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About the Conference 

International Symposium on Isogeometric Analysis and Mesh Generation (IGA&Mesh) 

2018 is an international symposium dedicated to promoting the research in the fields of 

isogemetric analysis and mesh generation. It covers theoretic and algorithmic issues arising 

in IGA and mesh generation, the focus is on the design and analysis of algorithms, models 

of computation, and experimental analysis. 

Isogeometric analysis (IGA) is a recently developed computational approach, which has 

great potential to integrate finite element analysis (FEA) into conventional NURBS-based 

CAD design tools. Comparing to the conventional Finite Element Method, IGA coherently 

fuses both CAD and CAE fields and has demonstrates many merits: it is unnecessary to 

convert Spline models to meshes and vice versa, subdivision becomes much simpler without 

loss of geometric accuracy, it is more convenient to solve problems with high order 

continuity and so on. IGA has been broadly applied for analysing solid and fluid mechanics, 

electric-magnetic fields design and crack propagation. The IGA approach requires the 

advancements of structured hexahedral meshing techniques, in order to construct solid 

Splines, namely the so called holy-grid problem. Furthermore, the IGA method needs the 

developments of novel Spline theories and schemes. All these novel developments will 

advance the CAGD, CAE fields, and benefit Computer Graphics, Digital Geometry, 

Computational Geometry and Machine vision fields. 
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Program  

Friday, August 3, 2018 

09:00-09:15 

Opening Remark  

Chair: Na Lei (Dalian University of Technology, China) 

Speaker: Xianfeng Gu (Stony Brook University, USA) 

09:15-09:30 Group Photos 

09:30-10:30 

Chair: Xianfeng Gu (Stony Brook University, USA) 

Keynote Speaker: Thomas J.R. Hughes (The University of Texas at 

Austin, USA) 

Title: The Isogeometric Approach to Analysis 

10:30-11:00 Tea Break 

11:00-12:00 

Chair: Hang Si (Weierstrass Institute for Applied Analysis and 

Stochastics, Germany) 

Invited Speaker: Herbert Edelsbrunner (Institute of Science and 

Technology Austria, Austria) 

Title: Tripartition of a Simplicial Complex 

 Lunch, Buffet Restaurant, F1 

13:30-14:30 

Chair: Zhixun Su (Dalian University of Technology, China) 

Invited Speaker: Jorg Peters (University of Florida, USA) 

Title: Splines on Meshes with Irregularities 

14:30-15:00 Tea Break 
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Session 1: IGAⅠ 

Chair: Weiyin Ma (City University of Hong Kong, China) 

 

15:00-15:20 

Title: Numerical Integration Over Implicitly-defined Domain with 

Topological Guarantee 

Author: Tianhui Yang, Ammar Qarariyah, Hongmei Kang and Jiansong 

Deng 

15:20-15:40 
Title: Bas-relief Construction with Isogeometric Analysis 

Author: Jinlan Xu, Chengnan Ling and Gang Xu 

15:40-16:00 

Title: Constructing IGA-suitable Volumetric Parameterization Based on 

Directed Graph Simplification of L1 Polycube Structure from Complex 

Shapes 

Author: Long Chen, Gang Xu and Jin Huang 

16:00-16:20 

Title: Isogeometric Collocation Methods for Analysis Suitable Mesh 

Generation 

Author: Zulfiqar Ali and Weiyin Ma 

16:20-16:50 Tea Break 

Session 2: IGAⅡ  

Chair: Bo Liu (The Solid Mechanics Reseach Center, Beihang University, China) 

16:50-17:10 

Title: A H1-integrability Condition of Surfaces with Singular 

Parametrizations in Isogeometric Analysis 

Author: Meng Wu and Xuhui Wang 

17:10-17:30 

Title: Subdivision Schemes for Quadrilateral Meshes of Arbitrary 

Topology with Improved Convergence Rate 

Author: Yue Ma and Weiyin Ma 

17:30-17:50 

Title: Isogeometric Stability Analysis of Thin-Walled Structures for 

Trimmed NURBS Models 

Author: Yujie Guo 

 Banquet，Hi Chance Hall B, F3 
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Saturday, August 4, 2018 

09:00-10:00 

Chair: Ligang Liu (University of Science and Technology of China, 

China) 

Invited Speaker: Konrad Polthier (Freie Universität Berlin, Germany) 

Title: Branched Covering Surfaces 

10:00-10:30 Tea Break 

Session 3: MeshingⅠ 

Chair: Dixiong Yang (Dalian University of Technology, China) 

10:30-10:50 

Title: A High Precision Design and Mesh Generation Method Based on 

NURBS and Its Application to Local Adaptive Analysis 

Author: Bo Liu, Hao Sun, Shuai Guo and Yang Wu 

10:50-11:10 

Title: Automatic Domain Partition for Block-Structured Quadrilateral 

Meshing 

Author: Zhoufang Xiao, Gang Xu, Shouping He and Jianjun Chen 

11:10-11:30 

Title: Stream Surface-supported Fundamental Sheets Insertion Toward 

High-Quality Hex Meshing 

Author: Rui Wang, Zhihao Zheng and Shuming Gao 

11:30-11:50 

Title: Research on Hexahedral Mesh Generation with Sharp Feature 

Preserved 

Author: Xiaopeng Zheng, Na Lei, Zhongxuan Luo and David Xianfeng 

Gu 

 Lunch, Buffet Restaurant, F1 

13:30-14:30 

Chair: Gang Xu (Hangzhou Dianzi University, China) 

Invited Speaker: Michael A. Scott (Brigham Young University, USA) 

Title: Advanced Isogeometric Discretizations 

14:30-15:00 Tea Break 
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Session 4: IGA & Splines 

Chair: Chengen Wang (Shanghai Jiao Tong University, China) 

 

15:00-15:20 
Title: Applying Isogeometric Shells to Unstructured U-spline Surfaces 

Author: Zhihui Zou, Michael Scott and Derek Thomas 

15:20-15:40 

Title: Stochastic Isogeometric Analysis Method for Probabilistic 

Uncertainty Structures 

Author: Wenpei Wang, Guohai Chen and Dixiong Yang 

15:40-16:00 
Title: Polyhedral Spline Finite Elements 

Author: Guohui Zhao 

16:00-16:20 
Title: Weighted Voronoi-Delaunay Duality on Piecewise Flat Surface 

Author: Xiang Zhu 

16:20-16:50 Tea Break 

Session 5: Parameterization  

Chair: Zhenyu Liu (Changchun Institute of Optics, Fine Mechanics and Physics, 

Chinese Academy of Sciences, China) 

16:50-17:10 

Title: Discrete Lie Flow: A Measure Controllable Parametrization 

Method 

Author: Kehua Su, Chenchen Li, Shifan Zhao, Na Lei and Xianfeng Gu 

17:10-17:30 
Title: Polycube Shape Space Based on Differential 1-Form 

Author: Hui Zhao, Xuan Li, Na Lei and Xianfeng Gu 

17:30-17:50 

Title: Accuracy Improvement Studies for Numerical Conformal 

Mapping 

Author: Peng Wan, Yibin Lu, Yingzi Wang, Shuang Wu and Yinghua Li 

17:50-18:10 

Title: Graphs Represented by Square Tilings 

Author: Jialing Zhang, Kun Qian, Wei Chen, Junwei Zhang and 

Xianfeng Gu 



 

Isogeometric Analysis and Mesh Generation (IGA&Mesh) 2018 

6 

Sunday, August 5, 2018 

09:00-10:00 

Chair: Jianmin Zheng (Nanyang Technological University, Singapore) 

Invited Speaker: Thomas W. Sederberg (Brigham Young University, 

USA) 

Title: S-Splines: A Simple Surface Solution for CAD and IGA 

10:00-10:30 Tea Break 

Session 6: Splines  

Chair: Chongjun Li (Dalian University of Technology, China) 

10:30-10:50 

Title: Solving Higher Order PDEs with Isogeometric Analysis on Implicit 

Domains Using Weighted Extended THB-splines 

Author: Ammar Qarariyah, Tianhui Yang and Jiansong Deng 

10:50-11:10 
Title: de Boor-like Evaluation Algorithm for Analysis-suitable T-splines 

Author: Hongmei Kang and Xin Li 

11:10-11:30 

Title: Rotation Free Isogeometric Thin Shell Analysis Using Modified 

RHT-splines 

Author: Qian Ni and Jiansong Deng 

11:30-11:50 

Title: Curve and Surface Fitting Based on the Nonhomogeneous 

Differential System 

Author: Chong-Jun Li, Lin-Lin Xie and Wen-Bin Du 

 Lunch, Buffet Restaurant, F1 

13:30-14:30 

Chair: Na Lei (Dalian University of Technology, China) 

Invited Speaker: Suzanne M. Shontz (University of Kansas, USA) 

Title: Mesh Warping Algorithms: From Dynamic Finite Element 

Simulations to High-Order Mesh Generation 

14:30-15:00 Tea Break 
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Session 7: MeshingⅡ 

 Chair: Jianjun Chen (Zhejiang University, China) 

