2019 IEEE Conference on Virtual
Reality and 3D User Interfaces
(VR 2019)

Osaka, Japan
23-27 March 2019

Pages 1-612

I E E E IEEE Catalog Number: CFP19VIR-POD
4 ISBN: 978-1-7281-1378-4

1/3



Copyright © 2019 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: CFP19VIR-POD
ISBN (Print-On-Demand): 978-1-7281-1378-4
ISBN (Online): 978-1-7281-1377-7
ISSN: 2642-5246

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



TABLE OF CONTENTS

DEEP360UP: A DEEP LEARNING-BASED APPROACH FOR AUTOMATIC VR IMAGE
UPRIGHT ADJUSTIMENT ... ittt ettt bbbt bbb e e b et b e e ab e bt e b e e bt e ab e bt e e e ne e e nbeenn e 1
Raehyuk Jung ; Aiden Seung Joon Lee ; Amirsaman Ashtari ; Jean-Charles Bazin

DENSE 3D SCENE RECONSTRUCTION FROM MULTIPLE SPHERICAL IMAGES FOR 3-

DOF+ VR APPLICATIONS ... oottt ettt ste et et e et e st e s teeasteesteeaseeesseeante e st eeesseeaneeesesasaeesseesnseeseeanteenneaenneeanenenrenans 9
Thiago L. T. Da Silveira ; Claudio R. Jung
REMAPPED PHYSICAL-VIRTUAL INTERFACES WITH BIMANUAL HAPTIC RETARGETING ................... 19

Brandon J. Matthews ; Bruce H. Thomas ; Stewart Von Itzstein ; Ross T. Smith

EFFECTS OF STEREOSCOPIC VIEWING AND HAPTIC FEEDBACK, SENSORY-MOTOR

CONGRUENCE AND CALIBRATION ON NEAR-FIELD FINE MOTOR PERCEPTION-ACTION

COORDINATION IN VIRTUAL REALITY ittt sttt ettt et sneeanteesneeebeesseeeteesnseanneessens 28
David Brickler ; Matias Volonte ; Jeffrey W. Bertrand ; Andrew T. Duchowski ; Sabarish V. Babu

VISUAL MANIPULATION FOR UNDERWATER DRAG FORCE PERCEPTION IN IMMERSIVE

VIRTUAL ENVIRONMENTS ... oottt sttt et e st e te e e saa e sas e aate e s te e e aeessteeseeaseeesaeesnbeesneeesseesneeansesanneesseeans 38
Hyeong Yeop Kang ; Geonsun Lee ; Jung Hyun Han

ESTIMATING DETECTION THRESHOLDS FOR DESKTOP-SCALE HAND REDIRECTION IN

VIR T U AL REA LY ittt b ettt h e s a bt ek e s bt e s b e e a bt e bt ekt eah bt et e e e b bt e nbe e e ab e e e be e et e e snbeenbeenbne s 47
André Zenner ; Antonio Kriiger

A GENERAL REACTIVE ALGORITHM FOR REDIRECTED WALKING USING ARTIFICIAL

POTENTIAL FUNGCTIONS ...ttt sttt sttt e et e sa e et e s bt e e s be e anb e et e e steenbeeanbeeabeeeteennseebeennnees 56
Jerald Thomas ; Evan Suma Rosenberg

REAL-TIME OPTIMAL PLANNING FOR REDIRECTED WALKING USING DEEP Q-

LEARNING. ...ttt sttt e e st e et e e et e e st e e s aeeeate e e tae e aeeaateenteeesee e seeaR b e e te e e s teeaReeenteeeReeeteeanbe e teearneenree e 63
Dong-Yong Lee ; Yong-Hun Cho ; In-Kwon Lee

EFFECTS OF TRACKING AREA SHAPE AND SIZE ON ARTIFICIAL POTENTIAL FIELD

REDIRECTED WALKING . .....ooitiiit ittt b st bee b s se et st e b s bt et e be et e s bt e b ek e et e sbe e besbeenbenneenes 72
Justin Messinger ; Eric Hodgson ; Eric R. Bachmann

REAL-TIME RENDERING OF STEREO-CONSISTENT CONTOURS .......oooiiiiiieiieiiecsee e 81
Dejing He ; Rui Wang ; Hujun Bao

HYBRID MONO-STEREO RENDERING IN VIRTUAL REALITY ..ottt 88
Laura Fink ; Nora Hensel ; Daniela Markov-Vetter ; Christoph Weber ; Oliver Staadt ; Marc Stamminger

OPTIMISED MOLECULAR GRAPHICS ON THE HOLOLENS .......ccoi ittt 97
Christoph Miller ; Matthias Braun ; Thomas Ertl

REAL-TIME CONTINUOUS LEVEL OF DETAIL RENDERING OF POINT CLOUDS..........cccoocvniiieninienienennn 103

Markus Schitz ; Katharina Krdsl ; Michael Wimmer

HAPTIC FORCE GUIDED SOUND SYNTHESIS IN MULTISENSORY VIRTUAL REALITY (VR)

SIMULATION FOR RIGID-FLUID INTERACTION ...ttt ste e e et ssaeestae e e snaesnaeesnaennnaenns 111
Haonan Cheng ; Shiguang Liu

IMMERSIVE SPATIAL AUDIO REPRODUCTION FOR VR/AR USING ROOM ACOUSTIC

MODELLING FROM 360° IMAGES ...ttt sttt e sta e st e e e s st e e ae e s aae e teessteebeestaeeteesnseaneeaneas 120
Hansung Kim ; Luca Remaggi ; Philip J. B. Jackson ; Adrian Hilton

CHARACTERIZING ASYMMETRIC COLLABORATIVE INTERACTIONS IN VIRTUAL AND

AUGMENTED REALITIES ...ttt sttt ettt e sttt sa b e et e see e b e an b e e be e e steennbeanbeesbeeenreennneenees 127
Jeronimo Gustavo Grandi ; Henrique Galvan Debarba ; Anderson Maciel

MULTI-RAY JUMPING: COMPREHENSIBLE GROUP NAVIGATION FOR COLLOCATED

USERS IN IMMERSIVE VIRTUAL REALITY oottt e et te st snte et e e nneesnanenneesnseenneeaneas 136
Tim Weissker ; Alexander Kulik ; Bernd Froehlich

DATASPACE: A RECONFIGURABLE HYBRID REALITY ENVIRONMENT FOR

COLLABORATIVE INFORMATION ANALYSIS ...ttt st sba et nnanns 145
Marco Cavallo ; Mishal Dholakia ; Matous Havlena ; Kenneth Ocheltree ; Mark Podlaseck

SCALE - UNEXPLORED OPPORTUNITIES FOR IMMERSIVE TECHNOLOGIES IN PLACE-

BASED LEARNING ... .ottt ettt sttt et e s n bt et e e s e e s bt e aa b e et e e s teeshe e e nb e e e be e e nteeenbeebeenreeeneennreentes 155
Jiayan Zhao ; Alexander Klippel

VIRTUAL CLASSMATES: EMBODYING HISTORICAL LEARNERS' MESSAGES AS

LEARNING COMPANIONS IN A VR CLASSROOM THROUGH COMMENT MAPPING.......cccccocviviriecene 163
Meng-Yun Liao ; Ching-Ying Sung ; Hao-Chuan Wang ; Wen-Chieh Lin



IVRNOTE: DESIGN, CREATION AND EVALUATION OF AN INTERACTIVE NOTE-TAKING

INTERFACE FOR STUDY AND REFLECTION IN VR LEARNING ENVIRONMENTS ..o 172
Yi-Ting Chen ; Chi-Hsuan Hsu ; Chih-Han Chung ; Yu-Shuen Wang ; Sabarish V. Babu

CREATING A STRESSFUL DECISION MAKING ENVIRONMENT FOR AERIAL

FIREFIGHTER TRAINING IN VIRTUAL REALITY ..ot 181
Rory M. S. Clifford ; Sungchul Jung ; Simon Hoermann ; Mark Billinghurst ; Robert W. Lindeman

AD-HOC STUDY ON SOLDIERS CALIBRATION PROCEDURE IN VIRTUAL REALITY ...ccooiiiiiiiiicniies 190
Jean-Daniel Taupiac ; Nancy Rodriguez ; Olivier Strauss ; Martin Rabier

IATK: AN IMMERSIVE ANALYTICS TOOLKIT ...ttt sttt 200
Maxime Cordeil ; Andrew Cunningham ; Benjamin Bach ; Christophe Hurter ; Bruce H. Thomas ; Kim Marriott ;
Tim Dwyer

GEOGATE: CORRELATING GEO-TEMPORAL DATASETS USING AN AUGMENTED

REALITY SPACE-TIME CUBE AND TANGIBLE INTERACTIONS .....ociiiiiiiiie e 210
Seung Youb Ssin ; James A. Walsh ; Ross T. Smith ; Andrew Cunningham ; Bruce H. Thomas

EXPLORATION OF AN EEG-BASED COGNITIVELY ADAPTIVE TRAINING SYSTEM IN

VIR TUAL REALITY Lottt b btttk h e etk e oAb e o b £ e R e e ek e e R b e Ah £ e R e e b e e R b e nR e e b e et e ehbenbeebeebeaneennenbeen 220
Arindam Dey ; Alex Chatburn ; Mark Billinghurst

VIRTUAL OBJECTS LOOK FARTHER ON THE SIDES: THE ANISOTROPY OF DISTANCE

PERCEPTION IN VIRTUAL REALITY oottt ettt 227
Etienne Peillard ; Thomas Thebaud ; Jean-Marie Normand ; Ferran Argelaguet ; Guillaume Moreau ; Anatole
Lécuyer

DISTANCE JUDGMENTS TO ON- AND OFF-GROUND OBJECTS IN AUGMENTED REALITY ...cooeiiieee. 237

Carlos Salas Rosales ; Grant Pointon ; Haley Adams ; Jeanine Stefanucci ; Sarah Creem-Regehr ; William B.
Thompson ; Bobby Bodenheimer

MITIGATING INCORRECT PERCEPTION OF DISTANCE IN VIRTUAL REALITY THROUGH

PERSONALIZED RENDERING MANIPULATION . .....ciiiiiiit it 244
Alex Peer ; Kevin Ponto

MATERIAL SURFACE REPRODUCTION AND PERCEPTUAL DEFORMATION WITH

PROJECTION MAPPING FOR CAR INTERIOR DESIGN .....ccciiiiiiiiiieitieie et 251
Takuro Takezawa ; Daisuke Iwai ; Kosuke Sato ; Toshihiro Hara ; Yusaku Takeda ; Kenji Murase

SIMULATING WATER RESISTANCE IN A VIRTUAL UNDERWATER EXPERIENCE USING A

VISUAL MOTION DELAY EFFECT ..ottt sttt b bbb b ane 259
Eun-Cheol Lee ; Yong-Hun Cho ; In-Kwon Lee

MASK-OFF: SYNTHESIZING FACE IMAGES IN THE PRESENCE OF HEAD-MOUNTED

DS P LAY S bR bR R R E R SR e SR e R e R e R e R R e e Rt h e e R b e reaae s 267
Yajie Zhao ; Qingguo Xu ; Weikai Chen ; Chao Du ; Jun Xing ; Xinyu Huang ; Ruigang Yang

INVESTIGATING THE THIRD DIMENSION FOR AUTHENTICATION IN IMMERSIVE

VIRTUAL REALITY AND IN THE REAL WORLD .....coiiiiiiciteeee ettt 277
Ceenu George ; Mohamed Khamis ; Daniel Buschek ; Heinrich Hussmann

THE EFFECTS OF STEREOPSIS AND IMMERSION ON BIMANUAL ASSEMBLY TASKS IN A

VIRTUAL REALITY SYSTEM ...ttt h ettt b bt bbbttt b bt bt ein b 286
Douglas Yamashita De Moura ; Amela Sadagic

EMPOWERING YOUNG JOB SEEKERS WITH VIRTUAL REALITY oo 295
Ekaterina Prasolova-Fgrland ; Mikhail Fominykh ; Oscar Ihlen Ekelund

VR AS A CONTENT CREATION TOOL FOR MOVIE PREVISUALISATION......cociiiiiiiiniet e 303

Quentin Galvane ; I-Sheng Lin ; Fernando Argelaguet ; Tsai-Yen Li ; Marc Christie

TACTILES: DUAL-MODE LOW-POWER ELECTROMAGNETIC ACTUATORS FOR

RENDERING CONTINUOUS CONTACT AND SPATIAL HAPTIC PATTERNS IN VR ..o, 312
Velko Vechev ; Juan Zarate ; David Lindlbauer ; Ronan Hinchet ; Herbert Shea ; Otmar Hilliges

TOWARD UNIVERSAL TANGIBLE OBJECTS: OPTIMIZING HAPTIC PINCHING

SENSATIONS IN 3D INTERACTION ...ttt bbbttt b et b e b e n e n s 321
Xavier De Tinguy ; Claudio Pacchierotti ; Maud Marchal ; Anatole Lécuyer

HAPTICSPHERE: PHYSICAL SUPPORT TO ENABLE PRECISION TOUCH INTERACTION IN

IMOBILE MIXED-REALITY L.ttt b et b e bt ab e s b e e s e e b e e s b e eb e e s et b e e ab e e bt e heeebeenbenbeesneabeannas 331
Chiu-Hsuan Wang ; Chen-Yuan Hsieh ; Neng-Hao Yu ; Andrea Bianchi ; Liwei Chan

VIBRO-TACTILE FEEDBACK FOR REAL-WORLD AWARENESS IN IMMERSIVE VIRTUAL

ENVIRONMENTS ...ttt b bbb h bt bbb et b st b e e bbbt b e st e bt bt e bbb et et e b e 340
Dimitar Valkov ; Lars Linsen

MDI: A MULTI-CHANNEL DYNAMIC IMMERSION HEADSET FOR SEAMLESS SWITCHING

BETWEEN VIRTUAL AND REAL WORLD ACTIVITIES. ...t 350
Kien T. P. Tran ; Sungchul Jung ; Simon Hoermann ; Robert W. Lindeman



VROAMER: GENERATING ON-THE-FLY VR EXPERIENCES WHILE WALKING INSIDE

LARGE, UNKNOWN REAL-WORLD BUILDING ENVIRONMENTS ......cooii e 359
Lung-Pan Cheng ; Eyal Ofek ; Christian Holz ; Andrew D. Wilson

IMPROVING WALKING IN PLACE METHODS WITH INDIVIDUALIZATION AND DEEP

NETWORKS. ...ttt bbbt h bbb bt h bt e b £k R e E b2 ekt e b £ e bbbt b et e bt e bbbt b et et e bt 367
Sara Hanson ; Richard A. Paris ; Haley A. Adams ; Bobby Bodenheimer
REDIRECTING VIEW ROTATION IN IMMERSIVE MOVIES WITH WASHOUT FILTERS .........cccooeiiienen. 377

Travis Stebbins ; Eric D. Ragan

REDIRECTED JUMPING: IMPERCEPTIBLY MANIPULATING JUMP MOTIONS IN VIRTUAL

LR I N SRR 386
Daigo Hayashi ; Kazuyuki Fujita ; Kazuki Takashima ; Robert W. Lindeman ; Yoshifumi Kitamura

EVALUATING THE EFFECTIVENESS OF REDIRECTED WALKING WITH AUDITORY

DISTRACTORS FOR NAVIGATION IN VIRTUAL ENVIRONMENTS.....ccciiiiiiniiienieesie e 395
Nicholas Rewkowski ; Atul Rungta ; Mary Whitton ; Ming Lin

REAL-TIME PANORAMIC DEPTH MAPS FROM OMNI-DIRECTIONAL STEREO IMAGES

FOR 6 DOF VIDEOS IN VIRTUAL REALITY ..ottt sttt st s nnee e e sneesnseenneeaneas 405
Po Kong Lai ; Shuang Xie ; Jochen Lang ; Robert Laganiére

EXPLORATION OF LARGE OMNIDIRECTIONAL IMAGES IN IMMERSIVE

ENVIRONMENTS ...ttt ettt e s e et e st e e be e e st e e s teeasb e e teeas e e e saeeeate e teeeseeeaaeeente e teeesteeanseenseesnneesneennneanees 413
Seyedkoosha Mirhosseini ; Parmida Ghahremani ; Sushant Ojal ; Joseph Marino ; Arie Kaufman

THE EFFECT OF CAMERA HEIGHT, ACTOR BEHAVIOR, AND VIEWER POSITION ON THE

USER EXPERIENCE OF 360° VIDEOS ......ccoiitiiiiiiiteiisit ettt sttt sbaenbe e et sbeebesbeeaesbeansasbeesaensean 423
Tuuli Keskinen ; Ville Mékela ; Pekka Kallioniemi ; Jaakko Hakulinen ; Jussi Karhu ; Kimmo Ronkainen ; John
Makela ; Markku Turunen

LIVE STEREOSCOPIC 3D IMAGE WITH CONSTANT CAPTURE DIRECTION OF 360°

CAMERAS FOR HIGH-QUALITY VISUAL TELEPRESENCE .........ccceiii ittt ee et sae e 431
Yasushi Ikei ; Vibol Yem ; Kento Tashiro ; Toi Fujie ; Tomohiro Amemiya ; Michiteru Kitazaki
HYBRID PROJECTION FOR ENCODING 360 VR VIDEOS ......ccooiiiiiiiiiiiie st sneas 440

Jintao Tang ; Xinyu Zhang
PERCEPTUAL STUDY OF NEAR-FIELD BINAURAL AUDIO RENDERING IN SIX-DEGREES-
OF-FREEDOM VIRTUAL REALITY Lottt sttt sttt sttt ssaeesteesneeabeesnaeenteesnseabeesseeenneennsennne 448
Olli S. Rummukainen ; Sebastian J. Schlecht ; Thomas Robotham ; Axel Plinge ; Emanuél A. P. Habets
P-REVERB: PERCEPTUAL CHARACTERIZATION OF EARLY AND LATE REFLECTIONS

FOR AUDITORY DISPLAYS. ...ttt sttt ettt e et e st e s te e st e e teeasteesseeaabeeateeesteessseanteeateeesteesnseenteesnneesseeanteenses 455
Atul Rungta ; Nicholas Rewkowski ; Roberta Klatzky ; Dinesh Manocha
OPTIMIZING VISUAL ELEMENT PLACEMENT VIA VISUAL ATTENTION ANALYSIS ....ccooviiiiiiiieien 464

