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3D Shape Generative Model based on DeepSDF incorporating Structural Mechanics
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We propose a deep generative model for 3D shapes that incorporates structural mechanics parameters and
utilize a dataset of 6,667 shapes created by topology optimization. Our model is based on DeepSDF, a
decoder-type neural network that implicitly represents shapes as signed distance functions (SDFs). We
extend DeepSDF to condition the shape generation on structural mechanics parameters such as strain energy,
load direction, volume, and dimension. Additionally, we introduce positional encoding to enhance spatial
resolution. Our dataset comprises various 3D shapes generated by a linear topology optimization method
using the building-cube method. We use strain energy, quantified through Eulerian elastoplastic analysis,
as a quantitative indicator of shape structural performance. We train our model on the dataset and evaluate
its ability to generate 3D shapes. The results demonstrate that our model can produce 3D shapes with high
fidelity and diversity, achieving an accuracy of 93.1% for shapes generated based on mechanical parameters.
Our model and dataset open up new possibilities for 3D shape generation and structural design using deep

learning.
Key Words : 3D Generative model, Structural mechanics, DeepSDF, Topology optimization, Capacity
Computing
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