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WELCOME MESSAGE

Sponsored by Cardiff University, the 12th International Conference on Virtual Reality (ICVR
2026) will be held from July 28th to 30th, 2026, at Cardiff University in Cardiff, UK.

Over the past 10 years, ICVR has firmly positioned itself as a prestigious event, drawing
multidisciplinary attendees. It has been held in multiple cities worldwide, including Los
Angeles, Hong Kong, Singapore, Chengdu, Foshan, Nanjing, and Bournemouth (UK). Each
conference has seen a significantrise in participation, enriching the field of Virtual Reality with
valuable knowledge, insights, and best practices.

ICVR 2026 acts as an interdisciplinary communication platform designed to facilitate
cooperation and knowledge sharing on emerging innovations and breakthroughs in Virtual
Reality (VR), Augmented Reality (AR) and Extended Reality (XR) among worldwide
researchers, technical practitioners, domain specialists and scholars. ICVR 2026 invites
authors to submit original contributions covering pioneering research discoveries,
transformative engineering projects, comprehensive literature surveys and practical
industrial case studies that drive technical progress of VR and its related fields.

The ICVR 2026 will be a valuable reference for researchers, educators and developers in
Virtual Reality. This year, we are also delighted to have the following speakers:

e Prof. Jian Jun Zhang, Bournemouth University, UK

e Prof. Matthias Wolfel, Karlsruhe University of Applied Sciences, Germany
e Prof. Yue Liu, Beijing Institute of Technology, China

e Assoc. Prof. Shaojun Hu, Northwest A&F University, China

The ICVR 2026 conference is planned in such a way so that researchers can enrich Virtual
Reality and its relevant research field through keynotes, tutorials, hybrid presentation
sessions, and informal conversations among colleagues from around the world.

On behalf of the conference committee, we thank all the authors, reviewers, and attendees for
their contributions and participation in ICVR 2026. Their dedication and expertise enable us
to prepare this high-quality program to make the conference a success. Finally, we wish all the
delegates a productive and enjoyable conference.

ICVR 2026 Conference Committee

July, 2026

8 Cardiff University, Cardiff, UK & July 28-30, 2026
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USEFUL INFORMATION

% Time Zone: UTC+1
% Conference Program: https://www.icvr.org/icvr-prog.pdf

Scan the QR code to get the program
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For Onsite Participants

X/

s Conference Venue

Abacws building, Cardiff University, Cardiff, UK
Address: Abacws building, Senghennydd Road, Cathays, Cardiff, CF24 4AG, UK
For more, please visit:
https: //www.cardiff.ac.uk/visit/accessibility /cathays-park-campus/abacws

Abacws is bringing together the School of
Computer Science and Informatics and
the School of Mathematics into one
world-leading facility. The building is
situated on Senghennydd Road next to
Cathays railway station.

The single six-storey building has been
designed in collaboration with students
and academic staff to create
interdisciplinary, flexible and creative
workspaces, with innovative teaching
areas.

L]

For rﬁoré, pls visit at
https://www.cardiff.ac.uk/ data/assets/pdf file/0005/166163/CU Location2022 ENG Web.pdf

s Temperature

Average Temperature in July in Cardiff, UK
o (o}
14°C - 26°C
¢ Attention Please
# Please take care of your belongings in public area. For your personal and property safety,
delegates are suggested to wear representative card during conference and not to lend it to
those unconcerned to enter event rooms. Conference does not assume any responsibility for
loss of personal belongings of participants.

8 Cardiff University, Cardiff, UK & July 28-30, 2026
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# Don’t stay too late in the city, don’t be alone in the remote area. Be aware of the strangers who

offer you service, signature of charity, etc., at scenic spots. You can search more Tourist
Information and Security tips online.

X/

< Emergency Call: 112

/7

+» Hotels Recommended

For details: https://icvr.org/venue.html

Hilton Cardiff Park Plaza Cardiff
Add: Greyfriars Rd, Cardiff CF10 3HH Add: Greyfriars Rd, Cardiff CF10 3AL
Distance: approx. 1.6 km Distance: approx. 1.5 km

Walking: 18-22 minutes

Walking: 18-22 minutes
Taxi: 2-3 minutes

Taxi: 3—5 minutes

Leonardo Hotel Cardiff Hotel Indigo Cardiff by IHG
Add: 1 Park P], Cardiff CF10 3DN Add: Dominions Arcade, Queen St, Cardiff CF10 2AR
Distance: approx. 1.3 km Distance: approx. 1.2 km
Walking: 16-20 minutes Walking: 13-17 minutes
Taxi: 3-6 minutes Taxi: 3-6 minutes

8 Cardiff University, Cardiff, UK & July 28-30, 2026
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For Online Participants

«* Online Conference Information Zoom

e Zoom Link: https://us02web.zoom.us/j/87285457675
e ZoomlID:872 8545 7675
e Password: ICVR

Note:
Conference rooms will be open 30 mins before scheduled time.
Pls join the online room 10-15 mins before your session starts and be prepared.

Zoom Download: https://www.zoom.com/

Tips:
» Please unmute audio and start video while your presentation.
» It's suggested to use headset with microphone or earphone with microphone.
» Duration of each Presentation: about 12 Minutes of Presentation and 3 Minutes of Q&A.
» E-certificate will be sent to presenters after conference by email.
» An excellent presentation will be selected from each session and announced on the website

after conference. An excellent presentation certificate will be sent after conference by email.
It's UK Local Time Zone (UTC/GMT +1) the whole schedule.

Rename your screen name before entering the room Example

Y

Authors: Paper [D-Name R0001-Sam Louis
Keynote Speaker: Keynote-Name Keynote- Sam Louis
Invited Speaker: Invited -Name Invited- Sam Louis
Committee Member: Position-Name Committee- Sam Louis

R/

s Duration of Each Presentation
< Keynote Speech: 45 Minutes of Presentation including Q&A.
<> Regular Oral Presentation: 15 Minutes of Presentation including Q&A.

10
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DAILY SCHEDULE

Day 1, July 28, 2026

10:00-16:00 Onsite Sign in and Collect Conference Materials
Address: Abacws, Room 0.34, Ground floor

09:00-11:00 Online Test
Zoom Link: https://us02web.zoom.us/j/87285457675 password: ICVR

*Please enter the room 10 minutes before the test session start
Session Chairs, Invited Speaker, Committees, Online Authors.

Day 2, July 29, 2026

Meeting Room: Abacws, Room 0.34, Ground floor

Host: Assoc. Prof. Yipeng Qin, Cardiff University, UK

OPENING CEREMONY

09:00-09:05 Welcome Message Prof. Paul Rosin, Cardiff University, UK

09:05-09:10 Opening Remarks Assoc. Prof. William Hurst, Wageningen University and
Research, Netherlands

KEYNOTE SPEECHES

09:10-09:55  Keynote Speaker Prof. Jian Jun Zhang
Bournemouth University, UK
Speech Title: VR Experiments and Advances in Computer
Animation

09:55-10:20 Group Photo & Coffee Break

10:20-11:05  Keynote Speaker Prof. Matthias Wolfel
Karlsruhe University of Applied Sciences, Germany
Speech Title: How Visual Characteristics Shape Human
Perception in Virtual Reality

11:05-11:50  Keynote Speaker Prof. Yue Liu
Beijing Institute of Technology, China
Speech Title: Efficient Intrinsic Image Acquisition Methods for
VR/AR Digital Paintings

11:50-13:30 Break & Lunch

13:30-15:15 ONSITE SESSION1 Topic: VR Driven Evaluation of Educational Effectiveness and

Room 0.04 Quantification of Learning Experience

Session Chair: Assoc. Prof. Thomas Bjgrner, Aalborg
University, Denmark

Order: R1012, R1005,R1011, R1007, R1021, R2056, R3084

Ground floor

8 Cardiff University, Cardiff, UK & July 28-30, 2026
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13:30-15:30 ONSITE SESSION 2 Topic: Immersive Interaction and Real-time Rendering:
Room 1.04 Multimodal Perception and High Fidelity Vision
i e Session Chair: Prof. George André Pereira Thé, Federal
University of Cear4d, Brazil
Order: R3079, R1008, R1014, R1016, R1026, R2044, R2049,
R3076
15:30-16:00 Coffee Break
16:00-18:00 ONSITE SESSION 3 Topic: Application of Virtual Reality in Medical Rehabilitation
Room 0.04 and Psychophysiological Assessment
e T Session Chair: Prof. Armin Grasnick, IU International
University of Applied Sciences, Erfurt, Germany
Order: R1001, R1010, R1023, R1024, R1025, R1028, R2043,
R3085
16:00-17:45 ONSITE SESSION 4 Topic: Privacy Protection and Secure Interaction Mechanism
Room 1.04 between Augmented Reality System and Augmented Reality
First floor Session Chair: Prof. Tetsunari Inamura, Tamagawa University,
Japan
Order: R3083, R1029, R2055, R2059, R2060, R2062, R3086
Dinner--The Green House
From 18:30

Add: Green Shoots Café, Cardiff University, Main Building, Park Place, CF10 3AT, Cardiff.

Day 3, July 30, 2026

ONLINE SESSIONS
Zoom Link: https://us02web.zoom.us/j/87285457675 ID: 872 8545 7675 Password: ICVR
10:00-12:35 Online Session A Topic: Real Time Intelligent Image Analysis and Scene
Understanding Technology in Augmented Reality
Session Chair: Assoc. Prof. Xiangdong Li, Zhejiang University,
China
Order: Invited Speech-Assoc. Prof. Shaojun Hu
R1006, R2058, R2045, R3075, R3081, R2038, R3074, R4093,
R1019
12:35-13:00 Break Time
13:00-15:00 Online Session B Topic: Fusion Technology of Dynamic Scene Neural Rendering
and Physical Simulation based on Gaussian Splashing
Session Chairs: Assoc. Prof. Shaojun Hu, Northwest A&F
University, China & Assoc. Prof. Wen Zhou, Anhui Normal
University, China
Order: R1030, R1017, R1018, R4089, R2053, R4091, R4096,
R4099
15:00-15:20 Break Time

12
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15:20-17:20 Online Session C  Topic: Evaluation of Virtual Reality Interaction Security and
Usability

Session Chair: Prof. Tilemachos K. Koliopoulos, University of
West Attica, Athens, Greece

Order: R2066, R1031, R2052, R2061, R2065, R3072, R4090,
R3073

13
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KEYNOTE SPEAKER

Prof. Jian Jun Zhang

. Bournemouth University, UK
S

7%
iy

Onsite Meeting Room: Abacws, Room 0.34, ground floor Time: 09:10-09:55

Boi: As Principle Investigator, Prof Zhang has brought in 10 million pounds (GBP) of research grants to
the NCCA from the EPSRC, AHRC, EU FP7 and EU H2020 as well as other funding organisations. His
research focuses on a number of topics relating to 3D computer animation, virtual human modelling and
simulation, and physics-based animation. He is also interested in virtual reality, medical visualisation
and simulation, and conversational Al. Prof Zhang has published over 350 peer reviewed journal and
conference publications and has given over 30 invited/keynote talks around the world. He has chaired
over 40 international conferences and symposia, and serves on a number of editorial boards. Prof Zhang
is one of the two founders of the EPSRC-funded multi-million pound Centre for Digital Entertainment
(CDE) with Prof Phil Willis from the University of Bath. Prof Zhang was awarded the “CGI Outstanding
Career Award” by Computer Graphics International and Computer Graphics Society in 2021.

Speech Title: VR Experiments and Advances in Computer Animation

Abstract: The National Centre for Computer Animation (NCCA) at Bournemouth University has
conducted extensive research in visual computing, including virtual reality (VR). Our VR research
applications span medical simulation, tangible and intangible cultural heritage, psychological research,
and professional training development. Recent advances in machine learning and large language models
have significantly enhanced the VR technologies, potentially leading to a set of new generation of
powerful and agile solutions that benefit both academic research and practical applications across social
and industrial sectors.

In this presentation, we will share some of our past and current work demonstrating how VR is
facilitating academic research in psychology, social well-being, and professional training. By examining
the key characteristics of immersive technology through our experiments, we will explore how cutting-
edge computer animation and Al are pushing the frontiers of VR and driving technological
breakthroughs across a range of applications. We will discuss some of our recent findings, including Al-
powered facial animation, motion synthesis in storytelling, and human pose transfer, among others.

