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Abstract. The representation of 3D clothed humans as standardized 2D
UV texture and displacement maps over an underlying body model has
long been studied. This compact representation is enticing as it enables
pretrained image networks to process, generate, and edit 3D avatars, but
is only useful if scans are accurately aligned and brought into correspon-
dence via high-fidelity registration. This prerequisite has never been met,
which we argue explains the limited quality of prior UV-based methods
for clothed humans. Despite its significance, no public method produces
high-fidelity SMPL(−X)+D registrations with UV texture from arbitrary
clothed scans. We present AvaImg, a multi-stage optimization pipeline, to
close this gap: it enforces body-inside-clothing constraint via signed wind-
ing numbers, made viable by a three-level efficiency cascade (∼10× run-
time reduced, ∼95% storage saved), and recovers fine surface detail using
coarse-to-fine displacement optimization. AvaImg outperforms all base-
lines in body fitting, shape estimation, and surface registration across
six datasets, yielding textured registrations near-indistinguishable from
scans (PSNR=34.48dB). For validation of AvaImg’s Avatar-as-Image rep-
resentation as imminently compatible with image foundation models, we
auto-encode our UV maps via the frozen FLUX VAE. This achieves only
0.76mm added Chamfer error relative to scan and shows that the result-
ing maps lie within natural-image distributions, supporting the use of 2D
generative priors for 3D avatar generation. Code, data, and Singularity
containers will be publicly released.
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1 Introduction

High-fidelity digital doubles of clothed humans are integral to virtual reality,
gaming, telepresence, and generative content creation. Parametric human body
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Fig. 1: Applications enabled by AvaImg. Because all registrations share SMPL(�X)
parameter space and a coherent UV layout, our output directly supports re-animation,
texture editing and transfer, shape editing, dense correspondence, and material editing.

models like SMPL(�X) [26, 31] have long been the backbone of digital human
modeling. Historically, learning these body and clothing models relied on high-
quality registration pipelines, pertaining from SMPL [26] and Dyna [33] to Cloth-
Cap [32] and BuFF [51]. Concurrently, 2D generative AI�particularly large-scale
di�usion models [8]�has produced powerful visual priors per training on billions
of images. Applying these 2D priors to 3D clothed human generation [38], texture
synthesis [20,36], and editing is thus a central goal of the �eld today.

To bridge the gap between 3D geometry and 2D generative models, a natural
and established approach is to represent 3D clothed humans as standard 2D im-
ages. Since parametric body models such as SMPL(�X) share UV layout across
instances, the geometry and appearance of a dressed human can be coherently
unrolled onto UV texture and displacement maps. These de�ne standardized im-
ages where the same pixel always corresponds to the same anatomical location,
non-pertaining to subject. This Avatar-As-Image concept is appealing: o�-the-
shelf image networks and di�usion models can utilize it to directly process, edit,
and generate 3D humans without specialized 3D architectures [3, 15, 38]. How-
ever, previous attempts at UV-based clothed human modeling have yielded poor
results, as the prerequisite for quality was never met: the �delity of UV maps was
limited by the accuracy of the underlying 3D registration. When �tted mesh de-
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