15:00-15:20 

Title: An Iterative Method for Generating an Inversion Free and Topology 

Compatible Tetrahedral Mesh 

Author: Wenjing Zhang, Yuewen Ma and Jianmin Zheng 

15:20-15:40 
Title: Parallel Mesh Adaptation for Engineering Applications 

Author: Jing Tang, Pengcheng Cui, Bin Li and Jianjun Chen 

15:40-16:00 

Title: Adaptive Flow Simulations Using Anisotropic Mesh Adaptation via 

High Dimensional Embedding 

Author: Jianjing Zheng, Jianjun Chen, Hang Si, Yao Zheng, Bin Li, 

Pengcheng Cui and Lisha He 

16:00-16:20 

Title: A Construction of Anisotropic Meshes Based on Quasi Conformal 

Mapping 

Author: Yuxue Ren, Hang Si, Na Lei and Xianfeng Gu 

16:20-16:50 Tea Break 

Session 8: Applications 

Chair: Haojie Li (Dalian University of Technology, China) 

16:50-17:10 
Title: Design of MRI Gradient Coils on Non-developable Surface 

Author: Hao Ren, Hui Pan, Feng Jia, Jan G. Korvink and Zhenyu Liu 

17:10-17:30 

Title: Partial Non-rigid Shape Correspondence Method Based on 

Diffusion Geometry 

Author: Kang Wang, Xiaohui Tan and Zhongke Wu 

17:30-17:50 

Title: Image Compression with Automatic Anisotropic Mesh Adaptation 

by Metric Tensor and Error Estimation 

Author: Jia-Xin Zhao, Feifei Shang and Hua Ding 

17:50-18:10 
Title: Comparison of Skull Similarity Based on SPCA 

Author: Xin Zheng, Junli Zhao, Fuqing Duan and Zhenkuan Pan 

18:10-18:15 

Closing Ceremony  

Chair: Na Lei (Dalian University of Technology, China) 

Speaker: Hang Si (Weierstrass Institute for Applied Analysis and 

Stochastics, Germany) 
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Keynote Speaker 

Thomas J.R. Hughes is a professor of aerospace 

engineering and engineering mechanics, holder of the 

Peter O'Donnell, Jr. Chair in Computational and Applied 

Mathematics, and leader of the ICES Computational 

Mechanics Group. 

Hughes is one of the most widely cited authors in scientific 

computing. He has received numerous national and 

international awards for his research. He is a member of 

the U.S. National Academy of Sciences, the U.S. National Academy of 

Engineering, the American Academy of Arts and Sciences, and a foreign 

member of the Royal Society, the Austrian Academy of Sciences, and the 

Istituto Lombardo Accademia di Scienze e Lettere. 

The Isogeometric Approach to Analysis 

Thomas J.R. Hughes 

09:30-10:30, August 3, 2018 

Abstract: The vision of Isogeometric Analysis was first presented in a paper 

published October 1, 2005 [1].  Since then it has become a focus of research 

within both the fields of Finite Element Analysis (FEA) and Computer Aided 

Design (CAD) and is rapidly becoming a mainstream analysis methodology 

and a new paradigm for geometric design [2].  The key concept utilized in the 

technical approach is the development of a new foundation for FEA, based on 

rich geometric descriptions originating in CAD, resulting in a single geometric 

model that serves as a basis for both design and analysis.   

In this overview, I will describe some areas in which progress has been made 

in developing improved methodologies to efficiently solve problems that have 

been at the very least difficult, if not impossible, within traditional FEA. I will 

also describe current areas of intense activity and areas where problems remain 

open, representing both challenges and opportunities for future research (see, 

e.g., [3,4]). 

Key Words: Computational Mechanics, Computer Aided Design, Finite 

Element Analysis, Computer Aided Engineering  

 

http://users.ices.utexas.edu/~hughes/
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Invited Speakers 

 

Thomas W. Sederberg is a professor of computer science 

at Brigham Young University and associate dean of the 

BYU College of Physical and Mathematical Sciences. 

He received bachelor’s and master’s degrees in Civil 

Engineering at Brigham Young University in 1975 and 

1977 respectively, and in 1983 earned a PhD in 

mechanical engineering at Purdue, after which he joined 

the faculty of the civil engineering department at BYU. 

 

 

S-Splines: A Simple Surface Solution for CAD and IGA 

Thomas W. Sederberg 

09:00-10:00, August 5, 2018 

Abstract: This talk introduces a new surface representation called S-splines 

that can be used for CAD and IGA. 

A local refinement algorithm is presented that does not introduce any additional, 

unwanted control points and that preserves linear independence of the basis 

functions. NURBS and T-splines are special cases of S-splines, and in many 

ways, S-splines are simpler to implement and understand than T-splines. 

The talk will also discuss a solution to the problem of creating smooth 

extraordinary points in cases where neighboring knot intervals are different. 

 

 

 

 

 

 

 

https://cs.byu.edu/faculty/tom
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Herbert Edelsbrunner is a computer scientist working in 

the field of computational geometry and a professor at 

the Institute of Science and Technology Austria (IST 

Austria). His research evolved from algorithms and data 

structures to computational geometry and computational 

topology. 

 

 

Tripartition of a simplicial complex 

Herbert Edelsbrunner  

11:00-12:00, August 3, 2018 

Abstract: We prove that for every simplicial complex, K, and every dimension, 

p, there is a partition of the p-simplices into a maximal p-tree, a maximal p-

cotree, and the remaining p-simplices defining the p-th homology of K. Given 

a monotonic order of the simplices, this tri-partition is unique and can be 

computed by standard matrix reduction.  The set of all tri-partitions forms a 

triplet of matroids. We use the tri-partition as a data structure to facilitate the 

manipulation of hole systems in a shape.   

In concrete applications, we let K be the Delaunay triangulation of a finite set, 

and we enhance the persistence diagram of the Euclidean distance function with 

the tri-partition to guide the manipulation of holes in its alpha subcomplexes. 

Joint work with Katharina Oelsboeck. 

 

 

 

 

 

 

 

http://pub.ist.ac.at/~edels/
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Konrad Polthier is a full professor of mathematics at Freie 

Universität Berlin since 2005. He received his PhD from 

University of Bonn in 1994, and headed research groups at 

Technische Universität Berlin and Zuse Institute Berlin 

before joining FU Berlin. His current research focuses on 

discrete differential geometry, applied geometry, 

geometry processing and mathematical visualization. 

Results from him have been applied in industry such as computer graphics, 

computer aided design and architecture. 

Polthier served as conference chair on international conferences including 

ACM/Eurographics Symposium on Geometry Processing and SIAM 

Geometric Design. His current professional positions include co-chair at the 

Berlin Mathematical School, board member of the Matheon research center and 

chair of the Berlin Mathematical Society. Since May 2014 he serves as co-

editor in chief of Computer Aided Geometric Design. 

 

Branched Covering Surfaces 

Konrad Polthier 

09:00-10:00, August 4, 2018 

Abstract: Multivalued functions and differential forms naturally lead to the 

concept of branched covering surfaces and more generally of branched 

covering manifolds in the spirit of Hermann Weyl's book "Die Idee der 

Riemannschen Fläche" from 1913. This talk will illustrate and discretize basic 

concepts of branched (simplicial) covering surfaces starting from complex 

analysis and surface theory up to their recent 

appearance in geometry processing algorithms 

and artistic mathematical designs. Applications 

will touch differential based surface modeling, 

image and geometry retargeting, global surface 

and volume remeshing, and novel weaved 

geometry representations with recent industrial 

applications. 

http://page.mi.fu-berlin.de/polthier/


 

Isogeometric Analysis and Mesh Generation (IGA&Mesh) 2018 

12 

 

Jorg Peters is a professor of Computer and Information 

Sciences at University of Florida. He is interested in 

representing, analyzing and computing with geometry. In 

1994, Peters received a National Young Investigator 

Award. He was tenured at Purdue University in 1997 and 

moved to the University of Florida in 1998 where he 

became full professor. In 2014, Peters received the John 

Gregory Award, the highest award in the area of Geometric Design. Dr. Peters 

serves as editor-in-chief of the journal GMOD and as associate editor for the 

journals CAGD, APNUM, ACM ToG, CAMWA, CAD as well as on program 

committees. He chaired the SIAM interest group on geometric design and 

served two terms as elected chair of the Engineering Faculty Council at the 

University of Florida. 

 

Splines on meshes with irregularities 

Jorg Peters 

13:30-14:30, August 3, 2018 

Abstract: Splines elegantly bridge the discrete computational to the continuous 

real world. Their tensor-product form lifts many univariate properties 

effortlessly to surfaces, volumes and beyond. Irregularities, where the tensor-

structure breaks down, therefore deserve our attention -- and provide a rich 

source of mathematical insights. This talk categorizes and reviews techniques 

for handling irregularities in a B-spline like fashion. 

The focus is on the surfaces from quad meshes, computing on such surfaces 

and techniques extending to the higher-dimensional, e.g. the volumetric case. 