14
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KEYNOTE SPEAKER

Prof. Matthias Wolfel

Karlsruhe University of Applied
Sciences, Germany

Onsite Meeting Room: Abacws, Room 0.34, ground floor Time: 10:20-11:05

Boi: Matthias Wolfel is a professor of Intuitive and Perceptive User Interfaces at the Karlsruhe
University of Applied Sciences in Germany. He is the head of the Institute for Intelligent
Interaction and Immersive Experience and is also affiliated with the Faculty of Business,
Economics, and Social Sciences at the University of Hohenheim. His research interests include
interaction design, human-computer interaction, human-computer-human interaction,
artificial intelligence, augmented and virtual reality, digital culture, and technology-enhanced
learning. Outside of academia, Wolfel contributes to global media art exhibitions and is the
founder and CEO of ColorfulBit, an award-winning studio that specializes in new media and
innovative technologies. Wolfel has received numerous awards for excellence in teaching and
innovation, including "Professor of the Year" in 2017, the "HKA Teaching Award" in 2024, and
the "IKT Innovativ Award" in 2013.

Speech Title: How Visual Characteristics Shape Human Perception in Virtual Reality

Abstract: As immersive technologies continue to evolve, understanding how people perceive
virtual environments and how head-mounted displays differ from alternative display
technologies becomes increasingly important. This keynote explores how visual characteristics
shape our experience of immersive virtual reality. Drawing on recent empirical research, it
examines the impact of avatar appearance and the uncanny valley, environmental lighting, and
novel scene representations such as 3D Gaussian Splatting on user perception.

15
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KEYNOTE SPEAKER

Prof. Yue Liu

Beijing Institute of Technology,
China

Onsite Meeting Room: Abacws, Room 0.34, ground floor Time: 11:05-11:50

Boi: Yue Liu is a Professor and Ph.D. supervisor at the School of Optics and Photonics, Beijing
Institute of Technology. He serves as Director of the Institute of Optoelectronic Information
Technology and Color Engineering and Deputy Director of the Beijing Engineering Research
Center of Mixed Reality and Novel Display. He is also a member of the expert panel for the
National Key R&D Program on “Culture, Science & Technology and Modern Service Industries.”
In 2024, he was selected for a national-level innovation talent support program. His main
research areas include virtual reality and augmented reality, natural human-computer
interaction, and computer vision. He currently serves as Vice Chair of the Technical Committee
on Intelligent Interaction of the Chinese Association for Artificial Intelligence; Vice Chair of the
Technical Committee on Human-Computer Interaction of the China Computer Federation; Vice
Chair of the Virtual Reality Industry Branch of the Chinese Institute of Electronics; and Standing
Board Member, Deputy Secretary-General, and Chair of the Virtual Reality Technical Committee
of the China Society of Image and Graphics. He has previously served as Vice Chair of the Virtual
Technology and Applications Technical Committee and Vice Chair of the Virtual Simulation
Education and Teaching Technical Committee of the Chinese Association for Simulation, as well
as Vice Chair of the Virtual Reality Technical Committee of the China Computer Federation. He
is currently the Chief Scientist of a National Key R&D Program project under the 14th Five-Year
Plan. He has published more than 100 papers and filed over 50 patents. His research has been
recognized with a Second Prize of the National Award for Technological Invention.

Speech Title: Efficient Intrinsic Image Acquisition Methods for VR/AR Digital Paintings

Abstract: As an important medium for carrying cultural content and immersive narratives,
digital paintings are widely used in remote exhibition, education, and interactive
communication. To faithfully reproduce the appearance of paintings, it is necessary to efficiently
acquire intrinsic images in a manner tailored to specific application requirements. This talk
focuses on the application needs of VR/AR digital paintings and presents our research and
practical work on efficient intrinsic image acquisition methods.
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INVITED SPEAKER

Assoc. Prof. Shaojun Hu

Northwest A&F University, China

Online Zoom Link: https://us02web.zoom.us/j/87285457675 password: ICVR
Time: July 30,2026 | 10:00-10:20

Bio: Shaojun Hu is an Associate Professor and a Ph.D. supervisor at Northwest A&F University, China. His
research interests include Computer Graphics, Human-Robot Interaction, Machine Learning and their
applications in art and agriculture. He received his Ph.D. from the Graduate School of Information
Science and Technology at Iwate University, Japan. He has worked at various universities including Iwate
University, TU Wien and the University of Tokyo. He currently serves as a council member of the College
Professor Committee and has served on the International Program Committees of several conferences,
including Nicograph International (2018~2026), ISID (2021~2024), IFIP-ICEC 2020, SMI2026 and ICVR
(2024~2026). He also acted as Local Organizing Committee Chair for ICVR 2023 and Nicograph 2019,
and as Session Chair for SMI 2018 and ICVR2026. He has been a reviewer for numerous leading journals
and conferences, such as ACM SIGGRAPH, IEEE ICRA, IEEE/RS] IROS, IEEE TVCG, ISPRS JPRS, IEEE
JSTARS, IEEE IGARSS, Computer Graphics Forum, The Visual Computer, Computers & Graphics,
Measurement, CAVW and Computers & Electronics in Agriculture. He has led several research projects
including tasks under the National High-tech R&D Program of China (863 Program), the National Natural
Science Foundation of China and the Scientific Research Foundation of the Ministry of Education of China.
Dr. Hu received the student-voted award of "The Best University Supervisor in My Mind" in 2020, the
"National Outstanding Competition Supervisor" award in both the China Graduate Al Innovation
Competition in 2021 and the China Graduate Robot Innovation Design Competition in 2023, and the
award of "Outstanding Returned Overseas Talents of Shaanxi Province" in 2025.

Speech Title: Data-Driven Realistic 3D Reconstruction of Real-World Plants

Abstract: Plants constitute one of the most biologically significant categories of organisms on Earth. The
3D reconstruction of real-world plants holds substantial research value across diverse domains,
including Computer Graphics, Virtual Reality, and Precision Agriculture. In recent years, our research
group has leveraged image sequences, LiDAR point clouds, and RGB-D depth video streams acquired
from real-world scenes as primary data drivers. By integrating procedual-based modeling, implicit
surface reconstruction, physics-based method, in conjunction with deep learning and optimization
methodologies, we have conducted systematic investigations into plant segmentation, classification,
completion, 3D reconstruction, and virtual interaction. This research ultimately enables the creation of
high-fidelity digital twins of real-world plants, which provides essential geometric and semantic models
for realistic Virtual Reality simulations and robotics-driven interactions such as automated harvesting,
thereby bridging computational graphics with practical agricultural and environmental applications.
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ONSITE SESSION 1

Topic: VR Driven Evaluation of Educational Effectiveness and Quantification of
Learning Experience

Location: Abacws Room 0.04, Ground floor

Time: July 29, 2026 | 13:30-15:15

Session Chair: Assoc. Prof. Thomas Bjgrner, Aalborg University, Denmark
Order: R1012,R1005,R1011, R1007,R1021, R2056, R3084

TR X S SR S

Title: A VR driving simulator with practical driving scenarios
R1012 Author(s): William Alexander Abildtrup, Victor A. S. Andersen, Mathias Kofoed Hansen, Oskar
13:30-13:45 Bodholdt Kaare, Jason Malik Catanjal Hassan, Mattias F. L. Ehlert, Thomas Bjgrner
Presenter: Thomas Bjgrner, Aalborg University, Denmark

Abstract: This study is a formative evaluation with the aim to initiate the first steps to design
and evaluate a virtual reality driving simulator that presents real-world driving scenarios that
are engaging, realistic, and immersive. The background is that, on average, 36% of Danish
student drivers fail the driver’s exam. The high failure rates, especially in the capital area, often
require student drivers to pay for extra lessons to obtain their license. The developed VR-drive
simulator described in this study is the first prototype (and proof of concept) to provide student
drivers with supplementary driving instruction at no additional cost. The VR setup used a Meta
Quest 2, a Logitech G920 steering wheel and pedals, and automated transmission driving. The
VR simulator had two different scenarios, each focusing on specific aspects of driving. 15
participants were included in the formative evaluation. The formative evaluation consisted of a
20-item questionnaire covering engagement, realism, and immersion. Further, all 15
participants were interviewed using a semi-structured interview guide, and the interviews
were analyzed using thematic analysis. The findings revealed a very positive evaluation for the
VR-driving simulator in terms of engagement, realism, and immersion. The Grand Mean was
4.35, and especially the engagement items scored very high, showing a positive perception of
attention and motivation. Further, the participants perceived that the VR driving simulation
combined fun and learning and provided a risk-free environment to practice.

Title: Walking in Their Shoes: How Embodied Virtual Reality Fosters Empathy for Autistic

R1005 Students in Classrooms
13:45-14:00 Author(s): Aurélien Moliner, David Panzoli, Franck Amadieu
Presenter: David Panzoli, INUC SGRL France

Abstract: This study explores the use of Embodied Virtual Reality (EVR) to enhance empathy
towards students with Autism Spectrum Disorder (ASD) in educational settings. Traditional
training methods often fail to convey the unique challenges faced by students with ASD,
prompting the need for innovative approaches. EVR offers an embodied perspective that can
foster empathy by providing a sense of presence and agency. The research employs a VR-based
application designed to immerse educators in a virtual classroom, simulating the sensory and
cognitive experiences of a student with ASD. An experiment involving 109 participants across
four conditions showed significantly higher empathy, presence, and agency scores in the VR
condition, as compared with more classical media, while retaining minimal motion sickness.
These findings are consistent with the predictions of the Cognitive-Affective Model of
Immersive Learning (CAMIL) and provide further empirical support for the theory. More
broadly, this study underscores the potential of EVR to raise awareness and shape educators’
attitudes towards ASD, thereby contributing to greater inclusivity and understanding in
education. Index Terms—Embodied Virtual Reality, Autism Spectrum Disorder, Education,
Immersive Learning, Empathy

Title: Carbon Chat: A Virtual Reality Game for Creating Awareness of the Environment Impact

R1011 of LLMs
14:00-14:15 Author(s): William Hurst; June Sallou; Caspar Krampe
Presenter: William Hurst, Wageningen University and Research, Netherlands
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Abstract: The increasing use of large language models (LLMs) raises concerns regarding energy
consumption and environmental impact, yet awareness among end users remains limited. This
paper presents Carbon Chat VR, a virtual reality serious game designed to introduce primary
school learners to the environmental implications of Al usage through embodied interaction
and gamified learning. The system situates players in a virtual classroom where access to a
simulated chatbot is controlled through resource-gated mechanics, linking Al queries to visible
environmental consequences. The application was developed using a structured serious-game
methodology and theoretically validated through established educational frameworks,
including ICAP, Self-Regulated Learning, 4E Cognition, and Flow Theory. Exploratory play-
testing incorporated spatial movement tracking to analyse user navigation and engagement
within the environment. Results demonstrate the feasibility of using immersive VR experiences
to communicate abstract sustainability concepts and support classroom discussion. Carbon
Chat VR contributes a novel approach to Green Al awareness by translating invisible
computational costs into tangible interactive experiences.

Title: PhysiVerse - Leveraging Virtual Reality for Enhanced Physics Education

Author(s): José Graga, Pamela Teubig, Daniel Galaviz, Sara Cruz

Presenter: José Miguel Paulico Marques da Graca, UNIDCOM/IADE, Unidade de
Investigacao em Design e Comunicac¢ao

Abstract: The goal of this research project is to examine the influence of virtual reality (VR)
technology on the student experience in an experimental physics course at the university level,
with a particular focus on aspects related to interaction, learning and accessibility. The course
considered has specific requirements due to the laboratory-based nature of its activities and
the abstract concepts it encompasses. These requirements include a careful step-by-step
approach that must be followed (the need for specialized environments) and a challenging
learning process. A further issue is that some educational physics experiments cannot be
replicated outside the laboratory classroom, necessitating the use of costly and scarce
equipment. Consequently, in the event of a device breakdown, replacement is challenging and
the financial cost is considerable. To assess the effectiveness of VR experiences in facilitating
knowledge acquisition and retention of topics of practical physics experiments, two virtual
reality experiences with gamified elements are being proposed, and the results of post-
experience questionnaires will be compared to the results of traditional methods.

