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ABSTRACT2

Realistic full-body avatars play a key role in representing users in virtual environments, where3
they have been shown to considerably improve important effects of immersive experiences such4
as body ownership and presence. Consequently, the demand for realistic virtual humans – and5
methods for creating them – is rapidly growing. However, despite extensive research into 3D6
reconstruction of avatars from real humans, an easy and affordable method for generating realistic7
and VR-capable avatars is still lacking: Existing methods are either limited to complex capture8
hardware and/or controlled lab environments, do not provide sufficient visual fidelity, or cannot be9
rendered at sufficient frame rates for multi-avatar VR applications. To make avatar reconstruction10
widely available, we developed Avatars for the Masses – a client-server-based online service11
for scanning real humans with an easy-to-use smartphone application that empowers even non-12
expert users to capture photorealistic and VR-ready avatars. The data captured by the smartphone13
are transferred to a reconstruction server, where the avatar is generated in a fully automated14
process. Our advancements in capturing and reconstructing allow for higher-quality avatars even15
in less controlled in-the-wild environments. Extensive qualitative and quantitative evaluations show16
our method’s avatars to be on par with the ones generated by expensive expert-operated systems.17
It also generates more accurate replicas in comparison to the current state-of-art in smartphone-18
based reconstruction, produces much less artifacts and provides a much higher rendering19
performance in VR in comparison to three representative neural methods. A comprehensive20
user study confirms similar perception results compared to avatars reconstructed with expensive21
expert-operated systems, and it underscores a sufficient usability of the overall system. To truly22
bring avatars to the masses, we will make our smartphone application publicly available for23
research purposes.24
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1 INTRODUCTION

Avatars are digital representations of users that can be dynamically rendered in virtual environments in real26

time to re�ect the behavior of their users (Bailenson and Blascovich, 2004). While avatars can be of almost27

any conceivable shape and appearance, in this research, we speci�cally refer to humanoid representations28

that vary from stylized to realistically reconstructed 3D models. Such avatars may appear generic, lacking29

distinctive or individual features, or they can be personalized to closely resemble the appearance of their30

respective user. With the recent surge in virtual reality (VR) research (Skarbez and Jiang, 2024) and31

the increasing availability of mature head-mounted displays (HMDs) (Sutherland, 1968), avatars have32

become increasingly important as faithful self-representations of users in almost countless scenarios. These33

scenarios include metaverse-like social VR environments (Latoschik et al., 2019; Yoon et al., 2019; Aseeri34

and Interrante, 2021; Mystakidis, 2022) or VR applications to support mental health (Sampaio et al., 2021;35

Döllinger et al., 2022). Among them are critical applications for which maintaining user identity and36

conveying realistic emotions are crucial for authentic interactions and a sophisticated user experience37

(UX). Prior work has shown that realistically personalized full-body avatars, which can look deceptively38

similar to the user, are superior for the outlined scenarios by increasing the user's sense of presence and39

embodiment or self-identi�cation with the avatar (Waltemate et al., 2018; Salagean et al., 2023; Fiedler40

et al., 2024; Kim et al., 2023), or to increase emotional response (Gall et al., 2021; Waltemate et al., 2018).41

Unfortunately, many approaches for scanning-based full-body avatar generation rely on complex and42

expensive multi-camera rigs for photogrammetric reconstruction, such as (Achenbach et al., 2017; Shetty43

et al., 2024; Ma et al., 2021). Methods for generating avatars from monocular video input make avatar44

generation more affordable, but early approaches (Alldieck et al., 2018a,b) suffered from insuf�cient45

quality, as shown in (Wenninger et al., 2020). Recent avatar reconstructions adapt NeRFs (Mildenhall46

et al., 2020) or Gaussian Splatting (Kerbl et al., 2023) as underlying representations, for instance (Jiang47

et al., 2023; Moreau et al., 2024). Although this is an exciting and very promising research direction, our48

experiments in Section 4 clearly demonstrate that these approaches are not (yet) capable of providing49

suf�cient visual quality and rendering performance for VR applications. So far, the method of Wenninger50

et al. (2020), which reconstructs mesh-based avatars from smartphone videos, seems to be the most suitable51

for the affordable reconstruction of photorealistic and VR-capable full-body avatars. However, while the52

low hardware requirements make avatar reconstruction more affordable, the scanning process requires53

suf�cient experience, the reconstruction process involves commercial products, and the system's operation54

requires expert knowledge. Consequently, there is still no approach for fast, affordable, and easy-to-operate55

reconstruction of photorealistic and VR-capable full-body avatars. This prevents the full potential of56

photorealistic avatars from being realized for many applications.57

To bridge this gap and make avatar reconstruction both affordable and widely available to non-expert58

users, we presentAvatars for the Masses, an easy-to-use system for smartphone-based person scanning and59

server-based avatar reconstruction. In particular, our contributions are:60

� An easy-to-use smartphone application that visually guides the user through the scanning process,61

enabling even non-expert users to achieve high-quality results;62

� A server-based pipeline that fully automatically reconstructs a photorealistic avatar from smartphone-63

captured data in about 20 minutes, without relying on commercial components;64

� Technical improvements in the capture and reconstruction processes that result in high quality results65

even in uncontrolled outdoor environments;66
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� Qualitative and quantitative technical evaluations and comparisons with several state-of-the-art67

approaches that clearly demonstrate the advantages of our system;68

� A user-centric evaluation through a user study that evaluates and con�rms both our smartphone app's69

usability and the resulting avatars' quality (captured by non-expert �rst-time users!).70