 

 

 

 

https://www.cise.ufl.edu/~jorg/
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Michael A. Scott is an assistant professor in the 

Department of Civil and Environmental Engineering at 

Brigham Young University and head of the computational 

geometry and mechanics group. His research interests lie 

in the intersection of computational geometry, mechanics, 

and relevant engineering applications. Specifically, he is 

interested in fundamental developments in computer aided 

design, engineering, and optimization with application to complex multi 

physics systems related to the aerospace, naval, and automotive industries. 

 

Advanced isogeometric discretizations 

Michael A. Scott 

13:30-14:30, August 4, 2018 

Abstract: Achieving high fidelity simulation results across a wide spectrum of 

application areas depends strongly upon the analysis-suitable nature of the 

underlying geometry. Several examples, among many, include shells, contact, 

boundary layer phenomena, and shape and topology optimization. In these 

examples, the exact watertight representation of smooth geometry and a 

properly formulated underlying basis is essential for accurate and robust 

solution behavior. Additionally, in CAD, properly formulated geometry 

mitigates the possibility of producing so-called dirty geometry that greatly 

hampers downstream analysis operations and integrated design-through-

analysis workflows.  In this talk, I will provide an overview of the most 

common isogeometric discretization technologies and demonstrate their use in 

several demanding application domains.  I will then introduce a new spline 

representation called U-splines which overcomes several key deficiencies in 

prevailing technologies. 
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Suzanne M. Shontz is an associate professor in the 

Department of Electrical Engineering and Computer 

Science at the University of Kansas. She is the recipient of 

a 2011 NSF Presidential Early CAREER Award (NSF 

PECASE Award) from the White House for her 2010 NSF 

CAREER Project on parallel dynamic meshing algorithms, 

theory, and software for simulation-assisted medical 

interventions. Professor Shontz's research interests lie in the area of parallel 

scientific computing. In particular, her research focuses on the development of 

unstructured meshing, numerical optimization, model order reduction, and 

numerical linear algebra algorithms and their applications to computational 

medicine, imaging sciences, materials, and electronic circuits, among others. 

 

Mesh Warping Algorithms:  From Dynamic Finite Element Simulations 

to High-Order Mesh Generation 

Suzanne M. Shontz 

13:30-14:30, August 5, 2018 

Abstract: There are numerous applications, such as shape optimization and 

medical device simulation, which require changes to the geometric design 

during the modeling and simulation process.  Mesh warping algorithms are 

used to update an existing mesh to conform to the changes in the design 

geometry.  Interpolation and/or extrapolation is employed to transfer the mesh 

from the source geometry to the target geometry while the mesh topology is 

maintained.  In this talk, I will present a few of our mesh warping algorithms 

which have been used in dynamic finite element simulations to capture 

deforming geometries and the generation of high-order curvilinear 

meshes.  Parts of this talk represent joint work with Thap Panitanarak, 

Chulalongkorn University, and Mike Stees, University of Kansas. 

https://people.eecs.ku.edu/~s906s230/
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Abstracts 

Numerical integration over implicitly-defined domain with topological guarantee 

Tianhui Yang, Ammar Qarariyah, Hongmei Kang and Jiansong Deng 

Abstract: In recent years, the rapid development of 3D printing drives the study of related 

topics on modeling and analysis. Since implicit representation is convenient in describing 

the slicing structures of objects, there has been increasing attention paid to representation in 

this form. By means of isogeometric analysis (IGA), which uses the same basis functions in 

modeling and analysis, here for domains constructed in implicit form, the implicit 

representation itself should be used during the analysis process.  

Numerical integration is one of the central topics in isogeometric analysis.  

When it concerns the numerical integration over an implicitly-defined domain, two problems 

need to be solved. The first problem is the correct topology of the integration domain due to 

the topology variance of implicit representation. Generally, finer partitions are used to 

preserve the correct topology, but it is time-consuming. The second problem is how to get 

an accurate result of integration. Since many methods consider the approximated mesh as 

the exact domain to facilitate the calculation, the approximated region leads to significant 

errors. The boundary condition in analysis through this way is not satisfied exactly.  

In this paper, a numerical integration method based on the hierarchical subdivision is put 

forward. Interval arithmetic is used to identify the boundary of the integration domain exactly, 

thus getting the correct topology of the domain. A geometry-based local error estimate is 

explored to guide the hierarchical subdivision and save the computation cost. Furthermore, 

we give an estimate of the integration error theoretically.  

Numerical results demonstrate that the proposed method could get the correct topology for 

different types of domains. The pessimistic error estimate leads to results smaller than the 

given tolerances. Besides, the method uses fewer numbers of integration points when 

compared with methods under uniform subdivisions to a prescribed depth of level. 

 

Bas-relief construction with isogeometric analysis information on submission 

Jinlan Xu, Chengnan Ling and Gang Xu 

Abstract: Most of the methods for creating digital bas-reliefs are based on images or 3D 

models. In this paper, we propose a novel approach to construct bas-reliefs of surface with 

isogeometric analysis from sketch curves provided by the user. Our system allows user to 

draw the boundary of plane domain and the shape of bas-relief inside, then the bas-relief is 

generated complete automatically. In the first step, several points are sampled from the 

boundary sketch, then B-spline curves are used for fitting these points to obtain a planar 

domain with B-spline boundary. In the second step, a 3D surface will be modeled as a base 

surface before constructing bas-relief. In order to construct a smooth base surface, we solve 

a Poisson equation with homogeneous boundary condition on the planar domain using 
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isogeometric analysis and the solution surface is used as the base surface. Parameterization 

is very important in isogeometric analysis, therefore the planar domain bounded by complex 

curves firstly parameterized based on decomposition before solving the Poisson equation. 

And the results show that domain decomposition approach can achieve a high-quality 

parameterization of the planar domain. In the third step, we will solve the Poisson equation 

again and the shape of bas-relief is taken as constrained condition together with the 

homogeneous boundary condition. The shape of the bas-relief will be lifted a same height 

away from the base surface along the normal direction. After these three steps, bas-reliefs 

are constructed on a 3-dimensional surface, on which the shape of bas-relief is designed by 

the user interactively. This procedure is also useful in constructing CG images when we 

separate the image to several parts and construct each part using our method. The proposed 

method can be also used to design stamps. When a stamp is designed, the content of stamp 

should be carefully created. It should be flipped to produce the desired stamp. In our 

framework, we will perform a horizontal mirroring for the characters or models designed for 

the stamp. Several results of our method are shown in Figure 2 and Figure 3. 

 

 Constructing IGA-suitable volumetric parameterization based on directed graph 

simplification of L1 polycube structure from complex shapes 

Long Chen, Gang Xu and Jin Huang 

Abstract: Volumetric spline parameterization of complex geometry plays a key role in 

isogeometric analysis (IGA for short). In this paper, we propose a general framework to 

construct analysis-suitable volumetric parameterization from complex shapes based on 

directed graph simplification of ℓ1 polycube structure. By minimizing the ℓ1-norm of the  

normals on the input triangular meshes, a polycube structure can be generated with 

robustness, efficiency and controllability. Then an algorithm is proposed for ℓ1 polycube 

structure simplification with a directed graph, which is an abstract structure generated from 

the polycube. After the simplification, the node number of the directed graph will decrease, 

and the polycube structure will become more simple. From the simplified polycube structure, 

we construct the segmentation surface by spline fitting techniques and finally we fill each 

block by trivariate B-spline volume with 𝐶1-constraints. The proposed method can generate 

volumetric parameterization without interior extraordinary vertex, hence optimal 

convergence rate can be achieved for the IGA problems with the constructed volumetric 

parameterization. Several volume parameterization examples from complex shapes are 

presented to show the robustness and efficiency of the proposed method. 
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 Isogeometric collocation methods for analysis suitable mesh generation 

Zulfiqar Ali and Weiyin Ma 

Abstract: In Isogeometric Analysis (IGA), parameterization of computational domain has 

great effects as mesh generation in finite element analysis. In this study, general formulation 

of isogeometric collocation method (IGA-C) has been implemented using non-uniform 

rational B-spline (NURBS) with Greville abscissae collocation points. Given a set of 

boundary curves or surfaces of a physical domain defined as NURBS curves or surfaces, the 

parameterization of the physical domain is generated based on the numerical solution of a 

partial differential system of equations that are solved via IGA-C. The theory of partial 

differential equations guarantees that the mapping between physical and transformed regions 

will be one-to-one. The resulting parameterization of the physical domain can also been 

controlled by adjusting the parameters of the PDE. 

 

 A H1-integrability condition of surfaces with singular parametrizations in 

isogeometric analysis 

Meng Wu and Xuhui Wang 

Abstract: Singularities of a surface’s geometric mapping (or parametrization) are often 

unavoidable, especially when a complex surface is considered. In isogeometric analysis, 

singularities impact the regularity of test functions. When a second-order partial differential 

equation, such as a Laplace-Beltrami equation, is solved, the test functions should satisfy the 

H1-regularity, which may be destroyed by singularities. In this paper, we consider the H1-

regularity of test functions on a surface by parametrization with isolated singularities. A H1-

integrability condition is presented, and we apply this condition to discuss the H1-regularity 

of test functions by two common singular parametrizations of surfaces such as spheres and 

D-patches. 

