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1. PhD thesis description
PhD Title

Generative design of structures integrating digital materials based on artificial intelligence and
robotic systems programming for 4D printing

Keywords

Design; 4D printing; Smart materials; Additive manufacturing; Robotic; Artificial Intelligence

Presentation of the research team

The ICB UMR 6303 CNRS lab at Univ. Bourgogne Franche-Comté / Belfort-Montbeliard University of
Technology is composed of six research departments in which COMM department leads research
efforts on design, modeling and optimization of mechanical systems. In such a department, three
issues are currently addressed:

1. Mechanical modeling and optimization;
2. Manufacturing processes and techniques optimization;
3. Advanced design of mechanical systems.

Among these research works, a cross research theme — led by Prof. Frédéric Demoly — has recently
been emerged in order to address the design, modeling and optimization for 4D printing of
transformable systems. Therefore, this PhD thesis proposal is part of this aforementioned theme, fully
innovative regarding current scientific issues in France or even within the international community,
more specifically at Georgia Institute of Technology and University of Colorado.

Description of the PhD subject

Based on these current technological advances, the path of multi-material 4D printing can be
understood as a disruptive and interdisciplinary risk-taking. This scientific orientation breaks
voluntarily with the work of the key actors of the 4D printing field. Indeed, the innovative work of the
ICB UMR 6303 CNRS laboratory opens up promising prospects for the creation of a start-up company
in the medium term, claiming advanced design/simulation methodologies, software tools coupled with
artificial intelligence (Al) and a hybrid 4D additive manufacturing system using poly-articulated robots.

These first technological bricks require user feedback, essential for continuous improvement and
adoption, but especially scientific and technological reinforcements. Thus, the proposed thesis topic
concerns the generative design of Al-based multi-material structures for 4D printing. The originality
lies, on the numerical level, in designing objects capable of changing shape by exploiting different
representations (geometric skeletons, solids and voxels). These representations are essential to
integrate business knowledge and constraints, but also to apply qualitative (symbolic Al) and
quantitative (connectionist Al) reasoning. The representation of 3D/4D objects based on voxels,
exploiting digital materials, raises the greatest number of scientific issues regarding the need for
reasoning on how to distribute properties and materials in the design space, but also for the control
of the manufacturing phase. The manufacturing of 4D composite objects (multi-materials), involves
multiple strategies to investigate.
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Prof. Samuel Gomes
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Candidate skills

Mechanical design and modeling, materials science, robotics, open-mindedness, autonomy,
programming skills, motivation for entrepreneurship.

Application

Applicant must send CV, motivation letter, and transcripts to frederic.demoly@utbm.fr by 05/15/2022.
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