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The Role of Avatars in AR/VR Systems

1. The Role of Avatars in AR/VR St_.]S'I:ems1

Avatars, Augmented Reality and Virtual Reality (AR/VR) systems, and virtual immersive
environments are interrelated elements of the digital world that enable engaging and interactive
experiences? Users can engage with computer-generated content as if they were physically
present in a virtual immersive environment, a digital setting. Complex computer visuals, sound
design, and occasionally additional sensory input are used to create these settings to engage
people3

Our virtual identity is fundamentally shaped by our avatars, who also improve our experiences in
VR and AR environments. These serve as our electronic representatives, giving individuals in the
same digital space a visual and interactive entity to relate to. They serve as the user's digital
being, enabling social connection, engagement, and individual expression in virtual or
augmented reality.

The key element of avatar system is the flexibility to represent our identity in different forms that
may resemble ourselves, an abstract concept or even a character that's pure fantasy.* This not
only allows the users to express themselves but also provides a way to create new identities.
Furthermore, avatars are not merely a visual representation; they can help users interact with
the digital environment in a way that users imagine themselves as part of the digital world.
Moreover, avatars are used to provide social interaction between the different users present in
the digital environment. Using a more advanced capture system can render not only the physical
movement of users in the digital world but also expressions, voices etc.

Although avatars offer great promise to improve how we interact in simulated environments,
their use poses significant issues. For inclusion, it is crucial to make sure that avatars can
represent a wide variety of identities. Avatars may possibly communicate private data
concerning the user. Therefore, privacy and security issues must also be taken into account. In
this technical brief, we discuss the Avatar system and its state-of-the-art along with its
sustainability for LEAs. The technical brief ends with shedding light on the challenges and future
opportunities of Avatar systems.

Page 2/12



Technical Brief

INFINI
\ The Role of Avatars in AR/VR Systems

2. AR/VR Systems

In the modern era, remote collaboration technologies are pivotal in daily life and business
communication, especially when keeping a physical distance is essential. However, organisations
are facing several challenges in long-distance networking and collaboration, including
businesses, research institutes, and people. Overall, these technologies fall in the broad category
of the communication system, which is called synchronous remote collaboration. Furthermore,
besides video conferencing, other communications tools such as augmented, virtual, and mixed
reality collaboration tools are still considered specialised technology. Such systems have three
main components: environment, avatars, and interaction® In this brief, we will look at the role of
Avatars in AR/VR systems. Nonetheless, we are going to briefly have a look at the immersive
environment followed by Avatars.

2.1 Virtual Immersive Environment

Industries and researchers are beginning to perceive virtual immersive environments as
instruments that could improve the effectiveness of routine computer-based work. With
immersive tools and a greater sense of presence, VR and AR have shown promise for distant
working settings.® Nevertheless, immersive technologies like AR and VR are recognised to have
the potential to have adverse or unexpected effects on the user. While primarily utilised for
leisure and games, immersive technology has also found utility in the workplace, easing
complicated job procedures. Through peripherals, these technologies enable immersion in and
engagement with digital content.

2.2 Avatar System

An avatar system plays an integral role in AR and VR. It is a key component that encompasses
the essentials for promoting interaction, immersion, personalization, and customization. It
provides users with a concrete way to express themselves and engage in a digital environment.
They perform many roles to bring value to AR/VR systems. The most important of them are
Embodiment and Presence. The other functions include communication, interaction, identity,
personalization, navigation, control, accessibility, and inclusion. We will look at them individually
as follows:

2.2.1 Embodiment

In VR and AR environments, avatars represent the users' embodiments! They are the digital
surrogate that serves as a proxy for users' physical presence in the virtual environment. They
serve as the basis for user engagement in the virtual world. Therefore, they allow the users to
express themselves and control their interactions? However, the embodiment is a broad concept
in AR/VR systems that extends beyond simple representation. In a way, it provides a digital self
that mimics the users' sense and behaviour. It is to be noted that the realistic representation of
users involves motion tracking, gesture recognition in some scenarios, and the rendering of
facial expressions, to name a few.
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2.2.2 Presence

The presence refers to the users' feeling of being part of the virtual environment’Avatars are the
tools that help users to develop this sense of presence in the virtual environment. For example,
when we move in the real environment or try to grab something, the avatar replicates this
movement in the virtual environment so that users feel part of it. It is accomplished by
replicating the users' movements and interactions in the virtual environment in a believable way
to give the feeling of immersion.