 

Subdivision schemes for quadrilateral meshes of arbitrary topology with improved 

convergence rate for isogeometric analysis 

Yue Ma and Weiyin Ma 

Abstract: We present a subdivision scheme for quadrilateral meshes of arbitrary topology  

with new subdivision stencils near extraordinary vertices. The subdivision scheme produces 

solutions in isogeometric analysis with improved convergence rates comparing to standard 

Catmull-Clark subdivision. Examples of numerical simulation show that the scheme 

produces optimal convergence rates in terms of L2 and H1 norms. 
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Isogeometric Stability Analysis of Thin-Walled Structures for Trimmed NURBS 

Models 

Yujie Guo 

Abstract: The load carrying capacity of thin-walled structures is known to be significantly 

influenced by stability aspects such as buckling. A reliable prediction of buckling 

phenomena requires a robust and accurate analysis tool and consideration of a number of 

inherent structural imperfections which often dominate the overall non-linear elastic 

response [1].  

In this contribution, we present buckling and post-buckling problems of thin-walled 

structures in the framework of isogeometric analysis of isotropic and laminate composite 

shells considering geometric imperfections. Our approach exploits the higher order 

approximation and continuity properties of NURBS modelled shell structures and considers 

arbitrary openings and cut-outs, as common in industrial applications, on the basis of the 

finite cell method [2]. The latter proved to be an efficient fictitious domain extension to 

isogeometric analysis in the context of trimmed NURBS geometries [3,4]. In particular, the 

fictitious domain extension allows for a simple and flexible consideration of multiple cut-

outs of arbitrary shape from the shell body and at arbitrary location without any re-meshing. 

Thus, it provides a powerful tool for the systematic study of the buckling tendency of 

industry relevant models. We will present a number of challenging shell buckling problems 

to reveal and assess the reliability and accuracy of a fictitious domain extended isogeometric 

analysis approach of geometric imperfect thin-walled structures. 

 

A High Precision Design and Mesh Generation Method Based on NURBS and Its 

Application to Local Adaptive Analysis 

Bo Liu, Hao Sun, Shuai Guo and Yang Wu 

Abstract: The concept of isogeometic analysis (IGA) opened a new view for seamless 

integration of CAD and CAE and brought in a new wave of study on the topic. Numerous 

publications have been published during the past decade. Trimmed surfaces are common in 

CAD. However, IGA still has some difficulties in this aspect. Thus, this work is devoted to 

tackle this problem. Geometries expressed by NURBS (Non-Uniform Rational B-Splines) 

are used as the starting point since the NURBS have been employed as international standard 

in CAD. Then the methods of surface subdivision and iterative discretization are integrated 

to get the intersection curves of surfaces and trimmed geometries. The novelty of this work 

are as follows: (1) Mesh generation is considered during the process of surfaces intersection 

and trimming; (2) The problem of mesh mismatching was considered in the process; (3) Not 

only low order triangular and tetrahedral meshes are considered, but also high order meshes 

and quadrilateral and hexahedral meshes are considered; (4) The molecular dynamic method 

is used to mesh optimization to get high quality meshes; (5) The method of coping with 

geometries constructed by third party software through IGES. The generated meshes are not 
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“exact” NURBS meshes as expected when IGA was first proposed. They are highly accurate 

differential quadrature hierarchical (DQH) meshes, which is a compromise between IGA and 

the common finite element analysis (FEA). However, the DQH also introduces the capability 

of local adaptive analysis that cannot be easily performed by either IGA or FEA. This talk 

will first introduce the methods of surface trimming, mesh generation and optimization, and 

the method of coping with surface mismatching problem, then convergence studies and some 

examples of local adaptive analysis based on the DQH method will be presented. 

 

Automatic Domain Partition for Block-Structured Quadrilateral Meshing 

Zhoufang Xiao, Gang Xu, Shouping He and Jianjun Chen 

Abstract: In comparison with triangular mesh, the structured quadrilateral mesh has higher 

solution accuracy and lower solution freedom, and thus it is preferred in the numerical 

simulation. In order to generate the quadrilateral mesh for a complex configured geometry, 

it is usually needed to manually partition the domain covered by the geometry into four-

sided subdomains which can then be meshed using a structured method. In this study, a novel 

approach is proposed for automatically partitioning any given 2d domain into regions 

suitable for quadrilateral meshing, which first generates a smooth cross-field in the domain 

and then partitions the domain by analyzing the singular structures of the cross-field. Firstly, 

a cross composed of two vectors is configured at each boundary node of the domain. Among 

the two vectors of the cross, one is align with the tangent of the boundary while the other is 

perpendicular to the boundary. Then, a Laplacian equation is selected as the governing 

equation to diffuse the crosses defined on the boundary into the interior of the domain in a 

smooth manner. To obtain an accurate cross-field, the boundary element element method is 

used to solve the governing equation. Thirdly, the singular points are identified by analyzing 

the structure of the cross-field and the streamlines emanating from these points are traced as 

the lines to partition the domain. Finally, grids and numerical results of a few aerodynamics 

configurations are presented to demonstrate the efficiency and effectiveness of the proposed 

approach. 

 

Stream surface-supported fundamental sheets insertion toward high-quality hex 

meshing 

Rui Wang, Zhihao Zheng and Shuming Gao 

Abstract: Converting a hex mesh into a fundamental mesh by inserting fundamental sheets 

is an effective means to improve the mesh quality near the boundary. However, a high quality 

and automatic fundamental sheets insertion is still a problem. In this paper, a method is 

proposed to automatically generate high quality fundamental sheets with the support of the 

stream surfaces associated to relevant geometric entities. The proposed method first labels 

the geometric curves effectively and stably by establishing and solving a constrained integer 

linear system and groups boundary mesh faces. Then, the discrete stream surfaces associated 
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to each group of boundary faces are determined to generate the level-1 and level-2 

fundamental sheets. Finally, level-3 fundamental sheets are generated based on discrete 

stream surfaces associated to certain geometric curves. The experimental results show that 

the proposed method can automatically convert a hex mesh into a high quality fundamental 

mesh. 

 

Research on Hexahedral Mesh Generation with Sharp Feature Preserved 

Xiaopeng Zheng, Na Lei, Zhongxuan Luo and David Xianfeng Gu 

Abstract: For the purpose of isogeometric analysis,tetrahedral meshes need to be converted 

to structured hexahedral meshes, which have regular tensor product structure for T-Spline 

fitting. In isogeometric analysis practice, to yield the right analysis result, the hexahedral 

mesh usually need to be align with the sharp feature. However the sharp feather is always 

complicated and this make it a even greater challenge to generate hexahedral mesh with 

sharp feature preserving.  

To handle the sharp feature, we have made two improvements. First, we introduce the 

constrained foliation and propose a new volumetric parameterization method to convert the 

the hexahedral mesh generation to quadrilateral mesh generation problem so that the sharp 

feature align problem becomes a special quadrilateral mesh generation problem. Second, for 

the thin shell model, we construct a new algorithm pipeline based on Strebel differential. 

 

Applying Isogeometric Shells to Unstructured U-spline Surfaces 

Zhihui Zou, Michael Scott and Derek Thomas 

Abstract: In this talk we will describe our efforts to extend the geometrically exact 

isogeometric Reissner-Mindlin shells to a newly developed spline representation called U-

splines. A U-spline surface allows unstructured meshes and overcomes the analysis-

suitability restrictions of a T-spline while preserving the mathematical properties required 

by analysis. This enables us to apply isogeometric shell formulations to complex engineering 

structures. We also explore the mixed isogeometric shell formulations to alleviate the 

deleterious effects of shear and membrane locking. We demonstrate the effectiveness of the 

approach on several carefully selected numerical benchmarks. 

 

Stochastic Isogeometric Analysis Method for Probabilistic Uncertainty Structures 

Wenpei Wang, Guohai Chen and Dixiong Yang 

Abstract: In this paper, based on stochastic perturbation technique, the deterministic 

isogeometric analysis (IGA) is extended to the stochastic framework, and the stochastic IGA 

method for response analysis of probabilistic uncertainty structures is proposed. By 

representing random field with Karhunen- Loève expansion, stochastic IGA formulas are 

established. The first two statistical moments of structural responses are formulated with 



 

Isogeometric Analysis and Mesh Generation (IGA&Mesh) 2018 

21 

stochastic perturbation method in the framework of IGA. Then, two numerical examples are 

demonstrated. The first example, Mindlin plate, is considered under different correlation 

lengths, boundary conditions and load cases, whose results by using the stochastic IGA 

method are verified by Monte Carlo simulation(MCS). The results of both methods have a 

good agreement, indicating that stochastic IGA based on perturbation theory can achieve 

accurately and efficiently the stochastic responses of structures. In addition, the results show 

that the coefficient of variation(COV) of the response is insensitive to the boundary 

conditions and load cases, while the correlation length yields a remarkable effect on the COV. 

The example of circular Kirchhoff plate illustrates the first two statistical moments and COV 

of deflection response under simply-supported condition and different load cases. 

