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Implementation and evaluation of aerial teleportation in VR
using a 3D gaze locomotion system
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Abstract: The latest technologies and interactions in the field of virtual reality (VR) have brought advances in VR movement
methods. The VR movement methods that have been studied so far are two-dimensional movement methods that move in the
ground, such as real movement and walk in place. In this research, we propose a 3D method of moving in the air, which is
different from these methods. In addition, we deal with teleportation movement, which is different from general straight-line
movement. For interaction, we use an HMD equipped with an eye tracking device. The user determines the destination by
controlling the gaze. In our experiments, we implemented a game environment to compare the movement in the air. From the
results, we evaluate the usability quantitatively and qualitatively.

Keywords: Gaze, VR, Locomotion, Interface, HMD, 3D

1. BREEM

B, N=F %LU 7 V7 ¢ (VR) ZZHTOBHEA 4
— 72— R IEHE L, =P ORI E DY CTRE) &
WD ENAERICR > TS, ABFETIE, ZhbDA
VE—T 2 —RE 4 DIIHELTND.

* 2 OTIEHERS B

DQRTT LR—T— g v

- 3 OTIEERS B

B3RTT LR—T— g v

2 WITHEEREITIL, PaA RXT4 v 70T T 7
2LV VR EEEHRMICBEITS. Zhbid, BED
HlE LIIREEL OF B D VRERNZ S X Z LT 5.

IhEBET S FEELT, 2 RIEMT LR—T— 3
YOFIHEND. ZOBENL, BHEMNOREE LA E
BEBIC B EN L, VREFWEZEET 2 Z &3 mbh T,

| BAUBE AR

The University Electro-Communications
2 HURHR TR

Tokyo City University

(©2021 Information Processing Society of Japan

2 Wi EhCx LT, 3 wothBE ClxZeh 2 RIT9
HAUH T 2—ALERLTND. 3 RICHEERE)LY
aART 4y IR ETHMERTHT 7 a it Ly,
28 W 2B ICTRI T 5. Zhich VR BRI H 578, %
NE®BT 2 3 Rl T VAR—7 — 3 3 VI3 B RS
DBITHOIL T2,

FEHEOFEPRNITIE, 3 WEAE ARICHEAS 2T 1 v
TT 5 3WRIEBRBAA Y AT LAEBER LTS, ZAEIS
AL, AZECIiE3 kM7 LR—T—v 3 V2 EBT5
3T B S R T L& A - T 5.

2. PEEWRE

RITIEBEIA v % —7 = — 25 EEHFHNMLTHY, 2013
D 2017 FEOM T 11 FEOBENA > ¥ —7 = — X |TE
THMEREEEZTHD (K1), 60T 2 R/oL

3 FURGHB SE P 6 BT 8 4 T P A%
Tokyo Metropolitan College of industrial Technology



TR R
IPSJ SIG Technical Report

HIBENC DRI ND.

[3]TiE, Flex Perch & W HTRATA & 7 = —AZRERL
TV, BEMZEE, BB L > TEREMES A 2%
FEAL, VIABRRATREEZBEL TS, 2, 3 K
JTCHEERENZ FEBL L T 5D

Controller / joystick; 15

B 1 W SN BEA X T = — AOFEH
Figure 1 Reported locomotion Interface type

3. BE
31 3REMTFLR—T—Pay
£, 3 RIEMT LR—T —3 3 & [Z8hodEEsic
BRERICBEIT A A v A —T 2 — R | EEHETS.
gk, M 208574 SBERBICORELTZ. 3 RITAD
AT, A=Y L EEN L CHENMERD S, B
FOWREIIBET D700 N H—L D, BEITIE—
FONESBET S, BEIROITMIL, BE)LIZELOHE
DOFHMEBERTD.

an ) (B%)) o ) B30

B 2 3T LAR—T — a3 v ORRE
Figure 2 Function of 3D Teleportation

32 3IRAREBH LR T L

&’ ENOAEINVEY &S did

ERETD.

F9, 3RICEDOMEERDD. AFETIE, 2501
EI3 7 arERWC A 25272 a T, VR E
D1 REERT D EERANFERIND. ZThICITERE
HERH Y, A0 CIIERAORITE A HOMEEZFIA L
THRIET 5 (BOBEE AN FZ T 7y a ). ZRIZE - T,
mEEE OB A2 TREIC T 5.

WICBBOWREFEEZRD D, A~ ALF—HR—F
X, 2=V OEMXEFIRT 2720, B~y 22V
WENIT—ITHZ Y v 7 & LT

W%, BEBROTRERDS.

3T B > 2T

L, 3 DOFESE

(©2021 Information Processing Society of Japan

Vol.2021-HCI-192 No.9
2021/3/15

"ETH.