Title: Scalable Orchestration of Immersive Learning Environments using a Teacher-Centered
Control Framework for VR Classrooms

Author(s): Jan-Niklas Terschueren, Markus Peter Fey, Manas Raskar, Valerie Varney, Larissa
Miiller

Presenter: Jan-Niklas Terschiiren, Cologne University of Applied Sciences, Germany

Abstract: This study examines the design of an orchestration framework to support the use of
immersive virtual reality (VR) training in classroom-scale settings, such as those found in
vocational education and professional training contexts. While VR can enhance learning
processes through immersion, motivation, and action-oriented tasks, there is currently no
vendor- independent, teacher-centered tool for simultaneously managing entire classes
(approximately 20-30 learners). Based on interdisciplinary workshops and literature review, a
conceptual framework for a “Classroom Controller” was developed. This will support teachers
in organizing, monitoring, and regulating VR learning scenarios. Core design principles include
the separation of orchestration logic from application logic, an event-driven communication
model, multi-user monitoring, and a visually reduced management interface aimed at limiting
extraneous cognitive load. Through its modular architecture, scalability, and hardware
interoperability, the Classroom Controller enables flexible integration into diverse VR training
applications without constraining their pedagogical logic or scenario implementation. The
framework operationalizes theoretical concepts of learning orchestration into a technical
reference architecture, providing a foundation for sustainable, practice-oriented use of
immersive learning technologies in classroom contexts. Future work includes prototype-based
implementation, empirical evaluation of usability and system acceptance, and investigation of
the teacher’s role as the central orchestration instance. Overall, the concept shifts the focus
from isolated VR applications toward a systemic, scalable, and teacher-centered approach to
immersive learning environments.
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Title: Digital Twins for Collaborative Virtual Reality STEAM Education

Author(s): Fareeda Almutairi, Mizue Kayama, Ziqi Pan, Nuha Alghamdi, Takashi Nagai, Craig
Stewart and Alexandra Cristea

Presenter: Alexandra Cristea, Durham University, United Kingdom

Abstract: STEAM education seeks to integrate analytical, creative, and embodied learning
across science, technology, engineering, mathematics, and the arts, while collaborative learning
is a known challenge in Artificial Intelligence in Education (AIED). Recent advances in virtual
reality (VR) create new opportunities for designing embodied collaborative learning
environments that can be meaningfully supported and studied. At the same time, digital twin
technologies, widely adopted in engineering domains, remain under-explored in educational
and AIED contexts. This paper proposes the PICA-PICA digital twin-based approach to
collaborative STEAM learning in VR, enabling shared, synchronised representations of learning
artefacts and learner actions. We present the implemented system and report findings from
evaluations conducted in two countries from two different continents and with different
Hofstede Individualism index, Japan and the UK, demonstrating the potential of digital twin-
enabled VR environments to support collaborative learning and future Al-driven education.
Title: XR Design Toolbox for Embodied and Interactive Pedestrian Behaviour research
Author(s): Abhinav Azad, Stefan van der Spek, Serge P. Hoogendoorn

Presenter: Abhinav Azad, TU Delft, Netherlands

Abstract: eXtended reality (XR) has become a core instrument for studying pedestrian
behaviour, yet the field remains fragmented: researchers build single-use, VR-only simulators
that lack cross-modal transferability, behavioural data collection pipelines, and validation
instruments. This paper presents the design and development of the XR Design Toolbox for
Pedestrian Behaviour Studies, a modular Unity-based framework that unifies experiment
design across virtual reality (VR), augmented reality (AR), and mixed reality (MR). Built as a
design artefact, the toolbox comprises six interoperable modules enabling in-situ scene
authoring, spatial registration for cross-modal coordinate alignment, standardised behavioural
data channels, and in-headset subjective questionnaires. A within-subject fire evacuation case
study with 162~XR sessions across VR, AR and MR on Meta Quest~3 and Magic Leap~2
confirmed that the toolbox maintains spatial and procedural fidelity across modalities. The
toolbox shifts the researcher's workflow from ad-hoc simulator development to systematic,
cross-modal experimental design, directly addressing the reproducibility and standardisation
problems in pedestrian behaviour and urbanism research.

20

8 Cardiff University, Cardiff, UK & July 28-30, 2026



! ;2 V& ICVR 2026 2026 the 12th International Conference on Virtual Reality

TR X S SR S

R3079
13:30-13:45

R1008
13:45-14:00

R1014
14:00-14:15

ONSITE SESSION 2

Topic: Immersive Interaction and Real-time Rendering: Multimodal Perception and
High Fidelity Vision

Location: Abacws Room 1.04, First floor

Time: July 29, 2026 | 13:30-15:30

Session Chair: Prof. George André Pereira Thé, Federal University of Ceara, Brazil
Order: R3079,R1008, R1014, R1016, R1026, R2044, R2049, R3076

Title: LCTexture-GS: Localized Custom Texture for Gaussian Splatting

Author(s): Paulo Abner Aurelio Mesquita, Leonardo Rocha, Paulo Douglas Melo da Silva and
George A. P. Thé

Presenter: George André Pereira Thé, Federal University of Ceara, Brazil

Abstract: The rapid adoption of 3D Gaussian Splatting (3DGS) in Virtual Reality (VR) and
industrial Digital Twins has revolutionized real-time photorealistic rendering. However,
standard 3DGS strictly couples geometry and appearance within individual primitive
attributes, forcing texture editing frame works to apply modifications globally across the entire
model surface. This global constraint hinders practical workflows that demand surgical,
localized visual alterations, such as industrial asset customization or synthetic scene
generation for vision based robotic training. To address this technological gap, this paper
introduces LCTexture-GS (Localized Custom Texture for Gaussian Splatting), an interactive
pipeline engineered for se lective, region-bounded texture modification. Our framework
extends state-of-the-art texturing architectures by introducing an immersive view-cone
selection tool within the open-source SuperSplat ecosystem and a spatial conditioning layer. By
project ing isolated 3D primitives onto a 2D cubemap domain through analytical rasterization
of Mahalanobis ellipses, LCTexture-GS restricts external visual synthesis exclusively to user-
defined volumetric boundaries. Furthermore, we develop an enriched PLY export mechanism
that embeds raw structural attributes into the point cloud file, enabling seamless bidirectional
data mapping. Experimental results on benchmark scenes demonstrate that our framework
achieves strict regional appearance isolation while preserving global topological consistency
and real-time rendering fidelity.

Title: Digital Reconstruction and Al-Driven Immersive Experience of Ancient Troy

Author(s): Ahmet Denker, Mert Mengilli, Asli Emirosmanoglu, Baris Unluer

Presenter: Mert Mengilli, Istanbul Bilgi University, Turkey, Istanbul Bilgi University,
Turkey

Abstract: This paper presents a real-time, interactive digital reconstruction of Ancient Troy, a
uniquely stratified site preserved through nine superimposed settlement layers (Troy I-
IX)spanning nearly four millennia. To address the limits of staticdocumentation, the framework
combines historically informed 3Dmodeling with virtual reality (VR) and an extensible Al-
enabledinteraction layer, enabling Troy to be experienced as a time-based,multi-layered
environment. Archaeological reports, excavationplans, and scholarly sources guide a layer-
based pipeline in whicheach phase is modeled as a distinct digital layer and deployed
forinteractive navigation and temporal comparison. The systemincorporates Al-enabled virtual
agents to support an educationalexperience by providing contextual explanations about
Troy’shistory and key structures in response to user queries.Storytelling-oriented transitions
are used to clarify period-to-period change, while more advanced autonomous behaviors
areleft for future work. Overall, the approach offers a scalablemethodology for 4D heritage
visualization that can evolve as newevidence emerges.

Title: Assessing the Immersive Experience: An Empirical Study of 3D Gaussian Splatting,
Textured Mesh, and 360° Stereo3D in Virtual Reality

Author(s): Niklas Oesterle, Matthias Wolfel

Presenter: Matthias Wélfel, Karlsruhe University of Applied Sciences, Germany

Abstract: The digital preservation of physical environments for virtual reality (VR) has, until
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recently, relied on two distinct modalities: Textured Mesh, which offers six degrees of freedom
(6DoF) but often struggle to reconstruct complex geometries, and 360° Stereo3D, which
provides high photorealism but restricts user movement to the three rotational axes (3DoF).
Recently, 3D Gaussian Splatting (3DGS) has emerged as a disruptive neural rendering paradigm
that balances real-time performance with exceptional visual fidelity. However, current
evaluations of 3DGS predominantly focus on computational image metrics, leaving its
perceptual and behavioral impacts on end-users largely unexplored. This paper aims to address
this gap by conducting a comprehensive, mixed-methods, within-subjects user study with 30
participants. In this study, the participants evaluated 3DGS, Textured Mesh, and 360° Stereo3D
within immersive VR. By triangulating psychometric questionnaires, objective head-tracking
data, and qualitative interviews across three environments of varying complexity, this research
rigorously assesses experienced realism, spatial presence, involvement, cybersickness, and
cognitive load. The results demonstrate that 3DGS significantly outperforms the two baseline
modalities in experienced realism. Furthermore, behavioral data reveal that the user's
perceived ability to influence the viewpoint is the primary driver of user comfort: the 6DoF
affordances of 3DGS encouraged natural physical exploration and induced negligible
cybersickness, whereas 3DoF 360° Stereo3D forced compensatory head rotations, leading to
elevated cybersickness.

Title: Research on Immersive Cultural Tourism Multi-terminal Adaptation Technology Based on
Visual Perception and Intelligent 3D Reconstruction

Author(s): Huan Lj, Jinghui Yin, Menglong Fu, Pengkun Yan

Presenter: Huan Li, Aerial Photogrammetry and Remote Sensing Group Co.,LTD, China

Abstract: This paper addresses the high redundant production costs and the requirement for
secondary rendering in multi-terminal displays for immersive cultural tourism. We present a
multi-terminal adaptive technology framework based on visual perception and intelligent 3D
reconstruction. Initially, a 360° Omnidirectional Spatial Model was constructed using a hybrid
modeling approach, employing SIFT for feature extraction and SfM for camera trajectory
estimation to generate sparse point clouds. High-fidelity geometric reconstruction and texture
mapping were achieved through Multi-View Stereo (MVS) and Poisson Surface Reconstruction
(PSR). A multi-media immersive experience platform was developed using Unity3D, featuring
a Quad-fold Screen multi-channel video fusion system integrated with a JNDiD perception
model, ensuring seamless adaptation across VR, mobile, and PC platforms.

Title: Horizontal or vertical? Exploring target layouts for mid-air bare-hand selection in Virtual
Reality

Author(s): Guillaume Petit, Lilian Motti, Adam Toth

Presenter: Guillaume Geoffrey Petit, University of Limerick, Ireland

Abstract: Vertical layouts are ubiquitous in Virtual Reality (VR). From virtual desktop menus to
virtual keyboards, it is a commonly used design. While it is efficient for interaction with
controllers or ray casting-based techniques, bare-handed interaction (i.e. reaching targets with
hand tracking) can lead to improper arm posture, overhead movements, discomfort and fatigue,
and consequently degraded performance. This paper explores the effects of layout orientation
on user performance and its correlation with handedness. Fourteen adults performed a
reaching task with both of their hands, to reach targets presented in a 2D grid on a 3D space,
on two layouts (one horizontal, one vertical). Results indicate that participants performed
better on the horizontal layout, with smoother and more efficient movements, but did not show
any interaction between the handedness and the layout orientation. These findings suggest that
exploring horizontal options for layouts may be an interesting consideration for VR designs that
imply direct bare-hand interaction.

Title: Measuring Visual Capture in Virtual Reality under Sustained Audiovisual Conflict with
Third-Order Ambisonics

Author(s): Kam Kiu Fung, Tze Wei Saw, R.P.C.Janaka Rajapakse,

Presenter: R.P.C.Janaka Rajapakse, Tainan National University of The Arts

Abstract: Vision tends to dominate spatial judgment in virtual reality, but what happens when
the auditory scene is rendered at genuinely high fidelity remains underexplored. This research
investigated the magnitude of visual capture and the dynamics of spatial correction when using
third-order Ambisonics as a high-fidelity auditory baseline. To examine this, twenty
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participants completed congruent, incongruent, and audio-only trials in a decoupled tracking
paradigm, where head orientation was kept separate from hand-based sound localization to
preserve the conflict state at the moment of response. Analysis revealed that incongruent visual
cues drove first-attempt angular error well above congruent levels, with response times
lengthening noticeably and initial responses skewing toward the visual decoy throughout. Only
the incongruent condition yielded a reliable first-to-final reduction in angular error, indicating
partial correction after initial capture. While audio-only listening recovered localization
substantially relative to conflict trials, it fell just short of congruent accuracy, whereas front-
back confusions remained uncommon and stable across all conditions. These findings indicated
that high-fidelity spatial audio establishes a solid auditory baseline but cannot shield initial
judgments from robust visual capture. The decoupled tracking paradigm shows how users
partially overcome visual bias while the conflict is still active. This work highlights that spatial
accuracy in VR depends on cross-modal consistency as much as acoustic quality.