 

Polyhedral Spline Finite Elements 

Guohui Zhao 

Abstract: Spline functions have long been used in numerically solving differential 

equations[7--9]. Recently it revives as isogeometric analysis, which uses NURBs for both 

parametrization and element functions. In this talk, we introduce some multivariate spline 

finite elements on general partitions. These splines are constructed by mollifying splines of 

low smooth order with B-splines. They have both high smooth order and strong 

approximation power. The low smooth order splines can be chosen flexibly, for example 

polynomials on individual cells of general polyhedral partitions. Other computation friendly 

approximation functions work, too. The obtained spline elements are suitable for adaptive 

computation. My research will cover most related aspects of such spline elements:  

1. multivariate splines, including box, simplex and cone splines;  

2. polygonal and polyhedral partitions;  

3. B-splines as mollifiers;  

4. Subdivision;  

5. Adaption;  

6. Evaluation, differentiation and integration;  

7. Numerical integration;  

8. Combination with isogeometric analysis;  

9. Approximation, quasi-interpolation;  

10. Application in PDEs and control.  

The basic aspect will be introduced in the talk. A series of papers will cover aspects one by 

one, together with applications in geometric modelling and differential forms approximation. 

Apartitions. 

 

 



 

Isogeometric Analysis and Mesh Generation (IGA&Mesh) 2018 

22 

Weighted Voronoi-Delaunay Duality on Piecewise Flat Surface 

Xiang Zhu 

Abstract: On piecewise flat surface without boundary, given a proper weight on every 

conical singular point, we revise the definition of weighted Voronoi cell to make it simply 

connected. Thus the Voronoi diagram become a finite CW decomposition of the surface. We 

proof that the dual graph of this CW decomposition is the weighted Delaunay tessellation. 

Moreover, there are finite weighted Delaunay triangulations when the weights vary in a 

certain domain. 

 

Discrete Lie Flow: A Measure Controllable Parametrization Method 

Kehua Su, Chenchen Li, Shifan Zhao, Na Lei and Xianfeng Gu 

Abstract: Computing measure controllable parameterizations for general surface is a 

fundamental task for medical imaging and  

computer graphics, which is designed to control the measures of the regions of interest in 

the parametrization domain for more accurate and thorough detection and examination of 

data.  

Previous works usually suffer from lack of universality and computational complexity.  

In this paper, a modified approach based on technique of lie advection is presented for the 

measure controllable parametrization of geometry objects in the general context of the 

Riemannian manifold and specifically for general surface.  

Given a general surface with arbitrary initial parametrization (usually with great area 

distortion), the Lie derivative is introduced to quantify the difference between initial 

parametrization and prescribed measure. Next we let the mesh structure flow in the direction 

derived through the Lie derivative which is designed to decrease the measure difference. 

Finally, the mesh will converge to the minimal area distortion parametrization.  

By its geometric meaning, this method will be called as DLF (Discrete lie flow) intuitively.  

Three key modifications were made. A rigorous mathmatical framework for for the 

arbitration of the Riemannian manifold, a dynamic step scheme resulting in a substantive 

acceleration is incorporated into the DLF and a measure controllable function was 

introduced.  

Area preserving mapping can be generated easily through our DLF algorithm as a special 

case for measure controllable parametrization. The algorithm is tested on a variety of cases, 

including challenging ones, and compares very favorably with known approaches.  

Experimental results demonstrate the efficiency and efficacy of the proposed algorithm. 
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Polycube Shape Space Based on Differential 1-Form 

 Hui Zhao, Xuan Li, Na Lei and Xianfeng Gu 

Abstract: In this paper, we present a simple and efficient algorithm for surface polycube 

generation.  

For a certain model, its polycube shape is not unique. Based on discrete differential one-

form, we propose a novel shape space named polycube shape space. This shape space 

contains all possible polycube shapes for a given model under a fixed partition. We design a 

linear system to model the space. The basis of the polycube space is obtained by solving the 

system. Then we present a quadratic minimization system with linear inequality constraints 

to construct the optimal polycube polyhedron that approximates the original shape. Based 

on our special polycube generating algorithm, we also propose a novel, robust and efficient 

assembly line for the applications of quadrangulation and all-hex meshing. 

 

Accuracy Improvement Studies for Numerical Conformal Mapping 

Peng Wan, Yibin Lu, Yingzi Wang, Shuang Wu and Yinghua Li 

Abstract: In this paper, we consider several methods for improving the accuracy of 

numerical conformal mapping by the charge simulation method proposed Amano et al. The 

methods calculate charge points using Bi-CG method, CG-S method and Bi-CGSTAB 

method respectively. Some numerical results illustrate the efficiency of Bi-CGSTAB 

method than other methods. Finally, we show simple applications on image processoing. 

 

Graphs Represented By Square Tilings 

Jialing Zhang, Kun Qian, Wei Chen, Junwei Zhang and Xianfeng Gu 

Abstract: In the graph drawing literature, the square tiling representation of a planar graph 

is considered as a two-step problem: the first step is to define an orientation of the graph for 

its rectangle drawing; the second step is to turn rectangles into squares through solving a 

system of linear equations. This system of linear equations is not only closely related to the 

electric flow model defined on a graph, but also related to the geometry structure defined on 

the graph. This paper will consider the computation of square tiling from the view of discrete 

conformal geometry theory. One is associated to combinatorial Hodge theory. Another is 

associated to discrete extremal length theory, which can work better by coupled with discrete 

Ricci flow. Practical algorithms are provided and also applied into graphs with complicated 

topologies. 
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Solving higher order PDEs with isogeometric analysis on implicit domains using 

weighted extended THB-splines 

Ammar Qarariyah, Tianhui Yang and Jiansong Deng 

Abstract: Within finite element methods, the numerical approximation of higher order 

Partial Differential Equations (PDEs) is a challenging process. The need for a complicated 

construction of elements that achieves higher regularity conditions is essential. Several 

numerical schemes were developed to deal with these types of PDEs including 

Discontinuous Galerkin methods and mixed formulations. The amount of difficulty, higher 

order elements and a large number of degrees of freedom that may be required still forms a 

challenge. On the other side, B-spline based approaches can be assigned to solve higher order 

PDEs under the framework of standard Galerkin formulation in a natural manner. B-splines 

basis functions provide 𝐶𝑝−1  continuity which makes it possible to achieve accurate 

approximations with order p ≥ 2 and a relatively low number of elements. For example, 

the NURBS based Isogeometric analysis and B-spline based WEB method both compose a 

suitable replacement for the classical finite element methods in this case.  

The introduction of the WEB method and Isogeometric analysis techniques pushed forward 

the possibilities and the simplicity of using these piecewise polynomials and bridged the gap 

between geometry and analysis in the finite element literature. Each of these two novel 

approaches is suited better to describe different types of domains. While Isogeometric 

analysis use parametrization to accurately represent domains that are usually subsets of 

rectangles with straight edges, the WEB method better suits domains with implicit nature 

and curved boundaries. However, it is difficult to handle complex geometries that contain 

specific topological attributes such as reentrant corners and holes. In such cases, the 

parametrization process needs more detailed geometrical information and expensive 

computations. At the same time, the analytic weight functions proposed by the WEB method 

to represent the boundaries of the domain becomes more sophisticated and the number of 

represented domains is limited. A proposed solution is to use Isogeometric analysis on 

implicit domains where implicit tensor product splines represent the geometry. Isogeometric 

analysis on implicit domains is a generalization of the WEB method where both the analysis 

and geometry are constructed using the same function space as in Isogeometric analysis. 

Moreover, the implicit geometry serves well the construction of domains with singularities 

avoiding complicated parameterizations.  

In this work, we represent Isogeometric analysis on implicit domains and construct weighted 

extended truncated hierarchical (TH)B-splines. Specifically, the domain is introduced by 

implicit tensor product splines on an initial grid in two dimensions. THB-splines are then 

constructed by adding new levels of finer grids on parts of the domain chosen for refinement. 

A suitable weight function resulting from the implicit presentation is then used to introduce 

weighted THB-splines. Afterward, spline basis functions are classified using a level by level 

classification process into the inner and the outer basis that works on the computational 
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domain. Weighted extended THB-splines are then formulated by a hierarchical extension 

that connects outer basis functions with small support in the computational domain to stable 

basis inside the domain. The resulting basis functions are stable and allow adaptive 

refinement. Moreover, the proposed development facilitate the implementation of the 

adaptive approach and present it in a clear and intuitive procedure.  

The proposed adaptive approach is applied to solve higher order PDEs. In particular, we 

solve numerically the Biharmonic equation as an example of fourth order PDEs. Numerical 

implementation with quadratic and bicubic functions are performed to address the 

Biharmonic equation on a number of different implicit domains with holes and reentrant 

corners. The 𝐿2 and 𝐻1 error results indicate that the convergence rates are consistent with 

those in Isogeometric analysis literature. The resulting stiffness matrix condition numbers 

provide an indicator for the stability of the basis functions and the performance of the 

hierarchical extension. Overall, the results of the numerical examples indicate efficient and 

accurate illustrations. 

