2023 9th International Conference
on Virtual Reality (ICVR 2023)

Xianyang, China
12 — 14 May 2023

I E E E IEEE Catalog Number: CFP23AW9-POD
4 ISBN: 979-8-3503-4582-7



Copyright © 2023 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This Is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP23AW9-POD
ISBN (Print-On-Demand): 979-8-3503-4582-7
ISBN (Online): 979-8-3503-4581-0
ISSN: 2331-9542

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

.com



2023 the 9th International Conference on Virtual
Reality

(ICVR 2023)
Table of Contents

g =Y - 1o - X
CoNFEreNCE COMMULIEES .........uuiiiiiiiii bbb a s s ssassssssssssnsssnnnnns xi

< Image Reconstruction and Image Segmentation

HG-Net: Hybrid Coarse-Fine-Grained Gaze Estimation in Unconstrained Environments ..........ccccccooceeenee. 1

Huangiang Hu, Chenglin Wu, Kean Lin, Tianjian Liu

Analysis of Sampling Strategies for Implicit 3D ReConStruCtion............cccovee i 7
Qiang Liu, Xi Yang
An Optimal SVC Bitstream Schema for Viewport-Dependent 360-Degree Video Streaming..............cc........ 15

Gang Shen, Mingyang Ma, Guangxin Xu

OSIS: Efficient One-Stage Network for 3D Instance Segmentation...........cccccooviiiiiiii e 23
Chuan Tang, Xi Yang

Dense Voxel 3D Reconstruction Using a Monocular Event Camera...........coooiiieiiiiiiiie i 30

Haodong Chen, Vera Chung, Li Tan, Xiaoming Chen

Application of Virtual Reality in Dance/Movement ThErapy ..........ccoviiiciiiiiiiee e e 36
Alyssa Bigbee

High Precision ORB-SLAM Dense Reconstruction Based on Depth Visual Odometer in Dynamic
B NIV ONMENTS. ..ot 41

Yinbing Chen, Huijun Yang, Jiajun Lu, Boxuan Jiang

3D Tree Modeling Based on Abstract Parametric L-System ... 49
Chen Chen, Di Wang

Dense Point Cloud Reconstruction Based on a Single IMage ... 56

Hanxing Li, Meili Wang

TGNet: Learning 3D Shape from Sparse and Incomplete Point Cloud............ccoooviviiiiiine e 64
Yushi Li, Jia Wang, Yunzhe Wang, Rong Xiang, Yihong Wang, Yushan Pan



< VR Scene Drawing and Visual Analysis

Multiple Human Tracking Using Deep Learning with Shadow CIUES ..o 71
Wei Gai, Chunxiao Xu, Xiyu Bao, Cheng Lin, Hongqiu Luan, Yu Wang, Guanqi Mu, Chenglei Yang

Research on Crop Fruit Segmentation Method Based on Point Cloud.............coocciiiiiiee i, 78
Ruiping Wang, Danni Yang, Yuan Ma, Dongfeng Liu, Xin Wang, Huijun Yang

3D Semantic Understanding of Large-Scale Urban Scenes from LIDAR Point Clouds...........cccccvviivieeeiinnns 86
Haodong Wang, Di Wang

Visual SLAM for Dynamic Environments Based on Static Key-Points Detection............ccccccoiiiiiiinnne 93

Liangtao Zhong, Xiaoqiang Zhang, Lingyan Ran, Yamin Han, Hongyu Chu

Motion Recognition System in VR Training System for Train Attendants.............ccocoiiiie i 100
Chuan Yun, Hu Su, Endong Han

A Scene Understanding and Positioning System from RGB Images for Tele-meeting Application in
AUGMENTEA REAIILY ...ttt e s e e e et e e e s e e e e nnr e e e e 106

Bo-Hui Wang, Febrina Wijaya, Robin Fischer, Ya-Hui Tang, Shiann-Jang Wang, Wei-En Hsu, Li-Chen Fu

Camera Field Calibration Method Using Collinear Point Target Joint Constraints............cccccce i 115

Zhiyuan Dang, Zhiyi Zhang, Zhenhua Wang

< Virtual Reality and Human-Computer Interaction
PSA-CLNet: Pedestrian Search Method Based on Polarized Self-Attention and COIM Loss........cc..cccn.... 123
Junjie Fu, Rui Liu, Pengfei Yi, Jing Dong, Dongsheng Zhou, Xiaopeng Wei

