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Abstract With the recent development of virtual reality, it has been actively investigated to
develop user interfaces for immersive interaction, Immersive user interfaces improve the
efficiency and the capability of information processing in the virtual environment providing
various services, and provide effective interaction in the field of ubiquitous and mobile
computing, In this paper, we propose an virtual reality platform "My Workspace" which renders
an 3D virtual workspace by using an immersive user interface, We develop an interface that
integrates an optical see—through head—mounted display, a Wii remote controller, and a helmet
with infrared LEDs, It estimates the user's gaze direction in terms of horizontal and vertical
angles based on the model of head movements, My Workspace expands the current 2D
workspace based on monitors into the layered 3D workspace, and renders a part of 3D virtual
workspace corresponding to the gaze direction, The user can arrange various tasks on the
virtual workspace and switch each task by moving his head, In this paper, we will also verify
the performance of the immersive user interface as well as its usefulness with the usability
test,

8f4/o]: immersive user interface, virtual reality, 3D workspace, head tracking, head mounted display

*ZFAAL - ANt HFETsl ST e—mail: jwyoon@sclab, yonsei, ac kr
#HPE 22} - ANl e kel BRI e—mail: hjinh@sclab, yonsei, ac kr
#EE AR} - AM|ekal HEE 2R} 34 e—mail: sbcho@cs, yonsei, ac kr

52



1. M2

A2 MRS S2EAE U o g

L= AA], AR Heop aabA]] Foag-S fI%t
UE AREA QB Ho] o] 3t Thlo] EoFA|AL QITHI, 2
TVSEAL AREARA AAACNA A ] dl= ?3_]'

Tl Alsk=t 88 AR o lew,
01]}‘15 AAIANA L] AREALS] FA S A 7}*@}75} 9
HkJ8ka HMD(Head—Mounted Display) 59 2U3d AR
Ab Qe go]x IS ol ARAIA B3t G Al
She At7F Zs] JdegEar Sl

3] ARl A7} wo] w2} AR BAle] iR
olof BH= HRO| e F7IeAL Y W 7|29] gaa
F 719 239 QIEjmolae Y] F7be] Fadtolt &
o Ahe g8l WA 271 A% 5o WAE AYL Y=
g, o1& F8517] 93 AP ARl ¢lEHjo] A5 o] g3t
PFEAle] e §-8517 ol4d 4 glov, 7]E QlEFo]
29| 3AS FEchE ARG A mgI HRA b
2 a7 FAE Aol

B enols A AYERS A S8 V1%
of 229l AT BYUY A Qo] 2F o] g5to]
BAp0.2 ek TMITEAl 2
ARkeich AL B3] Bhy
A58 AL A, WAk S 4 e Ea Aor
st Qlgslolzol thsl ALGA BAHE Saste] AlRis

QUefsol 2ol §84E Bt

rék
~N
0
®

i o

=

o,

O{N

O}

ot

=

“MyWorkspace” =
M A2 ol

3L O

& 9
l#l

by H Ji% s
O:
o

N

. ISt Regenbrecht 52
91 F0el BN 27 WY A2TE 27
(4], 33 F2hol 22 HAFE o ZHEE 27)o]

o}
Asd of Fel=go] AT 2 Hshr] 9l 7% viA
£ ARESISIT 71 v @A AlAll SIAIsk, FhHet
£ 5o A9 U AAY G BE Lol 7IE mHAE
QA 7F FH 71w W 1 o] 22k dlA=F9
TH=E A dHd o & HMDE Fol AREALlA
AFHAT, Kry S A7 29 Fehe QAslel 7Ha
Aol ARgALe] 4 mokS #|d A|7]% HandNavigator
£ ASkstiets]. AMAR= ’“‘HE Eoz A3 gAA H
WA= ANEARY] & FEE QAERL, TR Aol A

53

8499 & wopt BUT 7MY fol ANl MY B

R BUY AMGA dAEdolAE olgsh FHy
U U /12 Aol Hersto] AMEAS ALgAY

2q) g7kol] WEAA 48R Hel $HAL
off me 7hte] S sx Ael T2k Aula

Qe Fo|AE AQFRIY,
3. MyWorkspace

‘Wiron
[t ]
—_—
——
~rl)

