Contents

Preface vii
1 Introduction and Pipelines 1
L1 Introduction . . . . . . ..o 1
1.2 Pipelines and Five Topics! « = s s s s s siwmw aw o 5 5 5 5 5 2
1.3 Challenges and Advances . . ... ............... 5
2 Review of Numerical Methods ]
2.0 Introduchion - ssssswsssssssv s s ad pass88 84 8
2.2 Linear and Nonlinear Algebraic Equations . . . . ... ... 13
2.3 Curve FMBIHE o6 o 6 6 6w o b o 6w o w0 wowoarw o b o ol e 26
2.4 Ordinary Differential Equations . . . .. ... ... ... .. 29
2.6 Eigenvalue Problems: s « s s:ssswswsess sz zas 33
2.6 Partial Differential Equations . . . . .. ... ... ...... 36
2.7 Numerical Integration . . . . . ... ... ... ... ... 39
2.8 Fourier Analysis . . . . . . ... 43
219 Optimizafioh v s ssws s s s s s s s s fnsouenss v s 48
3 Scanning Techniques and Image Processing 57
3.1 Scanning Techniques . . . . . . .. ... ... ... ..., 58
32 BasicOperations : s s s s s c s s s 6 6 6 6 55 5 55 o msms s 69
33 Filtering s sw ssnss e s a8 68 B8 3 89 BERAGE @ 5 a5 71
3.4 Segmentation . . . ... ... ... ... 76
3.5 REZISEIALION & o w o o o b 6t i o0 wow o o e B e o 85
4 Fundamentals to Geometric Modeling and Meshing 99
4.1 Fundamentals .. ... .. ... ... ... ... 100
4.2 Geometric Objects and Transformations . . . . . . . .. . .. 108
4.3 Curvesand SUrfaces i ¢ s v o b s v s pd b dmdmm® & 0w 117
4.4 Spline-Based Modeling . ... ... .............. 123
4.5 Isocontouring and Visualization . . . . ... ... ... ... 144



Contents

vi
5 Image-Based Triangular and Tetrahedral Meshing 155
5.1 A Review of Unstructured Triangular and Tetrahedral Mesh
Generation . . . ... .. Lo Lo 156
5.2 Octree-Based Triangular and Tetrahedral Mesh Generation
from Images! s ocwswes s 45 95 5 8 %5 5.8 5 8 5@ @Es 165
5.3 Resolving Topology Ambiguities . . . . .. ... ... .... 174
5.4 Quality Improvement . . . .. ... ... oL 179
6 Image-Based Quadrilateral and Hexahedral Meshing 193
6.1 A Review of Unstructured Quadrilateral and Hexahedral Mesh
GENBTALION: <« « « w v v o o % & w o % W e e e e e e 194
6.2 Octree-Based Quadrilateral and Hexahedral Mesh Generation
MOMIIMALES s 5w s ¢ s GG @@ @ @5 @@ @ 5 &6 & & 5 &8 198
6.3 Sharp Feature Preservation for CAD Assemblies . . . . . .. 207
6.4 Octree vs. RD-Tree Based Adaptive Hexahedral Meshing . . 212
6.5 Quality Improvement . ... ... ............... 216
7 Volumetric T-Spline Modeling 229
Gl IREOAUCTION. & & o i o g o b oo & 5 6 & 5 50 S & & 5w 6 230
7.2 Converting Unstructured Quadrilateral and Hexahedral Meshes
o T-Oplities & s s s s s s s o s a5 a6 @ s 6856558 80 239
7.3 Polycube-Based Parametric Mapping Methods . . . . .. .. 248
7.4 Eigenfunction-Based Surface Parameterization . .. . .. .. 269
7.5 Truncated Hierarchical Catmull—Clark Subdivision Modeling 273
7.6 Weighted T-Spline and Trimmed Surfaces . . . . . ... ... 277
7.7 Incorporating T-Splines into Commercial Software . . . . .. 283
8 Finite Element and Isogeometric Analysis Applications 287
8.1 Introduction to Finite Element Method and Its New
Developments: . . vcw v v o mbe s s 566 6 6 5 % 65 56 w6 s 288
8.2 Multiscale Biomolecular Modeling . . . . ... ... ... .. 292
8.3 Patient-Specific Geometric Modeling for Cardiovascular
OyStems: ¢ s+ s s s v s s B E B N R R B W TS LT G T B A s g 296
8.4 Applications in Material Sciences . . . . ... ... ... .. 299
Bibliography 305
Index 341