A Method for Classifying Cognitive Load of Visual Tasks Based on Eye Tracking Features........................ 131
Xin Zhong, Wenjun Hou

3D Human Pose Estimation via Graph Extended Spatio-Temporal Convolutional Network......................... 139

Yanhui Jia, Wanshu Fan, Dongsheng Zhou, Qiang Zhang
A Task Estimation Method Based on Image Recognition and lts Application to EMG Prosthetic Hand Control

........................................................................................................................................................................ 147
Shunji Hashiguchi, Taro Shibanoki

Detecting Zero-Shot Human-Object Interaction with Visual-Text Modeling..........c.ccoccveiviini i 155
Haozhong Wang, Hua Yu, Qiang Zhang

Interactively Rejioning 2D Oracle Bone Fragments Based on Contour Matching ..........cccccoviiiiiiiinennne 163

Yifan Jin, Xi Yang



< Virtual Reality and Computer Digital Drawing Technology

SurfChessVR: Deploying Chess Game on Parametric Surface in Virtual Reality.............ccccccooeiiiiiinnnnn. 171
Wanwan Li
Design of an Automatic 3D Reconstruction Scanning System in Virtual Reality...........cccccccovviiiieiineinnns 179

Youxin Xie, Jingjing Zhang, Hai Huang

Study of Different Interaction Methods on the Healing Effect of Natural Environment in Virtual Reality ...... 185
Yi-Lei Jin, En-Chen Chen, Tsai-Yen Li

Feeling of Control in Augmented Reality and Virtual Reality for Virtual Object Manipulation ...................... 193
Chenxin Wu, Mengjie Huang, Wenxin Sun, Rui Yang

Exploring Artificial Neural Networks in Virtual Reality: A Unity and Leap Motion-Based Visualization of ONNX

1Y/ ToTo [ L PSP PP UPPPPPRPPPRRN 200
Manzood Naqvi, P. P. Sujith, Sohan Naidu, Kevin Thomas, Ananthanagu U.

The Design and Study of Facial Color Diagnosis System Based on Virtual Reality ..........cccoccocveiiiiennnnee. 205
Pengfei Bao, Bo Yuan, Juan Zhang, Youliang Huang

Create Short Videos on Metaverse Platforms Based on Virtual Panoramic Cameras...........ccccoceeeveeeevvinenee. 213
Chengze Wang, Qiaoshi Cheng

Motion Simulation of Abrasive Water Jet Path............ooooeuiiiiii e e e 220
Changle Sun, Mingzhi Liu, Chao Li, Shihao Ge

< Virtual Reality Simulation, Human-Computer Interaction, and Visual Analysis

DSC-GraspNet: A Lightweight Convolutional Neural Network for Robotic Grasp Detection......................... 226
Zhiyang Zhou, Xiaoqiang Zhang, Lingyan Ran, Yamin Han, Hongyu Chu

Impact of Physical Tool Designs on User Embodiment of Tools in Virtual Reality ............ccccoooeiiiiiinnnnn. 233
Jingjing Zhang, Chuanzhi Su, Mengjie Huang, Liwen Liang, Rui Yang

EnVisioning CoRals: Embodying Coral Reef Inhabitants to Raise Awareness on Climate Changes Impacts on

T 0 0To] (=3 =l 01V T o] 0] 41T o (PP PRRPP 239

Paolo Boffi, Monica Clerici, Marco Muolo, Alberto Gallace, Pier Luca Lanzi

Human Robot Collaboration in Industrial AppliCatioONS...........coiiiiiiiiiee e 247
Yuyi Yang, Yanzhang Wang, Yilin Cao, Zhiyang Zhao, Xinpeng Liu, Yihong Wang, Haiyang Zhang,

Yushan Pan

Use of Mixed Reality in HYAC System Equipment Fault Detection and Diagnosis Method ..............c.......... 256
Jiang Haigang, Ling Rui, Tang Linfeng

Bionic Robots as a New Alternative t0 GUIded DOgS.........coiiiiiiiiiiiie e a e e e 261
Yilin Cao, Nanlin Jin, Yihong Wang, Chengtao Ji, Yushan Pan