Rawan Alghofaili ; Michael S Solah ; Haikun Huang ; Yasuhito Sawahata ; Marc Pomplun ; Lap-Fai Yu

EYESEETHROUGH: UNIFYING TOOL SELECTION AND APPLICATION IN VIRTUAL

ENVIRONMENTS ...ttt ettt e et e st e et e s st e et e es e e e s bt e anb e e be e e steeaReeemb e e s be e e nteenn b e e nbeenbeeesbeenneeantes 474
Diako Mardanbegi ; Benedikt Mayer ; Ken Pfeuffer ; Shahram Jalaliniya ; Hans Gellersen ; Alexander Perzl

VISUAL STIMULUS DISRUPTS THE SPATIAL LOCALIZATION OF A TACTILE SENSATION

LN Y LU A I o A I I OSSR 484
Dion Willis ; Wendy Powell ; Vaughan Powell ; Brett Stevens

VIRTUAL REALITY VIDEO GAME PAIRED WITH PHYSICAL MONOCULAR BLURRING AS

ACCESSIBLE THERAPY FOR AMBLY OPLA... ..ottt sttt sbe et sbe e sbeaneente e 492
Ocean Hurd ; Sri Kurniawan ; Mircea Teodorescu

IMMERSIVE VIRTUAL REALITY AND GAMIFICATION WITHIN PROCEDURALLY

GENERATED ENVIRONMENTS TO INCREASE MOTIVATION DURING GAIT

L 1N = 17 I ] SRS 500
Florian Kern ; Carla Winter ; Dominik Gall ; lvo Kathner ; Paul Pauli ; Marc Erich Latoschik

THE EFFECT OF HAND SIZE AND INTERACTION MODALITY ON THE VIRTUAL HAND

FLLLUSTON. et bbbt h b bbb etk H e H b b0t h e b b e e bt e b€ e e b st bbbt e bt b et e e bt b 510
Lorraine Lin ; Aline Normoyle ; Alexandra Adkins ; Yu Sun ; Andrew Robb ; Yuting Ye ; Massimiliano Di Luca ;
Sophie Jorg

VIRTUAL HAND REALISM AFFECTS OBJECT SIZE PERCEPTION IN BODY-BASED

SCALING ...tttk h st b e e s b e e b e e s e e b e e R b e e E £ e A e e E £ oAb e AR £ 2R e e AR £ oA R e AR £ e AR e AR R e R e e R e e e e R e e Rt e Rt e nnenbeenrenreenes 519

Nami Ogawa ; Takuji Narumi ; Michitaka Hirose
RECONCILING BEING IN-CONTROL VS. BEING HELPED FOR THE EXECUTION OF

COMPLEX MOVEMENTS IN VR L.ttt ettt sttt e s be st e e te e sat e e be e s taeesbeesnteebaesnnaesreeans 529
Thibault Porssut ; Bruno Herbelin ; Ronan Boulic
THE INFLUENCE OF SIZE IN AUGMENTED REALITY TELEPRESENCE AVATARS.........cooiiiieeeveeee, 538

Michael E. Walker ; Daniel Szafir ; Irene Rae



THE EFFECT OF AVATAR APPEARANCE ON SOCIAL PRESENCE IN AN AUGMENTED
REALITY REMOTE COLLABORATION ... ..ottt ettt ettt ssae et e ssaeennaesneeetaesnaeenneesneneseenneeanseeaneas 547
Boram Yoon ; Hyung-Il Kim ; Gun A. Lee ; Mark Billinghurst ; Woontack Woo

LARGE-SCALE PROJECTION-BASED IMMERSIVE DISPLAY: THE DESIGN AND

IMPLEMENTATION OF LARGESPACE . ... oottt ettt sav et st e s be e s b e e te e satesbeesbneenree s 557
Hikaru Takatori ; Masashi Hiraiwa ; Hiroaki Yano ; Hiroo Iwata
TOWARDS EYE-FRIENDLY VR: HOW BRIGHT SHOULD IT BE? ...t 566

Khrystyna Vasylevska ; Hyunjin Yoo ; Tara Akhavan ; Hannes Kaufmann

THE EFFECT OF NARROW FIELD OF VIEW AND INFORMATION DENSITY ON VISUAL

SEARCH PERFORMANCE IN AUGMENTED REALITY Lottt e e e e nnae e e sneasnnaenns 575
Christina Trepkowski ; David Eibich ; Jens Maiero ; Alexander Marquardt ; Ernst Kruijff ; Steven Feiner

DO HEAD-MOUNTED DISPLAY STEREO DEFICIENCIES AFFECT 3D POINTING TASKS IN

AR AND VR .ottt bt bt h b bR R b h SRR R R R R R bR R R et h bR bbb ane 585
Anil Ufuk Batmaz ; Mayra Donaji Barrera Machuca ; Duc Minh Pham ; Wolfgang Stuerzlinger

AUGMENTED REALITY MAP NAVIGATION WITH FREEHAND GESTURES ........ccccooiiiiiiceeeee 593
Kadek Ananta Satriadi ; Barrett Ens ; Maxime Cordeil ; Bernhard Jenny ; Tobias Czauderna ; Wesley Willett

GET A GRIP! INTRODUCING VARIABLE GRIP FOR CONTROLLER-BASED VR SYSTEMS.........ccccceeue. 604

Michael Bonfert ; Robert Porzel ; Rainer Malaka

THE EFFECT OF ELASTIC FEEDBACK ON THE PERCEIVED USER EXPERIENCE AND

PRESENCE OF TRAVEL METHODS IN IMMERSIVE ENVIRONMENTS .....cooiiiiiiiiiie e 613
Tobias Glnther ; Lars Engeln ; Sally J. Busch ; Rainer Groh

ENACTIVE APPROACH TO ASSESS PERCEIVED SPEED ERROR DURING WALKING AND

RUNNING IN VIRTUAL REALITY ittt bbb bbbt nb e 622
Théo Perrin ; Hugo A. Kerhervé ; Charles Faure ; Richard Kulpa ; Anthony Sorel ; Benoit Bideau

PERITEXT: UTILIZING PERIPHERAL VISION FOR READING TEXT ON AUGMENTED

REALITY SIMART GLASSES ...ttt bbbt b e e bt b e e b e e hb e s bt e s e e eb e e sb e sbe e s e e et e e nbenbeesneabeaneas 630
Pin-Sung Ku ; Yu-Chih Lin ; Yi-Hao Peng ; Mike Y. Chen

TEXT PRESENTATION FOR AUGMENTED REALITY APPLICATIONS IN DUAL-TASK

SITUATIONS Lt b et h bbb b et b s bt b e R e e b E e b e e h e b e e E e e bbbttt e bt bbb et e e bt 636
Elisa Maria Klose ; Nils Adrian Mack ; Jens Hegenberg ; Ludger Schmidt

PERCEPTION OF VOLUMETRIC CHARACTERS' EYE-GAZE DIRECTION IN HEAD-

IMOUNTED DISPLAYS ..ottt b bbbt h b e e h b b e e b e e b e e R b e bt e s e e b e e ab e s b e e s bbb e b e bt e e b ane s 645
Andrew Macquarrie ; Anthony Steed
ICTHROUGHVR: ILLUMINATING CATARACTS THROUGH VIRTUAL REALITY ..ot 655

Katharina Krosl ; Carmine Elvezio ; Matthias Hiirbe ; Sonja Karst ; Michael Wimmer ; Steven Feiner

EFFICACY STUDY ON INTERACTIVE MIXED REALITY (IMR) SOFTWARE WITH SEPSIS

PREVENTION MEDICAL EDUCATION ...ttt ettt sttt ettt bbbt et sbe e b e nbe e nnean 664
Naveen Kumar Sankaran ; Harris J. Nisar ; Ji Zhang ; Kyle Formella ; Jennifer Amos ; Lisa T. Barker ; John A.
Vozenilek ; Steven M. Lavalle ; Thenkurussi Kesavadas

TOWARD VIRTUAL STRESS INOCULATION TRAINING OF PREHOSPITAL HEALTHCARE

PERSONNEL: A STRESS-INDUCING ENVIRONMENT DESIGN AND INVESTIGATION OF AN

EMOTIONAL CONNECTION FACTOR ..ottt sttt st sttt bbb e b be et e sbe et e sbeenbenbeestennean 671
Mores Prachyabrued ; Disathon Wattanadhirach ; Richard B. Dudrow ; Nat Krairojananan ; Pusit Fuengfoo

VIRTUAL VS. PHYSICAL NAVIGATION IN VR: STUDY OF GAZE AND BODY SEGMENTS

TEMPORAL REORIENTATION BEHAVIOUR.......c.ociiiiiiiitiee ettt 680
Hugo Brument ; lana Podkosova ; Hannes Kaufmann ; Anne Hélene Olivier ; Ferran Argelaguet

USER-CENTERED EXTENSION OF A LOCOMOTION TYPOLOGY: MOVEMENT-RELATED

SENSORY FEEDBACK AND SPATIAL LEARNING .....coiiiiiiteeee et 690
Carolin Wienrich ; Nina Déllinger ; Simon Kock ; Klaus Gramann

JUMPING FURTHER: FORWARD JUMPS IN A GRAVITY-REDUCED IMMERSIVE VIRTUAL

ENVIRONMENT ...ttt ettt sttt b s e bt e bt e e bt e h b e s b e e b e e b e eR b e e b e e b e e bt e R b e eb e e b e e ke e Rt e s b e e st e et e enbenbeebeebeanean 699
Hyeong Yeop Kang ; Geonsun Lee ; Dae Seok Kang ; Ohung Kwon ; Jun Yeup Cho ; Ho-Jung Choi ; Jung Hyun
Han

OCCLUSION MANAGEMENT IN VR: A COMPARATIVE STUDY ...oooiiiiiiiiiiie s 708

Lili Wang ; Han Zhao ; Zesheng Wang ; Jian Wu ; Binggiang Li ; Zhiming He ; Voicu Popescu
STUDYING GAZE BEHAVIOUR DURING COLLISION AVOIDANCE WITH A VIRTUAL

WALKER: INFLUENCE OF THE VIRTUAL REALITY SETUP ...t 717
Florian Berton ; Anne-Héléne Olivier ; Julien Bruneau ; Ludovic Hoyet ; Julien Pettre
EFFECTS OF SELF-AVATAR AND GAZE ON AVOIDANCE MOVEMENT BEHAVIOR.........cccocviiniiniicnieninn 726

Christos Mousas ; Alexandros Koilias ; Dimitris Anastasiou ; Banafsheh Rekabdar ; Christos-Nikolaos
Anagnostopoulos



VISUALIZATION TECHNIQUES FOR PRECISE ALIGNMENT IN VR: A COMPARATIVE

RS 15 USSR 735
Alejandro Martin-Gomez ; Ulrich Eck ; Nassir Navab

COMPARING TECHNIQUES FOR VISUALIZING MOVING OUT-OF-VIEW OBJECTS IN

HEAD-MOUNTED VIRTUAL REALITY oottt sttt sttt st et be et ba e besbe et sbeanbenbaesaensean 742
Uwe Gruenefeld ; llja Koethe ; Daniel Lange ; Sebastian Weil3 ; Wilko Heuten

WORLDS-IN-WEDGES: COMBINING WORLDS-IN-MINIATURE AND PORTALS TO

SUPPORT COMPARATIVE IMMERSIVE VISUALIZATION OF FORESTRY DATA ..o 147
Jung Who Nam ; Krista McCullough ; Joshua Tveite ; Maria Molina Espinosa ; Charles H. Perry ; Barry T.
Wilson ; Daniel F. Keefe

THE IMPACT OF AVATAR TRACKING ERRORS ON USER EXPERIENCE IN VR.........cco v 756
Nicholas Toothman ; Michael Neff
VIRTUAL AGENT POSITIONING DRIVEN BY SCENE SEMANTICS IN MIXED REALITY ....ooociiiiiiiiiiees 767

Yining Lang ; Wei Liang ; Lap-Fai Yu
EEG CAN BE USED TO MEASURE EMBODIMENT WHEN CONTROLLING A WALKING

B I Y I USSR 776
Bilal Alchalabi ; Jocelyn Faubert ; David R. Labbe
AUTOMATIC GENERATION AND STYLIZATION OF 3D FACIAL RIGS........o oot 784

Fabien Danieau ; Ilja Gubins ; Nicolas Olivier ; Olivier Dumas ; Bernard Denis ; Thomas Lopez ; Nicolas Mollet
; Brian Frager ; Quentin Avril

THE EFFECTS OF IMMERSION ON HARM-INDUCING FACTORS IN VIRTUAL SLOT

IMACHIINES ..ttt b s b e bt e b e e h b e e b e e b e e b e oAb e A b £ e R e oAb e e hb e eb e e s e e e bt e mb e nb e e he et e e mbenbenbeebeanean 793
David Heidrich ; Sebastian Oberddrfer ; Marc Erich Latoschik

ENTROPY OF CONTROLLER MOVEMENTS REFLECTS MENTAL WORKLOAD IN

VIR TUAL REALITY Lottt ettt ettt ettt e e st e e e e tb e e e e eabee e aabaeeaeaaseeesabeeeaabaeeeesbaeeeaabeeesabaeeeanbtesesabeeesabaeesnneens 802
Daniel Reinhardt ; Steffen Haesler ; Jérn Hurtienne ; Carolin Wienrich
STUDYING THE MENTAL EFFORT IN VIRTUAL VERSUS REAL ENVIRONMENTS........ccccooviviieieciieei, 809

Tiffany Luong ; Nicolas Martin ; Ferran Argelaguet ; Anatole Lécuyer
PHANTOMLEGS: REDUCING VIRTUAL REALITY SICKNESS USING HEAD-WORN HAPTIC

Shi-Hong Liu ; Neng-Hao Yu ; Liwei Chan ; Yi-Hao Peng ; Wei-Zen Sun ; Mike Y. Chen

CYBERSICKNESS ANALYSIS WITH EEG USING DEEP LEARNING ALGORITHMS ..o 827
Daekyo Jeong ; Sangbong Yoo ; Jang Yun

PLAY IT BY EAR: AN IMMERSIVE EAR ANATOMY TUTORIAL ...cooiiiiiiieiecece et 836
Haley Adams ; Jack Noble ; William G. Morrel ; Alejandro Rivas ; Justin R. Shinn ; Robert Labadie ; Bobby
Bodenheimer

VIRTUAL REALITY FOR VIRTUAL COMMISSIONING OF AUTOMATED GUIDED

Y4 O I SRS 838
Christoph Allmacher ; Manuel Dudczig ; Sebastian Knopp ; Philipp Klimant

VIRTUAL REALITY INSTRUCTION FOLLOWED BY ENACTMENT CAN INCREASE

PROCEDURAL KNOWLEDGE IN A SCIENCE LESSON ......ccooiiiiiiiieiiiisie et s sneas 840
Niels Koch Andreasen ; Sarune Baceviciute ; Prajakt Pande ; Guido Makransky

OCCURRENCE OF PSEUDO-HAPTICS BY SWIMMING IN A VIRTUAL REALITY

ENVIRONMENT ..ottt ettt e s e e e e tb e e e e bb e e e sabe e e s teeeeasbeeeesabaee e taeeeassseeesabeeeaasseeeassbeeesabeeesntaeaannes 842
Hirooki Aoki
A VR INTERACTIVE STORY USING POV AND FLASHBACK FOR EMPATHY ..., 844

Byung-Chull Bae ; Su-Ji Jang ; Duck-Ki Ahn ; Gapyuel Seo

SPHERICAL STRUCTURE-FROM-MOTION FOR CASUAL CAPTURE OF STEREO

A NN (@ L Y AN Y N S PSRRI 846
Lewis Baker ; Stefanie Zollmann ; Jonathan Ventura

“READY PLAYER ONE”: ENHANCING OMNIDIRECTIONAL TREADMILLS FOR USE IN

VIRTUAL ENVIRONMENTS ...ttt bbbt bt b e s e s bt b e b eab e bt b e e b b e nbenreen 848
Adrian Barberis ; Trystan Bennet ; Meredith Minear
A SUPERNATURAL VR ENVIRONMENT FOR SPATIAL USER ROTATION .....cociiiiiiiiiee e 850

Jonathan Becker ; Uli Meyer ; Tobias Eichler ; Susanne Draheim
EXPLORE THE WEAK ASSOCIATION BETWEEN FLOW AND PERFORMANCE BASED ON A

VISUAL SEARCH TASK PARADIGM IN VIRTUAL REALITY oottt 852
Yulong Bian ; Chao Zhou ; Yeqging Chen ; Yanshuai Zhao ; Juan Liu ; Chenglei Yang ; Xiangxu Meng

HARASSMENT IN SOCIAL VR: IMPLICATIONS FOR DESIGN ......ccoiiiiiiiiiiiicncee e 854
Lindsay Blackwell ; Nicole Ellison ; Natasha Elliott-Deflo ; Raz Schwartz

SHOOTER BIAS AND SOCIOECONOMIC STATUS IN VIRTUAL REALITY ..o 856

Evan Blanpied ; Jessica Good ; Tabitha Peck



HUMAN PERCEPTION OF A HAPTIC SHAPE-CHANGING INTERFACE WITH VARIABLE

RIGIDITY AND SIZE ... oottt ettt e e et e e et e e e ebt e e e e ebbeeesabeeeaabeeeeasabeeesabeeeabeaeeeaabeeesabeeesbeaaanes 858
Alberto Boem ; Yuuki Enzaki ; Hiroaki Yano ; Hiroo lwata
TEXT TYPING IN VR USING SMARTPHONES TOUCHSCREEN AND HMD ......ccooiiiiiieciiieeccieee e 860

Sabah Boustila ; Thomas Guégan ; Kazuki Takashima ; Yoshifumi Kitamura
EXPLORING SCALABLE WORKSPACE BASED ON VIRTUAL AND PHYSICAL MOVABLE

Sabah Boustila ; Hao Zheng ; Bai Shuxia ; Kazuki Takashima ; Yoshifumi Kitamura

REPURPOSING LABELED PHOTOGRAPHS FOR FACIAL TRACKING WITH ALTERNATIVE

CAMERA INTRINSICS ...ttt sttt s et e st et e e s s e e teessee e eeeeseeesseeante e seeanteeaseeenteenseeesseesneeeseennenenneens 864
Caio Brito ; Kenny Mitchell

