
Motivation
Ÿ Implicit function methods such as level-set  method, although 

attractive, require periodic reinitializations to maintain signed 
distance characteristics for numerical convergence

Ÿ Polygonal/polyhedral elements circumvent the mesh bias caused 
by the intrinsic simplex geometry of standard finite elements 
(triangles/tetrahedra or quads/bricks)

Ÿ Explore general and curved domains rather than the traditional 
Cartesian domains (box-type) that have been extensively used 
for topology optimization
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Conclusions
Ÿ Implicit function-based phase field method offers a general 

framework for topology optimization on arbitrary domains

Ÿ Meshes based on simplex geometry such as quads/bricks or 
triangles/tetrahedra introduce intrinsic bias in standard FEM, but 
polygonal/polyhedral meshes do not.

Ÿ Polygonal/polyhedral meshes based on Voronoi tessellation  not 
only remove numerical anomalies such as one-node connections 
and checker-board pattern but also provide greater flexibility in 
discretizing non-Cartesian design domains.
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Polygonal Finite Elements

Laplace shape function for node     is defined as:

Natural neighbor scheme based Laplace 
interpolants to construct a finite element 
space of polygonal elements

Simple approach to discretize complex 
geometries using polygonal/polyhedral meshes
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Extensions

Natural extension to 3D 
using polyhedral meshes

Courtesy: Stromberg et. al.

Phase field method with 
sharpness control of diffuse 
interfaces offers an attractive 
framework for phononic 
metamaterial cloaking design

Courtesy: Pendry et. al., Science 312

Phase field method 
using polyhedral 
meshes paves the way 
for medical engineering 
applications including 
craniofacial segmental 
bone replacement

Courtesy: Sutradhar et. al., PNAS
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