarchical segmentation of a cow with 2,903 vertices in 1283 voxelization. (a)core skeleton (b)level 1 skeleton with 30% divergence (c)segmentation corresponding to (a) (d)segmentation corresponding to (b)



6 Results and Discussion



6.1 Results Guided by the 3D short-cut rule, we can not only reasonably locate the meaningful segmentation positions by using the skeleton-driven space-sweeping method, but also get natural cutting boundary between different parts based on the minima-rule. Fig. 7 demonstrates the decomposition of two different resolution Dragon and Disonaur models and their core skeleton in 963 voxelized resolution. And Fig. 8 deals with more complex Buddha and David in 2563 grids. As shown, our algorithm can obtain a more likely segmentation that is consistent with the human perceptual results. The figure also implies that our algorithm is resolution-independent.
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Figure 7. Segmentation instances in 963 grids. (a)core skeleton of Dragon with critical cutting points (b)low level segmented Dragon with 5,000 vertices (c)high level segmented Dragon with 50,000 vertices (d)core skeleton of Disonaur with critical cutting points (e)low level segmented Disonaur with 3,514 vertices (f)high level segmented Disonaur with 56,194 vertices
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Figure 8. Segmentation instances in 256 grids. (a)core skeleton of Buddha with critical cutting points (b)low level segmented Buddha with 10,000 vertices (c)high level segmented Buddha with 100,000 vertices (d)core skeleton of David with critical cutting points (e)low level segmented David with 4,068 vertices (f)high level David with 127,465 vertices



6.2 Comparison and discussion Fig. 9 gives a comparison of the visual effects between the state-of-the-art minimarule-based segmentation [18][19] and our algorithm using the core skeleton. For the Disonaur mesh, the over-segmentation would definitely happen in [19] and reproduced algorithm [18] (Fig. 9.a), while the problem does not happen in the paper (Fig. 9.b). As shown in the Fig. 9.c, [18] has inexact a thumb of hand. By contrast, our approach (Fig. 9.d) can divide the Hand in natural way.
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Figure 9. Comparison with minima-rule-based algorithms [18][19]. (a) over-segmented Disonaur with 56,194 vertices generated by [19] and reproduced algorithm [18] (b)Disonaur partitioned by the paper (c)Hand with 10,070 vertices decomposed by [18] (d)Hand by the paper (e)Bunny with 34,834 vertices partitioned by [19] (f)Bunny by [18] (g)Bunny by the paper (h)Horse with 48,485 vertices segmented by [19] (i)Horse by [18] (j)Horse by the paper



And then, we compare our results with the typical skeleton-driven algorithms [6] [10][23] in Fig. 10. On the one hand, our approach uses the more robust skeleton of the mesh and is not sensitive to surface noises any more, on the other hand, it is obvious that the cutting boundaries of all parts have been improved by our approach and locate in concaving regions for all compared models.
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Figure 10. Comparison with skeleton-driven algorithms [6][10][23]. (a)Hand in [10] (b)likely Hand with 1,572 vertices segmented by the paper (c)Dinopet in [10] (d)Dinopet with 4,388 vertices partitioned by the paper (e)Horse with 48,485 vertices segmented by [6] (f)Horse decomposed by [23] (g)Horse partitioned by the paper



The voxelized resolution is an important external factor affecting the skeleton, since it defines the precision of the repulsive force fields and determines the computing time and storing memory requirement. It is evident that a 103 grid will yield a less accurate result than a 1003 grid. However, it does not mean that the finer resolution is the better, in view of the application request and algorithm complexity. Especially, for different multi-resolutions of a mesh, the volume representation is almost similar, if the voxelized resolution is less than 5123 grids. It must be note that the computation of skeletonization occupies most (almost 99.5%) of the segmentation time, which ranges from ten minutes for common objects to more than hours for complex models, such as happy Buddha and David model. Therefore, the urgentest affair is to find a real-time skeletonizing approach, which can finish its work in seconds.