KANTENBOUKI VR: A VIRTUAL REALITY AUTHORING TOOL FOR LEARNING

LOCALIZED WEATHER REPORTING ......c.ooititiiiitiiie ettt st sbe ettt sbeessesbeaseesbeessesbaaneeneeans 866
Nicko R. Caluya ; Marc Ericson C. Santos

DESIGN AND TESTING OF A VIRTUAL REALITY ENABLED EXPERIENCE THAT

ENHANCES ENGAGEMENT AND SIMULATES EMPATHY FOR HISTORICAL EVENTS AND

(08 1 N O N USSP 868
James Calvert ; Rhodora Abadia ; Syed Mohammad Tauseef

A UMI3D-BASED INTERACTIONS ANALYTICS SYSTEM FOR XR DEVICES AND

INTERACTION TECHNIQUES ...ttt e et s e e te e s s e e be e e s eeesaeeanbeestaeesteesnbeenneeannes 870
Julien Casarin ; Antoine Ladrech ; Tristan Tchilinguirian ; Dominique Bechmann

CAVE-AR: AVR AUTHORING SYSTEM TO INTERACTIVELY DESIGN, SIMULATE, AND

DEBUG MULTI-USER AR EXPERIENGCES ..........oi ittt 872
Marco Cavallo ; Angus G. Forbes
EFFECTS OF VR ON INTENTIONS TO CHANGE ENVIRONMENTAL BEHAVIOR........cccooiiiiieeeee, 874

J. Cepok ; R. Arzaroli ; K. Marnholz ; C. S. GroRe ; H. Reuter ; K. Nelson ; M. Lorenz ; R. Weller ; G. Zachmann

A DECOMPOSITION APPROACH FOR COMPLEX GESTURE RECOGNITION USING DTW

AND PREFIX TREE ... ..oc i ii ittt sttt sttt et e e st e e te e s st e e be e st e e teeaate e teeesee e seeenbe e teeesteennteenbeeanaeeneenneeanees 876
Hui Chen ; Tarig Ballal ; Tareq Al-Naffouri

QUICK ESTIMATION OF DETECTION THRESHOLDS FOR REDIRECTED WALKING WITH

METHOD OF ADJUSTIMENT .ottt sttt st et e st e e ste e sae e et e e s be e e steennbeenbeesraeeneeanbeentes 878
Weiya Chen ; Yangliu Hu ; Nicolas Ladevéze ; Patrick Bourdot

NOVEL VIEW SYNTHESIS WITH MULTIPLE 360 IMAGES FOR LARGE-SCALE 6-DOF

YA L I N I oy I S S I = | SR 880
Hochul Cho ; Jangyoon Kim ; Woontack Woo

VIRTUAL REALITY WOUND CARE TRAINING FOR CLINICAL NURSING EDUCATION: AN

INITIAL USER STUDY ...ttt ittt sttt et b et he bbbt b e bt s bt e e e e b e e bt e bt e bt e b e e m b e eb e e be e ke e b e nheebesbeenbenaeenes 882
Kup-Sze Choi

ON SHARING PHYSICAL GEOMETRIC SPACE BETWEEN AUGMENTED AND VIRTUAL

REALITY ENVIRONMENTS ...ttt bbb bbbt bbbtk e e bt b e 884

Wooyoung Chun ; Gyujin Choi ; Jaepung An ; Woong Seo ; Sanghun Park ; Insung lhm

MATCHING VS. NON-MATCHING VISUALS AND SHAPE FOR EMBODIED VIRTUAL

HEALTHGCARE AGENTS . ..ttt b e bttt b e e s e e bt b e e b e e ab e eb e e s e e ke e ab e sb e e s e e ek e e nbenbeennenbeannas 886
Salam Daher ; Jason Hochreiter ; Nahal Norouzi ; Ryan Schubert ; Gerd Bruder ; Laura Gonzalez ; Mindi
Anderson ; Desiree Diaz ; Juan Cendan ; Greg Welch

FREELY EXPLORE THE SCENE WITH 360° FIELD OF VIEW ......cccoiiiiiiiii s 888
Feng Dai ; Chen Zhu ; Yike Ma ; Juan Cao ; Qiang Zhao ; Yongdong Zhang

WATCHING VIDEOS TOGETHER IN SOCIAL VIRTUAL REALITY: AN EXPERIMENTAL

STUDY ON USER'S QOKEE ... .ottt bttt b et b e et e b e e st e s b £ e et e b e e b e sb e e b e s be e b e s bt e nbeabe e b e nneenes 890
Francesca De Simone ; Jie Li ; Henrique Galvan Debarba ; Abdallah EI Ali ; Simon N. B Gunkel ; Pablo Cesar

VIRTUAL REALITY TRAINING WITH PASSIVE HAPTIC FEEDBACK FOR CRYOEM

SAMPLE PREPARATION ...tttk b bt bbbt bbbt b e bt bbb ettt 892
Jiahui Dong ; Jun Zhang ; Xiao Ma ; Pengyu Ren ; Zhenyu Cheryl Qian ; Yingjie Victor Chen

SIMULATION AND EVALUATION OF THREE-USER REDIRECTED WALKING ALGORITHM

IN SHARED PHYSICAL SPACES. ... ..ottt b et b e b e b et b e b sh et st e e b e 894
Tianyang Dong ; Yifan Song ; Yugi Shen ; Jing Fan

PERCEIVED SPACE AND SPATIAL PERFORMANCE DURING PATH-INTEGRATION TASKS

IN CONSUMER-ORIENTED VIRTUAL REALITY ENVIRONMENTS ... 896
José Dorado ; Pablo Figueroa ; Jean-Rémy Chardonnet ; Frédéric Merienne ; Tiberio Hernandez
REMAPPING A THIRD ARM IN VIRTUAL REALITY ettt sttt st aaa e nnne s 898

Adam Drogemuller ; Adrien Verhulst ; Benjamin Volmer ; Bruce H. Thomas ; Masahiko Inami ; Maki Sugimoto



INTERACTIVE FUSION OF 360° IMAGES FOR A MIRRORED WORLD ......cccoiiiiiiie st 900
Ruofei Du ; David Li ; Amitabh Varshney

TRACKING-TOLERANT VISUAL CRYPTOGRAPHY ..ottt sttt st 902
Ruofei Du ; Eric Lee ; Amitabh Varshney

PANORAMIC FLUID PAINTING ..ottt bbbt bttt b bt n e 904
Shengyu Du ; Ting Ge ; Jingyi Pei ; Jianmin Wang ; Changging Yin ; Yongning Zhu

A FAST MULTI-RGBD-CAMERA CALIBRATION ....ooiiiiiiiiiei et 906

Stuart Duncan ; Holger Regenbrecht ; Tobias Langlotz

AUTOMATIC GENERATION OF INTERACTIVE 3D CHARACTERS AND SCENES FOR

VIRTUAL REALITY FROM A SINGLE-VIEWPOINT 360-DEGREE VIDEO .......cccccciiiiiiiiiniiieeccseee e 908
Gregoire Dupont De Dinechin ; Alexis Paljic

THE EFFECT OF AUDIO AND VISUAL MODALITY BASED CPR SKILL TRAINING WITH

HAPTICS FEEDBACK IN VR ..ottt bbbt bbbttt b bt n et e 910
Varun S. |. Durai ; Raj Arjunan ; M. Manivannan

SPHERE IN HAND: EXPLORING TANGIBLE INTERACTION WITH IMMERSIVE

SPHERICAL VISUALIZATIONS. ... ottt bbbttt bbbttt b e et e nbe e 912
David Englmeier ; Isabel Schénewald ; Andreas Butz ; Tobias Hollerer

ARCHITECTURAL DESIGN IN VIRTUAL REALITY AND MIXED REALITY

ENVIRONMENTS: A COMPARATIVE ANALYSIS ... ettt ae s 914
Oguzcan Ergiin ; Sahin Akin ; Ipek Girsel Dino ; Elif Surer

DID YOU SEE WHAT | SAW?: COMPARING USER SYNCHRONY WHEN WATCHING 360°

VIDEO IN HMD VS FLAT SCREEN .....coiiiiiiiiiiti ittt sttt ane 916
Harry Farmer ; Chris Bevan ; David P. Green ; Mandy Rose ; Kirsten Cater ; Danaé Stanton-Fraser

ACTING TOGETHER, ACTING STRONGER? INTERFERENCE BETWEEN PARTICIPANTS

DURING FACE-TO-FACE COOPERATIVE INTERCEPTION TASK ..ottt 918
Charles Faure ; Annabelle Limballe ; Benoit Bideau ; Théo Perrin ; Richard Kulpa
VIRTUAL-GYM"R: A VIRTUAL REALITY PLATFORM FOR PERSONALIZED EXERGAMES........cccou...... 920

Victor Fernandez-Cervantes ; Eleni Stroulia
A RESEARCH FRAMEWORK FOR VIRTUAL-REALITY NEUROSURGERY BASED ON OPEN-

SOURGCE TOOLS ...ttt b bbbt b et s e eh ekt b e b E e bt a b e b e e b e bbbttt e bt e bt e bt b et b e bt 922
Lukas D. J. Fiederer ; Hisham Alwanni ; Martin Vélker ; Oliver Schnell ; Jurgen Beck ; Tonio Ball
EXTENDING A USER INVOLVEMENT TOOL WITH VIRTUAL AND AUGMENTED REALITY ....ccccovveeee. 925

Ciprian Florea ; Paula Alavesa ; Leena Arhippainen ; Matti Pouke ; Weiping Huang ; Lotta Haukipuro ; Satu
Véainamo ; Arttu Niemeld ; Marta Cortés Ordufia ; Minna A. Pakanen ; Timo Ojala

FOOD APPEARANCE OPTIMIZER: AUTOMATIC PROJECTION MAPPING SYSTEM FOR

ENHANCING PERCEIVED DELICIOUSNESS BASED ON APPEARANCE .......ccociiiiiiiie e 927
Yuichiro Fujimoto

ODOR MODULATION BY WARMING/COOLING NOSE BASED ON CROSS-MODAL EFFECT ......ccccocu.. 929
Yuichi Fujino ; Haruka Matsukura ; Daisuke Iwai ; Kosuke Sato

HAPTIC INTERFACE BASED ON OPTICAL FIBER FORCE MYOGRAPHY SENSOR..........cccccevivvviieiie v 931
Eric Fujiwara ; Yu Tzu Wu ; Matheus K. Gomes ; Willian H. A. Silva ; Carlos K. Suzuki

OPTICAL FIBER 3D SHAPE SENSOR FOR MOTION CAPTURE .......ccciiiitiie et 933
Eric Fujiwara ; Yu Tzu Wu ; Luiz E. Silva ; Hugo E. Freitas ; Stenio Aristilde ; Cristiano M. B. Cordeiro

SELF BIRD'S EYE VIEW WITH OMNIDIRECTIONAL CAMERA ON HMD......cccoitiiiiiiiieiesisie e 935
Kenji Funahashi ; Naoki Sumida ; Shinji Mizuno

BALUNA: FLOATING BALLOON SCREEN MANIPULATED USING ULTRASOUND .......ccccoocvviieniieniesene 937

Takuro Furumoto ; Masahiro Fujiwara ; Yasutoshi Makino ; Hiroyuki Shinoda

A CONTEXT-AWARE TECHNICAL INFORMATION MANAGER FOR PRESENTATION IN

AUGMENTED REALITY ittt h et bt e bt e e e ek e e R b e e b e e he e eb e e s b e n bt e b e e bt eaeenbeebeeabeenbenaenreen 939
Michele Gattullo ; Vito Dalena ; Alessandro Evangelista ; Antonio E. Uva ; Michele Fiorentino ; Antonio
Boccaccio ; Michele Ruta ; Joseph L. Gabbard

INDIVIDUAL DIFFERENCES IN EMBODIED DISTANCE ESTIMATION IN VIRTUAL

R EE A L T Y bbbt h b a b h R oAb SRR oAb R e R AR e e R bRt e Rt b e neanr s 941
Mar Gonzalez-Franco ; Parastoo Abtahi ; Anthony Steed

AN APPROACH TO DESIGNING NEXT GENERATION USER INTERFACES FOR PUBLIC-

SAFETY ORGANIZATIONS ... oottt ettt s et e st e et e s s e e s teessae e seeasaeesseeante e seeanteeaneeanteeaseeesseenneeanseennenennenns 944
Jeronimo G Grandi ; Mark Ogren ; Regis Kopper
360-DEGREE PHOTO-REALISTIC VR CONFERENCING.........ccoi ittt e e 946

Simon N. B Gunkel ; Marleen D. W. Dohmen ; Hans Stokking ; Omar Niamut
EVALUATION OF MASLOWS HIERARCHY OF NEEDS ON LONG-TERM USE OF HMDS - A

CASE STUDY OF OFFICE ENVIRONMENT ..ottt 948
Jie Guo ; Dongdong Weng ; Zhenliang Zhang ; Yue Liu ; Yongtian Wang



INVESTIGATING SPHERICAL FISH TANK VIRTUAL REALITY DISPLAYS FOR

ESTABLISHING REALISTIC EYE-CONTACT ..ottt ettt ee s e et raa e snaesnteesseesnaaesneesnsnesseesnseansesanes 950
Georg Hagemann ; Qian Zhou ; lan Stavness ; Sidney Fels

TENDON VIBRATION INCREASES VISION-INDUCED KINESTHETIC ILLUSIONS IN A

VIRTUAL ENVIRONMENT ..ottt sttt be e sbeesbesbee14esbeastesbeese e st e asbenbe e s e e ebeaneenbeabe e beaneenbenreens 952
Daiki Hagimori ; Shunsuke Yoshimoto ; Nobuchika Sakata ; Kiyoshi Kiyokawa

SHARED BODY BY ACTION INTEGRATION OF TWO PERSONS: BODY OWNERSHIP, SENSE

OF AGENCY AND TASK PERFORMANC E .......ooiiiiit sttt st ssae et e snsaenbeesnaeesneesnseenns 954
Takayoshi Hagiwara ; Maki Sugimoto ; Masahiko Inami ; Michiteru Kitazaki

AUGMENTED CHAIR: EXPLORING THE SITTABLE CHAIR IN IMMERSIVE VIRTUAL

REALITY FOR SEAMLESS INTERACTION ..ottt sttt ettt et a et e snteestaesnaaesaeesnaaensaesnseanneeaneas 956
Ping-Hsuan Han ; Ling Tsai ; Jia-Wei Lin ; Yuan-An Chan ; Jhih-Hong Hsu ; Wan-Ting Huang ; Chiao-En Hsieh
; Yi-Ping Hung

PUPIL CENTER DETECTION BASED ON THE UNET FOR THE USER INTERACTION IN VR

AND AR ENVIRONMENTS ...t oie ittt ettt e st estee e e e sseeateeaseeeseesmeeenseeaseeesseeanseeaseeaneeeanseanseesseeenneenneeanees 958
Sang Yoon Han ; Yoonsik Kim ; Sang Hwa Lee ; Nam Ik Cho

REVISITING VIRTUAL REALITY FOR PRACTICAL USE IN THERAPY: PATIENT

SATISFACTION IN OUTPATIENT REHABILITATION ...ttt ettt st s 960
Josephine H. Hartney ; Sydney N. Rosenthal ; Aaron M. Kirkpatrick ; J. Maci Skinner ; Jason Hughes ; Jason
Orlosky

SCUBA VR: SUBMERSIBLE-TYPE VIRTUAL UNDERWATER EXPERIENCE SYSTEM........ccccooviiiiiiicnn 962
Denik Hatsushika ; Kazuma Nagata ; Yuki Hashimoto

COLLABORATIVE PROBLEM SOLVING IN LOCAL AND REMOTE VR SITUATIONS ... 964

Adamantini Hatzipanayioti ; Anastasia Pavlidou ; Manuel Dixken ; Heinrich H. Biilthoff ; Tobias Meilinger ;
Matthias Bues ; Betty J. Mohler

VIRTUAL REALITY SYNTHESIS OF ROBOTIC SYSTEMS FOR HUMAN UPPER-LIMB AND

L TN 1N - T PSR PRP 966
Omid Heidari ; Alba Perez-Gracia

AVATARS FOR CO-LOCATED COLLABORATIONS IN HMD-BASED VIRTUAL

ENVIRONMENTS ... .ottt e et e s e et e st e e be e e st e e s teesab e e teeas e e e saeesate e teeeseeeaateanbeesteeesteennseenseeenneesneenneeanres 968
Jens Herder ; Nico Brettschneider ; Jeroen De Mooij ; Bektur Ryskeldiev

BRAIN ACTIVITY IN VIRTUAL REALITY: ASSESSING SIGNAL QUALITY OF HIGH-

RESOLUTION EEG WHILE USING HEAD-MOUNTED DISPLAYS ..ottt 970
Stephan Hertweck ; Desiée Weber ; Hisham Alwanni ; Fabian Unruh ; Martin Fischbach ; Marc Erich Latoschik ;
Tonio Ball

CONTEXTUAL BANDIT LEARNING-BASED VIEWPORT PREDICTION FOR 360 VIDEO.........cccccocvviveninens 972
Joris Heyse ; Maria Torres Vega ; Femke De Backere ; Filip De Turck

CAN WE CREATE BETTER HAPTIC ILLUSIONS BY REDUCING BODY INFORMATION?.........ccocvvivveiiiens 974
Yutaro Hirao ; Takashi Kawai

PREWAP: PREDICTIVE REDIRECTED WALKING USING ARTIFICIAL POTENTIAL FIELDS................... 976
Christian Hirt ; Markus Zank ; Andreas Kunz

SHORT-TERM PATH PREDICTION FOR VIRTUAL OPEN SPACES ........ccoit et see e 978
Christian Hirt ; Markus Zank ; Andreas Kunz

VIRTUALTABLET: EXTENDING MOVABLE SURFACES WITH TOUCH INTERACTION ......ccccecvevverrenee. 980

Adrian H. Hoppe ; Felix Marek ; Florian Van De Camp ; Rainer Stiefelhagen
EFFECTS OF VOLUNTARY HEART RATE CONTROL ON USER ENGAGEMENT IN VIRTUAL