Robo-Advisors in the Financial Services Industry: Recommendations for Full-Scale Optimization, Digital Twin
Integration, and Leveraging Natural Language Processing Trends .........ccoevvviciiiiiieie e 268

Marco I. Bonelli, Esra Sipahi Déng(il

Visual Analysis of Ship Trajectories Based on Kernel Density Estimation ............occcccoiiiie 276

Juhong Shi, Yushan Pan, Yang Xiang, Xinpeng Liu, Yihong Wang, Chengtao Ji

Digital Training, Teaching, Entertainment Utility for Disable and Elderly at Community Health & Agricultural
TOUNSM INFrASIIUCIUIES ...ttt et e et e e e e ab e e e e e eabe e e e e s bbe e e e enbeeeeeannees 284

Tilemachos K. Koliopoulos, Galina Petrova Mratskova

Exploring the Design Space for Hands-Free Robot Dog Interaction via Augmented Reality........................ 288
Ziming Li, Zihui Qin, Yiming Luo, Yushan Pan, Hai-Ning Liang

AR-Based Surgical Navigation System Based on Dual Plane Calibration and 2D/3D Registration ............. 296
Li Yin, Hang Fu, Demin Yang, Xingqi Fan, Puxun Tu, Xiaojun Chen

< Virtual Reality and Digital Twins

Generic Digital Twin Platform Framework for Advanced Service Innovation ............cccccveevveeiiiicciieeenneen, 304

Xiaojing Niu, Shengfeng Qin, Yujia Zhu, Meili Wang, Liling Chen, Jianjie Chu, Dengkai Chen

Bridge Crane Co-simulation Based on Solidworks/Adams/Matlab............ccceeiiiiiiiiiiiinie e 309
Xiuxian Yang, Yuchi Cao, Tieshan Li, Qihe Shan

A Stable Learning-Based Corner Detector for Event-Based Cameras..........ccccceevviiiiiiiiiiee e 315

Shupeng Han, Ping Zhao, Xiaoming Chen, Vera Chung

Adaptive Lighting Modeling in 3D Reconstruction with lllumination Properties Recovery .........cc.ccccceuvneeee. 321
Ge Guo, Lianghua He

Design and Realization of Production Monitoring System for Seamless Steel Pipe Based on Virtual Reality

Yuanbin Shi, Youzhao Sun, Xiaochen Wang, Quan Yang, Jiaqi Chen

Virtual Reality Based Manual Spraying Modeling and Simulation............cccccooviiiiiiiee e, 335
Hanzhong Xu, Dianliang Wu, Wenjuan Yu, Yue Zhao, Qihang Yu, Kai Zou

Chinese Traditional Wheelbarrow Restoration and Game Design Based on Virtual Reality Technology..... 340

Yin Guojun, Fan Jinyu, Liu Yang, Li Xin

Research on the Solution and Simulation of the Two-Dimensional Heat Equation.............ccccooociveviciienens 346
Liu Lu, Zhang Zhiyi

< Application of Virtual Reality in Information Medicine

VR-Assisted Healing: VR CONTENT Creation Cuts through the Psychological Healing Process ............... 353
Aokun Yu, Cheng Zhang, JinNi Huang, YuTian Yi

Vi



EEG-Based VR Scene Adaptive Generation System for Regulating Emotion.............cccoooiiiiis 361
Hui Liang, ShiQing Liu, Yi Wang, Junjun Pan, Jialin Fu, Yingkai Yuan

A Survey of VR-Based Neurofeedback Systems in Physiological Computing for Depression Treatment.... 369
Bhavya Sri Sanku, Yi (Joy) Li, Jing (Selena) He

A Multimodal Natural Interaction-Based Mixed Reality System for Limb Rehabilitation ............c...ccooeeee. 378
Kailiang Shou, Qianyu Meng, Qingshu Yuan, Qihao Yang, Zhigeng Pan

Brain-Metaverse Interaction for Anxiety Regulation.............coooiiiiiiii e 385
Nanlin Jin, Ye Wu, Jeongyeong Park, Zihui Qin, Hai-Ning Liang

Developing a Mixed Reality-Based Game for Post-Stroke Motor Rehabilitation: Combining Training and

