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Abstract  Living creatures interact with the natural environment in the long process of evolution
and have high adaptability to the environment. Through natural selection, various microstructures
with complex shapes and excellent properties have been formed. These microstructures have a
series of unique physical properties. In recent years, microstructures have also received increasing
attention in industrial manufacturing, tissue engineering, and biomedicine. Inspired by micro-
structures in nature, bionics is based on the principles of engineering mechanics to simulate and
optimize the geometrical expression, structural combination, and physical properties of objects’
microstructures. The shape of microstructures fabricated based on traditional manufacturing
methods is relatively simple, but the emergence of additive manufacturing (also known as 3D
printing) has broken this limitation. The rapid development of additive manufacturing technology
has promoted the application of complex geometric structures in industrial production such as
aerospace, auxiliary medical care, and transportation. Geometric microstructures that are widespread

in nature and have excellent physical properties can be prepared by 3D printing. The geometric
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microstructure specifically refers to a geometric structure with a very small size relative to the
model as a whole. Its shape can usually be defined in a small and regular geometric space with
periodic boundary conditions, such that a given model can be filled with periodic paving. Designing
geometric microstructures to achieve specific physical performance goals has become a research topic
in the intersection of computer-aided design, computer-aided engineering, mechanical engineering,
and material science. In this paper, the geometric structure design method concerned in computer
graphics is the core, and the different design and optimization methods of microstructure are listed
and analyzed. First, this article introduces the design requirements of geometric microstructures
from the perspectives of geometric constraints and physical goals; then, the design methods of
geometric microstructure units are described in detail from the three types of optimization methods,
parameterization methods, and procedural methods. In addition, this article also summarizes the
synthesis methods of geometric microstructure units in a given shape space. Finally, this article
discusses the problems to be solved in the current research on geometric microstructure design
and the possible development direction.

Keywords microstructure; structural design; structural optimization; 3D printing
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The microstructures in nature have a series of unique
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Unlike the existing research reviews of microstructures,
this article focuses on the structural design methods concerned
in the field of computer graphics. It mainly discusses the design
and optimization of microstructures based on single-material
3D printing. This article reviews the geometric microstructure
design work under single material, systematically sorts the
main design methods of single material geometric microstructure,
and groups them into optimization, parametric, and procedural
methods. At the end of this article, a series of challenging
problems and potential research topics worthy of further
exploration are discussed.
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