RE A LT bbb h bbb e b e e h b E e b e R bR e R R R bbb r b 982
Samory Houzangbe ; Olivier Christmann ; Geoffrey Gorisse ; Simon Richir
HUMAN SENSITIVITY TO SLOPES OF SLANTED PATHS ..ot 984

Luyao Hu ; Yaorui Zhang ; Rui Wang ; Zaifeng Gao ; Hujun Bao ; Wei Hua
SEMANTIC LABELING AND OBJECT REGISTRATION FOR AUGMENTED REALITY

LANGUAGE LEARNING ... ..ot ettt sttt ste et este e ste e s sae e te e asteesseeesteesseeenteeasaeeseesnseeseeaseeeaneeanseesnanesseeanseanees 986
Brandon Huynh ; Jason Orlosky ; Tobias Hollerer
MONOEYE: MONOCULAR FISHEYE CAMERA-BASED 3D HUMAN POSE ESTIMATION ......c.ccccevvvevnenee. 988

Dong-Hyun Hwang ; Kohei Aso ; Hideki Koike

A PROTOTYPE OF VIRTUAL DRUM PERFORMANCE SYSTEM WITH A HEAD-MOUNTED

(D] ] o I T T TSP TP PP TP PR P PR PPN 990
Toshiyuki Ishiyama ; Tetsuro Kitahara

DEVELOPMENT OF WEARABLE MOTION CAPTURE SYSTEM USING FIBER BRAGG

GRATING SENSORS FOR MEASURING ARM MOTION.......coiiiieiiiiee ettt 994
Minsu Jang ; Jun Sik Kim ; Kyumin Kang ; Soong Ho Um ; Sungwook Yang ; Jinseok Kim



A NEURAL MOTION DEBLURRING APPROACH TO RESTORE RICH TEXTURES FOR

Y BT N N SR 996
Guojing Jin ; Jing Chen ; Jingyao Wang ; Yongtian Wang

DEVELOPING AN AGENT-BASED VIRTUAL INTERVIEW TRAINING SYSTEM FOR

COLLEGE STUDENTS WITH HIGH SHYNESS LEVEL ......coviiiiiiiiiee e 998
Xinpei Jin ; Yulong Bian ; Wenxiu Geng ; Yeqging Chen ; Ke Chu ; Hao Hu ; Juan Liu ; Yuliang Shi ; Chenglei
Yang

LATENCY MEASUREMENT IN HEAD-MOUNTED VIRTUAL ENVIRONMENTS ... 1000

J. Adam Jones ; Ethan Luckett ; Tykeyah Key ; Nathan Newsome

A CONTINUOUS MATERIAL CUTTING MODEL WITH HAPTIC FEEDBACK FOR MEDICAL

SIMULATIONS ettt b e et e s bt e b ekt e s b e s bt a1t e e b e a8 b e Akt e 8 e e Ee e st e A b e e b e e be e R b e e b e e b b e b e e ne e be e b e e nbeaneenbenbaan 1002
Maximilian Kaluschke ; René Weller ; Gabriel Zachmann ; Mario Lorenz

PILC PROJECTOR: RGB-IR PROJECTOR FOR PIXEL-LEVEL INFRARED LIGHT

600 11V 11V 18\ (O I 1 ] SRS S S 1004
Ikuo Kamei ; Takefumi Hiraki ; Shogo Fukushima ; Takeshi Naemura

REAL-TIME ANIMATION AND MOTION RETARGETING OF VIRTUAL CHARACTERS

BASED ON SINGLE RGB-D CAMERA ... ..ottt bbbttt b ettt s b bt st e beebbenbeaneenbe e 1006
Ning Kang ; Junxuan Bai ; Junjun Pan ; Hong Qin

ADVANCING ETHICAL DECISION MAKING IN VIRTUAL REALITY oot 1008
Sinhwa Kang ; Jake Chanenson ; Pranav Ghate ; Peter Cowal ; Madeleine Weaver ; David M. Krum

PERIPERSONAL VISUAL-HAPTIC SIZE ESTIMATION IN VIRTUAL REALITY ..o 1010

Nikolaos Katzakis ; Lihan Chen ; Fariba Mostajeran ; Frank Steinicke
OBSTACLES AWARENESS METHODS FROM OCCUPANCY MAP FOR FREE WALKING IN

Marilyn Keller ; Tristan Tchilinguirian
EARLY STAGE DIGITAL-PHYSICAL TWINNING TO ENGAGE CITIZENS WITH CITY

PLANNING AND DESIGN ...ttt ettt sttt s he et b e b e s bt e be e be e b e s hb e sbeebe e b e ebeenbesbeebeeneenbenbeen 1014
Lee Kent ; Chris Snider ; Ben Hicks

SPATIAL PRESENCE IN REAL AND REMOTE IMMERSIVE ENVIRONMENTS .......cooiiiiieceeen 1016
Nawel Khenak ; Jean-Marc Vézien ; David Thery ; Patrick Bourdot

PEDAGOGICAL AGENT RESPONSIVE TO EYE TRACKING IN EDUCATIONAL VR.....ccccccoiiiiiiiiiciies 1018

Adil Khokhar ; Andrew Yoshimura ; Christoph W. Borst

THE INFLUENCE OF BODY POSITION ON PRESENCE WHEN PLAYING A VIRTUAL

L I T I 7 N AV USRS 1020
Aelee Kim ; Minyoung Kwon ; Minha Chang ; Sunkyue Kim ; Dahei Jung ; Kyoungmin Lee

WARPING SPACE AND TIME - XR REVIVING EDUCATIONAL TOOLS OF THE 19TH

CENTURY e b et bk bbb b et bbb E R e b st h e b e bRt n b bt et e bbbt bbb ene et n e 1022
Alexander Klippel ; Jan Oliver Wallgriin ; Arif Masrur ; Jiayan Zhao ; Peter Lafemina

PASSENGER ANXIETY WHEN SEATED IN A VIRTUAL REALITY SELF-DRIVING CAR .......ccccoiiiiinene 1024
Alexandros Koilias ; Christos Mousas ; Banafsheh Rekabdar ; Christos-Nikolaos Anagnostopoulos

THE EFFECTS OF TACTILE GESTALT ON GENERATING VELVET HAND ILLUSION........ccccoeiiniiieene 1026

Hiraku Komura ; Masahiro Ohka

SCRAMBLED BODY: A METHOD TO COMPARE FULL BODY ILLUSION AND ILLUSORY

BODY OWNERSHIP OF BODY PARTS ...ttt an et ene st ane 1028
Ryota Kondo ; Maki Sugimoto ; Masahiko Inami ; Michiteru Kitazaki

AUGMENTED CONCENTRATION: CONCENTRATION IMPROVEMENT BY VISUAL NOISE

REDUCTION WITH A VIDEO SEE-THROUGH HMD .......cciiiiiiiiiiic st n 1030
Masaki Koshi ; Nobuchika Sakata ; Kiyoshi Kiyokawa

HUMAN, VIRTUAL HUMAN, BUMP! A PRELIMINARY STUDY ON HAPTIC FEEDBACK .......cc.ccccvevvvennn. 1032
Claudia Krogmeier ; Christos Mousas ; David Whittinghill

RETROTRACKER: UPGRADING EXISTING VIRTUAL REALITY TRACKING SYSTEMS...........cccveevvenene 1034

Kylee M. Krzanich ; Eric Whitmire ; Michael Stengel ; Michael Kass ; Kaan Aksit ; David Luebke
ENHANCED GEOMETRIC TECHNIQUES FOR POINT MARKING IN MODEL-FREE

AUGMENTED REALITY ettt ettt b e bt et bbbt s b e bbb et sh e et e e b bt 1036
Wallace S Lages ; Yuan Li ; Lee Lisle ; Feiyu Lu ; Tobias Héllerer ; Doug A. Bowman
ROBUST HIGH-LEVEL VIDEO STABILIZATION FOR EFFECTIVE AR TELEMENTORING ..................... 1038

Chengyuan Lin ; Edgar Rojas-Mufioz ; Maria Eugenia Cabrera ; Natalia Sanchez-Tamayo ; Daniel Andersen ;
Voicu Popescu ; Juan Antonio Barragan Noguera ; Ben Zarzaur ; Pat Murphy ; Kathryn Anderson ; Thomas
Douglas ; Clare Griffis ; Juan Wachs
ACCEPTANCE AND USER EXPERIENCE OF DRIVING WITH A SEE-THROUGH COCKPIT IN
A NARROW-SPACE OVERTAKING SCENARIO .....ooii ettt ae e stae s te et e e e nneeananesneennnaenes 1040
Patrick Lindemann ; Dominik Eisl ; Gerhard Rigoll



A SIMULATION FOR EXAMINING THE EFFECTS OF INACCURATE HEAD TRACKING ON

DRIVERS OF VEHICLES WITH TRANSPARENT COCKPIT PROJECTIONS.......ccoiiirieii et 1042
Patrick Lindemann ; Rui Zhu ; Gerhard Rigoll

A HYBRID RTK GNSS AND SLAM OUTDOOR AUGMENTED REALITY SYSTEM......cccocoiiiiiiiieen 1044
Frank Fong Ling ; Carmine Elvezio ; Jacob Bullock ; Steve Henderson ; Steven Feiner

TOWARDS A VIRTUAL MEMORY PALACE ...ttt 1046
Angelina Chang Liu ; Brian Hyun-Jong Lee ; Regis Kopper

VISCOSITY-BASED VORTICITY CORRECTION FOR TURBULENT SPH FLUIDS...........cocoiiiiiiiiee 1048

Sinuo Liu ; Xiaokun Wang ; Xiaojuan Ban ; Yanrui Xu ; Jing Zhou ; Yalan Zhang

GROUND CAMERA IMAGES AND UAV 3D MODEL REGISTRATION FOR OUTDOOR

AUGMENTED REALITY oottt s ettt e st e e te e st e e bt e sab e e te e e s ae e steeaabeeaseeesseesseeanbaeateeeseeanseaseeaneeeneenns 1050
Weiquan Liu ; Cheng Wang ; Yu Zang ; Shang-Hong Lai ; Dongdong Weng ; Xuesheng Bian ; Xiuhong Lin ;
Xuelun Shen ; Jonathan Li

REAL TIME 3D MAGNETIC FIELD VISUALIZATION BASED ON AUGMENTED REALITY ....cccccovvveennenn. 1052
Xiaoxu Liu ; Yue Liu ; Yongtian Wang

TOWARDS AN AFFORDABLE VIRTUAL REALITY SOLUTION FOR CARDIOPULMONARY

RESUSCITATION TRAINING ...ttt s e et e e st e e sae e sab e e teeaseeesaeesnbeesteeeteesnseeteeannes 1054
Samali U. Liyanage ; Lakshman Jayaratne ; Manjusri Wickramasinghe ; Aruna Munasinghe

EARLY VIRTUAL REALITY USER EXPERIENCE AND USABILITY ASSESSMENT OF A

SURGICAL SHAPE MEMORY ALLOY ASPIRATION/IRRIGATION INSTRUMENT .......ccccoiviniiirieeniene 1056
Mario Lorenz ; Constanze Neupetsch ; Christian Rotsch ; Philipp Klimant ; Niels Hammer
REDUCING CYBERSICKNESS BY GEOMETRY DEFORMATION......ccciiiiiiitcieceee e 1058

Ruding Lou ; Jean-Rémy Chardonnet
DEPTHTEXT: LEVERAGING HEAD MOVEMENTS TOWARDS THE DEPTH DIMENSION

FOR HANDS-FREE TEXT ENTRY IN MOBILE VIRTUAL REALITY SYSTEMS .......cooi i 1060
Xueshi Lu ; Difeng Yu ; Hai-Ning Liang ; Xiyu Feng ; Wenge Xu
SIMULATED REFERENCE FRAME EFFECTS ON STEERING, JUMPING AND SLIDING .......c.cccoceevvviiiens 1062

Jean-Luc Lugrin ; Maximilian Landeck ; Marc Erich Latoschlk
INTERACTION DESIGN FOR SELECTION AND MANIPULATION ON IMMERSIVE TOUCH

TABLE DISPLAY SYSTEMS FOR 3D GEOGRAPHIC VISUALIZATION ....cooiiiiiiiiiiieee e 1064
Karljohan E. Lundin Palmerius ; Jonas Lundberg

CAMERA-BASED SELECTION WITH CARDBOARD HMDS .........oooiiiiiiieie e 1066
Siqi Luo ; Robert J. Teather

A VIRTUAL-REAL OCCLUSION METHOD BASED ON GPU ACCELERATION FOR MR .......ccccoovvvviinin 1068
Tianren Luo ; Zehao Liu ; Zhigeng Pan ; Mingmin Zhang

DEVELOPING AN ACCESSIBLE EVALUATION METHOD OF VR CYBERSICKNESS ..........ccccoceiiiiinennns 1072

Takurou Magaki ; Michael Vallance
AN INITIAL INVESTIGATION INTO STEREOTYPICAL INFLUENCES ON IMPLICIT RACIAL

BIAS AND EMBODIED AVATARS ...ttt b e bbbt et e st s e neaib b e 1074
Divine Maloney ; Andrew Robb

SHADOWS CAN CHANGE THE SHAPE APPEARANCES OF REAL AND VIRTUAL OBJECTS.........ccceuee. 1076
Kazushi Maruya ; Tomoko Ohtani

INFORMATION PLACEMENT IN VIRTUAL REALITY ..ottt 1078
Ann McNamara ; Katherine Boyd ; Joanne George ; Annie Suther ; Weston Jones ; Somyung Oh

A CAPACITIVE-SENSING PHYSICAL KEYBOARD FOR VR TEXT ENTRY ...cccoiiiiiiiiiiineneseeeesnie s 1080

Tim Menzner ; Alexander Otte ; Travis Gesslein ; Jens Grubert ; Philipp Gagel ; Daniel Schneider

LASER-BASED PHOTOCHROMIC DRAWING METHOD FOR ROTATING OBJECTS WITH

HIGH-SPEED VISUAL FEEDBACK ..ottt sttt b et b et e sbeese e b e e st e nbeabeeaneannenbe e 1082
Yuri Mikawa ; Tomohiro Sueishi ; Tomohiko Hayakawa ; Masatoshi Ishikawa

EVALUATING DYNAMIC CHARACTERISTICS OF HEAD MOUNTED DISPLAY IN

PARALLEL MOVEMENT WITH SIMULTANEOUS SUBJECTIVE OBSERVATION METHOD..................... 1084
Eisaku Miyamoto ; Ryugo Kijima

EVALUATION ON A WHEELCHAIR SIMULATOR USING LIMITED-MOTION PATTERNS

AND VECTION-INDUCING MOVIES ... .ot n s 1086
Akihiro Miyata ; Hironobu Uno ; Kenro Go
ESTIMATION OF DETECTION THRESHOLDS FOR REDIRECTED TURNING..........cccocoiiiiiiiiieeieieee 1090

Junya Mizutani ; Keigo Matsumoto ; Ryohei Nagao ; Takuji Narumi ; Tomohiro Tanikawa ; Michitaka Hirose
VIRTUAL REALITY AND PHOTOGRAMMETRY FOR IMPROVED REPRODUCIBILITY OF

HUMAN-ROBOT INTERACTION STUDIES . ...ttt sttt sttt saa et e e aa e ssae e e snaaanbaesnaeenneen 1092
Mark Murnane ; Max Breitmeyer ; Cynthia Matuszek ; Don Engel
VIRTUAL ROTATION WITH VISUO-HAPTICS. .....ooii ittt sttt sba et nbe s 1094

Akihiro Nakamura ; Shinji Sakai ; Kazunori Shidoji



ENCHANTING YOUR NOODLES: GAN-BASED REAL-TIME FOOD-TO-FOOD TRANSLATION

AND ITS IMPACT ON VISION-INDUCED GUSTATORY MANIPULATION......ccceiiieiieeeesee e sie e e 1096
Kizashi Nakano ; Daichi Horita ; Nobuchika Sakata ; Kiyoshi Kiyokawa ; Keiji Yanai ; Takuji Narumi
COLLABORATIVE DATA ANALYTICS USING VIRTUAL REALITY ..oooii st 1098

Huyen Nguyen ; Benjamin Ward ; Ulrich Engelke ; Bruce Thomas ; Tomasz Bednarz
EXPLORING STEREOVISION-BASED 3-D SCENE RECONSTRUCTION FOR AUGMENTED

R A L T Y bbb bt E b e b h e E e R e oAb AR e E R e R R AR R e bR R R e bRt e bR e bRt nre e 1100
Guang-Yu Nie ; Yun Liu ; Cong Wang ; Yue Liu ; Yongtian Wang

SPEECH-DRIVEN FACIAL ANIMATION BY LSTM-RNN FOR COMMUNICATION USE ........ccccooiiieiiine 1102
Ryosuke Nishimura ; Nobuchika Sakata ; Tomu Tominaga ; Yoshinori Hijikata ; Kensuke Harada ; Kiyoshi
Kiyokawa

EDIBLE LENS MADE OF AGAR ..otttk bbbtk b bttt b bbb e et ebe i 1104
Miyu Nomura ; Hiromasa Oku

A MIXED PRESENCE COLLABORATIVE MIXED REALITY SYSTEM ....ccooiiiiiiiec e 1106

Mitchell Norman ; Gun Lee ; Ross T. Smith ; Mark Billinghurs

REORIENT THE GAZED SCENE TOWARDS THE CENTER: NOVEL VIRTUAL TURNING

USING HEAD AND GAZE MOTIONS AND BLINK .....c.oiiiie ittt se et e e e saaesnaeennee s 1108
Yoshikazu Onuki ; Itsuo Kurnazawa

SELECTION AND MANIPULATION WHOLE-BODY GESTURE ELICITATION STUDY IN

VIRTUAL REALITY Lot b e b e b e bbb bbbt e b e nb s 1110
Francisco R. Ortega ; Katherine Tarre ; Mathew Kress ; Adam S. Williams ; Armando B. Barreto ; Naphtali D.
Rishe

OPTICAL SYSTEM THAT FORMS A MID-AIR IMAGE MOVING AT HIGH SPEED IN THE

DEPTH DIRECTION ...ttt sttt bbbttt he e bt s bt a4k e ke s bt e ke bt e b e e hb e nbeebe e b e ebe e beebeenbeaneenbenbean 1112