2.2.3 Communication

Another important role Avatars play in AR/VR systems is replicating face-to-face
communication in the virtual world™® In order to accomplish it, the Avatars use speech, text,
facial expressions and replication of body movements. This ability is essential for the application
where users share virtual spaces.

2.2.4 Identity

Identity refers to the ability of Avatars to reflect the actual personality or originality of the users."
In the real world, identity is expressed in terms of personality, appearance, beliefs, etc. Avatars
provide users with a way to express themselves or an imaginative personality. Users can
customize avatars to resemble their physical appearance closely. However, users often choose
to represent themselves as highly fictional characters. The Avatar system provides a way for
users to express themselves uniquely in a meaningful way.

2.2.5 Personalization

While identity refers to the concept of the character we would like to represent, personalization,
on the other hand, refers to how the avatars can be customized to achieve the desired
representation. However, personalization is a broad term, and it is implemented in the context of
AR/VR systems in many distinct directions. Examples are visual customizations, behavioural
customization or customization of specific attributes. However, fundamentally personalization
enables users to express themselves in a true way or in a way that has a personal significance.
Avtar systems provide an effective way of personalization.

2.2.6 Navigation
Another role that Avatars play in AR/VR systems is the navigation of the virtual environment.
This includes teleporting themselves to different locations in the virtual world and interacting

with different objects. Navigation can be performed either by capturing users' movements and
replicating them in the virtual world or through specific commands from the user.
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2.2.7 Control

While navigation refers to the movement of Avatars in AR/VR systems, control is a rather broad
category that includes every action that avatars can perform. The control comprises physical
actions, pushing buttons, performing gestures etc.

2.2.8 Accessibility and Inclusion

Avatar helps to create AR/VR systems that are both accessible and inclusive’” For example, users
with some physical disability can use Avatars to navigate the virtual world. Also, they can
configure Avatars to represent themselves in a way they would like to and improve their
interactions through Avatars.
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3. State of the art in Avatar Systems

The present state of avatar systems today has been considerably affected by advances in
technology, with remarkable improvements in their realism, utility, and adaptability. Today's
avatar systems go beyond simple visual representation to add intricate behaviours and
interactions in order to offer a rich, immersive experience that closely resembles real-world
interactions’®

There has been a considerable improvement in avatars' visual representation.’ Avatars may now
be created to have highly accurate and more realistic appearances because of the use of
advanced modelling rendering technologies. Furthermore, more advanced technologies let
users create avatars that closely resemble real people. The technologies used in the creation
include realistic facial and emotions rendering and fluid bodily movements® These
developments have helped improve the sense of involvement and presence in AR/VR
environments, creating a truly immersive experience.

When it comes to the functionality of the avatar, there have been significant improvements.
These improvements help modern avatar systems that may imitate many different behaviours,
simulating users' bodily actions within the digital environment. The input methods are also
multifaceted in modern avatar systems. These methods include voice commands, gesture-
based control of avatars!® and in some prototypes, even brain-computer interfaces are used.’
All of these methods offer users a natural and engaging user experience.

The recent developments of Artificial intelligence (Al) have also helped in improving avatar
systems. Al can be incorporated in many ways in avatars. One of the most important is
mimicking human-like intelligence while interacting with users and other avatars.°Furthermore,
they can respond to different interactions autonomously, predict the users' commands that may
be following and so on. Moreover, the Avatar system can develop emotive responses to the user
interaction that further gives rise to an immersive environment.