Our evaluations demonstrate that the proposed system is indeed fast, affordable, and easy to use, and that it71

achieves avatar quality almost on par with that of complex camera rigs – even in challenging “in-the-wild”72

capture scenarios. As such, and due to the lack of commercial components, it has the potential to bring73

avatars to the masses. We will make our system publicly available for research to encourage this.74

2 RELATED WORK

In this section, we describe the mechanisms and implications of representing oneself through an avatar in75

virtual reality (Section 2.1), before discussing different approaches to generate realistic avatars (Section 2.2).76

In the following, we restrict our discussion to avatarspersonalized(as opposed to generic),realistic (as77

opposed to stylized), andfull-body(as opposed to head-only or upper-body-only), because these are the78

most challenging with regard to the outlined desiderata.79

2.1 Avatars for Self-Representation in Virtual Reality80

The egocentric embodiment of avatars for self-representation in VR (Slater et al., 2010) can positively81

impact the UX of virtual environments (Mottelson et al., 2023). This includes improving the key82

psychometric properties of VR, such as the sense of presence (Waltemate et al., 2018; Wolf et al., 2021;83

Skarbez et al., 2017), or intensifying emotional responses to virtual content (Waltemate et al., 2018; Gall84

et al., 2021). Other advantages may include improved spatial perception (Mohler et al., 2010; Leyrer et al.,85

2011), reduced cognitive load (Steed et al., 2016), or higher performance and accuracy (Jung and Hughes,86

2016; Pastel et al., 2020) when performing tasks in VR.87

A crucial aspect in evaluating the effectiveness of avatar embodiment is the sense of embodiment (SoE),88

consisting of the feeling of owning (ownership), controlling (agency), and being located within (self-89

location) a virtual body in a virtual environment (Kilteni et al., 2012; de Vignemont, 2011). Previous work90

has shown that realistic and personalized avatars increase the SoE towards the avatar (Waltemate et al.,91

2018; Fiedler et al., 2023; Salagean et al., 2023) and thus contribute to an overall plausible VR experience92

(Latoschik and Wienrich, 2022).93

Photorealistic and personalized avatars are particularly valuable for maintaining the user's identity, which94

is bene�cial in social VR experiences (Yoon et al., 2019; Aseeri and Interrante, 2021; Mystakidis, 2022)95

or applications supporting mental health (Sampaio et al., 2021; Döllinger et al., 2022; Turbyne et al.,96

2021). Previous work has also shown that self-related cues through avatar embodiment and personalization97

signi�cantly increase self-identi�cation with the avatar (Fiedler et al., 2024), potentially maintaining a98

more accurate self-perception in VR, even in body-swap paradigms (Döllinger et al., 2024). However, a99

realistic personalization of avatars can also harm UX, as their human-like realism combined with their high100

af�nity to the user can potentially trigger Uncanny Valley effects, leading to negative emotional responses101

such as eeriness towards the avatars (Mori et al., 2012; Döllinger et al., 2023).102

Overall, comprehensive evidence exists for notable effects of photorealistic personalized avatars on103

important user states. Consequently, we will employ representative psychometric measures for a prominent104

selection of the aforementioned effects of avatars to evaluate the 3D reconstruction quality achieved with105
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our developed system. Therefore, Section 5 reports on a user study evaluating our avatars with respect to106

the sense of embodiment, plausibility, and a potential uncanny valley effect. In addition, this user study107

also evaluates the general usability and user satisfaction of the smartphone front-end to ensure appropriate108

ease of use and user satisfaction.109

2.2 Generation of Realistic Personalized Avatars110

The growing demand for virtual avatars has triggered a lot of research in scanning-based avatar111

reconstruction in the recent years. We restrict ourselves to realistic full-body avatars and discuss related112

approaches with respect to our target application requirements: The avatar generation should be affordable113

and easy to use, the resulting avatars should accurately resemble the scanned person, and the avatars should114

be suitable for VR applications – meaning they can be rendered from arbitrary camera views and at a115

suf�ciently high frame rate for multi-avatar (social) VR applications.116

Many approaches employ complex and expensive rigs of 50–100 cameras to capture high-quality photos117

or videos of the person to be scanned (Feng et al., 2017; Achenbach et al., 2017; Ma et al., 2021; Kwon118

et al., 2023; Salagean et al., 2023; Morgenstern et al., 2024; Shetty et al., 2024; Pang et al., 2024). While119