 

de Boor-like evaluation algorithm for Analysis-suitable T-splines 

Hongmei Kang and Xin Li 

Abstract: Analysis-suitable T-splines form a practically useful subset of T-splines. They 

maintain the design flexibility of T-splines with an efficient and highly localized refinement 

capability, while preserving the important analysis-suitable mathematical properties of the 

NURBS basis. The present paper proposes a new evaluation algorithm for analysis-suitable 

T-splines. The algorithm is based on the control polygon directly and it reduces both time 

and storage cost comparing with Bezier extraction. 

 

Rotation free isogeometric thin shell analysis using modified RHT-splines 

Qian Ni and Jiansong Deng 

Abstract: By allowing split in half in hierarchical T-meshes, we have generalized PHT-

splines (Polynomial splines over hierarchical T-meshes) into modified PHT-splines. The 

definition of generalized hierarchical T-meshes is given by providing more options for 

subdivision types. That is, for each cell, besides the cross subdivision, the other two options: 

splitting in half vertically or horizontally, are also allowed. Hence polynomial splines over 

generalized hierarchical T-meshes (modified PHT-splines) are given by constructing basis 

functions over generalized hierarchical T-meshes. The choice of subdivision types can be 

guided by posterior error and curvature information corresponding to cells.  

On the other hand, as the rational version of PHT-splines, RHT-splines have been applied 

successfully on adaptive isogeometric analysis, especially on isogeometric thin shell 

analysis. The deformations of a thin shell under the load can be described by the deformation 

of its mid-surface, which is a two-dimensional surface. For some special thin shell problems, 
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e.g., Scordelis-Lo roof, the deformation varies rapidly along different directions. In this 

paper, modified RHT-splines, which are rational version of modified PHT-splines, are used 

on isogeometric analysis for some thin shell problems. Since the modified RHT-splines are 

𝐶1 continuous, no rotational degrees of freedom are needed based on Kirchhoff-Love theory. 

Numerical results show that modified RHT-splines have good accuracy with fewer number 

of degrees of freedom. 

 

Curve and surface fitting based on the nonhomogeneous di®erential system 

Chong-Jun Li, Lin-Lin Xie and Wen-Bin Du 

Abstract: It is a new method to represent curves and surfaces by the differential system, 

which can be well applied for CNC machines. In this paper, we establish the connection 

between exponential representation of curve (surface) and the classical differential system. 

That is, a curve (surface) can be described by a vector- valued function X(t) = 𝑒𝐴𝑡𝑋0(𝑡)  

(X(s, t) = 𝑒𝐴𝑡𝑋0(s, t)) , which can be viewed as a solution of the ordinary (partial) 

differential system �̇�(𝑡) = 𝐴𝑋(𝑡) + 𝑓(𝑡)  (
𝜕𝑋(𝑥,𝑡)

𝜕𝑡
= 𝐴𝑋(𝑠, 𝑡) + 𝑓(𝑠, 𝑡) . Further, we 

propose two algorithms to ¯t the given discrete data points by the solution curve (surface) of 

the ordinary (partial) differential system with nonhomogeneous term. We also show that the 

solution of the differential system described by �̇�(𝑡) = 𝐴𝑋(𝑡) + 𝑓(𝑡)  (
𝜕𝑋(𝑥,𝑡)

𝜕𝑡
=

𝐴𝑋(𝑠, 𝑡) + 𝑓(𝑠, 𝑡) is not unique, so we find a way to determine an optimal A based on the 

flow field information from the given data points. Numerical examples illustrate the 

effectiveness of our proposed algorithms. 

 

An Iterative Method for Generating An Inversion Free and Topology Compatible  

Tetrahedral Mesh 

Wenjing Zhang, Yuewen Ma and Jianmin Zheng 

Abstract: In this paper, we propose a novel method to generate an inversion free and 

topology compatible tetrahedral mesh conforming to the deformed boundary. Our method 

combines radial basis function (RBF)-based warping and adaptive mesh refinement. We 

iteratively transform the mesh using RBF-based warping with a safe stepsize to ensure that 

no element is inverted. To avoid too small stepsizes, we refine the elements that are 

potentially inverted. The refinement is performed on the original and the warped meshes in 

the same way so as to maintain compatible topology between them. 

 

Parallel mesh adaptation for engineering applications 

Jing Tang, Pengcheng Cui, Bin Li and Jianjun Chen 

Abstract: The numerical schemes and computing mesh are the vital ingredients, which 
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affects the simulation precision on computational fluid dynamics (CFD). There are kinds of 

methodologies to automatically generate the mesh based on the features of the geometry, 

such as the curvature. However, the distribution of mesh elements should be adequate for 

the flow field in the industrial applications. Manual intervene is required to determinate the 

size of the mesh elements during the procedure of mesh generation. Mesh adaptation is an 

alternative way to intelligently improve the distribution of the mesh elements coupled with 

the charastistics of the flow field. The robustness and parallel implementation are the key 

parts for engineering applications. 

In this study, we develop a robust implementation of mesh adaptation, including both mesh 

refinement and coarsening. Different refinement patterns for each types of mesh elements 

are developed. The neighbor of refined element is converted to a polyhedron, which makes 

the refinement into a local operation. Based on a multi-levels data structue to save the parent 

element and its children, the coarsening is just the inverse procedure of refinement. The MPI 

(Message Passing Interface) is adopted to parallelize the mesh adaptation procedure on the 

large scale distributed parallel computer system. The load balance, which is broken by 

refinement or coarsening only on parts of processors, is recovered by the two steps strategy 

of repartition-convection. The mesh elements are reassigned to correct parallel rank in the 

repartition step, and then each rank send packed elements data belonged to other ranks or 

receive and unpack elements data in convection step. The aerodynamic interference 

simulation with mesh adaptation is conducted for a fighter-missile configuration. The mesh 

elements near the shock surface and interference zone are refined. Both the pressure 

distribution and resolution of flow field are improved by mesh adaptation. 

 

Adaptive flow simulations using anisotropic mesh adaptation via high dimensional 

embedding 

Jianjing Zheng, Jianjun Chen, Hang Si, Yao Zheng, Bin Li, Pengcheng Cui and Lisha He 

Abstract: Adaptive simulations have been widely used to improve the accuracy and 

efficiency of flow simulations. Anisotropic meshes (whose elements are stretched) are 

preferred in these problems since they are well adapted to anisotropic flow features (such as 

shock waves, boundary layers, etc.). They not only improve the accuracy of the flow 

simulation but also reduce the number of elements. The prevailing anisotropic mesh 

adaptation approaches [1-5] need to first define a metric-tensor field by analyzing the 

distributions of solution errors and then use this field to guide the mesh adaptation process 

in order to create a unit mesh which means a mesh with all its edge length equaling to one 

measured by the metric. The generation of a unit mesh could reuse those techniques for 

isotropic meshes by redefining those equations of computing geometric variables (such as 

length and angles) in the metric space.  

In this study, we propose a novel anisotropic mesh adaptation approach for flow simulations. 

It starts from an initial grid and an initial flow solution on this grid, then it modifies this grid 
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by the higher-dimensional embedding (HDE) technique [6] to a new grid that could represent 

the expected solution more desirably. The solution process could then be restarted on the 

modified grid. After repeating this process for several times, we could obtain a solution with 

evidently improved accuracy. This study is the first attempt of setting up a posteriori mesh 

adaptation cycle by coupling the HDE technique with a flow solver. Figure 1 presents the 

workflow of the mesh adaptation approach. Compared with the classic metric-based 

approaches, the present approach no longer needs to analyze the distributions of solution 

errors to create a metric field but depends on the solution defined on the present grid only. 

As a result, the entire adaption workflow is very much simplified. Figure 2 demonstrates the 

effectiveness of the proposed approach by using the simulation result of hypersonic flows 

past a cylinder. As shown in the figure, appropriate anisotropic elements have been 

configured near the shock region after two adaptation cycles, which results in a satisfactory 

solution with the shock clearly captured. The similar effects are also observed in many other 

numerical simulations we conducted, which convince us that the HDE technique is likely to 

provide a new option for setting up mesh adaptation cycles. Therefore, further studies are 

deserved along this direction given the fact that adaptive simulations have attracted more 

and more engineering interests while the prevailing adaptation approaches are still under 

intensive development. 

 

A Construction of Anisotropic Meshes Based on Quasi Conformal Mapping 

Yuxue Ren, Hang Si, Na Lei and Xianfeng Gu  

Abstract: We propose a novel method which is able to generate planar anisotropic meshes 

according to a given metric tensor. It is different from the classical metric-based or high 

dimensional embedding mesh adaptation methods. This is achieved via quasi conformal 

mapping between two Riemannian surfaces. This method has solid theoretical foundation. It 

guarantees the correctness for all symmetric positive definite metric tensors. We show 

experimental results on function interpolation problems to illustrate both of the features and 

limitations of this method. 