Yui Osato ; Naoya Koizurni

INVESTIGATION OF VISUAL SELF-REPRESENTATION FOR A WALKING-IN-PLACE

NAVIGATION SYSTEM IN VIRTUAL REALITY ..ottt ane 1114
Chanho Park ; Kyungho Jang

NO STRINGS ATTACHED: FORCE AND VIBROTACTILE FEEDBACK IN A VIRTUAL

GUITAR STMULATION L.ttt bbbt e e bt b e s b £ e s e e e bt e R b e e b £ e b e e bt e Rb e nb e e b e ekt embenbeebeeabeanbenbenrean 1116
Andrea Passalenti ; Razvan Paisa ; Niels C. Nilsson ; Nikolaj S. Andersson ; Federico Fontana ; Rolf Nordahl ;
Stefania Serafin

HUMAN FACE RECONSTRUCTION UNDER A HMD OCCLUSION.......cciiiiiiiiiiienieeese e 1118
Zhengfu Peng ; Ting Lu ; Zhaowen Chen ; Xiangmin Xu ; Shu Lin

CLIMATE CHANGE ON YOUR PLATE: A VR SEAFOOD BUFFET EXPERIENCE............ccccciiniiiiiicinee 1120
Daniel Pimentel ; Ricardo Amaya ; Shiva Halan ; Sri Kalyanaraman ; Jeremy Bailenson

VR AND VOLITIONAL PAIN: TESTING IMMERSIVE INTERVENTIONS DURING A TATTOO.................. 1122

Daniel Pimentel ; Sri Kalyanaraman ; Roger Fillingim ; Shiva Halan
COMPARISON IN DEPTH PERCEPTION BETWEEN VIRTUAL REALITY AND AUGMENTED

REALITY SYSTEMS ..ottt bbbttt b e bt e bt etk e ke s b £ e bt e b e e b e e hb e b e e b e e b e ebeenbeebeenbesaeenbenbean 1124
Jiamin Ping ; Yue Liu ; Dongdong Weng

DETERMINING DESIGN REQUIREMENTS FOR AR PHYSICS EDUCATION APPLICATIONS...........ccc.... 1126
Corey Pittman ; Joseph J. Laviola

PERSONALIZED PERSONAL SPACES FOR VIRTUAL REALITY ..ot 1128

Daniel Pohl ; Markus Achtelik
AIRWAYVR: VIRTUAL REALITY TRAINER FOR ENDOTRACHEAL INTUBATION-DESIGN
CONSIDERATIONS AND CHALLENGES. ...ttt ettt stae et eabaesnaeeteesntaeneennnas 1130
Pavithra Rajeswaran ; Thenkurussi Kesavadas ; Priti Jani ; Praveen Kumar
NETWORKING CONSUMER SYSTEMS TO PROVIDE A DEVELOPMENT ENVIRONMENT

FOR INSIDE-OUT MARKER-LESS TRACKING FOR VIRTUAL REALITY HEADSETS........ccoccoiiiiiinenns 1132
Loki Rasmussen ; Jay Basinger ; Mariofanna Milanova
AUGMENTING VIRTUAL REALITY WITH NEAR REAL WORLD OBJECTS ... 1134

Michael Rauter ; Christoph Abseher ; Markus Safar
VISUAL EXPLORATORY ACTIVITY UNDER MICROGRAVITY CONDITIONS IN VR: AN

EXPLORATORY STUDY DURING A PARABOLIC FLIGHT ..ottt 1136
César Daniel Rojas Ferrer ; Hidehiko Shishido ; Itaru Kitahara ; Yoshinari Kameda

EMBODYING AN EXTRA VIRTUAL BODY IN AUGMENTED REALITY ..o 1138
Nina Rosa ; Jean-Paul Van Bommel ; Wolfgang Hiirst ; Tanja Nijboer ; Remco C. Veltkamp ; Peter Werkhoven

MOSIS: IMMERSIVE VIRTUAL FIELD ENVIRONMENTS FOR EARTH SCIENCES ... 1140

Pedro Rossa ; Rafael Kenji Horota ; Ademir Marques Junior ; Alysson Soares Aires ; Eniuce Menezes De Souza ;
Gabriel Lanzer Kannenberg ; Jean Luca De Fraga ; Leonardo Santana ; Demetrius Nunes Alves ; Julia Boesing ;
Luiz Gonzaga ; Mauricio Roberto Veronez ; Caroline Lessio Cazarin



PLAYER PERCEPTION AUGMENTATION FOR BEGINNERS USING VISUAL AND HAPTIC

FEEDBACK IN BALL GAME...... .ottt bbbttt ekt b e h e et b e e b e bt e bt st e e b e s aeenbeareen 1142
Yuji Sano ; Koya Sato ; Ryoichiro Shiraishi ; Mai Otsuki

COLOR MOIRE REDUCTION METHOD FOR THIN INTEGRAL 3D DISPLAYS......ccoosioiereresieeeresiereesessenen, 1144
Hisayuki Sasaki ; Hayato Watanabe ; Naoto Okaichi ; Kensuke Hisatomi ; Masahiro Kawakita

EDIBLE RETROREFLECTOR MADE OF CANDY ....coooiiiiiiitiiiiieeeisit sttt sn e ane 1146
Miko Sato ; Yuki Funato ; Hiromasa Oku

TOWARDS A FRAMEWORK ON ACCESSIBLE AND SOCIAL VR IN EDUCATION .....ccccoviiiiiiniiieiees 1148
Anthony Scavarelli ; Ali Arya ; Robert J. Teather

LIVE CODING OF A VR RENDER ENGINE IN VR .....ooiiiiiiiiii ettt 1150

Markus Schiitz ; Michael Wimmer
TRAINING TRANSFER OF BIMANUAL ASSEMBLY TASKS IN COST-DIFFERENTIATED

VIRTUAL REALITY SYSTEIMS ...ttt bbbttt b bbbt ebeanea 1152
Songjia Shen ; Hsiang-Ting Chen ; Tuck Wah Leong
A STUDY ON THE SENSE OF BURDEN AND BODY OWNERSHIP ON VIRTUAL SLOPE .........ccccocvvivinene. 1154

Ryo Shimamura ; Seita Kayukawa ; Takayuki Nakatsuka ; Shoki Miyakawa ; Shigeo Morishima
SPORTS TRAINING SYSTEM FOR VISUALIZING BIRD'S-EYE VIEW FROM FIRST-PERSON

VIEWV ettt e ettt e e ettt e e ebee e e e abte e e eabeeeaebeeeeaateeeeaabeeeabeeeeastteeeaabeeeeaRteeeabteeeabeeeaabeeeeabbeeeaareaearaaaaan 1156
Shunki Shimizu ; Kaoru Sumi
STREAMING A SEQUENCE OF TEXTURES FOR ADAPTIVE 3D SCENE DELIVERY ....ccccooviiiiiiieiieeiees 1159

Gwendal Simon ; Stefano Petrangeli ; Nathan Carr ; Viswanathan Swaminathan

AN OPEN INITIATIVE FOR THE DELIVERY OF INFINITELY SCALABLE AND ANIMATED

BD SCENES. ... et h bR e R R R a bR R R bRt b bbb neene s 1161
Gwendal Simon ; Viswanathan Swaminathan

ASSESSING MEDIA QOE, SIMULATOR SICKNESS AND PRESENCE FOR

OMNIDIRECTIONAL VIDEOS WITH DIFFERENT TEST PROTOCOLS .....oooiieiieceeee e 1163
Ashutosh Singla ; Rakesh Rao Ramachandra Rao ; Steve Goring ; Alexander Raake
VIRTUAL HAND ILLUSION: THE ALIEN FINGER MOTION EXPERIMENT ......cccciiiiieecr e 1165

Agata Marta Soccini ; Marco Grangetto ; Tetsunari Inamura ; Sotaro Shimada

MIXED REALITY STORYTELLING ENVIRONMENTS BASED ON TANGIBLE USER

INTERFACE: TAKE ORIGAMI AS AN EXAMPLE ......cooiiiiii e s 1167
Yingjie Song ; Nianmei Zhou ; Qianhui Sun ; Wei Gai ; Juan Liu ; Yulong Bian ; Shijun Liu ; Lizhen Cui ;
Chenglei Yang

A STUDY IN VIRTUAL REALITY ON (NON-)JGAMERS' ATTITUDES AND BEHAVIORS........cccooeiiiiene 1169
Sebastian Stadler ; Henriette Cornet ; Fritz Frenkler

HAPTIC COMPASS: ACTIVE VIBROTACTILE FEEDBACK OF PHYSICAL OBJECT FOR

PATH GUIDANCE™ ...ttt bbbt bbbt b b b et s e ekt ekt e b b et eeh ekt e bt e bbb entnbeane 1171
Mengmeng Sun ; Weiping He ; Li Zhang ; Peng Wang ; Shuxia Wang ; Xiaoliang Bai
HYBRID CAMERA SYSTEM FOR TELEPRESENCE WITH FOVEATED IMAGING .......cccocoiiiiiiiiiiicnee 1173

Muhammad Firdaus Syawaludin ; Chanho Kim ; Jae-In Hwana

PARASITIC BODY: EXPLORING PERSPECTIVE DEPENDENCY IN A SHARED BODY WITH

F A I L 0 N Y USRS PRSR: 1175
Ryo Takizawa ; Adrien Verhulst ; Katie Seaborn ; Masaaki Fukuoka ; Atsushi Hiyama ; Michiteru Kitazaki ;
Masahiko Inami ; Maki Sugimoto

OMNIMR: OMNIDIRECTIONAL MIXED REALITY WITH SPATIALLY-VARYING

ENVIRONMENT REFLECTIONS FROM MOVING 360° VIDEO CAMERAS..........cooi e 1177
Joanna Tarko ; James Tompkin ; Christian Richardt
TOWARDS EEG-BASED HAPTIC INTERACTION WITHIN VIRTUAL ENVIRONMENTS........ccccovviviieens 1179

Stanley Tarng ; Deng Wang ; Yaoping Hu ; Frédéric Merienne

3D POSITIONING SYSTEM BASED ON ONE-HANDED THUMB INTERACTIONS FOR 3D

ANNOTATION PLACEMENT ..ttt ettt b e et st e b e s bt et e e be et s beebesbe et e sbeebesbeenbenree s 1181
So Tashiro ; Hideaki Uchiyama ; Diego Thomas ; Rin-Ichiro Taniguchi

SOCIAL SKILLS TRAINING TOOL IN VIRTUAL REALITY, INTENDED FOR MANAGERS

AND SALES REPRESENTATIVES ...ttt sttt sttt n e et e sb e e e s e e nneeebeeanaeenteennbeenee 1183
Jean-Daniel Taupiac ; Nancy Rodriguez ; Olivier Strauss ; Pierre Beney

EVALUATION OF POINTING INTERFACES WITH AN AR AGENT FOR MULTI-SECTION

INFORMATION GUIDANCE ......cc ettt ettt s et s e et e e st e et e e sabe e teeasaeesbeeanbe e teeeseeesnseanteesraeesaeesnreennes 1185
Nattaon Techasarntikul ; Tomohiro Mashita ; Photchara Ratsamee ; Yuki Uranishi ; Haruo Takemura ; Jason
Orlosky ; Kiyoshi Kiyokawa

SUPPORTING VISUAL ANNOTATION CUES IN A LIVE 360 PANORAMA-BASED MIXED

REALITY REMOTE COLLABORATION ..ottt ettt ee e see et eeta e snee e e sneeansaessananseesnnaanseesnenensenss 1187
Theophilus Teo ; Gun A Lee ; Mark Billinghurst ; Matt Adcock



INVESTIGATING VISUALIZATION TECHNIQUES FOR OBSERVING A GROUP OF VIRTUAL

REALITY USERS USING AUGMENTED REALITY ..ottt snaaennae e e nnee s 1189
Santawat Thanyadit ; Parinya Punpongsanon ; Ting-Chuen Pong
REAL-TIME UNDERWATER CAUSTICS FOR MIXED REALITY 360° VIDEOS.........ccccoe i 1191

Stephen Thompson ; Andrew Chalmers ; Taehyun Rhee

IMPROVE THE DECISION-MAKING SKILL OF BASKETBALL PLAYERS BY AN ACTION-

AWARE VR TRAINING SYSTEM ...ttt ettt e bbbt e 1193
Wan-Lun Tsai ; Li-Wen Su ; Tsai-Yen Ko ; Cheng-Ta Yang ; Min-Chun Hu

REAL-TIME COLLABORATIVE ANIMATION OF 3D MODELS WITH FINGER PLAY AND

HAND SHADOWV ...ttt bbbttt ke e bt e b e e et ek e o2 b e e h £ e A e e E £ e A b e eh £ e b e e b e e a b e eR b e ke eb e e b e ebeenbeebe e b e aneennenbe s 1195
Amato Tsuji ; Keita Ushida ; Saneyasu Yamaguchi ; Qiu Chen

WORKING MEMORY LOAD PERFORMANCE BASED ON COLLOCATION OF VIRTUAL

AND PHYSICAL HANDS ...ttt bttt bbbt b bbbt b et e st b e e bt e bt bbb et ebeane 1197
Altan Tutar ; Tabitha Peck

A COMPARISON OF DESKTOP AND AUGMENTED REALITY SCENARIO BASED TRAINING

AUTHORING TOOLS ...ttt bbbttt E e e bt e bt e bt b e e bt e b e e b e b e et st e b et e e bt 1199
Andrés N. Vargas Gonzalez ; Katelynn Kapalo ; Senglee Koh ; Robert Sottilare ; Pat Garrity ; Joseph J. Laviola

TOWARDS AN IMMERSIVE DRIVING SIMULATOR TO STUDY FACTORS RELATED TO

CYBERSICKINESS ...ttt ettt b bbbt b e s e ek e s e ekt e R b oAb e e bt e bt e R b e e bt e b e e bt e nbenbeebe e beeneenbenbean 1201
Rohith Venkatakrishnan ; Ayush Bhargava ; Roshan Venkatakrishnan ; Kathryn M. Lucaites ; Matias Volonte ;
Hannah Solini ; Andrew C. Robb ; Christopher Pagano ; Sabarish V. Babu

IMSPECTOR: IMMERSIVE SYSTEM OF INSPECTION OF BRIDGES/VIADUCTS........cooeiiiiineneeeesieeen 1203
Mauricio Roberto Veronez ; Luiz Gonzaga ; Fabiane Bordin ; Leonardo Campos Inocencio ; Graciela Eliane ;
Dos Reis Racolte ; Lucas Silveira Kupssinskii ; Pedro Rossa ; Leonardo Scalco

EXPLORING THE USABILITY OF NESPLORA AQUARIUM, A VIRTUAL REALITY SYSTEM

FOR NEUROPSYCHOLOGICAL ASSESSMENT OF ATTENTION AND EXECUTIVE

FUNCTIONING ...ttt btk h bbbt bbb e b1 h b e s ekt e bbbttt e e et eb e ekt e bbb e e st nbeare 1207
Alexandra Voinescu ; Liviu-Andrei Fodor ; Danaé Stanton Fraser ; Miguel Mejias ; Daniel David

TOWARDS ROBOT ARM TRAINING IN VIRTUAL REALITY USING PARTIAL LEAST

SQUARES REGRESSION ...ttt b ettt b et s bt s e e b e e s b e s b e e b e e be e R b e nbeese ekt emeenbeebeebeenrenbeabean 1209
Benjamin Volmer ; Adrien Verhulst ; Adam Drogemuller ; Bruce H. Thomas ; Masahiko Inami ; Maki Sugimoto

AUDITORY SPATIAL PERCEPTION USING BONE CONDUCTION HEADPHONES ALONG

WITH FITTED HEAD RELATED TRANSFER FUNCTIONS ..ottt 1211
Tray Minh Voong ; Michael Oehler
REAL-TIME SIMULATION OF DEEP-SEA HYDROTHERMAL FLUID.......cccooiiiiiiiieiseseeeeeee e 1213

Feifei Wan ; Yong Yin ; Xiaoxi Zhang

VR-REPLAY: CAPTURING AND REPLAYING AVATARS IN VR FOR ASYNCHRONOUS 3D

COLLABORATIVE DESIGN..... ettt ettt b et e bt se bt e e s b e e b e ekt e sbenbe e b e e abeanbenbesreen 1215
Cheng Yao Wang ; Logan Drumm ; Christopher Troup ; Yingjie Ding ; Andrea Stevenson Won

RELIVELNVR: CAPTURING AND RELIVING VIRTUAL REALITY EXPERIENCES

TOGETHER ...tttk b e bt e bt ekt e b e s b e e be ke e a b e eb e e e e ek e ea b e eb e e st e eb e en b e nbe e st e ke enbenbeebeebeanean 1217
Cheng Yao Wang ; Mose Sakashita ; Upol Ehsan ; Jingjin Li ; Andrea Stevenson Won

HEAD POINTER OR EYE GAZE: WHICH HELPS MORE IN MR REMOTE

COLLABORATIONT .ttt bbbt bbb e s bR e e s e n b £ e b et R e e R b e bt e b e e bt e st e bt e b st b e anb e b e nb e e 1219
Peng Wang ; Shusheng Zhang ; Xiaoliang Bai ; Mark Billinghurst ; Weiping He ; Shuxia Wang ; Xiaokun Zhang ;
Jiaxiang Du ; Yongxing Chen

EFFECT OF FULL BODY AVATAR IN AUGMENTED REALITY REMOTE COLLABORATION................. 1221
Tzu-Yang Wang ; Yuji Sato ; Mai Otsuki ; Hideaki Kuzuoka ; Yusuke Suzuki

DESIGN OF A SEMIAUTOMATIC TRAVEL TECHNIQUE IN VR ENVIRONMENTS ......ccooiiiiiiiiieiienieniens 1223
Yuyang Wang ; Jean-Rémy Chardonnet ; Frédéric Merienne

BUILDING AR-BASED OPTICAL EXPERIMENT APPLICATIONS INAVR COURSE.......cccccocvvviiiviiiieeinn 1225

Huan Wei ; Yue Liu ; Yongtian Wang
INTEGRATING TACTILE FEEDBACK IN AN ACETABULAR REAMER FOR SURGICAL VR-

LI YN 11 ) LSS UESSPRSR: 1227
David Weik ; Mario Lorenz ; Sebastian Knopp ; Luigi Pelliccia ; Stefanie Feierabend ; Christian Rotsch ; Philipp
Klimant

