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Abstract. The demand for high-fidelity human avatar reconstruction
rapidly increases across various industries, including e-commerce, gam-
ing, and virtual reality. Current methods often rely on complex motion
capture systems or extensive multi-view video data, making them im-
practical for widespread use. This proposal describes the research that
aims to develop a novel approach to 3D human digitalization that over-
comes these limitations by enabling the creation of detailed, animatable,
and customizable digital avatars from minimal input, such as a single
video captured by a smartphone.
The project will focus on several key challenges in the field: disentan-
gling the human body and clothing representations, accurately model-
ing loose clothing, and optimizing both the quality and efficiency of the
reconstruction process. By leveraging recent advancements in 3D recon-
struction techniques and neural networks, the proposed method seeks to
achieve industry-grade results while minimizing the need for specialized
hardware and complex data collection processes.
The outcomes of this research have the potential to significantly impact
the way digital humans are created and utilized, offering more accessible
and scalable solutions for industries that require realistic and interactive
avatars. The successful implementation of this work will not only advance
the current state of the art but also contribute valuable insights and tools
to the broader field of human digitalization.

Keywords: 3D Avatar · 3D Human Digitalization · Human Understand-
ing · Novel-view synthesis · Implicit Representations · Computer Vision
(CV)

1 Introduction

Human avatar reconstruction or human digitalization is a task that involves
creating a digital twin of the person from single- or multi-view images or video
data [12]. Ideally, the avatar should preserve as many details of the human body
as possible, such as correct shape estimates and detailed clothing reconstruction,
as well as preserve human identity.

Another important aspect of the digital avatar is its ability to interact with
the digital world, where it will be placed. The avatar should be animatable,
meaning it can be placed in any feasible pose that might differ from the poses seen



2 O. Viniavskyi

at the time of capture. Also, the reconstructed avatar should correctly interact
with the lighting of a new environment. In more complex scenarios, the digital
twin has to be customizable, which stands for the ability to change different
avatar parts, such as swapping the clothes, changing body shape, hairstyle, etc.,
or even combining different aspects from multiple reconstructions [5].

Finally, we aim to make the reconstruction process as lightweight as possible,
without the need for a complex 3D capture system, while the rendering of the
reconstructed digital avatar should be in real-time [5].

The importance of addressing these challenges is underscored by the poten-
tial benefits that high-fidelity human avatars can bring to various industries. In
the entertainment sector, for example, realistic digital humans can significantly
enhance the immersion of virtual reality experiences and gaming environments.
In e-commerce, accurate digital avatars can enable more personalized shopping
experiences by allowing customers to try on clothing virtually. Additionally, de-
veloping animatable human avatars is crucial for advancing the Metaverse [19]
and holoportation technologies [21], where real-time interaction in virtual spaces
is becoming increasingly important.

Modern approaches to industry-level digital human avatar reconstruction
usually rely on complex motion capture systems that use a combination of wear-
able devices, such as Inertial Measurement Units, multiple synchronized cameras,
and calibrated lighting settings to capture the fine-grained details of the human
bodies. Yet, complicated post-processing is still required on the artists’ side,
requiring tons of manual work.

Recently, developments in both implicit and explicit methods for 3D recon-
struction and novel view-synthesis, such as NeRF [20], 3D Gaussian Splattings
(3DGS)[10], and 3D human body representation [15], allowed significant progress
in the field of human digitalization. Multiple approaches to 3D human avatar re-
construction achieve promising results using only monocular video from common
devices such as a single digital camera or, with the help of generative models [8],
can successfully reconstruct human bodies even from a single image. Yet many
unsolved problems in the field require rigorous research. The more detailed state
of the field and the challenges that are currently faced are given in the next
section.

2 Related Works

3D mesh is among the most popular representations of 3D objects, particularly
human avatars. The early approaches [25], [6] tried to reconstruct a textured
mesh of a human subject and then use physical simulation to animate it. Addi-
tionally, more recent approaches [2], [27] utilized neural networks to implicitly
learn the textures and motion of human bodies. The methods are complex in
their nature as they usually require tracking non-rigid deformations of human
bodies and cloth across multi-view videos. Additionally, one must pre-scan the
subject’s template to obtain a canonical representation.
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With the rise of implicit models, many NeRF and SDF-based methods were
developed for human avatar modeling. Animatable NeRF work [22] proposed to
add SMPL deformations to the NeRF for modeling rigid motions of the human
bodies. Neural Actor [13] parametrizes the human body on the surface of the
SMPL avatar yet cannot model humans wearing loose clothes far from the tem-
plate SMPL body. Other methods [3], [24] model different body parts of humans
separately, such as body, face, and hands, learning separate implicit functions for
each part. Nevertheless, implicit representation-based methods cannot achieve
high-fidelity results. This is caused by the low-frequency bias that is present in
the MLP [26], which is the foundation of the implicit methods. Additionally, the
rendering of implicit models takes a long time because of the procedure that
makes multiple samples along the ray. Special acceleration methods are needed
to achieve at least near-real-time rendering speed.