Title: Design and Evaluation of an Immersive Simulation Environment for NHS Ambulance
Handover Delay Management and Category 2 Response Performance

Author(s): Zain Ul Abideen Ayaz, Irfan Ahmed

Presenter: Zain ul Abideen Ayaz, University of Chester, UK

Abstract: Hospital handover delays are a major driver of reduced ambulance fleet availability
and deteriorating category 2 response performance in the National Health Service (NHS).
Conventional training methods, including tabletop exercises and static performance reporting,
may be insufficient for preparing operational leaders to understand the dynamic and system-
wide consequences of these pressures. This paper presents the design and analytical evaluation
of an immersive simulation environment that combines a discrete event ambulance operations
model with a virtual operations room for decision support and training. The model represents
call arrivals, ambulance dispatch and queueing, and hospital offload delays across 3 scenarios:
moderate pressure, high congestion, and demand surge. Simulation outputs show that
prolonged offload delays can more than double mean response times and materially reduce
compliance with both the 18-minute category 2 target and the temporary 30-minute planning
objective. The paper contributes a structured immersive simulation framework, a transparent
modelling architecture, and a future evaluation design for assessing situational awareness,
prioritisation, and decision quality relative to conventional training approaches. The findings
support the potential value of immersive simulation for ambulance operational learning while
recognising that the present results are scenario-based and require future empirical validation.
Title: Generative Humanoid Avatar Creation for Ethnicity-Focused Virtual Reality Studies
Author(s): Naveen Talwar, Pradipta Biswas

Presenter: Pradipta Biswas, Indian Institute of Science, India

Abstract: The COVID-19 pandemic accelerated the shift of professional interactions meetings,
collaborations, and workplace engagements into virtual environments. As people increasingly
represented themselves through avatars, limited customization options undermined authentic
self-representation, particularly for individuals from diverse ethnic backgrounds, reducing the
sense of embodiment and inclusion. This gap motivated the present study, which investigates
how workers perceive and respond to virtual colleagues varying in ethnicity, gender, and age
within simulated professional settings. To enable this inquiry, we developed an end-to-end
generative pipeline converting natural language prompts into customizable, animatable 3D
humanoid avatars using text-to-image synthesis, TRELLIS-based 3D reconstruction, and
automated skeletal rigging via Adobe Mixamo. An exploratory user study (N = 25) examined
representational patterns and attitudinal responses across ten workplace scenarios.
Descriptive analyses revealed scenario-conditioned clustering of perceived ethnicity and
variation in collaboration willingness. A Scheirer-Ray-Hare test identified a significant main
effect of professional scenario on collaboration intent, while perceived ethnicity alone did not
reach significance. These findings suggest contextual role framing shapes collaboration
responses more strongly than ethnicity, highlighting the need to jointly examine generative Al
representation and human perception in fair, inclusive virtual workplaces.
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R1023
16:30-16:45

ONSITE SESSION 3

Topic: Application of Virtual Reality in Medical Rehabilitation and
Psychophysiological Assessment

Location: Abacws Room 0.04, Ground floor

Time: July 29,2026 | 16:00-18:00

Session Chair: Prof. Armin Grasnick, IU International University of Applied Sciences,
Erfurt, Germany

Order: R1001, R1010, R1023, R1024, R1025, R1028, R2043, R3085

Title: CHARLIE, can you touch your nose?

Author(s): Armin Grasnick, Daniela Becker, Gabriele Bleser-Taetz, Bertram Taetz, Julia Drejer,
Ali Mehmood Khan, Steven Koch, Janki Dodiya

Presenter: Armin Grasnick, IU International University of Applied Sciences, Erfurt,
Germany

Abstract: Realistic clinical interaction in extended reality (XR) requires virtual patients that can
interpret open-ended spoken commands and respond with physically and clinically plausible
behavior. Current virtual patient systems predominantly rely on predefined scenario logic or
menu-based interaction and therefore fail to integrate free natural language understanding
with embodied, feasibility-constrained motor behavior. This work introduces a formal
conceptual architecture for an autonomous motion-language agent designed for XR-based
clinical training. The proposed model describes the agent as a recursive, state-driven system in
which linguistic input, internal clinical state, blomechanical constraints, and multimodal action
are coupled through a closed perception-state-action loop. Semantic input is transformed into
a structured representation, evaluated against an explicit internal state and a motion-feasibility
model, and mapped to coordinated verbal and motor responses via a dual policy. We present a
formalization intended to support future implementation and evaluation of embodied, state-
aware XR virtual patients that can handle open-ended examination commands.

Title: BlindPlayVR: A Sound-Based Game for Blind Users with Adaptive Difficulty

Author(s): Hassan Iftikhar, Rogerio Eduardo da Silva, Mohammad Farhan Khan

Presenter: Rogerio Eduardo da Silva, Roehampton University, London, UK

Presenter: Hassan Iftikhar, University of Roehampton, UK

Abstract: BlindPlayVR is a virtual reality (VR) shooting game created for people who are blind
or visually impaired, aiming to close a clear accessibility gap in today’s VR landscape. The
project tackles the problem by combining 3D spatial audio with motion tracking and haptic
feedback to build an immersive, interactive experience that works entirely without visual cues.
The prototype was built using Unity, FMOD, Steam Audio, and the tracking capabilities of the
Meta Quest 3. These tools made it possible to deliver precise spatial sound and accurate motion
tracking. Results showed that blind folded players were able to detect and respond to enemies
with more than 60\ % accuracy using sound and haptic feedback. The use of intuitive head and
hand tracking boosted both immersion and interactivity. It offers a practical framework for
accessible VR game development and points toward broader applications in rehabilitation,
training, and entertainment for blind communities.

Title: Release Room: Designing a Two-Phase VR Rage Room for Stress Release and Relaxation
Author(s): Samuel Ting Li Wei, Siti Azreena Mubin, Vittoria Frau

Presenter: Siti Azreena Binti Mubin, Asia Pacific University of Technology & Innovation
(APU), Malaysia

Abstract: Release Room is a Virtual Reality prototype designed as a two-phase stress-relief
experience for college students, combining an active Rage Room with a guided Relax Room. This
work asks to what extent such a two-phase rage-and-relax experience can be implemented in a
way that is usable, comfortable, and positively received on Virtual Reality hardware. To explore
this research question, we conducted a pilot user acceptance testing with three college students
using 24 rated criteria and one open-ended feedback item. Across 72 ratings, the prototype
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received a mean score of 4.72/5, with 73.6% Excellent, 25.0% Good, and 1.4% Average ratings.
The results position Release Room as a promising pilot prototype for further study.

Title: Beyond Realism in Virtual Reality: Interactive Effects of Realness and Unrealness On
Human Memory

Author(s): Yunsun Alice Hong, Sumin Morgan Kim, Xiyu Shi, Safak Dogan

Presenter: Yunsun Alice Hong, Loughborough University London, United Kingdom

Abstract: While Virtual Reality (VR) research has primarily focused on how precisely VR
environments represent the real world, the potential of VR’s unique characteristics distinct
from the real world has been underexplored. This study investigates how the realness and
unrealness of VR environments influence users' task performance and experience through a
methodical experiment, which was set up as a 2x2 within-subjects factorial design, collecting
participants' reaction time, memory accuracy, and questionnaire responses. According to the
Linear Mixed Model analysis results, realness and unrealness showed a partial interaction in
behavioural tasks, where the effect size of unrealness varied depending on the level of realness.
In cognitive tasks, on the other hand, a crossover interaction was observed, where the direction
of the unrealness effect reversed depending on the level of realness. These results highlight that
the usefulness of VR environments is not achieved simply by increasing their realism but by
considering the unique characteristics of VR.

Title: Vection Induced Autonomic Responses in VR Showing Individual Differences in HRV and
BRV

Author(s): Pramod Rajan S, Manivannan M, Anna LaValle, Steven.M LaValle

Presenter: Pramod Rajan S, Indian Institute of Technology Madras, India

Abstract: Vection, the illusion of self-motion triggered by visual stimuli without physical
movement, has been extensively studied perceptually, but its links to autonomic physiological
responses remain underexplored, especially in immersive virtual reality (VR). Prior research
on visually induced motion sickness (VIMS) shows inconsistent group-level changes in heart
rate (HR), breathing rate (BR), and their variabilities. This study tests whether vection in
immersive VR elicits systematic autonomic changes, measuring HR, short-term heart rate
variability (HRV) via root mean square of successive differences (RMSSD), BR, and breathing
rate variability (BRV) via standard deviation of inter-breath intervals (SDBB). We conducted a
controlled VR experiment with 25 participants who completed five vection-inducing trials each.
Physiological signals came from continuous photoplethysmography (PPG) and respiratory belt
recordings. An objective Vection Index (VI) was derived from optic flow parameters and head
motion data. The results revealed strong correlations between VI and subjective vection
ratings ($r = 0.720-0.850%, $p < 0.05%), indicating VI as a reliable objective metric and a
moderate correlation with discomfort ratings ($r = 0.518%, $p < 0.05%). Although some
participants showed clear autonomic responses—marked changes in physiological metrics—
others showed minimal changes under identical stimuli. Intriguingly, the responses remained
consistent within individuals throughout the trials ($p < 0.05$), underscoring high inter-
individual variability driven by personal perception. These findings highlight vection's
individualised autonomic responses and the value of within-subject designs in VR physiology
studies.

Title: Classifying breaks in presence: A single-session feasibility study for detrended fluctuation
analysis in virtual reality

Author(s): Jeffrey Harris, Ralf F. A. Cox, Stefan Van der Stigchel, Tanja Nijboer

Presenter: Jeffrey Harris, Utrecht University, Netherlands

Abstract: Presence is a central quality of virtual reality (VR) experiences, yet its assessment
often relies on retrospective self-reports that lack objectivity and temporal resolution. To
address this, we tested the feasibility of applying detrended fluctuation analysis (DFA), a
method for quantifying long-range correlations in time-series data, to continuous movement
data as a way to detect presence dynamics in single VR sessions. Participants engaged in a mini-
game requiring visuomotor coordination while two breaks in presence (BIPs) were introduced
through unexpected changes in the behavior of virtual objects. Positional data from head and
controllers were transformed into velocity time-series to describe motor control and
subsequently analyzed with DFA to quantify long-range correlations in movement
coordination. DFA outcome variables of phases that included BIPs were then compared against
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phases without BIPs. By classifying motor responses to coherence-violating manipulations as
above, within, or below the variability of non-BIP phases, using various thresholds. Detection
dropped at stricter thresholds, indicating that classifications were highly sensitive to threshold
settings. Moreover, BIP and no-BIP phases produced predictably different outcomes,
supporting the validity of the approach. As such, DFA offers a feasible way to assess presence
in single VR sessions when thresholds are chosen carefully, with future work aiming to further
map how BIPs impact this measure. These findings highlight both the potential and limitations
of DFA for single-session presence assessment. In practice, this approach may provide a
foundation for future adaptive VR systems that continuously assess presence and respond by
adjusting content based on real-time user experiences.

Title: Mindfulness-based Stress Reduction in VR: Visualising Meditation Performance using
Real-time EEG Neurofeedback

Author(s): Ziqi Pan, Enego Comley, Alexandra I. Cristea

Presenter: Ziqi Pan, Durham University, UK

Abstract: The application of immersive technologies in self-directed stress management is
receiving growing attention in recent research. Nevertheless, the use of physiological signals to
provide continuous and interpretable feedback within immersive environments remains
relatively under-explored. This study proposes an integrated approach to stress management,
by combining Mindfulness-Based Stress Reduction (MBSR) within a Virtual Reality (VR)
environment with real-time neurofeedback-driven performance visualisation. Thus, users
engage in guided mindfulness exercises in immersive VR settings, while their relaxation levels
are continuously monitored using electroencephalogram (EEG) signals acquired through a
Brain-Computer Interface (BCI). These relaxation levels are further utilised as input to the VR
system, to dynamically visualise users’ meditation progress in real-time. A preliminary
evaluation suggests positive user experiences in terms of usability and functionality among
participants with different levels of experience with VR and meditation. In conclusion, this
work contributes a cross-modal interaction design that links physiological signals with
generative visual feedback, and provides initial evidence for its potential in supporting affective
self-regulation.