7 Conclusion In this paper, we have proposed a 3D short-cut rule, which is extended from 2D silhouettes parsing domain, to guide model decomposition. The 3D short-cut rule, which states that “ as long as a cutting path mainly crosses local skeleton and lies in concave regions, the shorter path is (other things being equal) the better ” , can effectively integrate the advantages of existed skeleton-driven and minima-rule-based segmentation method in theory and practice. In a nutshell, our approach initially finds out all possible partitioning positions, which are marked by the critical cutting points. These points are identified by new functions of topological and geometrical properties, which are defined by the area of sweeping cross-section along skeleton branches



sorted by priority. And then, we extract feature contours on the local surface, which lie in restricting zones defined by the critical points, and close the longest contour to produce natural boundaries between different parts. Consequently, our meaningful segmentation algorithm can achieve proper results fitting with human visual perception, such as, the boundary curves among parts would be in concaving regions and robust to surface noises. Several enhancements should be added to our algorithm. Firstly, the skeletonizing procedure spends too much time that is additional to the mesh segmentation, and it must be speeded up by new skeleton algorithm. Furthermore, the skeleton may not be the best abstraction for all types of objects. For example, thin disk-like objects or a mushroom shape is not well represented by a curve-skeleton, and the skeleton extraction used in the paper may not be topology-preserving to some special models, e.g. Dragon and Buddha. So it is necessary to develop more accurate skeleton computation approaches. Finally, more proper geometrical and topological functions may exist and should be further investigated.



Acknowledgements Special thanks to Dachille for the voxelization source code, Cornea for the demonstrating skeleton code, and the following groups for the 3D models they provided: the Stanford Computer Graphics Laboratory, the Caltech Multi-resolution Modeling Group and 3D Meshes Research Database by INRIA GAMMA Group. Finally, we wish to thank the anonymous reviewers of Eurographics 2007 for their valuable comments and suggestions.



References 1. 2. 3. 4. 5. 6. 7. 8.



Shamir A.: Segmentation Algorithms for 3D Boundary Meshes. In: EuroGraphics 2006, Tutorial, pp. 1--26. Blackwell Publishers, Malden (2006) Attene M., Katz S., Mortara M., Patane G., Spagnuolo M., Tal A.: Mesh Segmentation - a Comparative Study. In: International Conference on. Shape Modeling and Applications 2006, pp. 14--25. IEEE Press, New York (2006) Sander P. V., Snyder J., Gortler S. J., Hoppe H.: Texture Mapping Progressive Meshes. In: SIGGRAPH 2001, pp. 409--416. ACM Press, New York (2001) Zhang E., Mischaikow K., Turk G.: Feature-Based Surface Parameterization and Texture Mapping. ACM Transactions on Graphics, 24(1), 1--27 (2005) Katz S., Tal A.: Hierarchical Mesh Decomposition Using Fuzzy Clustering and Cuts. ACM Transactions on Graphics, 22(3), 954--961 (2003) Lien J.M., Keyser J., Amato N.M.: Simultaneous Shape Decomposition and Skeletonization. In: ACM symposium on Solid and physical modeling 2006, pp., 219--228. ACM Press, New York (2006) Cohen-Steiner D., Alliez P., Desbrun M.: Variational Shape Approximation. ACM Transactions on Graphics, 23(3), 981--990 (2004) Mitani J., Suzuki H.: Making Papercraft Toys from Meshes Using Strip-based Approximate Unfolding. ACM Transactions on Graphics, 23(3), 259--263 (2004)



9. 10. 11. 12. 13.



14. 15. 16. 17. 18. 19. 20. 21. 22. 23. 24. 25. 26. 27. 28. 29.



