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Abstract

Recent developments in smartphone-based avatar reconstruction
have made the creation of personalized and realistic avatars signifi-
cantly more accessible. However, relying on one smartphone cam-
era leads to capturing images sequentially, which introduces new
challenges; particularly longer capture times increase the suscepti-
bility to subject motion, which results in degraded reconstructions.
We present a novel approach for smartphone-based avatar recon-
struction that combines photogrammetry, silhouette constraints,
and inverse rendering to produce high-fidelity, realistic avatars
free of motion-induced artifacts. By using short, motion-resilient
image sequences, referred to as sub-scans, we considerably reduce
motion-induced artifacts. Our pipeline achieves high visual quality
while offering improved robustness and outperforms current state-
of-the-art methods in terms of computation time and accuracy.
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1 Introduction

The growing availability of consumer-grade Virtual Reality (VR)
devices has led to an increased number of use cases for VR - ranging
from gaming and social applications to therapy scenarios [50]. In
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social VR and therapy applications in particular, the faithful and
realistic visual representation of the user is of crucial importance,
as it directly influences the feeling of embodiment and thus the
immersion of the entire experience [16, 25, 47, 51].

As aresult, research into avatar reconstruction has risen in recent
years. These reconstruction methods often use large multi-camera
rigs [1, 12, 34], which produce photorealistic avatars, but require
specialized personnel to operate, are expensive due to the amount
of high-end cameras, and are location-bound. To overcome these
issues, other approaches use monocular camera/smartphone in-
put instead. Although this greatly reduces costs and makes it less
location-bound, the usage of monocular cameras leads to longer
scanning procedures, which introduce new problems, in particu-
lar unintentional motion during the scanning process. Some ap-
proaches use photogrammetry for high geometric detail but ignore
the potentially occurring motion of the subject, tolerating possible
artifacts [35, 56]. Others utilize silhouette constraints to improve
the robustness of the fitting, but geometric detail and quality of
the texture are not satisfactory [3-5]. Recent avatar reconstruction
methods [17, 18, 22, 23, 41, 43, 53, 58] based on Neural Radiance
Fields [36] or 3D Gaussian Splatting [24] better incorporate the
occurring motion into their fitting/training process. They often
use inverse rendering frameworks, but the outcomes are (often)
unsuitable for VR applications, due to slow inference time, slow
rendering, and visual artifacts.

We present a novel avatar reconstruction method that leverages
the advantages of photogrammetry, silhouette constraints, and in-
verse rendering to create high-fidelity avatars from smartphone im-
ages. We split the input image sequence into distinct subsequences
to generate several point clouds that do not contain motion-induced
artifacts. After that, we fit a high-resolution mesh-based template
model to the different resulting point clouds and additionally use
silhouette constraints to compensate for remaining motions within
each subsequence. This results in realistic, personalized, and VR-
ready full-body avatar.

2 Related Work

This section provides an overview of the current state of research
on avatar reconstruction. We first group approaches by the type of
representations used for the resulting avatar models; second, we
describe methods categorized by the scanning device.
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