AASSESSIMENT ...ttt ettt e et e e b b e oo e b b et e e h b e e e e e e b bt e e e e Rb et e e e aabe e e e e nbe e e e anbeeeeeannees 393

Yongning Fang, Zhigiang Luo, Feng Huang, Zhijun Wang, Dandan Li, Xia Hua

A Model for Predicting the Level of Motion Sickness Caused by Virtual Reality Content by Using Attention and
Effective Visual Field MEChanISM ............uiiiiiiiee e e e e e e e e e e e e e snnnre e e e e e e e e ennnnes 400

Shuhang Luo, Peng Ren, Chaofan Zhu

A Cultural Relics Display System Based on Augmented Reality...........cccoooeiiiiiiiiiiiiiee e, 408
Junbo Zhang, Guohua Geng, Tao Wang, Pengbo Zhou, Kang Li, Yang Xu

Virtual Training System for Vascular Interventional SUrgery............cccooiiiiiiiiic e 413

Pan Li, Boxuan Xu, Delei Fang, Junxia Zhang, Xinghua Lin, Yan Zhang, Xinxin Zhang

Design of A Virtual Reality Environment with Error-Less Learning for Rehabilitation of Aging Adults with
SHOKE IN TADLS ... ittt e e e e et e e e e e e e e e b e e eeee e e e e e aaaasaeeeeeeeeeaaaabeeeeeaeeesaananrrneeaaaaaas 419

Andrew Quinlan, Richard O. Oyeleke

Feeling of Control Evaluation: Movement Gain for Virtual Object Manipulation in Virtual Reality ................ 428

Wenxin Sun, Mengjie Huang, Wei Luo, Liu Wang, Rui Yang

Multimodal Augmented Feedback for Functional Grasp Training Using a Smart Glove and Virtual Reality for
Persons with SpiNal Cord INJUIY ........ooouiiiiiii et san e 435

Mingxiao Liu, Samuel Wilder, Sean Sanford, Sophie Dewil, Noam Harel, Raviraj Nataraj

< Application of Virtual Reality in Education

The Path Exploration of University Ideological and Political Courses Based on the Concept of Metaverse

........................................................................................................................................................................ 441
Mengyan Wang, Shaopeng Yu, Xiang Li

Best Practices for Integrating 360 VR Videos into Psychology Teaching............ccccoiiiiiiiiiiieees 447
Hui-Wen Huang, Yan Li, Siqi Cai

Design and Implementation of Machine Vision Experiment Platform for Virtual Production Line................. 452

Jinfang Li, Mingtong He, Jiancong Su, Boyang Wang, Zhenxian Li

Vii



A Playable 3D Virtual Tour for an Interactive Campus Visit Experience: Showcasing School Facilities to
Attract Potential ENrOlIEES ........cooo it s 461

Manuel B. Garcia, Danna May C. Mansul, Eymard B. Pempina, Maria Rona L. Perez, Rossana T. Adao
A 3D Hand Joint Detection Network for Real-Time Hand Capture and Its Application in a Game of Moving
IVIOUNTAINS ...ttt s 467
Su Xin-yue, Xue Hao-wei, Wang Mei-li

VRCK: A Virtual Reality Teaching System Based on Generation and Editing of Constrained Keyframes.... 474
Kaiyi Wang, Yongjia Zhao, Shuling Dai, Ruize Sun

MultiBrush: 3D Brush Painting Using Multiple Viewpoints in Virtual Reality ...........cccociiiiiiiiiis 481
Mikiya Kusunoki, Ryo Furuhama, Ryusuke Toshima, Hazuki Mori, Haoran Xie, Tzu-Yang Wang,

Takaya Yuizono, Toshiki Sato, Kazunori Miyata

Training of the FMEA in a Virtual Learning ENVIrONMENt...........cccooiiiiiiiiii e 487

Amelie Karcher, Dominik Arnold, Bernd Kuhlenkoétter

Towards a VR Moot Court for Law Students in Enhancing Practice Experience ...........cccccccoiiiiniiiiniicnnnen. 493

Yi Liang, Yi Xiao, Guokai Feng, Jethro Shell, Conor Fahy, Yongkang Xing

Using Augmented Reality to Enhance Learning and Understanding of Abstract Programming Concepts... 498
Omer Emin Cinar, Karen Rafferty, David Cutting, Hui Wang