Huang J., Shi X., Liu X., Zhou K., Wei L.-Y., Teng S., Bao H., Guo B., Shum H.-Y.: Subspace Gradient Domain Mesh Deformation. ACM Transactions on Graphics, 25(3), 1126--1134 (2006) Li X., Toon T. W., Huang Z.: Decomposing Polygon Meshes for Interactive Applications. In, ACM Symposium on Interactive 3D Graphics 2001, pp., 35--42. ACM Press, New York (2001) Attene M., Falcidieno B., Spagnuolo M.: Hierarchical Mesh Segmentation Based-on Fitting Primitives. The Visual Computer, 22(3), 181--193 (2006) Podolak J., Shilane P., Golovinskiy A., Rusinkiewicz S., Funkhouser T.: A PlanarReflective Symmetry Transform for 3D Shapes. ACM Transactions on Graphics, 25(3), 549--559 (2006) Mortaram M., Patan G., Spagnuolo M., Falcidieno B., Rossignac J.: Plumber -- A Method for a Multi-scale Decomposition of 3D Shape into Tubular Primitives and Bodies. In: ACM Symposium on Solid Modeling and Applications 2004, pp. 139--158. ACM Press, New York (2004) Katz S., Leifman G., Tal A.: Mesh Segmentation Using Feature Point and Core Extraction. The Visual Computer, 21(8-10), 649--658 (2005) Liu R., Zhang H.: Segmentation of 3D Meshes Through Spectral Clustering. In: 12th Pacific Conference on Computer Graphics and Applications, pp., 298--305. IEEE Press, New York (2004) Page D.L., Koschan A.F., Abidi M.A.: Perception-based 3D Triangle Mesh Segmentation Using Fast Marching Watersheds. In: IEEE Computer Vision and Pattern Recognition, vol. II, pp., 27--32. IEEE Press, New York (2003) Page D.L., Abidi M.A., Koschan A.F., Zhang Y.: Object Representation Using the Minima Rule and Superquadrics for Under Vehicle Inspection. In: the IEEE Latin American Conference on Robotics and Automation, pp., 91--97. IEEE Press, New York (2003) Lee Y., Lee S., Shamir A., Cohen-Or D., Seidel H.-P.: Mesh Scissoring with Minima Rule and Part Salience. Computer Aided Geometric Design, 22, 444--465 (2005) Cheng Z.-Q., Liu H-F., Jin S.-Y.: The Progressive Mesh Compression Based on Meaningful Segmentation. The Visual Computer, 23(9-11), 651--660 (2007) Hoffman D., Richards W. A.: Parts of Recognition. Cognition, 18, 65--96 (1984) Hoffman D., Signh M.: Salience of Visual Parts. Cognition, 63, 29--78 (1997) Cornea D. N., Silver D., Yuan X.S., Balasubramanian R.: Computing Hierarchical CurveSkeletons of 3D Objects. The Visual Computer, 21(11), 945--955 (2005) Tierny J., Vandeborre J.-P., Daoudi M.: Topology Driven 3D Mesh Hierarchical Segmentation. In: the IEEE International Conference on Shape Modeling and Applications 2007, pp., 215--220. IEEE Press, New York (2007) Cornea D. N., Silver D., Min P.: Curve-Skeleton Applications. In: the IEEE Visualization 2005, pp., 23--28. IEEE Press, New York (2005) Singh M., Seyranian G.D., Hoffman D.D.: Parsing Silhouettes, the Short-Cut Rule. Perception and Psychophysics, 61(4), 636--660 (1999) Dachille F., Kaufman A.: Incremental Triangle Voxelization. In: Graphics Interface 2000, pp., 205--212. IEEE Press, New York (2000) Kalvin A., Schonberg E., Schwartz J.T., Sharir M.: Two Dimensional Model Based Boundary Matching Using Footprints. International Journal of Robotics Research, 5(4), 38--55 (1986) Stahl S.: Introduction to Topology and Geometry. John Wiley & Sons, Hoboken (2004) Bouix S., Siddiqi K.: Divergence-Based Medial Surfaces. In: the 6th European Conference on Computer Vision, 2000, pp., 603--618. Springer, Heidelberg (2000)



























[image: Meaningful Mesh Segmentation Guided By the 3D ...]
Meaningful Mesh Segmentation Guided By the 3D ...