However, despite having undergone substantial advancement, there are still problems with
existing avatar systems. The most important challenge concerns inclusivity and personalisation?q
Avatar systems that can accommodate an extensive variety of individual identities and
preferences are becoming more and more necessary. Customisable avatars that can depict
various racial, ethnic, and physical characteristics are becoming increasingly crucial.
Additionally, as avatars get more complex and lifelike, an increasing concern for privacy and
security deems the consideration even more.”® Consequently, a significant problem for the
future development of avatar systems is striking a balance between the requirement for
individualised and immersive avatar experiences and, at the same time necessity to safeguard
user data and privacy.
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4. Sustainable use of Avatars for LEAs

The sustainability of the avatar system for LEAs involves aspects like the long-term usability of
avatars and the ability to evolve, according to the investigators from LEAs. Furthermore, the
potential impacts on investigators' well-being, privacy and inclusion must also be considered.
The literature has specific guidelines about the critical sustainability factors, as described
below.

User Experience: In order to create a relaxing and exciting user experience, personalisation is
essential. The ability to customise one's avatar can significantly increase one's sense of
immersion and connection to the AR/VR environment; therefore, users should try to become
familiar with these possibilities.mEquaIIy crucial is comprehending every aspect of their avatar's
actions. Users will get the most fun and satisfaction from their experience if they are skilled at
adjusting these settings.*

Social Interaction: Avatars serve as communication tools in addition to being user
representatives. A user's avatar's physical attributes and actions can substantially impact social
interactions in AR/VR environments. As a result, users ought to match their avatars' traits to
their interactions and the virtual community's setting”It can also improve social interactions to
be aware of non-verbal communication in these settings, such as keeping adequate virtual
distance or using avatar body language.

Health Issues: Long-term use in immersive environments may cause discomfort in the body or
additional medical issues.” These dangers can be reduced by taking regular breaks from the
system. Users should be aware of and make necessary adjustments to avatar control settings
that may affect comfort. Users that find it uncomfortable when their avatar moves quickly or
abruptly might look into options that allow for smoother, more progressive movements.

Learning and Skill Development: The chances for shared and collaborative learning that
avatars in AR/VR settings might provide should be taken advantage of by users.

Psychological Impact: While avatars can give users a place to experiment with various
personas, it's crucial to maintain a healthy balance between one's virtual and physical selves to
prevent psychological suffering.25 Users should be aware of their virtual behaviours as they can
have long-lasting effects in the digital environment. A brief guideline is provided in the technical
brief “Considerations for sustained AR/VR use by LEAs". These guidelines outline the necessary
precautigpary measure for the users and organisations that will deploy and use the system in
practice.
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5. Avatar system in INFINITY

Understanding the impact of avatars on the user performance, health and wellness is crucial
while creating the avatar system. To promote positive embodiment and sense of presence the
INFINITY avatar system is in 3D and offers a range of avatar customisation features so users can
customise their avatar as much as possible and make it look just like them. The avatar system
customization allows users to change the aspect of different parts of their avatar through the
I3CE interface: the gender (figure 1), the face, the body and clothes.

INFINITY

(@)

Figure 1: Gender selection feature

The face can be customised by choosing from a wide range of pre-existing faces, on which
users can change glasses and haircuts, colour of hairs and colour of the eyes (figure 2).

For the face customization, one feature that had been considered was the creation of 3D avatar

faces from 2D photos. However, even though it would provide a more realistic appearance, this
feature was abandoned for data privacy reasons.

INFINITY

Figure 2: Face customization feature
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The body can be also modified, by choosing clothes (types and colour), the body shape and
height (figure 3).

INFINITY

Figure 3: Body customization feature

Here, it was envisaged to create uniforms based on the style of member states’ uniforms, but
with the user's member state information displayed above him/her, along with his/her name and
organisation, there might have been selection errors and possible misunderstanding between
users in the event of a uniform errors. Therefore, the creation of uniforms was not implemented.

Figure 4: Avatar appearance in the I3CE

In the INFINITY environment, the avatars have a realistic appearance (figure 4) and can move
using a controller tracking system to link real movement to the avatar.
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6. Future Challenges and Opportunities

Technological advancements drive the future development of AR/VR systems, and avatar
systems is a major component of these systems. This inevitable growth of avatar systems will
present both considerable opportunities and challenges.

Realism and expressiveness: A challenging task is searching for more realistic and expressive
avatars. Despite the enormous strides made, there is still a discrepancy between the sincerity of
interactions in the actual world and those made possible by avatars. Enhancing avatar realism,
in particular, becomes essential to accurately mimic nuanced human expressions and
movements. Further study and innovation in cutting-edge areas, including facial recognition,
emotion detection, motion capture, and Al technologies, would be necessary to meet this
challenge.”