ESTIMATION OF ROTATION GAIN THRESHOLDS FOR REDIRECTED WALKING

CONSIDERING FOV AND GENDER.......coitiiiiiieiit ettt sttt b e snee e steeanbeessaeenteesnteaneesnees 1229

Niall Williams ; Tabitha C. Peck
A SYSTEMATIC EVALUATION OF MULTI-SENSOR ARRAY CONFIGURATIONS FOR SLAM

TRACKING WITH AGILE MOVEMENTS ..ottt sttt se e aa e saae e e teeantaessaeanteesneeanseesnaeesseennseenes 1231
Brian M. Williamson ; Eugene M. Taranta ; Pat Garrity ; Robert Sottilare ; Joseph J. Laviola



MOTIVATION TO SELECT POINT OF VIEW IN CINEMATIC VIRTUAL REALITY oo 1233
Andrea Stevenson Won ; Tanja Aitamurto ; Byungdoo Kim ; Sukolsak Sakshuwong ; Catherine Kircos ; Yasamin
Sadeghi

EVALUATING TEACHER AVATAR APPEARANCES IN EDUCATIONAL VR....ccccooiiiiiiiiiiieneseeie e 1235
Jason W. Woodworth ; Nicholas G. Lipari ; Christoph W. Borst

I GOT YOUR POINT: AN INVESTIGATION OF POINTING CUES IN A SPHERICAL FISH

TANK VIRTUAL REALITY DISPLALY ...ttt sttt ettt sb e be et se et e sbe et e beebenreennesnean 1237
Fan Wu ; Qian Zhou ; Kyoungwon Seo ; Toshiro Kashiwagi ; Sidney Fels

HAPTIC RENDERING FOR CHINESE CHARACTERS RECOGNITION......cccoiiiiiiiieiereeie e 1239
Xinli Wu ; Jiali Luo ; Minxiong Zhang ; Wenzhen Yang ; Zhigeng Pan

A 6-DOF TELEXISTENCE DRONE CONTROLLED BY A HEAD MOUNTED DISPLAY .....cccocviiniiiiiinennens 1241
Xingyu Xia ; Chi-Man Pun ; Di Zhang ; Yang Yang ; Huimin Lu ; Hao Gao ; Feng Xu

THE EFFECT OF HANGER REFLEX ON VIRTUAL REALITY REDIRECTED WALKING.........cccoovvvvinnnn. 1243

Chun Xie ; Chun Kwang Tan ; Taisei Sugiyama

ROTBAV: A TOOLKIT FOR CONSTRUCTING MIXED REALITY APPS WITH REAL-TIME

ROAMING IN LARGE INDOOR PHYSICAL SPAGCES...... .ottt nre e 1245
Huan Xing ; Xiyu Bao ; Fan Zhang ; Wei Gai ; Meng Qi ; Juan Liu ; Yuliang Shi ; Gerard De Melo ; Chenglei
Yang ; Xiangxu Meng

VIRTUAL GARMENT USING JOINT LANDMARK PREDICTION AND PART

SEGMENTATION L.t bbb bt b e e b s e R e e s b e e b e e b et R e e R b e bt e b e e bt e b e bt e b e e bt ane e b e nre e 1247
Yi Xu ; Shanglin Yang ; Wei Sun ; Li Tan ; Kefeng Li ; Hui Zhou

ARCHAEOLOGICAL EXCAVATION SIMULATION FOR INTERACTION IN VIRTUAL

L I N SO 1249
Da-Chung Yi ; Yang-Sheng Chen ; Ping-Hsuan Han ; Hao-Cheng Wang ; Yi-Ping Hung
EMOTION RECOGNITION IN GAMERS WEARING HEAD-MOUNTED DISPLAY ..o 1251

Hwanmoo Yong ; Jisuk Lee ; Jongeun Choi
INTERACTING WITH 3D IMAGES ON A REAR-PROJECTION TABLETOP 3D DISPLAY

USING WIRELESS MAGNETIC MARKERS AND AN ANNULAR COIL ARRAY ..ot 1253
Shunsuke Yoshida ; Ryo Sugawara ; Jiawei Huang ; Yoshifumi Kitamura
EYE-GAZE-TRIGGERED VISUAL CUES TO RESTORE ATTENTION IN EDUCATIONAL VR .......cccoveee 1255

Andrew Yoshimura ; Adil Khokhar ; Christoph W. Borst
DEPTHMOVE: HANDS-FREE INTERACTION IN VIRTUAL REALITY USING HEAD

MOTIONS IN THE DEPTH DIMENSION .....ooiiiiiiiiieiiiieie ettt sttt sbe et bessn b s nbe e 1257
Difeng Yu ; Hai-Ning Liang ; Tianyu Zhang ; Wenge Xu

A REAL-TIME MUSIC VR SYSTEM FOR 3D EXTERNAL AND INTERNAL ARTICULATORS.........ccccceeee 1259
Jun Yu

VIRTUAL CRAFTING EXPERIENCE: HAND MOTION AND SCENT STIMULATION IN

CONJUNCTION WITH A PROMOTIONAL VIDEO FOR IMPROVING INTEREST ......ccoooiiiiereiceieie e 1261

Hikari Yukawa ; Katsunari Sato
THERMAL HDR: APPLYING HIGH DYNAMIC RANGE RENDERING FOR FUSION OF

THERMAL AUGMENTATIONS WITH VISIBLE LIGHT ....ooiiiiiiiee et 1263
Haoyang Zhang ; Jason Orlosky
LOCALIZING TELEOPERATOR GAZE IN 360° HOSTED TELEPRESENCE .........cccccoiiiiiiiiiiicceesee 1265

Jingxin Zhang ; Nikolaos Katzakis ; Fariba Mostajeran ; Frank Steinicke
A MULTIDIRECTIONAL HAPTIC FEEDBACK PROTOTYPE FOR EXPERIENCING

COLLISIONS BETWEEN VIRTUAL AND REAL OBJECTS......ooii ettt 1267
Li Zhang ; Weiping He ; Mengmeng Sun ; Xiaoliang Bai ; Shuxia Wang
VR SICKNESS IN CONTINUOUS EXPOSURE TO LIVE-ACTION 180° VIDEO .......ccccoiiiiiiiieiencee e 1269

Sinan Zhang ; Akiyoshi Kurogi ; Yumie Ono
UNDERWATER MANIPULATION TRAINING SIMULATION SYSTEM FOR MANNED

DEEPSUBMARINE VEHICLE .......ooiiiii ettt ettt bttt 1271
Xiaoxi Zhang ; Yong Yin ; Feifei Wan
A NEW 360 CAMERA DESIGN FOR MULTI FORMAT VR EXPERIENCES...........cocooiiiiee 1273

Xinyu Zhang ; Yao Zhao ; Nikk Mitchell ; Wensong Li

SYMMETRICAL REALITY: TOWARD A UNIFIED FRAMEWORK FOR PHYSICAL AND

YA L I 7N N L I OSSR 1275
Zhenliang Zhang ; Cong Wang ; Dongdong Weng ; Yue Liu ; Yongtian Wang

ANALYZING THE USABILITY OF GESTURE INTERACTION IN VIRTUAL DRIVING

SYSTEM ..ottt h et b e s h bbb b e h R £ E AR R E bR R R R R b et b bRt n b n s 1277
Dan Zhao ; Yue Liu ; Yongtian Wang ; Tong Liu
FANTASY GAMING AND VIRTUAL HERITAGE .......oo o 1279

Wangi Zhao ; Kit Devine ; Henry Gardner



MATCH THE CUBE: INVESTIGATION OF THE HEAD-COUPLED INPUT WITH A

SPHERICAL FISH TANK VIRTUAL REALITY DISPLAY .ottt ettt st sae s an e e e e nneeanes 1281
Qian Zhou ; Fan Wu ; lan Stavness ; Sidney Fels

A MOBILE AUGMENTED REALITY APPROACH FOR CREATING DYNAMIC EFFECTS

WITH CONTROLLED VECTOR FIELDS .......ooiiitiiiitiie ettt sat e bbb st b nns 1283
Lifeng Zhu ; Xijing Liu

TRAVEL YOUR DESK? AN OFFICE DESK SUBSTITUTION AND ITS EFFECTS ON

CYBERSICKNESS, PRESENCE AND PERFORMANCE IN AN HMD-BASED EXPLORATORY

AINALY SIS TASK ettt h bt h e bt h e e bt e h e e o et e b e e bt eh e e oe e e E e oAbt e R b e b e e R e e m b e e R b e b e ehe e bt sht e b e nbeennenbeenes 1285
Daniel Zielasko ; Benjamin Weyers ; Torsten W. Kuhlen
MENUS ON THE DESK? SYSTEM CONTROL IN DESKVR........coooiiiiiiti e 1287

Daniel Zielasko ; Marcel Kriiger ; Benjamin Weyers ; Torsten W. Kuhlen
EVALUATION OF A VIRTUAL REALITY-BASED BASEBALL BATTING TRAINING SYSTEM

USING INSTANTANEOUS BAT SWING INFORMATION .....ooviiiiiiiiiisenieiees st 1289
Liyuan Zou ; Takatoshi Higuchi ; Haruo Noma ; Lopez-Gulliver Roberto ; Tadao Isaka
PERCEPTUAL APPEARANCE CONTROL BY PROJECTION-INDUCED ILLUSION........cccccciiiiiiiiieicnies 1291

Ryo Akiyama ; Goshiro Yamamoto ; Toshiyuki Amano ; Takafumi Taketomi ; Alexander Plopski ; Christian
Sandor ; Hirokazu Kato

VR SYSTEM TO SIMULATE TIGHTROPE WALKING WITH A STANDALONE VR HEADSET

AND SLACK RAILLS ...ttt bt bt h bbb b bt h bt b b e bt bt e st bt ekt e bt bt et b e e bt nbeane 1293
Saizo Aoyagi ; Atsuko Tanaka ; Satoshi Fukumori ; Michiya Yamamoto

AUTOMATIC GENERATION OF DYNAMICALLY RELIGHTABLE VIRTUAL OBJECTS WITH

CONSUMER-GRADE DEPTH CAMERAS . ...ttt ettt ae st e et eaaa e snaeanteesneeeneeanaeeteesnaeenneeaneas 1295
Chih-Fan Chen ; Evan Suma Rosenberg
FULL PARALLAX TABLE TOP 3D DISPLAY USING VISUALLY EQUIVALENT LIGHT FIELD................. 1297

Munekazu Date ; Megumi Isogai ; Hideaki Kimata

DISTRIBUTED, COLLABORATIVE VIRTUAL REALITY APPLICATION FOR PRODUCT

DEVELOPMENT WITH SIMPLE AVATAR CALIBRATION METHOD .....c.cccoiiiiiinieceseeeeee e 1299
Manuel Dixken ; Daniel Diers ; Benjamin Wingert ; Adamantini Hatzipanayioti ; Betty J Mohler ; Oliver Riedel ;
Matthias Bues

DEMONSTRATION OF PERCEPTUALLY BASED ADAPTIVE MOTION RETARGETING TO

ANIMATE REAL OBJECTS BY LIGHT PROJECTION. .. .cciiiiiii ittt 1301
Taiki Fukiage ; Takahiro Kawabe ; Shin'Ya Nishida

WALKING EXPERIENCE UNDER EQUIVALENT GRAVITY CONDITION ON SCALE

CONVERSION TELEXISTENCE ..ottt et h ettt eb bbb 1303
Masahiro Furukawa ; Kohei Matsumoto ; Masataka Kurokawa ; Hiroki Miyamoto ; Taro Maeda

CORETET: A 215T CENTURY VIRTUAL REALITY MUSICAL INSTRUMENT FOR SOLO AND

NETWORKED ENSEMBLE PERFORMANCE ..ottt sttt sbe et sne e nne e 1305
Rob Hamilton

SHADOWLESS PROJECTOR: SUPPRESSING SHADOWS IN PROJECTION MAPPING WITH

MICRO MIRROR ARRAY PLATE . ...ttt sttt bbbttt e bbb et e b e e b e s bt e nbe st e e nbesneenbesbeen 1309
Kosuke Hiratani ; Daisuke lwai ; Parinya Punpongsanon ; Kosuke Sato

VISUALIZING ECOLOGICAL DATA IN VIRTUAL REALITY .ottt 1311
Jiawei Huang ; Melissa S. Lucash ; Robert M. Scheller ; Alexander Klippel

AN AUGMENTED REALITY MOTION PLANNING INTERFACE FOR ROBOTICS.........ccooiiiiiiiieie 1313

Courtney Hutton ; Nicholas Sohre ; Bobby Davis ; Stephen Guy ; Evan Suma Rosenberg

BE BAIT!: A UNIQUE FISHING EXPERIENCE WITH HAMMOCK-BASED UNDERWATER

LOCOMOTION METHOD ......oiiiiiiiee sttt ettt e et e s e st e teessaeanteeasaeetaessseeteeaseeesseeanseessenanteesseeansesanenessennns 1315
Shotaro Ichikawa ; Yuki Onishi ; Daigo Hayashi ; Akiyuki Ebi ; Isamu Endo ; Aoi Suzuki ; Anri Niwano ;
Yoshifumi Kitamura

TRANSFORMABLE GAME CONTROLLER AND ITS APPLICATION TO ACTION GAME ......c.ccoceviviiiiens 1317
Akifumi Inoue ; Takeru Fukunaga ; Ryuta Ishikawa

EXLEAP: MINIMAL AND HIGHLY AVAILABLE TELEPRESENCE SYSTEM CREATING

LEAPING EXPERIENCE ...ttt st e sttt e s e e e e s see e teessteeteeeseeesmeeanteenseeenteenneeanseeaneneneens 1321
Atsushi Izumihara ; Daisuke Uriu ; Atsushi Hiyama ; Masahiko Inami

A NEW INTERACTIVE HAPTIC DEVICE FOR GETTING PHYSICAL CONTACT FEELING OF

VIRTUAL OBUIECTS..... ottt bbbt h bbb bbb st b btk e bt bt e st e bt e bt e bt e bbb e bt et ane 1323
Keishirou Kataoka ; Takuya Yamamoto ; Mai Otsuki ; Fumihisa Shibata ; Asako Kimura
VR-MOOCS: A LEARNING MANAGEMENT SYSTEM FOR VR EDUCATION .....ccooiiiiiiiiicienc e 1325

Hyundo Kim ; Sukgyu Nah ; Jaeyoung Oh ; Hokyoung Ryu



CAN TRANSPARENT VIRTUAL OBJECTS BE REPRESENTED REALISTICALLY ON OST-

HIMI D S 2 ettt e ettt e e bt e oottt e e e etbe e e ebeeeeatteeeeahbeeeabeeeaahteeeahreeeabeeeaahbeaeeahteeeabeeeaateeeeatreeeaareeeareaaaas 1327
Yuto Kimura ; Shinnosuke Manabe ; Sei Ikeda ; Asako Kimura ; Fumihisa Shibata
RAPID 3D AVATAR CREATION SYSTEM USING A SINGLE DEPTH CAMERA.........ccoov i 1329

Hwasup Lim ; Junseok Kang ; Sang Chul Ahn

SHADOW INDUCERS: INCONSPICUOUS HIGHLIGHTS FOR CASTING VIRTUAL SHADOWS

L0 ] @ S I 1Y 10 RO UR 1331
Shinnosuke Manabe ; Sei Ikeda ; Asako Kimura ; Fumihisa Shibata

INTUITIVE OPERATE THE ROBOT WITH UNCONSCIOUS RESPONSE IN BEHAVIORAL

INTENTION: TSUMORI CONTROWL ..oiiiieieiit et cie ettt stee et eaeaessaessteessaeassaessaeasseessaeenseesseeessessnenensesssens 1337
Hiroki Miyamoto ; Tomoki Nishimura ; Itsuki Onishi ; Masahiro Furukawa ; Taro Maeda

ENCHANTING YOUR NOODLES: A GUSTATORY MANIPULATION INTERFACE BY USING

GAN-BASED REAL-TIME FOOD-TO-FOOD TRANSLATION ...ttt ne 1339
Kizashi Nakano ; Daichi Horita ; Nobuchika Sakata ; Kiyoshi Kiyokawa ; Keiji Yanai ; Takuji Narumi

VR SKI COACH: INDOOR SKI TRAINING SYSTEM VISUALIZING DIFFERENCE FROM

LEADING SKIER ...ttt sttt ettt ettt sa e et e et e e bt e s Rt e et e e ere e e nRe e an b e e beeenteesseeanbeenbeeenneens 1341
Takayuki Nozawa ; Erwin Wu ; Hideki Koike

AIRWAYVR: VIRTUAL REALITY TRAINER FOR ENDOTRACHEAL INTUBATION .....ccccooviiieceecieeieene 1345
Pavithra Rajeswaran ; Jeremy Varghese ; Thenkurussi Kesavadas ; Praveen Kumar ; John Vozenilek

AUGMENTED DODGEBALL WITH DOUBLE LAYERED BALANCING ......ccccccii i 1347
Kadri Rebane ; David Hornmark ; Ryota Shijo ; Tim Schewe ; Takuya Nojima

HEARING WITH EYES IN VIRTUAL REALITY Lottt sttt et sae e nee e 1349

Amalie Rosenkvist ; David Sebastian Eriksen ; Jeppe Koehlert ; Miicha Valimaa ; Mikkel Brogaard Vittrup ;
Anastasia Andreasen ; George Palamas
VR-BASED BATTER TRAINING SYSTEM WITH MOTION SENSING AND PERFORMANCE
VISUALIZATION ...ttt ettt b bt bt et b e bt s b e b ekt en b e eb e e et e ke en b e eb e e st e ke en b e e bt et e sk e enbesbeebeebeanen 1353
Kosuke Takahashi ; Dan Mikami ; Mariko Isogawa ; Yoshinori Kusachi ; Naoki Saijo
FARFEEL: PROVIDING HAPTIC SENSATION OF TOUCHED OBJECTS USING VISUO-
HAPTIC FEEDBACK ...ttt bbbt bt b e h e bbbttt eh et e e bt bt st b et ane s 1355
Naruki Tanabe ; Yushi Sato ; Kohei Morita ; Michiya Inagaki ; Yuichi Fujino ; Parinya Punpongsanon ; Haruka
Matsukura ; Daisuke Iwai ; Kosuke Sato