 

Design of MRI Gradient Coils on Non-developable Surface 

Hao Ren, Hui Pan, Feng Jia, Jan G. Korvink and Zhenyu Liu 

Abstract: Magnetic resonance imaging (MRI) as a medical imaging diagnostic method has 

been applied increasingly in recent years. Gradient coil is an important part of the MRI 

system, which generates a gradient magnetic field to spatially encode magnetic resonance 

signals. The linearity of gradient magnetic generated by the gradient coil has a major 

influence on the imaging resolution of the MRI system. In addition, while the distance 

between the current-carrying surface of the gradient coil and the detected object decreases, 

the effective range and quality of the imaging area is increasing.  

Currently, most of the existing gradient coils use cylindrical surface as the current-carrying 
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surface. In recent years, a hyper-elliptic cylindrical gradient coil that is closer to the shape 

of the human torso has also been proposed. However, the sufaces of these gradient coils are 

developable surfaces. For the purpose of a variety of practical needs, it is necessary to extend 

the current-carrying surface from the developable one to the non-developable surface. 

However, the available design method can only work on developable surface. This article is 

to research how to implement a design method of MRI gradient coils on non-developable 

surfaces.  

For solving electromagnetic partial differential equation (PDE) problem using finite element 

method (FEM) in curved surface, the convergence and approximation errors of the numerical 

solution strongly depend on the quality of the surface mesh. In order to guarantee the 

curvature of the discrete polyhedral mesh converge to the original surface curvature, a 

geodesic Delaunay triangulation is used to mesh the current-carrying surface. The 

distribution of the surface current is solved by using surface partial differential equations 

(PDEs) via the finite element method (FEM). And the distribution of the magnetic field is 

calculated by using the Biot-Savart formula based on the current distribution on the current-

carrying surface. Moreover, the topological optimization method is used to design the layout 

of gradient coil on non-developable surface. A gradient coil on spherical surface is used to 

illustrate the effects of the proposed design method (Figure 1). 

 

Partial non-rigid shape correspondence method based on diffusion geometry 

Kang Wang, Xiaohui Tan and Zhongke Wu 

Abstract: Shape correspondence is the foundation of 3D shape analysis. Searching for a 

meaningful relationship or mapping between their elements from 3D shapes is the main 

content of the shape correspondence research, which is a challenging problem. Partial non-

rigid shape it not only has non-rigid deformation but also includes some other 

transformations such as topology changes and scaling, which increases the difficulty in the 

shape correspondence between partial non-rigid shape and complete shape. In order to solve 

these issues, this paper studies the corresponding methods of partial non-rigid shape based 

on the theory of diffusion geometry. The partial non-rigid shape descriptors will be defined 

based on diffusion geometry to deal with the boundary and topological noise problems. And 

a process is introduced for detection of maximally stable extremal regions based on the edge 

descriptor in order to reduce the search space of the corresponding algorithm and improve 

the efficiency of the algorithm. Finally, a dense corresponding method is proposed based on 

predictive function. 
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Image Compression with Automatic Anisotropic Mesh Adaptation by Metric Tensor 

and Error Estimation 

Jia-Xin Zhao, Feifei Shang and Hua Ding 

Abstract: Triangular mesh has been wildly used in computational mechanics, to build a 

discretization of a domain. In this paper, a new methodology of image compression is 

proposed, the anisotropic mesh will be built automatically and directly from images. It may 

interpolate the image information on the initial mesh, and then adapt the anisotropic mesh 

based on the computed estimation error and metric tensor, iteratively improve and store the 

image information on mesh with much fewer number of nodes than the number of pixels. 

The linear spline approximation on this mesh may approximately represent the original 

image, with a high compression ratio. Applications show that the proposed method could be 

applied on image compression and image representation. 

 

Comparison of Skull Similarity Based on SPCA 

Xin Zheng, Junli Zhao, Fuqing Duan and Zhenkuan Pan 

Abstract: As an important biological feature of the human, the skull plays an active role in 

assisting experts, witnesses of cases, and family members of victims to perform criminal 

investigation and judgment. This paper proposes a method based on Sparse Principal 

Component Analysis (SPCA) for comparison of skull similarities. Compared with Principal 

Component Analysis (PCA), SPCA can not only effectively reduce the data dimension, but 

also produce sparse principal components that are easy to interpret. The experimental results 

show that the dimensionality reduction data of SPCA is superior to PCA in the aspects of 

complexity, discrimination, stability, and interpretability. And each principal component of 

PCA is a linear combination of all original variables, it is difficult to explain the 

corresponding relationship between principal components and features, and the SPCA makes 

the loadings sparse, thus highlighting the main part of the principal component, which can 

solve the problem that PCA can't explain the result. The comparison results show that the 

comparison of skull similarity based on SPCA is simpler and stable, which can provide an 

effective direction for the improvement of craniofacial reconstruction, improve the accuracy 

of craniofacial reconstruction, and obtain better reconstruction effects. 
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Publications 

Elsevier CAGD – Computer Aided Geometric Design 

Elsevier GMOD – Graphical Models 

Special Issue on “Isogeometric Analysis and Mesh Generation” 

Guest Editor: David Xianfeng Gu (Stony Brook University, USA), Hang Si (WIAS, 

Germany), Zhongxuan Luo (DUT, China), Na Lei (DUT, China) 

Theme. Isogeometric analysis (IGA) is a recently developed computational approach, which 

has great potential to integrate finite element analysis (FEA) into conventional NURBS-

based CAD design tools. Comparing to the conventional Finite Element Method, IGA 

coherently fuses both CAD and CAE fields and has demonstrates many merits: it is 

unnecessary to convert Spline models to meshes and vice versa, subdivision becomes much 

simpler without loss of geometric accuracy, it is more convenient to solve problems with 

high order continuity and so on. IGA has been broadly applied for analysing solid and fluid 

mechanics, electric-magnetic fields design and crack propagation. The IGA approach 

requires the advancements of structured hexahedral meshing techniques, in order to 

construct solid Splines, namely the so called holy-grid problem. Furthermore, the IGA 

method needs the developments of novel Spline theories and schemes. All these novel 

developments will advance the CAGD, CAE fields, and benefit Computer Graphics, Digital 

Geometry, Computational Geometry and Machine vision fields. 

Main topics. This Special Section of the Graphical Models Journal, published by Elsevier, 

covers a range of topics on the fundamental theories, numerical schemes, algorithmic design 

and practical applications of Isogeometric Analysis, advanced Mesh Generation in the 

context of Computer-Aided Geometric Design, Digital Geometric Processing, 

Computational Geometry, Computer Aided Engineering, Computational Mechanics and 

related research fields. The topics range from discrete geometric theories, mesh generation 

algorithms, to real applications in manufacture industry. The list of suggested topics includes 

but is not limited to: 

Isogeometric Analysis 

Volumetric Spline Fitting 

Surface Spline Fitting 

Extraordinary Point Analysis 

Quad-Mesh Generation 

Hex-Mesh Generation 

Unstructured Mesh Generation 

Topological Optimization 

Geometry processing applications 

 

Surface parameterization 

Shape modelling applications 

Shape matching and comparison 

Dynamic Surface Tracking 

Shape analysis and retrieval 

Applications to Computer Graphics 

Applications to Computational Geometry 

Application to Computer Vision 

Applications to Medicine (e.g., brain and 

neuro-image analysis) 

https://www.journals.elsevier.com/computer-aided-geometric-design
https://www.journals.elsevier.com/graphical-models
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Introduction of Dalian University of Technology 

 

Dalian University of Technology is the first formal university of a new type founded by the 

Communist Party of China on the eve of the founding of the People’s Republic of China, for 

the construction of China's industrial system. 

Dalian University of Technology (DUT) is a national key university administrated directly 

under the Ministry of Education of China, which is also sponsored by Project 211 and Project 

985. DUT keeps fostering elites, promoting science and technology, inheriting excellent 

cultures and guiding the social climate as its mission, adheres to DUT spirit of “Unity and 

Progress, Truth and Innovation”, dedicates itself to the creation, discovery, impart, 

conservation and application of knowledge, and endeavors to undertake social 

responsibilities to serve the country and the world. 

At present, DUT continues to adhere to the fundamental task of setting high moral values 

and cultivating people, keep the primary mission of educating talents, deepen the 

comprehensive reform, strengthen characteristics of connotation, and strive to build a world-

class university with Chinese characteristics. 
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Introduction of International School of Information 

Science & Engineering 

 

International School of Information Science & Engineering, Dalian University of 

Technology and Ritsumeikan University (DUT－RU ISE) was founded in March 2013. It is 

one of the secondary schools of Dalian University of Technology (DUT) approved by the 

State Ministry of Education. DUT-RU ISE is the first Sino-Japan cooperatively-run school 

at undergraduate higher education level. It is a model for the collaboration between famous 

universities of China and Japan. DUT-RU ISE initiated the cooperative operation on 

education of academic diploma level between China and Japan. 