Privacy and Security: Security and privacy present yet another set of formidable obstacles?8
The chances of data misuse or identity theft increase as avatars become more customised and
have a greater ability to reflect our real-world personalities. This would require developers and
stakeholders to prioritise strong security measures when building avatar systems, ensuring that
private information is encrypted and maintained safely. To secure user privacy and guard
against potential exploitation, specific policies and strict laws may also need to be implemented”

Apart from these challenges, there are many opportunities:

Al-Driven Progressively Adaptive Avatar: The last decade has seen significant progress in AL
Avatars are already using Al to become more innovative and more flexible. In order to offer more
realistic and customised experiences, Al has been utilised, for example, to allow avatars to learn
from data on how avatars interact with users and modify their behaviour accordingly. This
progressive adaptation of behaviour is a milestone and the recent advancements in this area are
promising. Consequently, the ability of Al to recognise user preferences, anticipate needs, and
imitate emotional responses has also been used to improve the realism of avatars®

Application Areas: In addition, fields other than gaming and entertainment are considering
expanding avatar systems. Avatars could be used in various industries, including remote work,
retail, healthcare, and education. In order to expand the range of potential applications and
effects of these technologies, avatars may imitate patient interactions for medical training,
direct users through virtual shopping experiences, or imitate a virtual investigation.

Social Inclusion and Accessibility: Another significant opportunity is to promote social

accessibility and inclusiveness by employing avatar systems. We may work to make sure that all

individuals are able to engage in and take advantage of AR/VR environments by creating avatars

that can portray a variety of personalities and enabling users with varying physical capacities3.2
This calls for ongoing adherence to inclusive design principles, in-depth user testing, and

proactive interaction with a wide range of user communities™®

Page 10/12



I Technical Brief

\ The Role of Avatars in AR/VR Systems

References

1. This Technical Brief was prepared by DFKI, German Research Center for Artificial Intelligence GmbH, Department
Augmented Vision, Kaiserslautern, as part of T10.5.

2. Cf. Schafer, A., Reis, G. & Stricker, D. (2022), "A Survey on Synchronous Augmented, Virtual, and Mixed Reality
Remote Collaboration Systems", in ACM Computing Surveys, 55, pp. 1-27.

3. Cf. Zhou, N.-N. & Deng, Y.-L. (2009), "Virtual reality: A state-of-the-art survey", in International Journal of
Automation and Computing, 6, pp. 319-325.

4. Cf. Ducheneaut, N., Wen, M.-H., Yee, N. & Wadley, G. (2009), "Body and mind: a study of avatar personalization in
three virtual worlds", in Proceedings of the SIGCHI conference on human factors in computing systems, pp. 1151-
1160.

5. Cf. Schéafer, A., Reis, G. & Stricker, D. (2022), "A Survey on Synchronous Augmented, Virtual, and Mixed Reality
Remote Collaboration Systems", in ACM Computing Surveys, 55, pp. 1-27.

6. Cf. Milgram, P. & Kishino, F. (1994), "A taxonomy of mixed reality visual displays", in IEICE TRANSACTIONS on
Information and Systems, 77, pp. 1321-1329; and

Bowman, D. A., Gabbard, J. L. & Hix, D. (2002), "A survey of usability evaluation in virtual environments:
classification and comparison of methods", in Presence: Teleoperators & Virtual Environments, 11, pp. 404-424.

7. Cf. Biocca, F. (1997), "The cyborg's dilemma: Progressive embodiment in virtual environments”, in Journal of
computer-mediated communication, 3.

8. Cf. Cavallo, M., Dholakia, M., Havlena, M., Ocheltree, K. & Podlaseck, M. (2019), "Dataspace: A reconfigurable
hybrid reality environment for collaborative information analysis”, in 2019 IEEE Conference on Virtual Reality and
3D User Interfaces (VR), pp. 145-153; and

Butscher, S., Hubenschmid, S., Mdller, J., Fuchs, J. & Reiterer, H. (2018), "Clusters, trends, and outliers: How
immersive technologies can facilitate the collaborative analysis of multidimensional data”, in Proceedings of the
2018 CHI Conference on Human Factors, Computing Systems, pp. 1-12.