Title: Interactive Amsler Grid in Virtual Reality for Quantifying Metamorphopsia Using RMS
Deviation

Author(s): Amal Alshahrani, William Innes, Rich Davison, Gary Ushaw and Saeed Algahtani
Presenter: Amal Alshahrani, Newcastle University, United Kingdom

Abstract: Metamorphopsia, characterized by the distortion of straight lines and frequently
associated with macular diseases, is most often evaluated using subjective and qualitative
assessment tools, such as the Amsler grid. These traditional methods restrict the capacity of
clinicians and researchers to measure the severity of distortion quantitatively or to detect
subtle changes over time. In this study, we propose a novel quantitative approach for assessing
metamorphopsia, utilizing the Root Mean Square (RMS) deviation of patient-adjusted
distortions on an interactive Amsler grid displayed in a virtual reality environment with a
simple and intuitive user interface that enables interaction using a single hand and a single
button. Patients manipulate a high-density two-dimensional grid to recreate the visual warping
they experience, thereby generating a detailed spatial map of distortion. The RMS deviation is
then computed across all displaced vertices, yielding a single numerical index that captures the
overall magnitude of visual distortion. The proposed metric provides a substantial foundation
for more consistent clinical monitoring by offering an objective and reproducible measure of
metamorphopsia. This allows steady comparison across individuals and future research on
assessing visual function.
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Title: Calibrating Self-Efficacy not Just Difficulty: A Two-Stage Ethical Framework for Limiting
Assistive Boost in XR Support Systems

Author(s): Tetsunari Inamura

Presenter: Tetsunari Inamura, Tamagawa University, Japan

Abstract: Virtual reality (VR) and extended reality (XR)-based assistive systems have
demonstrated strong motivational effects through engineered success experiences.
Conventionally, these systems focus entirely on a primary stage of calibration: dynamically
adjusting task difficulty to match user skill, thereby keeping users in a challenging yet
comfortable zone to amplify self-efficacy. However, stopping at this first stage poses a critical
risk: the cultivated confidence often collapses upon returning to unaugmented physical reality,
potentially leading to task avoidance or unsafe behavior. This paper addresses this challenge by
proposing a paradigm shift toward a Two-Stage Calibration framework. While Stage 1 aligns
task difficulty with user skill to foster engagement, Stage 2 introduces Meta-Cognitive Gap
Calibration. In Stage 2, the system explicitly manages the calibration error between a user's
Realistic Self-Efficacy and their measured unaugmented capability. We argue that a core
function of assistive Al is to bound this error---rather than the raw level of confidence---by
capping and tapering the system's “boost rate" to prevent cognitive attribution errors. To
ground this theory in structural guidance, we present a Design-Lever x Ethical-Boundary Risk
Matrix that maps XR intervention levers to ethical constraints. Finally, we instantiate this
framework through a mixed-reality design exemplar that overlays spatial visual cues on
existing architectural structures, illustrating how specific parameters serve as ethical control
knobs to cap assistance and re-anchor user self-perceptions without sacrificing intervention
efficacy. We further outline a concrete protocol for measuring the calibration error online and
a planned user study to validate the framework.

Title: Patterns and Shapes: Rethinking Graphical Password Security for Next-Gen AR Devices
Author(s): Darcie Childs, Panagiotis Andriotis

Presenter: Panagiotis Andriotis, University of Birmingham, UK

Abstract: With the integration of augmented reality (AR) and virtual reality (VR) into industry
and daily life, ensuring secure and usable user authentication methods remains a critical
challenge. Despite the rise of biometric authentication for mobile devices, this technology is
considered auxiliary in the AR/VR space where textual and graphical authentication is still
dominant. This study acknowledges the previously researched insecurity of text input on
AR/VR and investigates the usability and security of graphical passwords on a HoloLens 2
device. To do this, a combination of user surveys and user trials forms the basis of this research.
A test application was designed for the HoloLens 2 which showcases three different graphical
password scheme layouts. Initial comparison among three known schemes (created for mobile
devices) demonstrates similar risks when ported on the AR/VR space. Whilst the dynamic
alternative was less intuitive for users (as it was mainly a new concept), it was predicted to be
robust against the simulated attacks for shoulder surfing and not far off being as memorable as
known schemes for users. The dynamic grid can be considered as more secure than the others
presented as options for AR/VR implementations of graphical passwords. We conclude that
implementations of dynamic grid schemes can be considered reliable for user authentication
and that they justify a slight downfall in usability for added security.
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Title: An Empirical Study on Hypertext Navigation in Augmented Reality
Author(s): Lucas Kreber, Jan Niclas Ruppenthal, Stephan Diehl
Presenter: Jan Niclas Ruppenthal, Trier University, Germany

Abstract: Navigating text through hyperlinks is a widely used method for exploring information
in various contexts, including web browsing, document reading, or programming. However,
prior research has consistently shown that hypertext navigation can often result in user
disorientation and increased cognitive workload. In this paper, we presenta comparative user
study with 36 participants that investigates the effect of augmented reality (AR) versus a
traditional 2D desktop interface on text navigation. To this end, we developed two versions of
a tool to support navigation through natural language text. Participants completed a series of
navigational tasks using both versions, allowing us to evaluate differences in usability and
navigational performance. The results of our quantitative and qualitative analyses reveal small
advantages in favor of the AR version with respect to usability, task performance and user
experience.

Title: Real-Time Particle-Based Flood Simulation for a Mixed Reality Sandbox

Author(s): Bhanu Pachipala, Ryan Bockmon, Anusha Devanga and Zhiyu Lan

Presenter: Ryan Bockmon, Northeastern University, United States

Abstract: This paper presents the design and implementation of a large-scale real-time water
simulation system integrated into a mixed reality sandbox environment. Building on previous
work that established a framework for capturing physical terrain and visualizing it through
augmented reality projection and virtual reality, this research focuses on adding realistic water
physics capable of simulating up to 1 million particles at interactive frame rates. The system
employs Smoothed Particle Hydrodynamics (SPH) implemented on GPU compute shaders. The
water simulation exhibits realistic flooding behavior including; terrain interaction, obstacle
collision, water accumulation, and particle recycling. This work extends the educational
capabilities of mixed reality sandbox systems by enabling hands-on exploration of flooding
scenarios, watershed dynamics, and hydrological concepts without requiring simulation
expertise.

Title: Relative Pose Initialization for XR Drone Overlays Using an Off-the-Shelf Headset and a
Marker Cube

Author(s): Jorge Guillen Pastor, Robert Ladig

Presenter: Jorge Guillén Pastor, Presence XR Solutions (PXR), Spain

Presenter: Robert Ladig, SDU, Denmark

Abstract: Leveraging Extended Reality (XR) technologies in Unmanned Aerial Vehicles (UAVs)
operations presents new op- portunities for intuitive control and real-time spatial awareness,
particularly in high-stress scenarios or when operators expe- rience fatigue due to
unpredictable mission durations. A key subcategory of XR is Augmented Reality (AR), which is
used to overlay live information on the drone operator’s view to improve situational awareness
without requiring them to look away from the drone. For an AR interface to function effectively,
continuous knowledge of the relative pose between the operator’s headset and the drone must
be known. Traditionally, this relies on absolute positioning systems such as motion capture for
indoor environments or satellite-based systems outdoors. However, these assumptions do not
always hold. In particular, the headset may lack reliable absolute positioning even when the
drone can still be localized independently. This paper addresses the one-time initialization of
the headset-to-drone spatial relationship when the headset has no access to absolute
positioning. We propose a practical registration pipeline using an unmodified Meta Quest 3
headset and a fiducial marker cube mounted on the drone before takeoff. The headset-side
calibration stage is quantitatively validated through camera calibration and controlled marker-
cube pose experiments, while the full pipeline is demonstrated in outdoor XR drone overlays
with an indoor reference implementa- tion used for controlled validation. This paper presents
a practical headset-to-drone registration method and validates it in a real XR drone workflow
without external tracking infrastructure or headset-side satellite positioning.

Title: Memory, Meaning, and Smell: Repositioning Older Adults in Olfactory VR Design
Author(s): Arezou Ghanavat pour, Michael Palkowski

Presenter: Arezou Ghanavatpour, Information Systems & Supply Chain Management,
Audencia Business School, France
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Abstract: Most olfactory virtual reality (VR) research frames smell as a tool for enhancing
presence, immersion, or technical realism, a framing that may miss what smell actually does for
older adults. Because odour cues are closely linked to autobiographical memory and emotional
salience, they may help transform VR from a technically impressive medium into a personally
meaningful one. This paper argues that older adults remain underrepresented in olfactory VR
research and that their inclusion shifts the field’s design logic. Rather than treating scent as a
general-purpose enhancement or solely as a clinical intervention tool, the paper proposes that
olfactory VR for later life should be designed around autobiographical resonance, familiarity,
and low-burden enjoyment. Drawing on literature on odour-evoked memory, ageing,
reminiscence-oriented VR, and recent olfactory VR studies, the paper makes three
contributions. First, it reframes older adults as a theoretically revealing user group for
understanding what smell is for in immersive experience design. Second, it proposes a compact
framework based on personal congruence, contextual congruence, and low-burden
engagement. Third, it outlines a focused research agenda for evaluating meaningful, non-
clinical olfactory VR experiences in later life. The paper concludes by arguing that centring
older adults positions olfactory VR not only as a tool for sensory enhancement, but also as a
medium for memory-grounded and meaningful experience design. Keywords—olfactory VR,
older adults, autobiographical memory, reminiscence, multisensory design, ageing, experience
design, wellbeing

Title: Lighting-Based View Direction Techniques for 360-degree VR Videos

Author(s): Alvira Bullard, Lesley Istead, Maryam Musa, Victoria McArthur and Lucy Chen
Presenter: Lucy Chen, Carleton University, Canada

Abstract: In 360-degree Cinematic Virtual Reality (CVR), directing the user towards regions or
events is critical to maintaining and controlling narrative. In this paper, we explore several
lighting-based techniques to direct attention and provide viewer guidance in CVR. We
conducted a mixed-methods study to compare three visual lighting conditions (no guidance,
area darkening, context-based darkening) to guide viewer attention through a 360-degree CVR
animated narrative short film called EM0360. Results suggest that when no user guidance is
provided, the viewer was confused and missed information. However, viewers found the area
darkening technique unnatural—decreasing overall immersion despite performance
improvements. We found that a subtle, context-based guidance technique provides an effective
balance between narrative guidance and immersion.
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ONLINE SESSION A

4+ Topic: Real Time Intelligent Image Analysis and Scene Understanding Technology in
Augmented Reality

4+ Zoom Link: https://us02web.zoom.us/j/87285457675 password: ICVR

4+ Time: July 30,2026 | 10:00-12:35

+ Session Chair: Assoc. Prof. Xiangdong Li, Zhejiang University, China

+ Order: Invited Speech, R1006, R2058, R2045, R3075, R3081, R2038, R3074, R4093,
R1019

Invited Assoc. Prof. Shaojun Hu, Northwest A&F University, China
Speech
10:00-10:20 Speech Title: Data-Driven Realistic 3D Reconstruction of Real-World Plants

Title: A Unified Long-Tailed Rebalancing Framework for Medical Image Classification
R1006 Author(s): Lixiong Liu, Zhengda Lu, Jun Xiao, Ying Wang, Yingqiu Bao and Yu Fu
10:20-10:35 Presenter: Zhengda Lu, University of Chinese Academy of Sciences, China

Abstract: Medical image classification often exhibits long-tailed distributions, making robust
recognition crucial for accurate diagnosis and the development of intelligent medical systems.
Due to the unique characteristics and scarcity of medical data, existing long-tailed recognition
methods often perform suboptimally in the medical domain. In this paper, we propose a unified
long-tailed rebalancing framework for medical image -classification, inspired by the
effectiveness of mixup and label smoothing. Specifically, we first construct a data rebalancing
branch using both scaling-splicing mixup and standard mixup to mitigate data imbalance. We
then introduce a consistency loss that maximizes the similarity between samples generated by
the two mixup strategies, thereby enhancing the model's generalization ability. Furthermore,
we propose dynamic class label over-smoothing with epoch-dependent factors for different
classes to address uneven learning levels, effectively preventing overfitting on head classes and
underfitting on tail classes. Extensive experiments on three medical image datasets
demonstrate that our method achieves competitive and robust performance compared with
state-of-the-art long-tailed recognition methods.