Adopting the “4+0” and “2+2” cultivation mode, DUT-RU ISE is recruiting undergraduates 

for software engineering direction (Sino-Japan joint operation) and will expand recruitments 

to internet of things engineering direction (Sino-Japan joint operation) and digital media 

direction (Sino-Japan joint operation) in the future. All major courses are bilingual classes 

taught either in Japanese or English, among which half of the core courses are taught by 

either Japanese teachers from Ritsumeikan University or excellent Chinese teachers with 

overseas education background and PhD diploma. Japanese and English classes are designed 

as small-class teaching in order to guarantee the quality. DUT-RU ISE also set up the “two-

tutor system” mode of graduation design with its unique feature based on the “tutorial system” 

mode of graduation design introduced from Ritsumeikan University (ranked 1st in the 

Japanese University comprehensive evaluation index). 
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Introduction of National Natural Science Foundation of 

China 

The National Natural Science Foundation of China (NSFC) was established on February 14, 

1986. It is an institution directly under the jurisdiction of the State Council, tasked with the 

administration of the National Natural Science Fund from the Central Government. 

Since its establishment, NSFC has comprehensively introduced and implemented a rigorous 

and objective merit-review system to fulfill its mission of supporting basic research, 

fostering talented researchers, developing international cooperation and promoting 

socioeconomic development. 

The administrative system has been well developed and improved for the decision-making 

of the funding policy, the implementation of funding programs and the supervision of 

funding operation. The management system of project implementation and a complete set of 

regulations have been formulated. 

It has gradually established its funding system focusing on the three categories of programs 

those include research promotion, talent fostering and infrastructure construction for basic 

research. 

Along with the continuously increasing investment in basic research by the government, 

NSFC’s annual budget has increased from 80 million RMB in 1986 to 17 billion RMB in 

2012. At present, about 38,000 new awards to over 1500 host institutions are granted per 

year, and most of these awards go to individuals or groups of investigators. Others provide 

funding for instruments and facilities that allow scientists to work at the outer most frontiers 

of knowledge.  

NSFC encourages international cooperation and exchange in basic research. It has signed 70 

Cooperative Agreements or MoUs with partners in 35 countries and regions. 

Looking ahead, NSFC will stress on the following aspects in its future development: 

innovative research, talents cultivation, international cooperation and management of 

excellence. NSFC is proud to be a key contributor to the progress and prosperity of Chinese 

basic research, and meanwhile grow along with it. 
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Organizer & Committees 

Organizer 

DUT-RU International School of Information Science & Engineering, Dalian University of 

Technology. 

National Natural Science Foundation of China 

Honorable Chair 

Thomas J.R. Hughes (UT Austin, USA) 

General Chair 

Zhongxuan Luo (DUT, China) 

Program Committees 

Co-Chairs 

David Xianfeng Gu (SBU, USA), Hang Si (WIAS, Germany), Na Lei (DUT, China) 

Members  

Yuri Bazilevs (UCSD, USA) 

Falai Chen (USTC, China) 

Jianjun Chen  

(Zhejiang University, China) 

Jiansong Deng (USTC, China) 

Jin Huang (Zhejiang University, China) 

Shuming Gao  

(Zhejiang University, China) 

Xu Guo (DUT, China) 

Haojie Li (DUT, China) 

Xin Li (USTC, China) 

Risheng Liu (DUT, China) 

Alessandro Reali (University of Pavia, Italy) 

Xevi Roca  

(Barcelona Supercomputing Center, Spain) 

Suzanne Michelle Shontz  

(University of Kansas, USA) 

Shengfa Wang (DUT, China) 

Gang Xu (Hangzhou Dianzi University, China) 

Jessica Zhang  

(Carnegie Mellon University, USA) 

Organization Committees 

  Chair: Xiaopeng Zheng (DUT, China) 

Members:    Zhuo Wang (DUT, China)      Tao Han (DUT, China) 

Wei Chen (DUT, China)        Boyang Wu (Jilin University, China) 

Jing Li (Jilin University, China)  Ping Zhang (DUT, China) 

http://users.ices.utexas.edu/~hughes/
http://faculty.dlut.edu.cn/1988011064/zh_CN/index.htm
http://www3.cs.stonybrook.edu/~gu/
http://www.wias-berlin.de/people/si
http://faculty.dlut.edu.cn/leina/en/
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The View of Dalian 

Dalian is located in the Liaodong Peninsula, in North China and it is the greenest city, she 

has many titles, such as the China Excellent Tourism City, garden city, the United Nations 

awarded the "world 500" city. Dalian is a beautiful seacoast city and famous for tourism. 

The best time for tourism is from May to the end of October. The year-round average 

temperature in Dalian is 10.5 centigrade degree. Especially in summer, Dalian become a city 

yearned by people who want to take shelter from the hot summer. 

 

Dalian is a place where you can find natural scenes of stunning beauty, amiable climate, 

stylish architecture, comfortable beaches and summer tourist resorts. The widespread 

gardens and circuses are good decorations of the city. In the north of the city, there is the 

Golden Pebble Beach National Tourist Resort, where one can see typical sea-corroded 

landscape and landform of coastal cast, and the Almighty’s master piece — the unique 

“turtle-shell rocks”. Golden Pebble Beach National Tourist Resort stretches more than 30 

km long coastline, condensed 3-9 million years’ geological wonders. It is honored as “divine 

sculpture park”. 

 

 

 

Dalian is renowned for its emerald lawns and for its blooming flowers. The best way to see 

these splenders in all their delights is to visit one of Dalian's squares. The urban area of 

Dalian has more than 100 squares — that forms the striking feature of its town planning, 
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which outshines any other major city in China. 

 

The numerous squares can be compared to inlaid pearls, or resemble musical notes written 

in one’s imagination. The comeliness of the Sea Melody Square, the manliness of Xinghai 

Square, the elegance of Zhongshan Square and the meaningfulness of the Renmin Square, 

all present a galaxy of pleasure to one’s eyes, intoxicate one’s heart and crystallize into a 

dulcet memory. As the city’s drawing room, the citizens flock to these squares to relax, 

communicate, and exercise. Similar to a cosmopolitan European city, many of these squares 

are frequented by doves and have beautiful fountains, some even have Greek sculptures and 

Parisian lamps in them. 

 

 

 

Dalian female Rangers as symbol of Dalian city is a beautiful scenery in Dalian, they have 

a horseback rose praise. It is possible that you can see them when you visit the Xinghai 

square — the largest city square in Asia. It was founded in December 1994, and it plays an 

important role in public. To most visitors who come to Dalian for touring, taking photos with 

woman mounted police has become an essential activity. 
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Details 

Location & Traffic 

  

Conference Venue: Hi Chance (Dalian) Science & Technology Center 

        507 Huangpu Rd, Ganjingzi Qu, Dalian, Liaoning Province, China 

 

From Dalian Zhoushuizi International Airport 

Dalian Zhoushuizi International Airport is about 14 kilometers from the venue. 

Taxi: About 32 minutes, 40 RMB. 

Bus: About 60 minutes. We need to walk from Dalian Zhoushuizi International Airport to 

Airport bus station. Take bus 532/1101/1104/1105/1106/2003, after 9 bus stops, get off at 

Xinggong street bus stop, transfer to the bus 10 at the same station, after 18 bus stops, get 

off at Ling Nan road east station. 

Subway: About 63 minutes, get on at Dalian Zhoushuizi Airport subway station, subway 

line 2 through 8 station, get off at Xi’an road subway station, transfer to the subway line 1 

at the same station, through 7 station, and get off at the maritime university metro station. 

Tips: As there is a lot of traffic during the meeting, it may increase the travel time, and it is 

suggested to be prepared in advance. 

From Dalian Railway Station 

Dalian Railway Station is about 13 kilometers from the venue. 

Taxi: About 25 minutes, 35 RMB. 

Bus: About 42 minutes. Take bus 531 and get on at Dalian railway station, after 18 bus stops, 

get off at Jinhui high-tech station. 
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Subway: About 55 minutes, walking from Dalian station south to friendly square subway 

station, subway line 2 through 5 station, get off at Xi’an road subway station, with the change 

to the subway line 1, after 7 station at the maritime university metro station to get off. There's 

no traffic risk. 

From Dalian North Railway Station 

Dalian North Railway Station is about 20 kilometers from the venue. 

Taxi: About 30 minutes, 50 RMB. 

Bus: About 73 minutes. We need to walk from Dalian North Station to Min Yue square 

station. Take bus 1108/2004, after 19 bus stops, get off at Shahekou railway station, Transfer 

to the bus 10 at the same station, after 21 bus stops, and get off at Ling Nan road east station. 

Subway: About 60 minutes, get on at Dalian North Railway Station, subway line 1 through 

18 station, get off at the maritime university station. There's no traffic risk. 

Registration Date & Location 

Date: 14:00 – 21:00, August 2, 2018 & 08:30 – 09:30, August 3, 2018 

Location: Lobby, Hi Chance (Dalian) Science & Technology Center 

Wifi 

Free Wifi Account: HCJG-Hotel 

Sponsor 

 

Dalian University of Technology 

 

 

National Natural Science Foundation of 

China 

 

DUT-RU International School of Information Science & Engineering,  

Dalian University of Technology 

Contact  

Mr. Wu (Secretary of IGA&Mesh 2018) 

Email: igam2018@conformalgeometry.org
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