these methods achieve highly accurate reconstructions, they are restricted to dedicated capture laboratories120

whose operation requires expert knowledge.121

Instead of simultaneously taking images with multiple cameras, other approaches use a single monocular122

camera (or smartphone) to capture a sequence of images or videos. While this design choice considerably123

reduces hardware cost and complexity, it increases the capture time, which inevitably causes small124

movements of the scanned person and reduces geometric accuracy. Early approaches suffer from125

considerably lower quality compared to camera rigs (Alldieck et al., 2018a,b, 2019), most visible in126

the face region. Wenninger et al. (2020) address this problem by incorporating close-ups of the head into127

the avatar reconstruction, producing a quality that is objectively quite close and subjectively very similar to128

those of camera rigs (Bartl et al., 2021). On the downside, their method is rather complicated to operate,129

is intended for controlled indoor environments, and relies on commercial components, which prevents130

widespread use by researchers and non-experts.131

More recently, neural geometry representations, such as Neural Radiance Fields (NeRFs) (Mildenhall132

et al., 2020) or 3D Gaussian Splatting (3DGS) (Kerbl et al., 2023) have been extensively adapted to avatar133

reconstruction. Neural avatar representations (Peng et al., 2021b; Zhao et al., 2022; Jiang et al., 2024;134

Guo et al., 2023; Xiao et al., 2024; Lin et al., 2024) are capable of reconstructing �ne details, since they135

are not restricted to a �xed mesh topology. Avatars based on NeRFs (Liu et al., 2021; Peng et al., 2021a;136

Jiang et al., 2023, 2022; Wang et al., 2023; Yu et al., 2023; Wang et al., 2024; Zheng et al., 2022, 2023) or137

3DGS (Hu et al., 2024; Shao et al., 2024; Moreau et al., 2024; Li et al., 2024; Habermann et al., 2023) are138

therefore better suited for reconstructing clothing and hair. However, as our experiments with recent neural139

avatars show (see Section 4), their generation from image and video data can be very time-consuming140

(from hours up to days), their rendering is not fast enough for multi-avatar VR applications (where 90 fps141

at 2k resolution for left/right eye is desired), and their visual �delity is not suf�cient (when viewed from142

directions not covered by training data). This last point is a particularly challenging limitation, since in143

multi-user social VR applications there is no control over viewing directions and avatar poses, which can144

quickly lead to visual artifacts.145

We therefore employ a traditional mesh-based representation for virtual avatars and build on the approach146

of Wenninger et al. (2020), which we advance in several important aspects. First, our smartphone147

application visually guides the user through the capture process, thereby ensuring high-quality input148
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Figure 1. The user scans a subject with our smartphone application (top left). The captured images are
uploaded to our processing server (right), where a fully automatic reconstruction pipeline generates a avatar
in about 20 minutes. The user can then download his/her avatar into any VR application (bottom left).

data. Second, we technically improve the data acquisition, image pre-processing, and template �tting,149

leading to more accurate and more robust avatar reconstructions. Third, we replace the commercial150

components of Wenninger et al. (2020) with carefully selected non-commercial alternatives, allowing us to151

make our system publicly available. Finally, we evaluate our approach (i) by qualitative and quantitative152

comparisons to state-of-the-art avatar reconstruction methods, and (ii) in terms of a carefully designed user153

study, in which �rst-time users successfully reconstruct and evaluate avatars.154

3 AVATAR RECONSTRUCTION

Our approach extends and improves the work by Wenninger et al. (2020). We start with a brief overview of155

their method in order to point out our speci�c technical improvements later on. Wenninger et al. (2020)156

record two videos of the to-be-scanned person: Thebody videocircles around the scanning subject twice157

to capture both the lower and the upper body. Thehead videocircles around the face/head in a close-up158

manner to capture facial details. From these two videos, individual frames are extracted and fed into159

Agisoft Metashape (Agisoft, 2023), a commercial photogrammetry reconstruction tool, resulting in two160

point clouds for the body and head. A template mesh is then �tted to the point clouds in a two-step process:161

The template is �rst �tted to the body point cloud (for the overall shape) and then to the head point cloud162

(for �ne-tuning facial features). Landmarks detected by OpenPose (Cao et al., 2019) guide the template163

�tting process. In a �nal step, the avatar texture is generated from the input images.164

Our approach, as outlined in Figure 1, introduces guided smartphone-based data capturing (Section 3.1)165

and a fully automatic server-based reconstruction pipeline (Section 3.2). In the following, we describe the166

components of both phases and point out the main contributions and technical improvements compared to167

Wenninger et al. (2020).168

3.1 Smartphone-Based Data Acquisition169

Analogous to Wenninger et al. (2020), we capture people by performing (i) a full-body scan in A-pose170

and (ii) a close-up head scan using a smartphone (see Figure 1, top left). However, our approach differs in171

the kind of data that is captured (Section 3.1.1) and how the user performs the scanning (Section 3.1.2).172
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