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3D model hole filling in cultural relics’ facial reconstruction

fusion diffusion model
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Abstract In the field of 3D geometric modeling, a hole refers to the incompleteness on the surface of a 3D
model, often arising during data acquisition, processing, or transformation. The presence of such holes can

significantly impact the geometric integrity and visual quality of the model. In the domain of cultural heritage
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preservation, traditional hole-filling techniques focus on the repair of geometric surfaces, neglecting the resto-
ration of texture information, which is crucial for recovering the authenticity and material characteristics of arti-
facts. This paper proposes a diffusion model method that combines geometric and texture repair, particularly
suitable for the restoration of facial models of cultural relics. Due to the absence of ground truth for facial mod-
els of cultural relics, this study uses similar incomplete Asian facial models for evaluation. Given the scarcity
of publicly available Asian facial datasets, this paper constructs an Asian facial dataset comprising approxi-
mately 20 000 Asian facial images, corresponding 3D models and textures, as well as high-fidelity facial ima-
ges rendered from the models. Experiments are first conducted on the constructed dataset to validate the effec-
tiveness of the proposed method. The results show that compared to existing benchmark methods, our method
achieves significant improvements in facial imageinpainting and simultaneously repairs the geometric surfaces
and texture information of the facial 3D models. Subsequently, the proposed repair technique is applied to fa-
cial models of cultural relics, and experiments confirm its excellent performance in both geometric and texture
repair of the relic facial models. These findings provide an effective technical means for the digital restoration

of facial models of cultural relics, contributing to the enhancement of the quality of cultural heritage preserva-

tion and digital exhibition.
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Fig.2 Process of repairing cultural relic facial models
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Fig. 10  Restoration effect of cultural relic facial model
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