Only Position TIiIB B O J5 MITHEIRTOBEHD M & & [F
CTho. K 3I1RTEIICBERTOED FHNEDEE
TRBE®BOEOTINE LCHEIEIND. ZOFEORAY v
M, THEDOR omE s VR LBy O—KEks
FETLHZLTHD. MELZABICEZDI ORI AL L
P22, Lovl, RRgE 52720 UL Th D,

Gaze TIL, BEZ O FANIBERIOFIZ L > TRED.
ZOFEORAY v X, BRI THD. BERIOGERO T
MBBENR IS S, RAICRR SRS 2 L idEg s
bV, AREEZD. £, TAZLMERDHD. HBRITH
MICENT 2 &N TE 2, BERENI TR B RIS T
5.

Trace Tl, 0.5 T &I h— Y L D% VR 22/ Fiz
%%Té.%ﬁ%@ﬁﬁi@@m®%@®%<ﬁ_iof
WEDH., ZOFEOAY v ML, IAXLAETHD. Gaze
HHAL LT BT 00, BRE, B EEZRZEEH
FAOGR ETEX RV, ZOFETIE, HOHOLEATICH
Bia7ey hTELHD, BE, EE, BEfEHMAAH
IZHEETX 5.

BoBmERAL

lﬂ)ﬂ!ﬂ-fJ”ﬁJa S

[X| 3 Only Position \Z331F 2 B8t DI
Figure 3 Head direction of “Only Position” after teleporting

WoHEBI VIS Ivay
ERBOFEER TV

Bl 4 Gaze IZBIT2BEHZ DM
Figure 4 Head direction of “Gaze” after teleporting



AL P TE
IPSJ SIG Technical Report

AWSHZL N~/ AORBABRREND

X 5 Trace (2351 D BENE D J71A)

Figure 5 Head direction of “Trace” after teleporting

4, RE

X 6133 RITHGBEN L AT AORERRKTHD. 3K
JLHRMBEI S AT A% VR WO Z HRICBEIT 257200
VAT ATHD. VAT LAORBEEZMET S0, Unity
(GUI T —2%AFkCTE 5% MY 7 F) ZH\T VR
TV r—varEER L. 7Y r—va VI,
Unity Asset 225 & 7 > m— R U2 T2 {ERk L, VR 88
BEER L=, LT, FOVE ARV A MIABEEShTH
% APl % T, 3 ontis —4# (BIROESLE T
~_7 b)) RS L. R, AV TF—varbT
XU TICE > THE NS HMD DS ET — & % HL
&1L 7-. FOVEAPI % Unity {24 > — k4% Z & THMD
W SN2 P E DRV BAREL 0D, QWL
MBI AT AL, BHOMEAE 1 DL RO - FEE
4 Sk FR AT —H &L, EERAD— VR
DO EITo T2,

FOVE 0
a AF : R AR, RROKFA2, BER

- AR:oUvY

HA 2 h—V L - BEHRORT/BBHERORR

]

SRTRRBE S R T L

Visual Studio (C#) FOVE API

Unity (VRERHR)

0S (Windows)

B 6 AT LR
Figure 6 System configuration diagram

5. RE&

5.1 EBEE

FHELL3I XA T O3 RITHEBBE S AT L& FHET D
DI ER AT . ERFIEE LTRITA V2T 7 v
aVEERTD. A 4T varvizhrs v ok
4 & BT IS 1 TR 60km TRENTHA X T 2 — A
Thad. £oT, EBHFEITROLSIITRD.

(©2021 Information Processing Society of Japan

Vol.2021-HCI-192 No.9
2021/3/15

- PERFIE G oTHYEERE))
RATA 2T 273 (Fly)
CRBEFE QRIWNT LR—T—v a3 Y)
3WTTHRBBE S AT & Only Position
3WICHABBEN S AT A Gaze
3WICHARBEN > AT A Trace

ZN#EIL VR Z5RE 8 ATh o7

FEEETIE, VR BENZHBICBE LR S a1 20
BT 55— %27, 3 WnEMo-n, HmZig T
R ERLHBICBEITE 5. WBREIIRED X A=Y
—UHNIZH DA & 10 HES LT R BR0. &
A== TETA THRA L M1 13 20> T
< (FRFUTRIRT D). BBHREITT A 7HRA 2 FBREL 2
EIORERIBI LA bR, £, #5570
DlZaA b 3m OF#E CIEo%, HAOFLOES
A=y nicad v ERDLZLERSD (K 7). 7 LAR—
T—va rTEET AL, X A=Y — A TIREEOME
XA LH T a RN, FA—DY—NTIE, 1§
WAL BT a2 ED LR AT.

