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Towards Photorealistic and Efficient Human Avatars:
Novel Representations and Real-time Strategies

Abstract

Human avatars are vital to AR/VR, telepresence, and digital content, yet industrial pipelines still demand
complex capture rigs and significant manual labor. This thesis advances photorealistic, efficient avatar
reconstruction to lower cost and improve deployability.

First, Neural Deformable Fields (NDF) models a person as a deformable radiance field wrapped around a
parametric body and driven by Linear Blend Skinning. By aligning observations into a canonical space and
adding a non-linear deformation module for subtle pose-dependent effects, NDF trains from only four cameras
while rendering high-fidelity novel views.

Second, Neural Explicit Surface (NES) replaces purely implicit fields with a deformable mesh. Optimized
with volumetric rendering but rendered via mesh rasterization, NES computes signed distances explicitly and
achieves real-time performance.

Third, Mesh-Centric Gaussian Splatting (MCGS) boosts training efficiency by converting dense per-ray
sampling into sparse multi-layer sampling around a base mesh. Gaussian ellipsoids, reweighted by signed
distance, supervise the mesh, enabling high-quality results with training times around 40 minutes.

Finally, Volumetric Mesh (MolMesh) removes splatting and adopts pure mesh operations: iterative
multi-layer rasterization and depth fusion produce images directly, maximizing compatibility with established
production pipelines. Integrated with physically based rendering, VolMesh supports realistic, efficient
relighting.

Collectively, these methods reduce capture requirements, accelerate training and rendering, and deliver
production-friendly, mesh-based human avatars without sacrificing photorealism.
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