BIDIRECTIONAL INFECTION EXPERIENCES IN A VIRTUAL ENVIRONMENT .....cccooiiiiiieeeve e 1357
Yamato Tani ; Satoshi Fujisawa ; Takayoshi Hagiwara ; Yasushi Ikei ; Michiteru Kitazaki

[DC] MULTI-USER (SOCIAL) VIRTUAL REALITY COMMNUNICATION .....ccccoiiiiiiieiciee e 1359
Simon N. B. Gunkel

AUGMENTED REALITY INTERFACES FOR SEMI-AUTONOMOUS DRONES.........cccooiiiiiiieviesieesee e 1361

Courtney Hutton

[DC] CASE-STUDIES OF CONTEMPORARY PRESENCE THEORY: TOWARDS MORE

OBJECTIVE AND RELIABLE MEASURES OF PRESENCE. ...ttt 1363
Johannes Schirm

[DC] DESIGNING VR FOR TEAMWORK: THE INFLUENCE OF HMD VR COMMUNICATION

CAPABILITIES ON TEAMWORK COMPETENCIES. ........c..ooii ettt sttt ae e sna e 1365
Beata N. Balint

DIGITAL DEMONS: PSYCHOLOGICAL EFFECTS OF CREATING, AND ENGAGING WITH,

VIRTUAL AVATARS REPRESENTING UNDESIRABLE ASPECTS OF THE SELF.......cccccoiiiiiiiiiiieecie 1367
Daniel Pimentel
[DC] LEARNING TORNADO FORMATION VIA COLLABORATIVE MIXED REALITY ...cooooiiiiiiieiiies 1369

Yan-Ming Chiou ; Roghayeh Barrnaki

[DC] IMMERSIVE GAMIFIED ENVIRONMENTS (IGE) AS AN APPROACH TO ASSESS

SUBJECTIVE QUALITIES OF DAYLIGHTING IN ARCHITECTURAL SPACES. ...t 1371
Muhammad Hegazy ; Kensuke Yasufuku ; Hirokazu Abe

[DC] EMBODIED VIRTUAL AVATARS AND POTENTIAL NEGATIVE EFFECTS ON

IMPLICIT RACIAL BIAS ..ot b bbbt bbbt b e e b e e s b e e b et b e e e b ane s 1373
Divine Maloney

[DC] JOINT LOCOMOTION WITH VIRTUAL AGENTS IN IMMERSIVE ENVIRONMENTS.........coccoviee 1375
Andrea Bonsch

[DC] DIMENSIONALITY OF AUGMENTED REALITY SPATIAL INTERFACES........ccooiiiirieeeeee 1377
Alla Vovk

[DC] AUTO-FOCUS AUGMENTED REALITY EYEGLASSES FOR BOTH REAL WORLD AND

VIRTUAL IMAGERY ...ttt bt h bt h e b e h bbbt b b et e e b e e bt e bt bbb e bt eane 1379

Praneeth Chakravarthula



[DC] SELF-ADAPTIVE TECHNOLOGIES FOR IMMERSIVE TRAININGS .......ccooiiiiiiiiet e 1381
Joris Heyse

[DC] VR SIMULATION AS A MOTIVATOR IN GAIT REHABILITATION ....oooiiiitie e 1383
Negin Hamzeheinejad
EMBRACE - A VR PIECE ABOUT DISABILITY AND INCLUSION (2018) ......ccvcoviiiiiiviiieiciiee e siesnens 1386

Franziska Schroeder

USING CULTURALLY RESPONSIVE NARRATIVES IN VIRTUAL REALITY TO INFLUENCE

COGNITION AND SELF EFFICACY ...ttt ettt sttt ettt e e st e e e ta e e e et e e e eab e e e s ab e e e sabeeesbaeeeanareas 1387
Hope Idaewor

EPICSAVE LIFESAVING DECISIONS — A COLLABORATIVE VR TRAINING GAME SKETCH

FOR PARAMEDICS ...ttt ettt et e et e e st e e st e e st e e s st e e abe e et e e e teeanteenteeesaeesbeesnteeaneeeteesnseenteenreean 1389
Jonas Schild ; Leonard Flock ; Patrick Martens ; Benjamin Roth ; Niklas Schiinemann ; Eduard Heller ; Sebastian
Misztal

VR KINOFTHEATER ..ottt sttt sttt e sa bt et s e e s bt e e st e ek e e e s teenheean b e et eeenteennbeebeesreeenneenn 1392
Luiz Velho

ECHOES OF MURLOUGHI ... .ooiii ettt ettt e st e sta e sseeante e s s e e teeanteeteeasaeesneeanseensenesaeesnseenseennenan 1393
Michael McKnight

CREATIVE LEARNING IN VR: AN ANTIDISCIPLINARY APPROACH. ...ttt 1394

Michael Vallance ; Yuto Kurashige ; Takurou Magaki
CORETET: ADYNAMIC VIRTUAL MUSICAL INSTRUMENT FOR THE TWENTY-FIRST

(08 =1 N I U] PSSP PRPR 1395
Rob Hamilton
COLOR SPACE: 360 VR HANBOK ART PERFORMANCE........ooi ittt ettt 1396

Seonock Park ; Jusub Kim

AUGMENTED REALITY FLOODS AND SMOKE SMARTPHONE APP DISASTER SCOPE

UTILIZING REAL-TIME OCCLUSION .. ...ttt sttt ea st ste e a s aa e saaeasteestaeassaessaeanteesnsaaseesnaeesseens 1397
Tomoki Itamiya ; Hideaki Tohara ; Yohei Nasuda

STAND-ALONE, WEARABLE SYSTEM FOR FULL BODY VR AVATARS: TOWARDS

PHYSICS-BASED 3D INTERACTION ...ttt ettt e st sate e te e s be e saeesnbe e staessbeesaaeenteesaseebeesnneesseens 1398
Tuukka M. Takala ; Chen Chun Hsin ; Takashi Kawai

AUGMENTATION OF VIRTUAL AGENTS IN REAL CROWD VIDEOS ......ccccooiieee e 1399
Yalim Dogan ; Serkan Demirci ; Ugur Glidikbay

SUSTAINABLE PRODUCTION AND CONSUMPTION IN 360 .....ccuieiiiieieiieee ettt ettt 1400

Reese Muntean ; Mei-Ling Park ; Yulia Rubleva ; Kate Hennessy

BUILDING RECONFIGURABLE PASSIVE HAPTIC INTERFACES ON DEMAND USING OFF-

THE-SHELF CONSTRUCTION BRICKS ... ..ottt sb sttt st st e nba e e e snen 1403
Davide Calandra ; F. Gabriele Prattico ; Alberto Cannavo ; Luca Micelli ; Fabrizio Lamberti

SAVE THE SPACE ELEVATOR: AN ESCAPE ROOM SCENARIO INVOLVING PASSIVE

HAPTICS IN MIXED REALITY oottt sttt sttt et sat e st et e et e snb e et e aste e nbeeanbeesbeeetaesnbeanteennnees 1405
Shakiba Davari ; Yuan Li ; Lee Lisle ; Feiyu Lu ; Lei Zhang ; Leslie Blustein ; Xueting Feng ; Brianna Gabaldon ;
Marc Kwiatkowski ; Doug A. Bowman

ESCAPE ROOM IN MIXED REALITY: 10TH ANNUAL 3DUI CONTEST ....cccoiitiiiiiiiieiie et 1407
Pablo Figueroa ; Rongkai Guo ; Kazuki Takashima ; Benjamin Weyers

PYRAMID ESCAPE: DESIGN OF NOVEL PASSIVE HAPTICS INTERACTIONS FOR AN

IMMERSIVE AND MODULAR SCENARIO ...ttt st nneesnae et esnaeenneesneas 1409
Hugo Brument ; Rebecca Fribourg ; Gerard Gallagher ; Thomas Howard ; Flavien Lécuyer ; Tiffany Luong ;
Victor Mercado ; Etienne Peillard ; Xavier De Tinguy ; Maud Marchal

CRYSTAL PALACE: MERGING VIRTUAL OBJECTS AND PHYSICAL HAND-HELD TOOLS..........cccoue.. 1411
Toshiro Kashiwagi ; Kaoru Sumi ; Sidney Fels ; Qian Zhou ; Fan Wu

A COLLABORATIVE VIRTUAL REALITY ESCAPE ROOM WITH PASSIVE HAPTICS ......ccocooiviiiviei 1413
Austin Hanus ; Mindy Hoover ; Alex Lim ; Jack Miller

SIMULATING A FUTURISTIC FIRE PUMP PANEL IN VIRTUAL REALITY ..ooiiiie e 1415
Mohamed Suhail ; Scott Gainer ; Jason Haskins ; Blake Boyd ; Charles Laird ; Will Huse ; Suraj Eadara ; Jason
Jerald

BATMEN X THE PUZZLER - ESCAPING AR'S DRAWBACKS WITH AUGMENTED

VIRTUALITY AND LOW COST SENSORS. ... .ottt sttt sttt sbt et sba s sbe e sbasseentesneenbennes 1417
André Montes Rodrigues ; Mario Nagamura ; Luis Gustavo Freire Da Costa ; Rodrigo Rodrigues Gesuatto Faria
; Pier Luigi Nakai Ricchetti ; Eric Nozomi Tatsuta ; Roseli De Deus Lopes ; Marcelo Knorich Zuffo

VITAZ: GAMIFIED MIXED REALITY MULTISENSORIAL LNTERACTIONS .......ocoii e nee e 1419
Dimitrios Bitzas ; Sokratis Zouras ; Agapi Chrysanthakopoulou ; Dimitrios Laskos ; Konstantinos Kalatzis ;
Michail Pavlou ; loanna Balasi ; Konstantinos Moustakas



PHYSIOLOGICAL EFFECTIVITY AND USER EXPERIENCE OF IMMERSIVE GAIT

L N = I 1 I S 1421
Negin Hamzeheinejad ; Daniel Roth ; Daniel Gotz ; Franz Weilbach ; Marc Erich Latoschik

DESIGN RECOMMENDATIONS FOR AUGMENTED REALITY GAMES FOR OBJECTIVE

ASSESSMENT OF UPPER EXTREMITY MOTOR DYSFUNCTION......ccccoitiiiiiiiieitsieie e 1430
Marina A. Cidota ; Paulina J. M. Bank ; Stephan G. Lukosch

TEACHERS' VIEWS ON HOW TO USE VIRTUAL REALITY TO INSTRUCT CHILDREN AND

ADOLESCENTS DIAGNOSED WITH AUTISM SPECTRUM DISORDER.........cccociiiiiiiitieesee et see s 1439
Ali Adjorlu ; Stefania Serafin

ENCOURAGING REHABILITATION TRIALS: THE POTENTIAL OF 360° IMMERSIVE

INSTRUCTION VIDEOS ...ttt ettt s et s s e et e e st e e bt e sab e e teeasee e sseeanbeeteeesteesnteenteensaeesaeesnteanes 1443
Svetlana Bialkova ; Bob Dickhoff

PROJECT BUTTERFLY: SYNERGIZING IMMERSIVE VIRTUAL REALITY WITH

ACTUATED SOFT EXOSUIT FOR UPPER-EXTREMITY REHABILITATION ....cccocoiiiiieiiriee e 1448
Aviv Elor ; Steven Lessard ; Mircea Teodorescu ; Sri Kurniawan

ON LEARNING WEIGHT DISTRIBUTION OF TAI CHI CHUAN USING PRESSURE SENSING

INSOLES AND MR-EHMD ...ttt et e s e et e e st e e teesnteeteeasee e sseeanteeseeenteesneeanteenranesneenneeanns 1457
Peng-Yuan Kao ; Ping-Hsuan Han ; Yao-Fu Jan ; Zhi-Wei Yang ; Chun-Hsien Li ; Yi-Ping Hung

WELCOMING A HOLOGRAPHIC VIRTUAL COACH FOR BALANCE TRAINING AT HOME:

TWO FOCUS GROUPS WITH OLDER ADULTS ....oiiii ettt sttt svve st ae e saaesnaeateesnaaennaeanseesseennnaenns 1465
Fariba Mostajeran ; Nikolaos Katzakis ; Oscar Ariza ; Jann Philipp Freiwald ; Frank Steinicke

TOWARDS GAMIFIED ALCOHOL USE DISORDER THERAPY IN VIRTUAL REALITY: A

PRELIMINARY USABILITY STUDY ..ottt sttt sttt sste et esnte e saeeanteesteeansaessaeanteesnaeanseessenenseens 1471
Fariba Mostajeran ; Aila Kirsten ; Frank Steinicke ; Jurgen Gallinat ; Simone Kilhn

INTERACTIVE AND MULTIMODAL-BASED AUGMENTED REALITY FOR REMOTE

ASSISTANCE USING A DIGITAL SURGICAL MICROSCOPE.........cccoiiieiie it esiee e see e esee e neee e seeesnae e 1477
Eric L. Wisotzky ; Jean-Claude Rosenthal ; Peter Eisert ; Anna Hilsmann ; Falko Schmid ; Michael Bauer ; Armin
Schneider ; Florian C. Uecker

VISUALIZING NATURAL ENVIRONMENTS FROM DATA IN VIRTUAL REALITY:

COMBINING REALISM AND UNCERTAINTY oottt sttt ettt s beesnaeeteesnaeenneesnees 1485
Jiawei Huang ; Melissa S. Lucash ; Mark B. Simpson ; Casey Helgeson ; Alexander Klippel

ETHICAL CONCERNS OF THE USE OF VIRTUAL AVATARS IN CONSUMER

LV I 1N A1 S 1489
Divine Maloney ; Sandhya Rajasabeson ; Alex Moore ; Jacob Caldwell ; Jacob Archer ; Andrew Robb
ON RESEARCH ETHICS AND REPRESENTATION IN VIRTUAL REALITY oot 1493

Reese Muntean ; Kate Hennessy ; Alexandra Denes ; Linina Phuttitarn
TOWARDS A FRAMEWORK FOR COMPOSITION DESIGN FOR MUSIC-LED VIRTUAL

REALITY EXPERIENGCES. ... ..ottt bbbt b e bbb bbbttt e bt r e b b e en 1497
Zach Buckley ; Kristin Carlson

SOME CONSIDERATIONS ON CREATIVITY SUPPORT FOR VR AUDIO.......cccoiiiiiiiiieiee e 1500
Anil Camci

THE MATTER OF ATTENTION AND MOTIVATION — UNDERSTANDING UNEXPECTED

RESULTS FROM AUDITORY LOCALIZATION TRAINING USING AUGMENTED REALITY ...cccccceviniene 1503

Song Hui Chon ; Sungyoung Kim
COLLABORATIVE AND COMPETITIVE FUTURES FOR VIRTUAL REALITY MUSIC AND

SOUND ..t b bbbt b £ e bk e e R b AR £ oA R e AR e R R R e R R R e b e bR e Rt R e e bR e n e Rt bt 1510
Rob Hamilton

AUDIO REPRODUCTION IN VIRTUAL REALITY CINEMAS — POSITION PAPER........cccooiiiiiiiiiece 1513
Luke Reed ; Philip Phelps

GENERATING SYNTHETIC HUMANS FOR LEARNING 3D POSE ESTIMATION......ccoooiiiiiiiiieiesee e 1519

Kohei Aso ; Dong-Hyun Hwang ; Hideki Koike

SUPPLEVIEW: DECREASING PHYSICALLY LIMITATIONS ON THE MOVEMENT

IMITATION WITH VIEWING MOTIONS IN THE VIDEO .....ccooiiiiiict st 1521
Natsuki Hamanishi ; Jun Rekimoto

TOWARD HUMAN MOTION CAPTURING WITH AN ULTRA-WIDE FISHEYE CAMERA ON

THE CHEST ittt bbbt e e bt e bt e bt e bt b e e R b e S h £ e e e ke oAb e Ahe e et e b e e m bt eb £ e he e eb e e b e nbeesb e ek e embenbenbeeneenean 1524
Dong-Hyun Hwang ; Kohei Aso ; Hideki Koike
A REAL-TIME PROJECTION SYSTEM FOR GOLF TRAINING USING VIRTUAL SHADOW.........cccccevueee. 1527

Atsuki Ikeda ; Dong-Hyun Hwang ; Hideki Koike
WAVEMS: IMPROVING SIGNAL VARIATION FREEDOM OF ELECTRICAL MUSCLE

STIHMULATION ettt et e te e st e st e e st e e be e sate e beeetee e sbeesabe e be e e s eeesabeeabeeabeeebeesabeebeeesbeesaseanbeeateeesteenneeanras 1529
Michinari Kono ; Jun Rekimoto



HYPERSPECTIVE: SHAPING EXPERIENCES BEYOND PERSPECTIVES .......cciiiiiiiieee e 1546
Jun Nishida ; Kenji Suzuki

FALCONER: A TETHERED AERIAL COMPANION FOR ENHANCING PERSONAL SPACE.........cccoeevniene 1550
Romain Nith ; Jun Rekimoto

A NOVEL VIBROTACTILE BIOFEEDBACK DEVICE FOR OPTIMIZING NEUROMUSCULAR

CONTROL IN PIANO PLAYING. ...ttt ettt b et bttt b bbbt n s 1554
Takanori Oku ; Shinichi Furuya

LUCID VIRTUAL/AUGMENTED REALITY (LVAR) INTEGRATED WITH AN

ENDOSKELETAL ROBOT SUIT: STILLSUIT: ANEW FRAMEWORK FOR COGNITIVE AND

PHYSICAL INTERVENTIONS TO SUPPORT THE AGEING SOCIETY ..ccoiiiiiiiiiiieie e 1556
Satoshi Oota ; Akihiko Murai ; Masaaki Mochimaru

THE METHOD OF REDUCING PHANTOM LIMB PAIN USING OPTICAL SEE-THROUGH

HEAD MOUNTED DISPLAY ...ttt h ettt b bt h et bbbt bttt es bt e bt bbb e ane b 1560
Kenta Saito ; Takashi Miyaki ; Jun Rekimoto

INTERPOSER: VISUALIZING INTERPOLATED MOVEMENTS FOR BOULDERING

TRAINING .. . b bbb e e b bbb e e b oAb e e bt b e e a bt e b e oAbt b e e b e bt e s e ek ehb e nb e n b e e ne b s 1563
Keisuke Shiro ; Kazme Egawa ; Takashi Miyaki ; Jun Rekimoto