9. Cf. Slater, M. (2009), "Place illusion and plausibility can lead to realistic behaviour in immersive virtual
environments", in Philosophical Transactions of the Royal Society B: Biological Sciences, 364, pp. 3549-3557.

10. Cf. Nowak, K. L. & Fox, J. (2018), "Avatars and computer-mediated communication: A review of the definitions,
uses, and effects of digital representations”, in Review of Communication Research, 6, pp. 30-53

11. Yee, N., Ducheneaut, N., Yao, M. & Nelson, L. (2011), "Do men heal more when in drag? Conflicting identity cues
between user and avatar”, in Proceedings of the SIGCHI conference on Human factors in computing systems, pp.
773-776.

12. Cf. Mack, K., Hsu, R. C. L., Monroy-Hernandez, A., Smith, B. A. & Liu, F. (2023), "Towards Inclusive Avatars:
Disability Representation in Avatar Platforms", in Proceedings of the 2023 CHI Conference on Human Factors in
Computing Systems, pp. 1-13; and

Zallio, M. & Clarkson, P. J. (2022), "Designing the metaverse: A study on inclusion, diversity, equity, accessibility
and safety for digital immersive environments", in Telematics and Informatics, 75, p. 101909.

13. Cf. Schafer, A., Reis, G. & Stricker, D. (2022), "A Survey on Synchronous Augmented, Virtual, and Mixed Reality
Remote Collaboration Systems”, in ACM Computing Surveys, 55, pp. 1-27;

Zhou, N.-N. & Deng, Y.-L. (2009), "Virtual reality: A state-of-the-art survey", in International Journal of Automation
and Computing, 6, pp. 319-325;

Bowman, D. A., Gabbard, J. L. & Hix, D. (2002), "A survey of usability evaluation in virtual environments:
classification and comparison of methods", in Presence: Teleoperators & Virtual Environments, 11, pp. 404-424;
and Wang, Y. et al. (2022), "A survey on metaverse: Fundamentals, security, and privacy"”, in IEEE Communications
Surveys & Tutorials.

14. Cf. Hu, L. et al. (2017), "Avatar digitization from a single image for real-time rendering", in ACM Transactions on
Graphics (ToG), 36, pp. 1-14.

15. Cf. Boulic, R. et al. (2017), "Towards the instantaneous expression of emotions with avatars”, in Cyberemotions:
Collective Emotions in Cyberspace, pp. 255-278.

16. Cf. Irawati, S., Green, S., Billinghurst, M., Duenser, A. & Ko, H. (2006), "An evaluation of an augmented reality
multimodal interface using speech and paddle gestures”, in Advances in Artificial Reality and Tele-Existence: 16th
International Conference on Artificial Reality and Telexistence, ICAT 2006, Hangzhou, China, November 29-
December 1, 2006. Proceedings, Springer, pp. 272-283.

17. Cf. Jantz, J., Molnar, A. & Alcaide, R. (2017), "A brain-computer interface for extended reality interfaces"”, in ACM
SIGGRAPH 2017 VR Village, pp. 1-2.

18. Cf. Seymour, M., Evans, C. & Libreri, K. (2017), "Meet mike: epic avatars”, in ACM SIGGRAPH 2017 VR Village, pp.
1-2.

Page 11/12



I Technical Brief

\ The Role of Avatars in AR/VR Systems

References

19. Cf. Mack, K., Hsu, R. C. L., Monroy-Hernandez, A., Smith, B. A. & Liu, F. (2023), "Towards Inclusive Avatars:
Disability Representation in Avatar Platforms”, in Proceedings of the 2023 CHI Conference on Human Factors in
Computing Systems, pp. 1-13; and

Zallio, M. & Clarkson, P. J. (2022), "Designing the metaverse: A study on inclusion, diversity, equity, accessibility
and safety for digital immersive environments”, in Telematics and Informatics, 75, p. 101909.