[image: A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu]
A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu












[image: A Meaningful Mesh Segmentation Based on Local ...]
A Meaningful Mesh Segmentation Based on Local ...












[image: A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu]
A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu












[image: A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu]
A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu












[image: A Meaningful Mesh Segmentation Based on Local Self ...]
A Meaningful Mesh Segmentation Based on Local Self ...












[image: A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu]
A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu












[image: 3D Mesh Segmentation Using Mean-Shifted Curvature]
3D Mesh Segmentation Using Mean-Shifted Curvature












[image: 3D Mesh Compression in Open3DGC - GitHub]
3D Mesh Compression in Open3DGC - GitHub












[image: Robust variational segmentation of 3D bone CT data ...]
Robust variational segmentation of 3D bone CT data ...












[image: Efficient 3D Endfiring TRUS Prostate Segmentation with ...]
Efficient 3D Endfiring TRUS Prostate Segmentation with ...












[image: Skin lesions segmentation and quantification from 3D ...]
Skin lesions segmentation and quantification from 3D ...












[image: A Linear 3D Elastic Segmentation Model for Vector ...]
A Linear 3D Elastic Segmentation Model for Vector ...












[image: Renal Segmentation From 3D Ultrasound via Fuzzy ... - IEEE Xplore]
Renal Segmentation From 3D Ultrasound via Fuzzy ... - IEEE Xplore












[image: 3D Ultrasound-Guided Motion Compensation System ...]
3D Ultrasound-Guided Motion Compensation System ...












[image: Procedural Mesh Splitting - GitHub]
Procedural Mesh Splitting - GitHub












[image: Remote Sensing Image Segmentation By Combining Spectral.pdf ...]
Remote Sensing Image Segmentation By Combining Spectral.pdf ...












[image: Motion Segmentation by Spatiotemporal Smoothness ...]
Motion Segmentation by Spatiotemporal Smoothness ...












[image: the mesh lisa gansky pdf]
the mesh lisa gansky pdf












[image: Flattenable Mesh Processing by Controllable Laplacian ...]
Flattenable Mesh Processing by Controllable Laplacian ...















Meaningful Mesh Segmentation Guided By the 3D ...






ments. It has become a key ingredient in many mesh operations, such as texture map- ping [3][4], shape ..... Group and 3D Meshes Research Database by INRIA GAMMA Group. Finally, we wish to thank ... In: EuroGraphics 2006,. Tutorial, pp. 






 Download PDF 



















 5MB Sizes
 0 Downloads
 217 Views








 Report























Recommend Documents







[image: alt]





Meaningful Mesh Segmentation Guided By the 3D ... 

PDL Laboratory, National University of Defense Technology, P.R. China ..... Stanford Computer Graphics Laboratory, the Caltech Multi-resolution Modeling.














[image: alt]





A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu 

turning space region, as real critical points, since the straight absorption would lead to .... Latin American Conference on Robotics and Automation, pp. 91â€“97 ...














[image: alt]





A Meaningful Mesh Segmentation Based on Local ... 

[11] A. Frome, D. Huber, R. Kolluri, T. Bulow and J. Malik,. â€œRecognizing Objects in Range Data Using Regional Point. Descriptors,â€� In: Proc. of Eighth European Conf. Computer. Vision, 2004, vol. 3, pp. 224-237. [12] D. Huber, A. Kapuria, R.R. Do














[image: alt]





A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu 

would not be taken account into subsequent computation of critical points. Basically, .... treat all selected points found by before checking procedure (Fig. 4.b), lying in the ..... International Journal of Robotics Research 5(4),. 38â€“55 (1986).














[image: alt]





A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu 

sion, mesh editing, mesh deformation [7], collision detection [8], shape analysis and matching [9][10]. Especially, the process that decomposes a model into visually meaningful components is called part-type segmentation [1][2] (shape decomposition o














[image: alt]





A Meaningful Mesh Segmentation Based on Local Self ... 

the human visual system decomposes complex shapes into parts based on valleys ... use 10Ã4 of the model bounding box diagonal length for all the examples ...














