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Abstract. The homogenization method has regained interest in topology optimization due to the
advances in additive manufacturing, which enable the fabrication of structures with complex,
locally periodic microstructures. In this context, controlling the effective anisotropy of the
microstructure is a key aspect to tailor the structural response. In this work, it is proposed that a
geometric parameterization of the periodic unit cell based on Bravais lattice theory, allowing the
cell shape to vary while preserving its area. By modifying one of the primitive vectors in a two-
dimensional setting, geometric anisotropy is introduced, even when starting from an isotropic
base material. The effective elastic properties are obtained by solving the unit cell problem under
periodic boundary conditions, and the evolution of the homogenized tensor components is
systematically analyzed as a function of the geometric parameters. It is quantified the resulting
structural anisotropy and identify configurations that maximize directional stiffness. Unlike
classical rank-2 approaches based on material rotation, the proposed method relies on cell
deformation, offering a distinct and versatile way to control anisotropy. As a natural extension, de-
homogenization strategies are discussed to reconstruct manufacturable microstructures from the
homogenized optimal fields, ensuring local periodicity and cell orientation. The framework
provides a systematic pathway for designing lattice materials with tailored anisotropic behavior,
bridging the gap between homogenization-based optimization and additive manufacturing.
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