Title: SEE: An Integrated Framework for Competency Modeling and Skills Gap Analysis in

R2058 Organizations
10:35-10:50 Author(s): Mariangela Mirra, Lucia Campitiello, Immacolata Stizzo, Stefano di Tore e Celeste
' ' Nicodemo

Presenter: Mariangela Mirra, University of Macerata, Italy

Abstract: This paper presents SEE (Skills & Education Ecosystem), a competency-driven
framework designed to support adaptive learning, competency modeling, and skill gap analysis
in organizational environments. In response to the growing mismatch between workforce
competencies and labor market requirements, SEE integrates human resource management,
learning analytics, knowledge management, and artificial intelligence within a unified
competency-centered architecture. The platform combines competency estimation
mechanisms, rule-based recommendation logic, organizational analytics, and Al-assisted
interaction components in order to support continuous and personalized competency
development. Competency levels are dynamically estimated from heterogeneous learning
evidence, including assessment results, training completion data, interaction logs, validated HR
observations, and competency information extracted from curriculum vitae screening
processes. The competency framework adopted within SEE integrates external labor market
intelligence sources and European competency repositories, including continuously updated
open-source occupational datasets and Italian labor policy systems developed by INAPP. This
integration enables dynamic alignment between organizational competency requirements and
emerging labor market demands. The architecture is based on a modular multi-layer design
separating presentation, application logic, and data management components, ensuring
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scalability and interoperability across heterogeneous learning environments. A central
component of the system is the Skills Radar, a multidimensional competency representation
model enabling continuous comparison between required and assessed competency profiles.
Within the ecosystem, a Personal Digital Tutor (PDT) operates as an adaptive mediation layer
providing contextual feedback, personalized recommendations, and competency-oriented
learning support. The PDT is currently being extended through integration of Large Language
Models (LLMs) designed to provide conversational and context-aware assistance during
learning activities. The study adopts an exploratory mixed-methods pilot involving employees,
HR professionals, and partner organizations. Preliminary findings indicate positive perceptions
regarding usability, competency visualization clarity, and relevance of adaptive
recommendations. Findings should be interpreted as evidence of operational feasibility and
initial adoption dynamics rather than empirical validation of effectiveness.

Title: Deep Learning-Guided ROI Localization and Sub-pixel Algorithms for High-Resolution
Laser Stripe Centerline Extraction

Author(s): Zhang Jianghao, Wang Yingcun, Han Na, Xing Caiyan, Wang Zepeng

Presenter: Zhang Jianghao, Northwest A&F University, China

Abstract: To address the challenge of balancing computational efficiency and accuracy in high-
resolution laser stripe centerline extraction, and to meet the urgent demand for real-time, high-
fidelity 3D reconstruction of real-world scenes in augmented reality (AR) and virtual reality
(VR), this paper proposes a high-resolution laser stripe centerline extraction framework based
on deep learning-guided region of interest (ROI) localization synergizing with sub-pixel
algorithms. Targeting the task of laser stripe centerline extraction from high-resolution images,
the framework adopts a two-stage processing strategy: first, the lightweight YOLOv8n object
detection network is employed for rapid semantic scanning of 5120 x 5120 ultra-high-
resolution images to achieve precise ROI localization of laser stripe centerlines and cross-scale
coordinate mapping; subsequently, within the cropped local high-resolution ROI, a multi-
criteria sub-pixel operator library is constructed, encompassing the Gray Centroid method,
Gaussian Approximation method, Steger algorithm, and Skeletonization algorithm, to
accurately extract laser stripe centerlines and provide high-precision input for subsequent 3D
point cloud generation and AR/VR scene construction. Finally, B-spline theory is introduced to
globally optimize the extraction results, ensuring the geometric continuity of the laser center
trajectory. Experimental results demonstrate that the proposed method maintains sub-pixel
measurement accuracy while compressing the single-frame processing time to within 50 ms,
significantly outperforming traditional full-image scanning approaches, and satisfying the dual
requirements of real-time performance and accuracy for AR/VR systems. This provides an
efficient and robust solution for real-time precision measurement and AR/VR dynamic scene
construction in high-resolution environments.

Title: An AR-driven Cognitive Assistance System for Manual Assembly Tasks at Human-Robot
Collaboration Workstations

Author(s): Kathrin Konkol, Nora Kiefdling, Mike-Enrico Marquardt, Dr. Maiara Rosa Cencic
Presenter: Nora Kief3ling, Fraunhofer IPK, Germany

Abstract: Working environments of manual assembly operators have become increasingly
complex due to high productivity demands and growing product variability. This contrasts with
demographic change and a shortage of skilled labor in many industrialized countries. Cognitive
Assistance Systems (CAS) can support workers by reducing cognitive load during assembly,
decreasing errors, and increasing motivation. However, if user requirements are not taken into
consideration during CAS development, user acceptance may decline and potential benefits
may be lost. This paper evaluates the applicability of a framework that facilitates the
development of CAS for manual assembly by applying it to an industrial human-robot
collaboration (HRC) use case. The resulting CAS was designed and implemented following a
human-centered design (HCD) approach. User requirements regarding visual cues during HRC
operations were elicited in a workshop. The results are presented as a prioritized list of visual
cues for augmented reality (AR)-based HRC interactions. User acceptance of the CAS developed
with the framework was assessed using a questionnaire, which indicated high acceptance and
suggested the suitability of the framework for industrial deployment.
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Title: D-PoSE: Depth as an Intermediate Representation for 3D Human Pose and Shape
Estimation

Author(s): Nikolaos Vasilikopoulos, Drosakis Drosakis, Antonis Argyros

Presenter: Nikolaos Vasilikopoulos, Foundation for Research and Technology - Hellas
(FORTH), Greece

Abstract: Markerless 3D capture of human pose and shape is a key enabler for immersive
Virtual, Augmented, and Extended Reality (VR/AR/XR) experiences such as avatar
embodiment, telepresence, and motion-driven interaction, where capture should ideally rely
on the commodity RGB cameras already present in phones and headsets rather than on depth
sensors or multi-camera rigs. We present D-PoSE (Depth as an Intermediate Representation for
3D Human Pose and Shape Estimation), a one-stage method that estimates human pose and
SMPL-X shape parameters from a single RGB image. Recent works use larger models with
transformer backbones and decoders to improve the accuracy in human pose and shape (HPS)
benchmarks. D-PoSE proposes a vision-based approach that uses the estimated human depth-
maps as an intermediate representation for HPS and leverages training with synthetic data and
the ground-truth depth-maps provided with them for depth supervision during training.
Although trained on synthetic datasets, D-PoSE achieves state-of-the-art performance on the
real-world benchmark datasets, EMDB and 3DPW. Despite its simple lightweight design and the
CNN backbone, it outperforms ViT-based models that have a number of parameters that is
larger by almost an order of magnitude. Its lightweight design and single-image input make it
well suited to interactive VR/AR/XR systems operating under limited compute budgets.

Title: Immersive Virtual Reality Driving Simulation for Astronaut Training in Lunar Pressurized
Rover Operations

Author(s): Mehran Bahojb Ghalibafan, Alfonso Pagani, Marco Petrolo and Erasmo Carrera
Presenter: Mehran Bahojb Ghalibafan, Politecnico Di Torino - Dimeas, Italy

Abstract: Virtual Reality (VR) is a powerful tool for training, particularly for high-tech systems
operating in high-risk environments. The Lunar Pressurized Rover (LPR) is a complex system
designed for use in hazardous, poorly understood lunar settings. Because the LPR is expensive
to operate and the physical properties of the Earth and Moon differ significantly, providing
astronauts with sufficient operational experience prior to a mission is a significant challenge.
To bridge this training gap effectively, VR can provide a risk-free, interactive environment where
astronauts can experience the physical dynamics of lunar terrain. This paper presents a VR-
based interactive simulation of an LPR developed in the Unity game engine. The simulation
incorporates a realistic vehicle dynamics model and a simulated lunar environment to evaluate
vehicle behavior under human-inthe-loop control. Rather than a fully validated training tool,
this framework serves as an early implementation prototype to assess system usability,
perceived realism, and technical feasibility.

Title: Research on Emotional Drug Recycling Product Design Based on KANO-AHP-AIGC
Author(s): Yanfei Gao,Guojun Yin* Long Chen,Jiaxuan Liu

Presenter: Jiaxuan Liu, Huaian University, China

Abstract: To address current issues such as low user participation and weak emotional
experience in drug recycling devices, this study proposes an emotional drug recycling product
design method that integrates the KANO-AHP-AIGC model, aiming to conduct intelligent
interactive design for drug recycling interaction systems. Through emotion-oriented KANO
questionnaires, Al is assisted in understanding user needs, identifying the differential impacts
of various needs on user satisfaction; the AHP analytic hierarchy process is employed to
establish the priority order of each emotional dimension in the design, optimizing Al’s
conversion of emotional goals into specific design languages and generating emotional design
schemes. The KANO-AHP-AIGC method effectively optimizes the transformation of abstract
emotional needs into scientific and executable design schemes through artificial intelligence.
The methodology constructed in this study has objective validity, compensating for the
deficiencies in research on AI's emotional interactive design, providing references for
subsequent emotional transformation designs of public facilities, and proving the feasibility of
Al in eliciting userexperience and emotional resonance.
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Title: Temporally Consistent 3D Human Pose and Shape Estimation from Video

Author(s): Aurel Shehaj, Nikolaos Vasilikopoulos, lason Oikonomidis, Antonis Argyros
Presenter: Aurel Shehaj, Foundation for Research and Technology - Hellas (FORTH),
Greece

Abstract: Human pose and shape estimation (HPS) from monocular images has recently
witnessed rapid progress through the use of parametric body models and deep networks.
However, frame-wise formulations struggle with temporal jitter and inconsistent motion when
applied to video. We extend the depth-guided D-PoSE framework to operate on short video
segments and show that temporally-aware models improve sequence-level stability. Accurate,
temporally coherent motion reconstruction is particularly important for immersive virtual
reality (VR) applications, where jitter and inconsistent avatar behaviour can break presence
and even induce visual discomfort in users. Our experiments demonstrate that recurrent and
transformer-based temporal models reduce acceleration error by more than 60\% on the
challenging 3DPW benchmark while retaining or improving frame-wise reconstruction
accuracy. The proposed pipeline thus moves D-PoSE towards motion-consistent video
inference while retaining the advantages of its single-image spatial representation, making it
particularly suited for VR and AR scenarios where temporal stability is critical.

Title: Bridging the Literacy-Security Gap: An Empirical Validation of the Al-Driven SIRE
Framework in Higher Education

Author(s): Haider Al Juboori, Gina Noonan, Arun Sankar M. S, Diarmuid O’Briain, Christopher
Kufazvinei, Anis Salwa Mohd Khairuddin, Mujahid Tabassum, Rejwanul Haque

Presenter: Haider Al-Juboori, South East Technological University, Ireland

Abstract: As higher education increasingly integrates immersive digital reality (DR)—
encompassing virtual, augmented, and mixed reality—to enrich experiential learning, a critical
disconnect has emerged between pedagogical efficacy and digital security. Recent empirical
analysis of student and educator perspectives reveals a persistent "literacy-security gap": while
hands-on exposure to VR significantly elevates users' perceptions of its educational value and
engagement levels, their confidence in identifying and mitigating VR-specific cybersecurity
risks remains disproportionately low. To address this inherent vulnerability, this paper
introduces the Secure Immersive Research Ecosystem (SIRE) Framework, an Al-driven
architecture developed at South East Technological University (SETU) that is proposed to
effectively merge with cybersecurity-by-design principles. SIRE tries to advance traditional
educational models by combining real-time, Al-powered adaptive learning—which
personalises student engagement based on behavioural analytics—with robust automated
security protocols. By embedding privacy-enhancing technologies (PETs) and continuous,
identity-centric authentication (zero-trust access control) directly into the framework, SIRE
safeguards sensitive multimodal data independently of user awareness levels. Grounded in
both theoretical design and empirical survey data, this pilot study confirms that, while
immersion boosts cognitive engagement, protecting users requires framework-embedded
security rather than merely relying on individual digital literacy. Ultimately, SIRE offers a highly
scalable, ethically-governed blueprint for institutions to securely adopt Al and immersive
technologies, ensuring inclusive, sustainable, and cyber-resilient educational ecosystems.
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Topic: Fusion Technology of Dynamic Scene Neural Rendering and Physical
Simulation based on Gaussian Splashing