Points-based methods are another promising direction for animatable human
avatar representation. [18], [17] learn non-rigid pose-dependent deformations of
the human body in the SMPL UV space, which helps modeling complex cloth
motion. However, these methods require a 3D scan of the human body in ad-
vance.

More recent approaches to human avatar modeling utilize another points-
based representation, 3D Gaussian Splattings. 3DGS [10] showed their effective-
ness in representing and fast real-time rendering of complex 3D scenes. 3DGS
methods for avatar modeling usually start from the template mesh of the hu-
man body, points on which serve as initialization of the splats. 3DGS-Avatar
[23] learn the splats in the canonical space defined around the SMPL avatar in
the rest pose. The authors use the learnable Linear Blend Skinning function for
rigid deformations and the neural network for learning non-rigid pose-dependent
deformations to achieve impressive results in human reconstruction and gener-
alization to unseen poses. When rendering novel views, the rays cast from the
camera are transformed into the canonical space, allowing for learning the splat’s
viewing-direction-dependent color even from the monocular camera. The main
downside of the method is the choice of the template avatar as SMPL. Since most
splats are initialized on the surface of the SMPL body, leaning loose clothes re-
mains challenging for this approach.

In contrast to the previous method, [11] creates a subject-dependent template
mesh, which allows for the modeling of wide clothes. The method starts with
synchronized multiple-view frames from several videos, which capture the human
in the pose that is closest to the rest pose. The template mesh is extracted
from them through the SDF fitting procedure, and then Marching Cubes [16].
The mesh is assigned Linear Blend Skinning (LBS) weights, which are diffused
from the SMPL. 2D Convolutional neural networks are used to directly predict
Gaussian Splattings in each pixel of the front and back renders of the template
mesh. Additionally, prediction materials properties and utilizing a differentiable
Physically-Based renderer allow the creation of a relightable human avatar. The
downside of the approach is the need for multiple-view video data, which is not
easy to obtain in a real-world scenario.
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In addition, most of the existing methods focus on the composite represen-
tation of clothed humans, which doesn’t allow easy disentanglement of the body
and cloth representations. Also, modeling the components not driven by the
underlying human skeleton, such as hair, remains challenging.

3 Motivation

I selected this topic for research because of its importance in multiple industries
like e-commerce, game development, and virtual reality-enhanced content cre-
ation. Creating high-quality avatars that can be reconstructed by off-the-shelf
means will benefit these industries by saving up lots of manual work of 3D
artists, spending on expensive equipment will create more immersive augmented
and virtual reality effects.

Based on the field’s current state, which was reviewed in the previous chapter,
we can conclude that many open problems remain. Among them, we highlight
the most prominent for future research.

Disentanglement of the human avatar representation. 3D reconstructions of
human bodies mostly treat the human body and clothes together without the
possibility of trivially disentangling them. Extracting separate representations
for the clothes and body is a challenging task because of the occlusions and
complex dynamics of cloth, body, and environment interaction. How to robustly
extract cloth and its dynamical and optical properties remains an open question.

Working with loose clothes. Most of the existing approaches work with the
human body template unsuitable for modeling loose clothes. Those that dy-
namically predict templates require multiple-view input or achieve low quality
because of the utilization of generative models. Reconstruction of human bodies
with loose clothes, specifically from single-view input, remains an open challenge.

Quality and speed of reconstruction. Even though significant progress has
been made in this part in recent years, the quality of 3D human reconstruction
is still not comparable with industry-grade expensive motion capture systems.
The results produced by the approaches are based on implicit representations,
are over-smoothed, and do not capture small details about humans and clothes.
Much more progress should be made in improving the output reconstruction
resolution, training, and rendering time.

Reconstructing from sparse views The final result of 3D human digitalization
depends greatly on the quality and density of the input data. State-of-the-art
approaches rely on the multi-view video input that is sometimes unrealistic to
capture in real-world cases. How to achieve high-quality reconstruction from
minimal inputs is an unsolved problem. More extreme scenarios might even
include reconstruction from a single image, which must include a significant
part of generative modeling to imagine the unseen parts of the reconstructed
humans.