WUH AETL S EfH0 A

Optical
HERA MY
I LED A

ez o e

a8l 1, MyWorkspace #+&

MyWorkspacet= %9 AMgA} QIEllo] g of
AR AR el gAele TMEe HlEr
B AAARRE AlE BAje dkE Aulag
AQg7t BhFolh ALHE I 13} ol HeTHsT
29 AMgA ddedlolast s MBS A
8 oEAelaE WA T AE BER

N

7}

-
ox ©

g

UG g Aeelol29] R

3 4 @Q’H A AR 7}
=k 7WAF 2
AAIAIS] AREARS] AR 1‘4.(1][——’—].

) o
AE2 WA ¥ AP A

Aslal 1

A&k

mlm _Il)l'

rir

Seethvough v | LED #E| F2
—

7hd HEE 2R

2|
3l 3

=2

e
oH i op

>

X

lo
>
2,
ok
K

oA Wii ZRAE F
AT BER A
WA HBE ol gte]

Z]—Q—.] 7]./K]— XI—OLL7}
2% AF8A QIEo]

%7—‘1‘%!% Z43}7] ﬁoH XMH LED7} t'zm Z?J_Eﬂh} Wii
glmA, a8al GAS &Sk HMDE A" 1719
7|1& w2534 Ali‘%‘ﬁt o] ARlels BUE ARSAL 2

gsllolst 1y 29} ol AW A

g olgsiel A2l vl 49

o0 ARgAA BUZE AT

849 £2%00] BN §

9|4 LEDQ} Wii 2%

ER [ iRn N PA T B
Hallde AAMAL A



. 7PEE Ao AREALS] Aol AA] AlACA Y] AR
UA|=|ojof FHH{5]. Wii 2]:Z1-& Nintendo Atoll4] 7N
A&, TieE ALt ZelM 7] AA
WaEo] Qlof, Anle] eiFol F2he o) LEDY
A4t HER

Az YRS 7

(@) )

a8 2. Heo|M LED Bt &dli(a)at Wii 2|27i(b)

(%)
N
N
0z
ikl
e
OH
r
14N

M A3 mECIAE WA Wi elmo Ry 43
2 Mol LEDS] SR wasle] A8l A3 &
AR AN Pl Al B A9R BNz

M AUINS BAR S Uk T8 3 3 7R A

A M2l SAYE B

st

~2
o

a3 3. Argxt male SAY

& =eolMe Ayl el w2k = e Aol
LEDY] $IXA3S vhetom A8 viele] At 54 4=
(0,)¢F 2b¢- 2 7=(0),)8 Altsle 24 2E& A7
stolet. 314 2A=2 3p) SAstol $41 % o) Mol 4
3o A =7E 1= { xlay1 ) xzny)}% o]-g-5}od,
HEgte] 27] A7 dE 24

49l 5%, AZe HelH A& 9
LB 02 olgstel e A d
34 7w 6,9 29 I
A~

cosT0] A4} taniee] A4S 01§t

Ho

54

91,:(:05‘1% (0°=6,<60°),
Ty —T

6, =tan 1(—1 2) @)
Y17 Y

27)9] A18A AAE FHOE o] ANE 6,9 9,1
a9 1oAY UE B s A A @
of dgEle] A M AT & YRS AL
AAFE ALg Al Agaet, *P‘U}—OJ A1 gl (0,,6,)
2 28 9 0, #5 B (0,002 715k Y]
o ol Kol Ab AT A A PG, D
(3)9} o] AHnt,

b,

w

=wx(0,/0,,x), y=h>x(0,+90°)/0,1x) (3)