Zoom Link: https://us02web.zoom.us/j /87285457675 password: ICVR
Time: July 30,2026 | 13:00-15:00

Session Chair: Assoc. Prof. Shaojun Hu, Northwest A&F University, China
Order: R1030,R1017, R1018, R4089, R2053, R4091, R4096, R4099

TR X S SR S

Title: GSAC-D: Integrating Diffusion Models into Gaussian Splatting Avatar Creation for Flexible
R1030 3D Customization
13:00-13:15 Author(s): Rendong Zhang, Alexandra Watkins, Nilanjan Sarkar
Presenter: Rendong Zhang, Dept. of Computer Science Vanderbilt University, USA

Abstract: Photorealistic avatars are vital for immersive Virtual and Augmented Reality
(VR/AR), enabling realistic digital embodiment. Yet, most existing avatar generation methods
produce static, single-outfit models that lack flexibility. In real-world VR /AR applications, users
often need avatars that can adapt clothing or style across diverse social, professional, and
training scenarios. Reconstructing new avatars for each appearance is costly and time-
consuming, limiting personalization and scalability. Meanwhile, recent diffusion and language
models have revolutionized 2D image editing through natural-language control, but extending
these advances to 3D avatars remains difficult due to multi-view inconsistency and missing
rigging information. As VR/AR applications expand into education, healthcare, and remote
collaboration, the inability to customize photorealistic avatars in real time is becoming a critical
bottleneck. To overcome these challenges, we introduce GSAC-D, a diffusion-driven
framework that bridges 2D text-guided human image editing with 3D photorealistic,
animatable avatar reconstruction. GSAC-D customizes Gaussian Splatting avatars from a single
text prompt while ensuring cross-view coherence and preserving rigging integrity. It enables
fully animatable, language-driven customization within 20 minutes—without requiring
additional data capture or manual intervention. Our results demonstrate that diffusion-based
editing provides a practical and scalable solution for creating flexible, expressive, and context-
aware photorealistic avatars, paving the way for next-generation VR/AR experiences that are
both personalized and adaptive.

Title: EchoSpace: Semantic-Aware 3D Gaussian Splatting with Intelligent Agent Interaction for

R1017 Accessible Virtual Reality
13:15-13:30 Author(s): Jiajie Luo, Guangning Sun, Yi Li
Presenter: Jiajie Luo, Wenzhou University, China

Abstract: 3D Gaussian Splatting (3DGS) enables real-time radiance ffeld rendering, yet it still
suffers from geometric degradation under sparse-view conditions and lacks the semantic
grounding that interactive VR systems require. EchoSpace is a web-based VR platform that
uniffes semantic-aware reconstruction, automatic 3D annotation, and intelligent agent
interaction into a cohesive framework. First, SA-3DGS introduces a semantic-guided
optimization strategy that leverages SAM 3 masks for region-speciffc densiffcation and
foreground-weighted loss computation, achieving 21.13 dB PSNR on the LLFF 3-view
benchmark (+0.37 dB over DropGaussian). Second, a SAM 3- driven 3D annotation pipeline
transforms concept-driven 2D segmentations into 3D object annotations via multi-view ray
triangulation and automatic collider generation. Third, an MCPbased intelligent agent
exposes 30 standardized tools for scene inspection, navigation, and manipulation, underpinned
by a semantic scene graph encoding 11 spatial relationship types. Fourth, the complete system
is deployed on PlayCanvas with WebGPU rendering and SOG compression (~20x), supporting
third-person character control, A* navigation, and auto-cruise. Quantitative experiments on
three benchmarks and qualitative system demonstrations validate the effectiveness of the
proposed framework.

34

8 Cardiff University, Cardiff, UK & July 28-30, 2026


https://us02web.zoom.us/j/87285457675

R1018
13:30-13:45

R4089
13:45-14:00

R2053
14:00-14:15

V& ICVR 2026 2026 the 12th International Conference on Virtual Reality

Title: High-Density 3D Magnetic Field Visualization via Hardware Instancing
Author(s): Yanxiang Zhang
Presenter: Yanxiang Zhang, University of Science and Technology of China, China

Abstract: Understanding complex 3D magnetic vector fields is a no- torious challenge in science
education, primarily due to the heavy in- trinsic cognitive load required for spatial mental
modeling. Traditional 2D representations and low-density 3D Web simulators often fail to con-
vey the dynamic topologies of superimposed fields. In this paper, we present a novel, high-
performance WebGL-based simulation framework utilizing GPU hardware instancing to render
a dense array of over 4,000 dual-encoded physical glyphs in real-time. We propose a “pose-
volume” dual-mapping mechanism where glyph orientation represents field di- rection and
non-linear volume scaling reflects field magnitude based on Stevens’ Power Law. To evaluate
the system’s pedagogical efficacy, an empirical study (N = 95) was conducted. The results
revealed that non- STEM participants achieved a 62.2% accuracy rate in complex tensor
topology diagnostics, bridging the expert-novice gap. Crucially, a binary logistic regression
model demonstrated that the intuitive visual mapping (p = 0.007) and interaction fluidity (p =
0.039) became the primary pos- itive predictors of success, completely fading the predictive
power of the participants’ STEM background (p = 0.249). Furthermore, Pearson cor- relations
established a significant negative correlation between real-time 6-DOF interaction fluidity and
task frustration (r = -0.31, p < 0.01), indicating effective sensorimotor coupling and cognitive
offloading. This study establishes modern Web-based hardware-accelerated environments as
robust cognitive prosthetics for complex physics education.

Title: Underwater 3D Scene Reconstruction Using Neural Rendering: A Survey with Emphasis
on 3D Gaussian Splatting Framework

Author(s): Shubham Parab, Shaojun Bian, Yun Wu, Safa Tharib

Presenter: Shubham Parab, Newcastle University, United Kingdom

Abstract: Underwater 3D reconstruction is crucial for au- tonomous underwater vehicles
(AUVs) and marine surveys but is more challenging than terrestrial scenarios due to
attenuation, backscatter, and uneven lighting. While traditional photogram- metric pipelines
fail to mitigate such effects, recent Neural Radiance Fields (NeRF) and 3D Gaussian Splatting
(3DGS) are promising, however, still break down similarly when applied directly to underwater
imagery, as both assume a transparent propagation medium. This survey provides a structured
review of methods that adapt NeRF and 3DGS specifically for under- water 3D reconstruction.
By formalising the underwater image formation model for specific architectural options, we
introduce a novel taxonomy of four adaptation strategies based on phys- ical model integration,
distractor and dynamic scene handling, depth and geometry-focused design, and sparse-view
robustness. Furthermore, NeRF and 3DGS-based methods are evaluated on benchmark
datasets and quantitatively compared using standard metrics, including PSNR, SSIM, and LPIPS.
Therefore, we identify the open challenges covering forward scattering, unified benchmarking,
dynamic scenes, sparse-view robustness, water- type generalisation, foundation model
integration, real-time de- ployment, GS-SLAM, 3D foundation model priors, and multi- modal
sensing fusion. To our best knowledge, this survey is among the first dedicated, taxonomy-
driven, equation-level surveys of underwater 3DGS methods, including recent approaches such
as OceanSplat and RUSplatting, which were absent from prior reviews.

Title: Fusion of TLS and MVS Point Clouds for Realistic Tree Reconstruction

Author(s): Tianle Qiu, Han Guo, Xinbin Liu, Shaojun Hu

Presenter: Tianle Qiu, Northwest A&F University, China

Abstract: Tree point clouds play a critical role in forest resource surveys, agricultural
engineering, and smart city applications, where both structural completeness and texture
fidelity are highly demanded. However, due to limited sensor field of view, mutual occlusion,
and uneven illumination, it is challenging to obtain complete tree point clouds from a single
data source. Terrestrial Laser Scanning (TLS) point clouds often lack canopy details, while
Multi-View Stereo (MVS) point clouds suffer from missing internal branches. In this paper, we
propose a fusion method that combines TLS and MVS point clouds to leverage their
complementary advantages. The proposed pipeline first preprocesses the point clouds through
denoising and resampling. Then, 3D Scale-Invariant Feature Transform (3D-SIFT) is employed
to detect keypoints, which are described using Fast Point Feature Histograms (FPFH). Sample
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Consensus Initial Alignment (SAC-IA) estimates the initial transformation for coarse
registration, followed by Iterative Closest Point (ICP) for fine alignment. Experiments on three
tree scenes show that the root mean square error (RMSE) decreases from 0.1203 m after coarse
registration to 0.0553 m after fine registration. Qualitative results demonstrate that the fused
point cloud preserves the high geometric accuracy of TLS while incorporating the rich texture
ofimage-based reconstruction. Additionally, Poisson surface reconstruction and AdTree branch
modeling experiments demonstrate that the fused point cloud significantly improves canopy
completeness and branch structure integrity compared to using TLS data alone. The proposed
method provides a high-quality data foundation for realistic tree modeling in VR and digital
twin applications.

Title: Research on multi-channel synchronous presentation technology for digital visualization
in geological exploration

Author(s): LongJie Yuan;HaoChen Yang;Zimo Zeng*

Presenter: Long]Jie Yuan, No. 149 Bridge of Gansu Coalfield Geological Bureau

Abstract: To address the issues of distortion in cross-scale modeling and rendering lag or image
tearing in geospatial visualization, this paper proposes a multi-channel synchronous rendering
and high-fidelity Realistic 3D reconstruction technique. By integrating multi-source data and
leveraging rigid skeleton constraints combined with the QEM adaptive mesh simplification
algorithm, the method achieves high-precision reconstruction with maximum normal error
within 2.45 mm for the core model. Utilizing Microfacet BRDF to generate PBR dynamic lighting
effects and incorporating a hardware-level global temporal consistency control algorithm, the
synchronization error across multiple channels is reduced to an average of 1.37 ms.
Applications in the four-screen cave project demonstrated significant improvements: audience
spatial immersion increased by 74.60%, and professional content comprehension improved by
81.70%.

Title: Enhancing Sparse View 3D Gaussian Splatting with Depth Clues

Author(s): Haoxuan Chang, Zhixin Wang, Haiyong Jiang, Jun Xiao

Presenter: Haoxuan Chang, University of Chinese Academy of Sciences, China

Abstract: We propose a novel pseudo-depth-guided 3D Gaussian Splatting (3DGS) method for
robust scene reconstruction from sparse-view input. While 3DGS has achieved remarkable
success in dense-view scenarios, it suffers from severe overfitting and the emergence of
artifacts, i.e., floaters when supervision is sparse, leading to degraded geometry and rendering
quality. To mitigate these issues, we integrate external depth priors into the optimization
process. Specifically, we leverage depth clues from state-of-the-art models, such as MoGe-2, to
provide geometric supervision. To tackle the inherent noise and scale ambiguity in depth
estimation, we introduce a robust supervision strategy based on patch-wise depth statistics. By
combining this with robust statistical metrics, our approach effectively utilizes pseudo-ground-
truth depth maps for geometric alignment without being compromised by global scale
inconsistencies. This design is plug-and-play and model-agnostic, ensuring seamless
integration with various 3DGS-based downstream tasks. Extensive experiments demonstrate
that our method better captures the global structural information of the scene, guiding the
model toward accurate geometry while significantly suppressing overfitting. Our approach
outperforms existing sparse-view synthesis baselines in both visual fidelity and geometric
precision.

Title: Depth-Consistent Rendering of Animatable Gaussian Avatars in Standalone Augmented
Reality

Author(s): Rendong Zhang, Alexandra Watkins, Nilanjan Sarkar

Presenter: Rendong Zhang, Vanderbilt University, United States

Abstract: Photorealistic human avatars represented as 3D Gaussian splats are becoming a
compelling representation for mixed reality, yet their deployment in augmented reality exposes
a fundamental systems gap: they reproduce human appearance with high fidelity, but they do
not automatically behave as spatial objects in a real-time engine. Unlike mesh avatars with
explicit surfaces, animatable 3D Gaussian avatars are rendered as soft, semi-transparent splat
fields whose visibility model differs from the opaque depth pipeline used by ordinary Unity
objects. Direct integration therefore produces severe AR artifacts, including object leakage,
foreground penetration, proxy-silhouette clipping, and unstable avatar boundaries. This paper
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presents a mesh-free systems-integration pipeline for deploying animatable Gaussian avatars
with depth-consistent ordering in standalone passthrough AR. The key insight is to preserve
the Gaussian representation while aligning its compositing behavior with the scene-depth
ordering already established by the engine. Rather than converting the avatar into a
conventional mesh or requiring object-specific occlusion shaders, the renderer integrates
Gaussian splats through post-opaque, scene-depth-tested compositing. This allows ordinary
virtual objects to appear correctly in front of or behind the avatar while preserving the Gaussian
representation required for photorealistic, animatable avatar rendering. Implemented in
Unity/OpenXR on Meta Quest 3, the system demonstrates interactive Quest 3 passthrough AR
rendering at approximately 65--70 FPS in the tested scenes and avoids the main failure modes
observed in naive integration. The result bridges a critical gap between neural avatar realism
and practical AR deployment, allowing Gaussian avatars to function as spatially present AR
characters rather than only as photorealistic renderings.