A NOVEL SOFT EXOSKELETON GLOVE FOR MOTOR SKILL ACQUISITION SIMILAR TO

ANATOMICAL STRUCTURE OF FOREARM MUSCLES.........coi ittt 1568
Nobuhiro Takahashi ; Hayato Takahashi ; Hideki Koike

POST-DATA AUGMENTATION TO IMPROVE DEEP POSE ESTIMATION OF EXTREME AND

WWILD IMOTIONS ...ttt bbb bt b e bbbt H b E bt s e b e bt b e b e b e et e s b bt e b e e bt e bt e b s e bt nbeane 1570
Kohei Toyoda ; Michinari Kono ; Jun Rekimoto
REAL-TIME HUMAN MOTION FORECASTING USING ARGB CAMERA ..ot 1575

Erwin Wu ; Hideki Koike
AUGMENTED LEARNING FOR SPORTS USING WEARABLE HEAD-WORN AND WRIST-

WORN DEVICES. ... .o ettt ettt s e et e et e e be e e ta e e beeaab e e te e e s ee e saeeanbe e teeesteesseeenteesseeesaeenneeanteesreennsaenns 1578
Hui-Shyong Yeo ; Hideki Koike ; Aaron Quigley

DEVELOPMENT OF SENSITIVE GLOVE TYPE WEARABLE ROBOT SYSTEM ......cccoiviiiieiicieie e 1581
Bin Zhang ; Atsufumi Suzuki ; Hunok Lim

MIXED REALITY IN ART EDUCATION ..ottt ittt sttt sttt sne e st steeabeessaeanteesnaaabeesnanenneens 1583

Regina Béck ; David A. Plecher ; Rainer Wenrich ; Birgit Dorner ; Gudrun Klinker

VISUAL DESIGN PROBLEM-BASED LEARNING IN A VIRTUAL ENVIRONMENT IMPROVES

COMPUTATIONAL THINKING AND PROGRAMMING KNOWLEDGE .........cccoooiiiiiiiiiececeee e 1588
Amy Banic ; Ruben Gamboa

AN EDUCATIONAL AUGMENTED REALITY APPLICATION FOR ELEMENTARY SCHOOL

STUDENTS FOCUSING ON THE HUMAN SKELETAL SYSTEM ....cociiiiiiiieee e 1594
Malek El Kouzi ; Abdihakim Mao ; Diego Zambrano

IMMERSIVE JOB TASTE: A CONCEPT OF DEMONSTRATING WORKPLACES WITH

Y LR I 7 N L I O SUPURPPRPP: 1600
Mikhail Fominykh ; Ekaterina Prasolova-Fgrland

IN-SITU LABELING FOR AUGMENTED REALITY LANGUAGE LEARNING........ccccoiviiievrceecee e 1606
Brandon Huynh ; Jason Orlosky ; Tobias Hollerer

RESEARCH FRAMEWORK FOR IMMERSIVE VIRTUAL FIELD TRIPS.......cccoi e 1612
Alexander Klippel ; Jiayan Zhao ; Danielle Oprean ; Jan Oliver Wallgriin ; Jack Shen-Kuen Chang

MIXED REALITY FOR CULTURAL HERITAGE ..ottt st 1618

David A. Plecher ; Maximilian Wandinger ; Gudrun Klinker

CUBEVR: DIGITAL AFFORDANCES FOR ARCHITECTURE UNDERGRADUATE

EDUCATION USING VIRTUAL REALITY oottt bbb sne e 1623
Aditya Raikwar ; Newton D'Souza ; Ciana Rogers ; Mathew Kress ; Adam Williams ; Naphtali D. Rishe ;
Francisco R. Ortega

EVALUATION OF INFORMATION WIDGETS FOR A VIRTUAL REALITY SERIOUS GAME .................... 1627
Joshua Salyers ; Daniel Cliburn ; Keely Canniff ; Stephany Barajas

VIRTUAL REALITY FOR DEEPER LEARNING: AN EXEMPLAR FROM HIGH SCHOOL

RSO 1 = N[ SRR 1633
Erica Southgate

VRLEARNER: A VIRTUAL REALITY BASED ASSESSMENT TOOL IN HIGHER EDUCATION ................ 1640
Bo Sun ; Uzoma Chikwem ; Donald Nyingifa

VIRTUAL SIMULATION FOR HISTORY EDUCATION .....oiiiiiii ettt ee et sve et e saa e svaesnteestaesna e 1646

Guangwei Zhang



HOMING BY TRIANGLE COMPLETION IN CONSUMER-ORIENTED VIRTUAL REALITY

ENVIRONMENTS ...ttt e st e et e st e et e e s e e aeeante e se e e s teeaseeamteeas e e e sseeaneeenteeaneeenseesnseennenenaeenneeaneeenrenan 1652
José Dorado ; Pablo Figueroa ; Jean-Rémy Chardonnet ; Frédéric Merienne ; Tiberio Hernandez

DORSAL AND VENTRAL PATHWAYS IMPLICATIONS IN AN AUGMENTED REALITY

ENVIRONMENT ..ottt ettt h bbb et h bbb et e st bt e bbbt s e eh b eb e e bt e bt e e eenenbeare 1658
Andreas S. Frangos ; Tae-Jun Lee ; Dylan To ; Irini Giannopulu

FIELD OF VIEW AND FORWARD MOTION DISCRIMINATION IN VIRTUAL REALITY ..o 1663
Jonathan E. Hopper ; Hunter Finney ; J. Adam Jones

OPTICAL AND NEURAL PROPERTIES OF VISION AS APPLIED TO VIRTUAL REALITY ..o 1667
J. Adam Jones

THE COLLABORATIVE VIRTUAL REALITY NEUROROBOTICS LAB. .....cciiiiiirieeee e 1671

Carl Matthes ; Tim Weissker ; Emmanouil Angelidis ; Alexander Kulik ; Stephan Beck ; Andre Kunert ; Anton
Frolov ; Sandro Weber ; Adrian Kreskowski ; Bernd Froehlich

REVISITING JEAN LOUIS BAUDRY'S CONCEPT OF THE IDEOLOGICAL APPARATUS:

LINKING VIRTUAL REALITY TO THE DREAM ANALOGY ...oooooii ettt 1675
Mari Velonaki

A PILOT STUDY OF GAZE-GAIT RELATIONS ANALYSIS IN A VR ENVIRONMENT USING

HIMD AND LR ...ttt e e ettt e e b e e e e bt e e e e bt e e e st ee e e abeeeeasbreeeaabaaeaabbeeeebbeeesabaeeaastaeeessteeesabeeesntaeeans 1677
Hirotake Yamazoe

PRELIMINARY EXPERIMENT ON SHAREABLE AND PORTABLE VOICE STICKY USING

SOUND ORIENTATION. ...ttt et e e e e ettt e e e et e e st e e e e eab e e e e sbbe e e s baeeeaseeeeeasbaeesabeeeaaasseeeasbaeesntneeannenas 1680
Tomoko Yonezawa ; Hirotake Yamazoe

JAPANESE TEA CEREMONY EXPERIENCE WITH MULTIMODAL AR EXPRESSING

MENTAL CONCENTRATION ...ttt e e ettt e e et e e e e tt e e e e bt e e e sabaeeaabbeeeesabeeesabaeeaassaeeeasbeeesabeeasasseaeas 1684
Tomoko Yonezawa ; Naoto Yoshida ; Nanase Ishikawa

EFFECTS OF 3D ROTATIONAL JITTER AND SELECTION METHODS ON 3D POINTING

Anil Ufuk Batmaz ; Wolfgang Stuerzlinger

FEEL THE GLOBE: ENHANCING THE PERCEPTION OF IMMERSIVE SPHERICAL

VISUALIZATIONS WITH TANGIBLE PROXIES .......coo ot s 1693
David Englmeier ; Isabel Schdnewald ; Andreas Butz ; Tobias Hollerer

BODY-PROP INTERACTION: EVALUATION OF AUGMENTED OPEN DISCS AND

EGOCENTRIC BODY-BASED INTERACTION ... .ottt sttt sttt sbe e b e sne e nre e 1705
Rajiv Khadka ; Amy Banic

METRICS FOR THE EVALUATION OF TRACKING SYSTEMS FOR VIRTUAL

ENVIRONMENTS ...ttt bbbt bbbt b e h b etttk e ek e bt bttt eh e b e e bt eb et e e e st nbeane s 1711
Ethan Luckett ; Tykeyah Key ; Nathan Newsome ; J. Adam Jones

HAND TRACKING INTERFACE FOR VIRTUAL REALITY INTERACTION BASED ON MARG

Nonnarit O-Larnnithipong ; Neeranut Ratchatanantakit ; Sudarat Tangnimitchok ; Francisco Ortega ; Armando
Barreto

SELECTION AND MANIPULATION WHOLE-BODY GESTURE ELICITATION STUDY IN

VIRTUAL REALITY Lot e bbb bbbt s b e bbb e b e et e e b s 1723
Francisco R. Ortega ; Katherine Tarre ; Mathew Kress ; Adam S. Williams ; Armando B. Barreto ; Naphtali D.
Rishe

TOWARDS UTILIZING TOUCH-SENSITIVE PHYSICAL KEYBOARDS FOR TEXT ENTRY IN

VIRTUAL REALITY ettt ettt bbbttt b etk e e e bt et ekt e a b e eb e e s e e b e e n b e n bt e st e ebeenbenbeebeebeanean 1729
Alexander Otte ; Tim Menzner ; Travis Gesslein ; Philipp Gagel ; Daniel Schneider ; Jens Grubert

INTERACTION TECHNIQUES FOR CINEMATIC VIRTUAL REALITY oo 1733
Sylvia Rothe ; Pascal Pothmann ; Heiko Drewe ; Heinrich Hussmann

MAGICHAND: INTERACT WITH IOT DEVICES IN AUGMENTED REALITY ENVIRONMENT ............... 1738
Yongbin Sun ; Alexandre Armengol-Urpi ; Sai Nithin Reddy Kantareddy ; Joshua Siegel ; Sanjay Sarma

HAPTIC PROP: A TANGIBLE PROP FOR SEMI-PASSIVE HAPTIC INTERACTION ......ccocooiiiiiiiiiieeee 1744
Dimitar Valkov ; Andreas Mantler ; Lars Linsen

GRASPING OBJECTS IN IMMERSIVE VIRTUAL REALITY ..ottt 1749
Manuela Chessa ; Guido Maiello ; Lina K Klein ; Vivian C Paulun ; Fabio Solari

A METHOD TO INTRODUCE & EVALUATE MOTION PARALLAX WITH STEREO FOR

MEDICAL AR/IMR ..ttt bbbt bbb b b e bbb £ b st b bt ekt b et b et b bt bbb 1755
Megha Kalia ; Nassir Navab ; Sidney Fels ; Tim Salcudean

POSITION PAPER: FACTORS OF PERCEIVED TACTILE CUE DOMINANCE WHEN

INTERACTING WITH MOVING VIRTUAL OBJECTS ...ttt 1760
Rajiv Khadka ; Amy Banic



INFORMATION PLACEMENT IN VIRTUAL REALITY oottt sttt 1765
Ann McNamara ; Katherine Boyd ; Joanne George ; Weston Jones ; Somyung Oh ; Annie Suther

DESIGN, ASSEMBLY, CALIBRATION, AND MEASUREMENT OF AN AUGMENTED REALITY

HAPLOSCOPE ...ttt h etk b e bt e bt ekt e A bt e b £ etk £ea b e e b £ ekt e b e e n b e e bb ekt e b e e bt ebeenbe e b e enbeabeenbenbe et 1770
Nate Phillips ; Kristen Massey ; Mohammed Safayet Arefin ; J. Edward Swan

DANGER FROM THE DEEP: A GAP AFFORDANCE STUDY IN AUGMENTED REALITY ...ccccoiiiiiiiinnns 1775
Hansen Wu ; Haley Adams ; Grant Pointon ; Jeanine Stefanucci ; Sarah Creem-Regehr ; Bobby Bodenheimer

GAZE AND MOTION-AWARE REAL-TIME DOME PROJECTION SYSTEM......ccccciiiiiiiiiiieeee e 1780

Steve Grogorick ; Matthias Ueberheide ; Jan-Philipp Tauscher ; Paul Maximilian Bittner ; Marcus Magnor
PERCEPTION OF MOTION-ADAPTIVE COLOR IMAGES DISPLAYED BY A HIGH-SPEED

(D LY T e @ N | L G I ] USSR 1790
Wakana Oshiro ; Shingo Kagami ; Koichi Hashimoto
IMMERSIVE EEG: EVALUATING ELECTROENCEPHALOGRAPHY IN VIRTUAL REALITY ....ccccovvienenn 1794

Jan-Philipp Tauscher ; Fabian Wolf Schottky ; Steve Grogorick ; Paul Maximilian Bittner ; Maryam Mustafa ;
Marcus Magnor

PHYSICAL OBJECTS IN AR GAMES - OFFERING A TANGIBLE EXPERIENCE........ccccooiiiiiiniiiiieeee 1801
Christian Eichhorn ; David A. Plecher ; Masahiko Inami ; Gudrun Klinker

EVALUATION OF VISUAL PERCEPTION MANIPULATION IN VIRTUAL REALITY

TRAINING ENVIRONMENTS TO IMPROVE GOLF PERFORMANCE ........ccccooiiiiiieceneeeeee e 1807
Anushka Godse ; Rajiv Khadka ; Amy Banic
MUSCLEBLAZER: FORCE-FEEDBACK SUIT FOR IMMERSIVE EXPERIENCE .........cccooiiiiiiiciiiccee 1813

Yusuke Kishishita ; Swagata Das ; Antonio Vega Ramirez ; Chetan Thakur ; Ramin Tadayon ; Yuichi Kurita
SUPERHUMAN SPORTS IN MIXED REALITY: THE MULTI-PLAYER GAME LEAGUE OF

LASERS .ttt b b e h e R e R £ oAb e R £ SR e e R £ oA R e AR £ e R £ e AR £ oA R e AR £ e AR e AR £ e R e e Rt e AR e Rt e R Eenheeneenbeeneenreens 1819
Nico Arjen Miedema ; Jop Vermeer ; Stephan Lukosch ; Rafael Bidarra
STAR TAG: A SUPERHUMAN SPORT TO PROMOTE PHYSICAL ACTIVITY i 1826

Nels Numan ; Ayla Kolster ; Niels Hoogerwerf ; Bernd Kreynen ; Jeanique Romeijnders ; Tomas Heinsohn Huala
; Nestor Z. Salamon ; J. Timothy Balint ; Stephan Lukosch ; Rafael Bidarra

HEATSENSE - THERMAL SENSORY SUPPLEMENTATION FOR SUPERHUMAN SPORTS ........cccoevenieene 1831
Kirill Ragozin ; George Chernyshov ; Kai Kunze

PERSON INDEPENDENT, PRIVACY PRESERVING, AND REAL TIME ASSESSMENT OF

COGNITIVE LOAD USING EYE TRACKING IN AVIRTUAL REALITY SETUP ..o 1834
Efe Bozkir ; David Geisler ; Enkelejda Kasneci

REQUIRED ACCURACY OF GAZE TRACKING FOR VARIFOCAL DISPLAYS......ccoot it 1838
David Dunn

VR-HMD EYE TRACKER IN ACTIVE VISUAL FIELD TESTING ....ccci ittt 1843
Katsuyoshi Hotta ; Oky Dicky Ardiansyah Prima ; Takashi Imabuchi ; Hisayoshi Ito

GAZE-DEPENDENT DISTORTION CORRECTION FOR THICK LENSES IN HMDS..........ccoov i, 1848
Jonathan Martschinke ; Jana Martschinke ; Marc Stamminger ; Frank Bauer

UNIFYING RESEARCH TO ADDRESS MOTION SICKNESS .......oooie e e et 1858
Mark S. Dennison ; David M. Krum

EFFECT OF SENSORY CONFLICT AND POSTURAL INSTABILITY ON CYBERSICKNESS ...........cccecvvien. 1860

Adrian K. T. Ng ; Leith K. Y. Chan ; Henry Y. K. Lau

REORIENT THE GAZED SCENE TOWARDS THE CENTER: NOVEL VIRTUAL TURNING

USING HEAD AND GAZE MOTIONS AND BLINK ......iiiiiiie e 1864
Yoshikazu Onuki ; Itsuo Kumazawa

REDUCING SEASICKNESS IN ONBOARD MARINE VR USE THROUGH VISUAL

COMPENSATION OF VESSEL MOTION ... ..ottt sttt st n e sbe bt snesneennenne e 1872
Andrew H. Stevens ; Thomas Butkiewicz

VR SICKNESS PREDICTION FOR NAVIGATION IN IMMERSIVE VIRTUAL ENVIRONMENTS

USING A DEEP LONG SHORT TERM MEMORY MODEL ......ccccotiiiiiiiiiieesieseeeese e 1874
Yuyang Wang ; Jean-Rémy Chardonnet ; Frédéric Merienne

COMBINING DYNAMIC FIELD OF VIEW MODIFICATION WITH PHYSICAL OBSTACLE

AV OIDANCE ... bttt b bbbt E bbb E R e bR e R R e R R e R Rt bR bt n b r s 1882
Fei Wu ; Evan Suma Rosenberg

A NON-STATIONARY OFFICE DESK SUBSTITUTION FOR DESK-BASED AND HMD-

PROJECTED VIRTUAL REALITY Lottt sttt ettt e st sate e e e s ste e saeeasteestaeansaessaeanteesnsaanseesneeenseens 1884
Daniel Zielasko ; Benjamin Weyers ; Torsten W. Kuhlen
BIM-BASED MIXED REALITY APPLICATION FOR SUPERVISION OF CONSTRUCTION ......cccoovvviviininnne 1903

Pierre Raimbaud ; Ruding Lou ; Frédéric Merienne ; Florence Danglade ; Pablo Figueroa ; José Tiberio
Hernandez



VALIDATING VIRTUAL REALITY AS AN EFFECTIVE TRAINING MEDIUM IN THE

SECURITY DOMAIN. ..ttt ettt st st e e e e st e stee e teesseeasteeaseeesseeasseeaseeaseeeamseanseeaseeeseeanseesseeaseeenneeanseeananesseenneeanees
Jonathan Saunders ; Steffi Davey ; Petra Saskia Bayerl ; Philipp Lohrmann

Author Index