[image: alt]





A Mesh Meaningful Segmentation Algorithm Using Skeleton ... - Kai Xu 

cluding texture mapping [4], shape manipulation[5][6], simplification and compres- sion, mesh ... 1.e) of a mesh is computed by using a repulsive force field. (Fig.














[image: alt]





3D Mesh Segmentation Using Mean-Shifted Curvature 

meaningful and pleasing results, several ingredients are introduced into the .... function definition which uses the product of kernels to filter two feature components ..... Pan, X., Ye, X. and Zhang, S.: 3D Mesh segmentation using a two-stage ...














[image: alt]





3D Mesh Compression in Open3DGC - GitHub 

No need to preserve triangles and vertices order. â€’ No need for 32-bit precision for positions/attributes. â€’ Neighbour vertices exhibit high geometry correlations.














[image: alt]





Robust variational segmentation of 3D bone CT data ... 

Oct 3, 2017 - where c1 and c2 are defined as the average of the image intensity I in Î©1(C) and Î©2(C), respectively ..... where we leave the definition of the Dirichlet boundary âˆ‚ËœÎ©D in (33) unspecified for the moment. .... 1FEniCS, an open-sour














[image: alt]





Efficient 3D Endfiring TRUS Prostate Segmentation with ... 

mations, which worked well for the reported applications. However, direct .... region of the 2D slice Si, and ui(x), i = 1 ...n, be the labeling function of the prostate.














[image: alt]





Skin lesions segmentation and quantification from 3D ... 

dermatological lesions from a 3D textured model of the body's envelope. Method: We applied the active contour method to isolate the lesions. Then, by means of ...














[image: alt]





A Linear 3D Elastic Segmentation Model for Vector ... 

Mar 7, 2007 - from a databank. .... We assume that a bounded lipschitzian open domain. O of IR3 ... MR volume data set according to the Gradient Vector.














[image: alt]





Renal Segmentation From 3D Ultrasound via Fuzzy ... - IEEE Xplore 

ing system, Gabor filters, hydronephrosis, image segmentation, kidney, ultrasonography. I. INTRODUCTION. ULTRASOUND (US) imaging is the preferred med-.














[image: alt]





3D Ultrasound-Guided Motion Compensation System ... 

Beating heart intracardiac repairs are now feasible with the use of real-time 3D ..... PC with 4 GB of RAM to process the ultrasound data, control the MCI, and .... fused by ultrasound visualization and impaired by the inertial forces resulting.














[image: alt]





Procedural Mesh Splitting - GitHub 

Jun 1, 2012 - Email: [email protected]. Website: http://danni.foxesgames.com ...... part of the object hierarchy making it obligatory. Components.














[image: alt]





Remote Sensing Image Segmentation By Combining Spectral.pdf ... 

Loadingâ€¦ Whoops! There was a problem loading more pages. Whoops! There was a problem previewing this document. Retrying... Download. Connect more apps... Remote Sensin ... Spectral.pdf. Remote Sensing ... g Spectral.pdf. Open. Extract. Open with. S














[image: alt]





Motion Segmentation by Spatiotemporal Smoothness ... 

smoothness both in the spatial and temporal domains si- ... 1. Introduction. Motion segmentation is one of the most important as- pects of video sequence analysis, and serves ..... cent layers are tested for merging, and based on those pair-.














[image: alt]





the mesh lisa gansky pdf 

File: The mesh lisa gansky pdf. Download now. Click here if your download doesn't start automatically. Page 1 of 1. the mesh lisa gansky pdf. the mesh lisa ...














[image: alt]





Flattenable Mesh Processing by Controllable Laplacian ... 

Aug 15, 2010 - Proceedings of the ASME 2010 International Design Engineering Technical .... degree dv at each inner vertex v, all the inner vertices can be.


























×
Report Meaningful Mesh Segmentation Guided By the 3D ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















