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Multi-camera-based 3D Facial Reconstruction System
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Abstract

This study proposes a system for reconstructing realistic 3D facial models from synchronized high-resolution images captured by
a multi-camera setup. The proposed framework consists of four main components: (1) multi-camera hardware configuration and
synchronization, (2) an operational checklist to ensure capture quality, (3) photogrammetry-based 3D reconstruction with coordinate
alignment, and (4) texture synthesis combined with reprojection-based quality evaluation. Using a rig of approximately 60 cameras
arranged in frontal, lateral, and oblique positions, together with uniform illumination and marker-based alignment, we achieve
high-resolution facial representations that maintain photometric consistency with the input images. The reconstruction quality is
evaluated through mask-based PSNR/SSIM metrics and reprojection error analysis, demonstrating visual fidelity comparable to real
captured footage. The proposed system provides a technological foundation for generating 3D facial representations with optical
characteristics closely resembling real video recordings.
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Fig. 6. Example of reprojection-based quality assessment, (a) Original image (front view), (b) Overlap of original
and reprojected result (front view), (c) Difference map between original and reprojected result (front view), (d) Original
image (side view), (e) Overlap of original and reprojected result (side view), (f) Difference map between original

and reprojected result (side view)
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Fig. 7. Comparison of VGGT reconstruction results by view type and reprojection, (a) Reconstruction from seven frontal views,
(b) Reconstruction from a single frontal view, (c) VGGT reprojection image
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Table 1. Quantitative results of reprojection-based quality assessment
(best and worst cases)

Metric PSNR (Including Background) [dB] | SSIM Lpips
Highest 38.032 0.994 | 0.05747
Smallest 28.438 0.9678 |0.009476

¥ 2 AMEE =8 E2 Hlu 23 (HH vs ZH)
Table 2. Quantitative results according to camera view (frontal vs later-
al)

View Type | PSNR (Including Background) [dB] | SSIM Lpips

Frontal 38.032 0.994 | 0.05747
Lateral 32.58 0.968 | 0.0203
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Table 3. Quantitative results of reprojection-based quality assessment
for learning-based model (VGGT) (best and worst cases)

Metric PSNR (Including Background) [dB] SSIM
Highest 33.19 0.7555
Smallest 27.66 0.1406
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