
Topological Optimization for 3D printing
using Voronoi Diagrams

Left: shape optimization of a quadcopter (from Thingiverse); Right: a Voronoi
diagram that represents the shape being optimized.

Topic: Developing a new computational method for topological shape opti-
mization for additive manufacturing (3D printing)

City and country: Nancy, France

Name and mail of the advisor: Bruno Lévy, ALICE team, Bruno.Levy@
inria.fr

Name and mail of the head of the department: Sylvain Petitjean,
Sylvain.Petitjean@inria.fr

General presentation of the topic: Recent development of additive manu-
facturing technology (3D printing) makes it possible for the first time to create
shapes with internal sructures or intricate geometries that were otherwise com-
pletely impossible to manufacture using traditional ways. This makes it possible
to directly use the result of mathematical algorithms that compute the shape
that is best adapted to a certain task, for instance resisting mechanical loads,
or conducting heat in a prescribed manner.

Objectives of the internship: The objective of this internship is starting ex-
perimenting with a new algorithm for topological optimization, where the shape
to be optimized is represented as a Voronoi diagram, a well known structure in
computational geometry. We think that the representation as a Voronoi diagram
will make it possible to adaptively capture the fine-scale geometric details of the
optimal geometry. The first step will consist in expressing the functional of the
optimization problem (compliance) in terms of Voronoi diagram, and compute
its derivative with respect to the parameters that define the Voronoi diagram
(a set of points called generators, and possibly some prescribed cell volumes).
The second step will consist in developing an optimization algorithm, and start
experimenting with an implementation.
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Expected abilities of the student:
Taste for geometric algorithms, numerical algorithm, and some programming
abilities (C++). Enthusiasm is a must !
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