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1. 计算域参数化问题的由来



Isogeometric analysis（等⼏何分析）
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Parameterization of  computational domain

• Open problem 







IGA-meshing













计算域参数化质量对分析结果影响 CAD2013



计算域参数化质量对分析结果影响 CAD2013



Problem statement 



Main difficulties 

• Trimmed surface
• Complex topology
• Analysis-suitable



Related work on parameterization for IGA

Ø Analysis-aware optimal parameterization
E. Cohen et al.(CMAME, 2010) , Xu et al.(CMAME,2011), Pilgerstorfer et al ( CMAME, 2013)

Ø Volumetric spline parameterization from boundary triangulation 
T. Martin et al.(CMAME, 2009), Zhang et al.(CMAME, 2012).

Ø Analysis-suitable planar parameterization from spline boundary 
Xu et al.(CAD, 2013), Gravessen et al.(CMAME, 2014), Xu et al. (CMAME, 2015),

Nian (CMAME, 2016), Kapl M. et al. (CMAME, 2016) , Buchegger and Jüttler (CAD, 2017)

Ø Analysis-suitable volume parameterization from spline boundary
Xu et al.(JCP, 2013),  Zhang et al.(CM, 2012)，Chan et al (CAD, 2017) ,

Haberleitner and Jüttler (CAD, 2017)











2. 计算域参数化的质量评价



Analysis-suitable parameterization（XU 2011)



Analysis-suitable parameterization（XU 2011)



Analysis-suitable parameterization（XU 2011)



Analysis-suitable parameterization（XU 2011)



IGA刚度矩阵条件数

The condition number of the stiffness matrix, which is a key 
factor for the stability of the linear system, depends strongly on 
the quality of the domain parameterization

条件数是一个表征矩阵稳定特性的标志,条件
数越大,说明矩阵越不稳定，对数值计算求解
器的性能有较大影响

1. In order to obtain a small bound, 
the lengths of both partial 
derivatives should be close to 
equal，and the angle between 
them should be close to 90.

2. Furthermore, elements with a 
small area should be avoided, i.e., 
the area should not vary too much 
between elements in the physical 
domain



3. 计算域参数化方法
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Multi-block case



Variational harmonic method
( Journal of  Computational Physics, 2013)









Two examples（1/2）



Two examples（2/2）



Volume parameterization with variational harmonic method



Overview







3D example I



Boundary reparameterization for volumetric
parameterization (Computational Mechanics, 2014)

Goal: construct optimal Möbius reparameterization of boundary 
surfaces to achieve high-quality isoparametric structure without 
changing the boundary geometry



Möbius reparameterization 

New NURBS surface with
the same control points

but different weights
and knot vectors



Optimization method

• Find the optimal

such that the reparameterized NURBS surface
minimizes the following objective function



Reparameterization for VP problem