BRH AR
et

w8

EpD

BEBH—-IN
B 7 2o ORI
Figure 7 Flow of coin acquisition
5.2 EHMili A ik

R, IEHES . VR B D 3 SO FEIE CRMli 21T » 72
B A7 SETH] « 2= A= VB AR — APIZEHAIL,
B ATHETH#IT VR W95 SSQ 7 > — M4l 52
Ji L7z,

T, SEEITIREL AT L0 EOBEICER LTS
DEFETDH. KRB, NI RBE), RENLBEHD
3 OOMREZ ER L. KRIBENE, HAOHD HiEVEE
Wb D, FIzIE, BIEWE R -ST42E ) TiE-3< 8
FlX s G. RERTIE, a4 28558 A—
VY —UHTOBBERE BRI LTS, NSRBI
HAHI ST WIS b D . Bl2IE, BREm O I
Bz U ICE R LW RSN D . AREBRTIE, a4
VEBIZ AT NTOBE /NS BE LT 5.
WAL BENL, KREBEL/NIRBEIE S T2
PREEBERT D, AKEBRTIE, a1 ESRS— L0
NHRTECOBEZIET. MEEMmL S B e LT,



TR R
IPSJ SIG Technical Report

WOXH5HREE L LT,

(a) REeBH)
e L& E o7
Bl L 72 WG .
VR BT U722 o 7z
(b) /=72 H)
e LS E o7z
Bah L7 WG T 72
VR BEDNIE U7 o 72
(c) BEMZLBE)
e L& E o7
Bl L 72 WGETIcATI .
VR BT U722 o 7z

6. #ER

T DB D L IICH AT SE TR O EIZEB W T
$E22FE (Only Position & Gaze) MIERMEITHRTHE
2N Z ERbrolz. £, RERMRARBE O E
FEFHmIZ BT, BRFIEITFHM A S5 7.

8 MBLMD L IIZITIZF A=V EDIIRIZIB N
TREFEDMERTFEICHERTHREIZRE W EB3bh o
7o, WNERBEOWHEEFMIIBNTY, BETFIEITEMR
S TIFAERFIEL D MR o 72,

B9 nbbnd koIl SSQ ARt A AT ITEW TRETF
1% (Only Position) 3MERMFZEIZHARTHEITIERNZ & 230
Molo. o, ARG T L IREFIET VR B
WOIRIBIZ B3 2 5l R B 1A BT Em o 7.

300 * x
. 1T 1

250

200

OnlyPos Gaze Trace
REFE
8 AU SETRHO

Figure 8 Comparison of task completion time

KR (#)

*p <0.05,**p<0.01 BEAE

(©2021 Information Processing Society of Japan

Vol.2021-HCI-192 No.9
2021/3/15

*x
**
|
**
60
50
40
30
20
10
>

4.
ﬁ¥¥;f Fly OnlyPos Gaze Trace
*p<0.05**p<0.01 BEHE E;%E

HA—UE

K 8 iz s A—TUEOLHE

Figure 9 Comparison of the damage amount

2000 *

1
1800

1600

1400

M 1200
B

X' 1000

800

600

400

200

0

OnlyPos Gaze Trace

ﬁ*%—:l:i BEAx %§$5f
X 9 SSQ&FtA a7 Dbk

Figure 9 Comparison of SSQ total score

7. F¥EDH

AW TIE, 2R CHREBRBEIZITS 3 XKoo T LR
=T =T a VAR THDH L ERALILE. I
FEEF D T DI L BHOM & & Vi 3 ol B v
AT LEFEE LI, KV AT A TIE 3 RTHERSZRD D
COIWCHRIE/BEDHE A 2T 7 v a VEREL, BATX
DFHEZEB LT, £, BEIE D% kD 5728, Only
Position, Gaze, Trace &\ 3 DOFMEREZIRE L7-. &K
BINCRBENR DO TN RN D 3 OOF T AT LT L.

oA VERF— L EBLT, BEVAT A EERB O

TBEAELR Lz, 3/ 32T —Y R 10EH Y, &T
BN S W7z, FERIIC, BEE S VR BROWICBWT, 3 Ko
BB E > AT AIPERTIE L 0GR RE2 R L.

L, KVAT AOEEL 3RTMNT LR—FT—va v
EFEBRTDIHLOVVATLAERETHZLET, S6R5E
BB —T = — ADFRBICEHERT 5.



AL P TE
IPSJ SIG Technical Report

B35 X

(1]

(2]

(3]

(4]

(5]

ek & “HMD & W CERI 72 3 IRTHRATI & AT 4
D& ERAEDOFE”, ba—~vr AV FTz—R TV
RY TN, 9H 2019 4

Costas Boletsis : “The New Era of Virtual Reality Locomotion: A
Systematic Literature Review of Techniques and a Proposed
Typology”, Multimodal Technologies and Interaction — Open
Access Journal, Vol. 1, Issue 4, 28 September 2017

Yaying Zhang, Bernhard E. Riecke, Thecla Schiphorst, Carman
Neustaedter, “Perch to Fly: Embodied Virtual Reality Flying
Locomotion with a Flexible

Perching Stance”, DIS, Proceedings of the 2019 on Designing
Interactive Systems Conference, pp. 253-264, June 2019

Kennedy, S.R., Lane, E.N., Berbaum, S.K. and Lilienthal,
“Simulator Sickness Questionnaire: An Enhanced Method for
Quantifying Simulator Sickness”, The International Journal of
Aviation Psychology, Vol. 3, No. 3, pp. 203-220, 1993

(©2021 Information Processing Society of Japan

Vol.2021-HCI-192 No.9
2021/3/15