20. Cf. Wang, Y. et al. (2022), "A survey on metaverse: Fundamentals, security, and privacy", in IEEE
Communications Surveys & Tutorials; and

Hansen, H. & Barry, D. (2008), The SAGE Handbook of New Approaches in Management and Organization, pp. 1-
632.

21. Cf. Jung, E., Waddell, T. F. & Sundar, S. S. (2016), "Feminizing Robots: User Responses to Gender Cues on Robot
Body and Screen", in Proceedings of the 2016 CHI Conference Extended Abstracts on Human Factors in Computing
Systems.

22. Cf. Oh, C. S., Bailenson, J. N. & Welch, G. F. (2018), "A systematic review of social presence: Definition,
antecedents, and implications", in Frontiers in Robotics and Al.

23. Cf. Fox, J., Arena, D. & Bailenson, J. N. (2009), "Virtual Reality: A Survival Guide for the Social Scientist”, in
Journal of Media Psychology, 21, pp. 95-113.

24. Cf. Descheneaux, C. R., Reinerman-Jones, L., Moss, J., Krum, D. & Hudson, I. (2020), "Negative Effects
Associated with HMDs in Augmented and Virtual Reality”, in Virtual, Augmented and Mixed Reality. Design and
Interaction, Springer, pp. 410-428;

Bockelman, P. & Lingum, D. (2017), "Factors of Cybersickness", in HCI International 2017 - Posters’ Extended
Abstracts, Springer, pp. 3-8;

Chang, E., Kim, H. T. & Yoo, B. (2020), "Virtual Reality Sickness: A Review of Causes and Measurements”, in
International Journal of Human-Computer Interaction, 36, pp. 1658-1682; andPeters, A., McEwen, B. S. & Friston, K.
(2017), "Uncertainty and stress: Why it causes diseases and how it is mastered by the brain", in Progress in
Neurobiology, 156, pp. 164-188.

25. Cf. Eriksson, J., Vogel, E. K., Lansner, A., Bergstrém, F. & Nyberg, L. (2015),"Neurocognitive Architecture of
Working Memory", in Neuron, 88, pp. 33-46;

Basil, M. D. (2012), "Multiple Resource Theory", in Encyclopedia of the Sciences of Learning, Springer, pp. 2384-
2385; and

Galy, E., Cariou, M. & Mélan, C. (2012), "What is the relationship between mental workload factors and cognitive load
types?”, in International Journal of Psychophysiology, 83, pp. 269-275.

26. Cf. Porcino, T. M., Clua, E., Trevisan, D., Vasconcelos, C. N. & Valente, L. (2017), "Minimizing cyber sickness in
head-mounted display systems: Design guidelines and applications”, in 2017 IEEE 5th International Conference on
Serious Games and Applications for Health (SeGAH), pp. 1-6;

Stanney, K. M. et al. (2021), Extended Reality (XR) environments, pp. 782-815; and

Szopa, A. & Soares, M. M. (2021), Handbook of Standards and Guidelines in Human Factors and Ergonomics: Second
Edition.

27. Cf. Rhue, L. (2018), Racial influence on automated perceptions of emotions, available at SSRN 3281765.

28. Cf. Wang, Y. et al. (2022), "A survey on metaverse: Fundamentals, security, and privacy”, in |IEEE
Communications Surveys & Tutorials.

29. Cf. Hansen, H. & Barry, D. (2008), The SAGE Handbook of New Approaches in Management and Organization,
pp. 1-632.

30. Cf. Iglesias, A. & Luengo, F. (2007), "Al framework for decision modeling in behavioral animation of virtual
avatars”, in Computational Science-ICCS 2007: 7th International Conference, Beijing, China, May 27-30, 2007,
Proceedings, Part Il 7, Springer, pp. 89-96.

31. Cf. Yee, N. & Bailenson, J. (2007), "The Proteus effect: The effect of transformed self-representation on
behavior", in Human communication research, 33, pp. 271-290.

32. Cf. Trepte, S. & Reinecke, L. (2010), "Avatar creation and video game enjoyment”, in Journal of Media
Psychology.

33. Cf. Yee, N. & Bailenson, J. (2007), "The Proteus effect: The effect of transformed self-representation on
behavior”, in Human communication research, 33, pp. 271-290.

Page 12/12