Exploring Selection and Search Usability Across Desktop, Tablet, and Head-Mounted Display WebXR

L P2 Va0 0 1 PSP UPPPPPPTPPRN 505
Anthony Scavarelli, Robert J. Teather, Ali Arya

< Virtual Reality and Cultural Relics Restoration Technology in Humanities and Arts
VoxSculpt: An Open-Source Voxel Library for Tomographic Volume Sculpting in Virtual Reality ................. 515

Lucas Siqueira Rodrigues, Felix Riehm, Stefan Zachow, Johann Habakuk Israel

The Application of Digital Virtual Man in the Cultural Communication of Grand Canal — Taking “Huai Xiaobu”
and “Huai Xiaomei” @S EXAMPIES.......coeiieiiiiiiiiiiie ettt e e e e e e e e e e e e e et e e e e e e e e eansnrnneneaeeean 524

Gao Xiang, Mu Xiaomin, Qin Zhuangyan, Seo Eun Kyeong, Wu Qitao, Deng Bangkun

Development of a Virtual Reality Game for Cultural Heritage Education: The Voyage of “Gotheborg”........ 531
Guangdai Chen, Xintong Xie, Zaifeng Yang, Renren Deng, Kailin Huang, Chaoguang Wang

Research on Application of Virtual Reality Technology in Digital Restoration of Tiangong Kaiwu................ 536
Zhigiang Zhang, Jianyong Wu, Yuzhou Wu

Exploring the Impact of Teaching Virtual Museum Design on Undergraduate Art Students’ Interest and
Perceplion Of MUSEUMS...........uiiiiiiii et e e e e e e e e e e e e e st e e e e e e e e e e ssasataaeeeaaeesasnssraneeaaeeeannnnes 542

Zixin Xu, Nur Dalilah Dahlan, Jing Lin, Sharifah Intan Sharina Syed Abdullahe, Syazwani Sahrir

viii



Towards Cultural Heritage Digital Twin: Concept, Characteristics, Framework and Applications................. 549

Li Xin, Gu Hongyu, Seo Eun Kyeong, Wu Qitao, Yin Guojun, Deng Bangkun

Application of Simple Virtual Space Editing Technology in Museum Curation: Take the MindRoom as an
= 10 ] o] [T PP T U PUPPPPRPPTRE 558

Ruohan Mao, Fenglin Zhang, Xia Zheng, Cihua Xu

Digital Restoration of the Grand Canal Grain Transporting Boats in the Ming Dynasty............ccccceviienens 565
Rong Guan, Liang Wang, Lingling Xu, Hui Li, Lei Zhao

Research on the Application of VR Technology in the Experience of Virtual Movable-Type Printing Museum

Long Liu, Mingzhi Cheng, Ying Zhao

Virtual Reality Technology Empowers Digital Cultural Tourism Research and Practice of Grand Canal Cultural
Heritage — Take Sugian Xianwang Culture as an EXample ... 578

Tang Xuan, Yin Guojun

Enhanced Inpainting Model Revitalizes Historical Paintings with Vision Transformer............cccccccovviiennn. 582

Xinran Duan, Chaoyong Jiang, Yachun Fan

Contemporary Value Research and Digital Protection Practice of Traditional Wooden Boats in Hongze Lake

........................................................................................................................................................................ 590
Deng Bangkun, Liu Zhaoxiang, Seo Eun Kyeong, Wu Qitao, Yin Guojun, Li Xin

Application of Natural Interaction in Narrative Presentation in Museum Exhibition ..............cccccee i, 598
Pu Ren, Haiying Tao, Wei Ma, Yifan Han, Wanzhuo Cui, Yuan Li

VR-Based Line Drawing Methods in Chinese Painting ..........cccceeii i 604

Yuting Cheng, Mengjie Huang, Wenxin Sun

3D Digital Reconstruction of the Shendao Stone Statues of the Mausoleum of Ming Dynasty Based on
o L0 (oo [ ir= 0 0] 41=] (YOS 611

Yiwen Wang, Jian Wang, Wenyuan Zhu, Shangbing Li, Yan Wan, Yumeng He

Author Index