37

8 Cardiff University, Cardiff, UK & July 28-30, 2026



! ;2 V& ICVR 2026 2026 the 12th International Conference on Virtual Reality

ONLINE SESSION C

Topic: Evaluation of Virtual Reality Interaction Security and Usability

Zoom Link: https://us02web.zoom.us/j /87285457675 password: ICVR

Time: July 30, 2026 | 15:20-17:20

Session Chair: Prof. Tilemachos K. Koliopoulos, University of West Attica, Athens,
Greece

Order: R2066,R1031, R2052, R2061, R2065, R3072, R4090, R3073
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Title: Enhancing Environmental Health Protection and Sustainability: Virtual Reality and
R2066 Sensor Technologies for Mitigating Organic Pollutants, Micropollutants, and Climate Change
15:20-15:35 mpacts |
Author(s): Tilemachos K. Koliopoulos,
Presenter: Tilemachos K. Koliopoulos, University of West Attica, Athens, Greece

Abstract: The increasing prevalence of organic pollutants, micropollutants, and climate change
impacts pose significant threats to environmental resources, sustainable tourism facilities and
human health. Integrating advanced virtual reality (VR), particular digital tools and
surveillance technologies offers innovative solutions for programming monitoring, and training
educational applications. Several mitigation strategies should be taken in actions for safe
landscapes, environmental health architectural upgrades, protection of sustainable
constructions and sustainable tourism. This paper explores the potential of these emerging
technologies to enhance environmental health protection and promote alternative types of
tourism, sustainability, immersive visualization, and stakeholder engagement. Environmental
pollution from organic compounds and micropollutants—such as pharmaceuticals, personal
care products, and industrial chemicals—has escalated due to urbanization and anthropogenic
activities. Concurrently, climate change exacerbates pollution dispersal and ecological stress.
Traditional monitoring methods face limitations in spatial-temporal resolution and
stakeholder engagement. Emerging technologies like VR and particular digital tools can bridge
these gaps, fostering proactive and informed decision-making. Useful results are presented
within Vitrual Reality that enables useful e-learning applications in immersive visualization of
environmental data, allowing stakeholders to experience reclamation scenarios, supporting
ecological impacts virtually and proper digital transformation in policy making for sustainable
development. This enhances public awareness, educates policymakers, and supports digital
applications in geographical information systems applications for environmental planning. VR
applications can demonstrate strategies so as to mitigate risks in environmental pollution
threats taking into account the effects of climate change on water qualitative ecosystems within
computational ecological mechanics, fostering a deeper understanding, promoting digitization
and motivating sustainable practices.

Title: Voice and Motion Based Authentication in Virtual Reality

R1031 Author(s): Prithiv Premkumar, Ryan G. Clark, [an Valderas, Ken Shibata, Bruce N. Walker
15:35-15:50 Presenter: Ryan Clark, Georgia Institute of Technology, USA

Abstract: Authentication in VR/AR requires rapid, spoof-resistant methods using device-native
inputs. Traditional text/PIN entry is cumbersome in-headset, and single biometrics are
vulnerable to replay attacks and spoofing. We present a multi-modal authentication system
combining hand gestures with spoken phrases, exploiting speech-motion temporal features
within a 2-2.5 second window. Our solution shows low EER with minimal training data while
maintaining practical deployment feasibility for VR environments, along with methods such as
randomized phrases to prevent replay attacks. Performance improves over time with more
samples. These results indicate the effectiveness of multimodal voice and motion
authentication.

Title: A Co-Design Framework for Clinician-Driven VR Psychosis Awareness Training: Scenario

R2052 Modelling, Authoring, and Evaluation
15:50-16:05 Author(s): Konstantinos Theofilis, Maria Roussou
Presenter: Konstantinos Theofilis, National Kapodistrian University of Athens
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Abstract: Early detection of psychosis by family members and close individuals is a critical yet
underserved area in mental health support. Existing psychoeducation programmes showed
improvement in caregiver knowledge but remain largely passive experiences, offering little
opportunity for interactive and hands-on practice. This paper presents the design,
implementation, and evaluation of a VR-based training system that addresses this gap. The
system was co-designed with clinicians through an iterative, user-centered process. The study
introduces the training scenarios that are structured as branching dialogues capturing speech,
internal thought, and emotional response. Scenarios are authored using a web platform and
experienced in a VR application set in a realistic home context. A mixed-method usability
evaluation was conducted with mental health professionals (N=7, SUS: M=81.4, “Excellent”) for
the authoring web platform and general users (N=30, CIQ: all factors >=3.8/5) for the VR
application. These results demonstrate that the system is usable and engaging, establishing a
usable and engaging foundation foundation for clinician-driven, scenario-based VR training for
psychosis awareness among non-specialist carers, to be validated in future clinical evaluations.
Title: Impact of Authentic Spatial Audio on Visual Working Memory in WebXR-based Virtual
Reality Learning Environments

Author(s): Vincent Russell, David Murphy

Presenter: Vincent Russell, University College Cork, Ireland

Abstract: The integration of spatial audio into virtual reality (VR) learning environments has
received comparatively limited attention relative to visual design, despite its potential influence
on cognitive processes and user experience. This paper investigates the effect of authentic
ambient spatial sound on visual working memory (VWM) performance within a web-based VR
learning environment implemented using WebXR. A controlled within-subjects experiment (N
=45) was conducted using a VR-adapted nonselective visual array colour change-detection task
under two audio conditions: presence and absence of authentic ambient spatial sound.
Objective performance was analysed using paired-samples statistical testing, while subjective
measures of presence, immersion, and concentration were collected via post-task survey.
Results indicate no statistically significant difference in VWM performance between audio
conditions, suggesting that spatial audio does not directly influence task accuracy. However,
subjective findings demonstrate that authentic spatial audio significantly enhances perceived
presence, immersion, and environmental realism, while reducing awareness of real-world
distractions. A majority of participants also reported improved concentration under spatial
audio conditions. These findings suggest that, although spatial audio may not directly improve
cognitive task performance, it plays a critical role in enhancing user experience and perceptual
engagement in VR learning environments. The study contributes a scalable web-based
experimental platform and provides empirical evidence supporting the inclusion of ecologically
valid spatial audio in immersive educational applications.

Title: Prevention of Replay Attacks Regarding Motion-based Authentication in Virtual Reality
Author(s): Prithiv Premkumar, Ken Shibata, Ian Valderas, Ryan G. Clark, Bruce N. Walker
Presenter: Ryan Clark, Georgia Institute of Technology, USA

Abstract: Motion-based biometric authentication offers a promising passwordless alternative
for virtual and augmented reality, leveraging unique behavioral signatures that are difficult to
mimic. These systems face significant vulnerabilities from replay attacks, where adversaries
capture and resubmit previously recorded motion data to impersonate users. Sending the exact
same authentication data twice can be easily mitigated by storing all previous authentication
attempts. We identify two points of concern: a) replay attacks with slightly modified motion
data (e.g., using Gaussian noise) remain behaviorally similar for authentication but
nevertheless bypass naive replay attack countermeasures, and b) storing all previous
authentication attempts indefinitely requires significant storage and increases latency. We
address this gap through locality-sensitive hashing of extracted motion features, which maps
behaviorally similar inputs to similar hash values, enabling detection of noisy replays that
evade traditional hashing. Furthermore, these hash values are significantly smaller than the
original motion data, making it feasible to store all previous authentication attempts. We also
propose a physics-based replay detection algorithm that flags physically implausible motion,
such as forces exceeding human biomechanical limits. In order to further secure authentication
models against replay attacks, we also propose data augmentation as another defense where

39

8 Cardiff University, Cardiff, UK & July 28-30, 2026



R3072
16:35-16:50

R4090
16:50-17:05

R3073
17:05-17:20

V& ICVR 2026 2026 the 12th International Conference on Virtual Reality

authentication models are trained to reject synthetically noisy samples, enabling models to
explicitly identify and reject suspicious motions while allowing legitimate users. Our work also
discusses spoofing countermeasures through on-device tokenization and one-time gestures
(which create randomization stopping replays) along with network and device level
protections. Our techniques together form a layered defense framework for securing motion-
based biometrics against replay attacks and variants.

Title: A Computational Model for Spatial Navigation and Exhibit Interpretation in a Hybrid
VR/AR System for Literary House-Museums

Author(s): Muazzam Artikova, Eldor Sayfiyev

Presenter: Muazzam Artikova, Tashkent University of Information Technologies named
after Muhammad al-Khwarizmi, Uzbekistan

Abstract: This paper presents a computational model for spatial navigation and exhibit
interpretation in the Adabiy Gid (Literary Guide) system - a hybrid mobile AR/VR application
for six literary house-museums of Uzbekistan. The key computational solution is a spatial
computing pipeline (Insta 360 — Matterport — Vuforia Area Targets — Unity) that builds a
unified digital museum model M = (G, S, C, L) without content duplication for both modes: on-
site AR navigation in the physical museum and off-site VR access in a remote environment.
Within this model we formalize and implement: (1) 6DoF device pose estimation against a pre-
built spatial model without GPS, based on Vuforia Area Targets with Visual SLAM support
during tracking initialization; (2) visitor navigation through the museum room graph; (3)
spatial anchoring of multimedia content through activation zones; (4) an extended
architectural model H = (M, E, P, T_AR, T_VR, L, C) that integrates trigger semantics together
with multilingual and multimodal content. The system has been deployed in six house-
museums in Tashkent and Samarkand, supports three languages (Uzbek, Russian, English), and
is registered in the State Register of Software Products of the Republic of Uzbekistan (DGU
161593, DGU 10432).

Title: A Hybrid SUS-Based Usability Evaluation Framework Informed by ISO 9241-11 for Virtual
Reality Applications: A Case Study

Author(s): Mashael Bin Sabbar, Gary Ushaw, Rich Davison

Presenter: Mashael Saud Bin Sabbar, Newcastle University, United Kingdom

Abstract: The System Usability Scale (SUS) is widely used for evaluating usability in Virtual
Reality (VR) systems due to its simplicity and reliability. However, SUS primarily produces a
single overall usability score, providing limited insight into specific usability dimensions. To
address this limitation, this paper proposes a hybrid usability evaluation framework that
integrates SUS with researcher-defined operational usability categories aligned with ISO 9241-
11 usability principles. The framework preserves the standard SUS scoring procedure while
enabling category-level usability analysis through a structured mapping strategy. The proposed
approach was demonstrated using data from a previously evaluated VR platform. Results
showed that, although the overall SUS score indicated good usability, the additional category-
level analysis revealed variations across individual usability categories that were not apparent
from the overall score alone. The framework offers an accessible approach for extending
usability evaluation without requiring additional questionnaires or increasing participant
burden.

Title: Dream Complex: A Tangible Augmented Reality System for Non-linear Dream Narrative
and Emotion Visualization

Author(s): Ruoyun Dai

Presenter: Ruoyun Dai, The New School, United States

Abstract: Visualizing the human subconscious presents significant challenges due to its abstract
nature. This paper introduces Dream Complex, an Augmented Reality (AR) system that
combines physical models with digital interfaces to create a tangible, non-linear dream
narrative. Based on psychoanalytic theories, we developed a 3D coordinate system categorizing
dreams by emotion type, amplitude, and consciousness level. These data points are
materialized into an AR installation, utilizing raster-engraved acrylic patterns as robust image
tracking markers. Users scan these tangible markers via a mobile application to collect
"emotional fragments" and drive the narrative. Iterative user testing demonstrates that this
hybrid physical-digital approach significantly enhances engagement and narrative
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comprehension. Dream Complex offers a novel interactive paradigm for emotional
visualization, with scalable applications in immersive storytelling and psychotherapy.
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