In addition, this research direction greatly aligns with my background and
my future career goals:
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– A significant part of my previous experience includes working with human
understanding tasks like human parsing, DensePose [7] estimation, 3D hu-
man pose, and shape estimation. I have experience working with multiple
human representations in 2 and 3 dimensions and those that make a bridge
between them.

– The central part of my Master’s thesis was working with 3D representa-
tions of humans and how they can be utilized for synthetic human dataset
generation.

– My work experience in DressX company includes working with Virtual Try-
On technologies. I explored generative and rendering approaches to the try-
on task in depth and worked with different cloth representations, starting
from ordinary images and finishing with 3D models that the physically-based
engine can simulate. From my working experience, I gained valuable insights
into the need for robust and efficient 3D human and cloth digitalization
technologies, which can be further used in the try-on engines deployed by
e-commerce companies.

– I believe that the work on 3D human digitalization is a logical continuation of
my previous experience and a reasonable step forward, considering my prior
knowledge of the domain. The successful implementation of the solutions to
the proposed problems will allow me not only to publish scientific papers on
the matter but also directly boost the industry via my work.

4 Approach

As described previously, 3d human digitalization is a problem that is far from
being solved with the multiple aspects that need refinement, one of which is
the efficiency of the algorithms during reconstruction and rendering times. The
natural approach to solving such a multi-dimensional problem would be to first
aim for maximum quality of the results by utilizing all possible data and resources
and then optimizing for efficiency.

Firstly, we will need to establish a baseline method and explore available
data and metrics on which the algorithms are trained and evaluated. For the
baseline, the potential candidates are 3DGS-based methods like [23] and [11],
which offer state-of-the-art avatar reconstruction form single- and multiple-view
videos respectively.

Data collection: There exist a bunch of available datasets for the fitting and
evaluation of avatar estimation tasks. THuman4.0 [28], AvatarReX [29], Actor-
sHQ [9] dataset provide multiple-view sequences ideal for fitting avatar models.
Usually, a separate model is learned for each data sequence, with some frames
left for evaluation. Additionally, monocular datasets like ZJU-MoCap [22] and
PeopleSnapshot [1] can be used for a similar purpose.

Evaluation protocols: The evaluation is usually performed both qualitatively
and quantitatively. For the quantitative part, reconstruction metrics are com-
puted in the image space on the frames, which are held out for validation and
testing in the framework of novel view synthesis. The common metrics include



6 O. Viniavskyi

Peak Signal-to-Noise Ratio (PSNR), Structure Similarity Index Measure (SSIM),
Learned Perceptual Image Patch Similarity (LPIPS), and Frechet Inception Dis-
tance (FID).

Template mesh construction: An important aspect of all modern approaches
is the choice of template mesh. Monocular methods usually rely on the default
template mesh, choosing SMPL for this task. Multi-view methods can utilize
multiple frames at a particular time instance and try to reconstruct the template
surface from them. Since we aim to minimize input data sources, we will proceed
with the monocular setting, at the same time reconstructing a subject-dependent
template mesh that can include loose clothes. In such cases, we will need to rely
on either a single frame for reconstruction or multiple unsynchronized frames
from different time steps. A potential solution may include the ideas from zero-
shot single-image 3D object generation approaches like [14].

Body and cloth disentanglement: The industry-grade system for 3D human
digitalization will require the disentangled representation of the human body and
cloth. This will require accurate segmentation, potentially in 3D, of the clothes
from the human body. Additionally, one will need to learn the deformations of
the clothes that arise from the body’s pose changes in order to achieve cloth
transfer between multiple subjects. An approach similar to SCARF [4] might be
taken where separate implicit models are learned for body and cloth based on
the 2D segmentation.

Use-cases and integration: Finally, the approach should be efficient in terms
of data and computational resources. We aim to create an approach that can
run from a single video captured by a smartphone camera. Ideally, the learning
stage should take up to a few minutes, with the rendering possible on the mobile
device.

5 Summary

The proposed research aims to address critical challenges in the field of human
avatar reconstruction by developing methods that enable high-fidelity, animat-
able, and customizable digital humans from minimal input data. By focusing on
the disentanglement of body and cloth representations, handling loose clothing,
and optimizing both the quality and efficiency of reconstruction processes, this
project seeks to advance the state-of-the-art in 3D human digitalization.

Successful completion of this research will not only contribute significantly
to academic knowledge in the domain but will also have practical applications in
industries such as e-commerce, gaming, and virtual reality. By making the avatar
reconstruction process more accessible and efficient, this work has the potential
to revolutionize the way digital humans are created and utilized, aligning with
both the research goals and the future career aspirations of the candidate.
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