O] ]IH 0@]\/[AX9’]— ehﬂiAX“E_ -
g A B 4=g ojujsin, 44

1
Ooriax = gm Opaax =

= Rud
—E—% MDE 53 *Pﬁx}f’ﬂﬂ] ZZellEch
4, 79 2 ALY Hot
MyWorkspacet 60Hzo|A] (1920 X 1080) 3| =ZS A)
F3l= Deocom A DG-450HP HMDE A}&3}o]
Microsoft Windows® F2}H= PC ZYE 7|Hto g I1d

w9t Wil gl g Are wpske] HAbe] Eakslglo
o, ARgARE 1 49 o] Al HMDE 2R83to] Al
B& ARSR

R -

12 4, MyWorkspace Al 2&



Aoteke clelsolse] G449 HFa7] ) AHe
e st NEARE |E 2 dAAE S
OlE|Fo] AS 7]7F M AR o] Qi 20t Y thEH - o
Sy 1290 A1 TNFAES R BYY Mg
A QlEjsfol o] hgh A4 Mg AFel YT AEA B
e 9l PSS diom susAelelt AR

Aee 7R & Ueide (38 Y e 3 & vE
Y= 537HA] 5EAR UolA] H7hEQTE & 12 AR
BGrto| AMgE SUSHLE HojErh
# 1, SUSEQ|

1 L O] AJARE XIF AMBE Ziolct

2 UE 0o AAHI0| EZQSH 2X6ictn Mzisict

3 L= 0] A[AHI0| ABSEY| &l Mzistct

4 HE 0l NARS MES| feiMes H27tel =20

Zesica Mzt

L= O] AJARIO| Cjost Jl50| ZAmOR

° sl ckn Mzt

6 Lt 0] NAR0| 20M 8t % Zrkm M2sic

L LIS B2 ARIS0| 0 NAHO| ASHS 1R w2
olgl Ziojata Mztsict

8 Lts 0l NAR0| 2 Wil Ectn A2taict

9 L= 0] AIARIZ AIBSIS oiof REAZ L7t
L= 0] AIARIS A4 AZ3t| 93 B2 XSS

=[E=2
o=
Az

10 whojop stctn A2t

::

2FSiCY

AR B7E ARk, et SUSHT 1004 RhEel 72.5%
o8 ARAEL YR Aok FHAFEAl Au|A Z7E ¢
Ello] 25 ol g3k Hlofl gloiA FHA WHeS
I8 5= A4 By} ATE HojRl Aog 3
£ ARkl QlEjHjo] Ao gk G523l
o, A Aol HAxo] wol T3t Aojo|ut,

¢

F

r
rE
)
=)
)
2
1o
o

100% -
90% -
80% -
T0%
60% -
50% -
40%
30% -
20% -
10% -

0% -

Wopery "ey Sos 3w Epeam

2% 5. MY T Z (B4
5 1))

HHA 3 50% olge] AlEol Ateh lejmlolAg
F2 AMgSH o] gloiA] A e ngon 53%

55

OS] AlEEo]

A2 o]gE 2

HEAAY B8 glol AR Esol
Sick gafe] 71 Qleeolag R A
YUY ARgA eiolso] o gk AMgA
= olglg glol R8s ST 4 Urk ANE U

9517

O}

o m{n

A2

=21

o

# =wolAe 7MY AdEte AREALIAl Algshe
MyWorkspaceE AQtelatt. EYd AMA AEHO|AE
FRP ik A0 W PRS0kl 48
oSS FHAGLL, dolo] 7ol 1 Y AP
g *M*E Falpl Ao g

Yool e BAF A8R AEHolAT B8sio]
gt AMEAe] Te] B3 2Alelel ohet ol the

QA 5919] oIt ASAE Qlalstel AGAT He)

270 He BT &~ oA oz ZAYFLS Tl =
7IN71e A7 Fasi)
D28

[1] R. Azuma, Y, Baillot, R, Behringer, S, Feiner, S,
Julier, and B, Maclntyre, "Recent Advances
Augmented Reality," IEEE Computer graphics and
applications, vol, 21, no, 6, pp. 34—47, 2001,

in

[2] K. Johnsen and B, Lok, "An Evaluation of
Immersive for Virtual Human
Experiences," Proc, of the IEEE Virtual reality

conference, pp. 133—-136, 2008,

Displays

[3] H., Aoki,
Natapoff,
Navigation Training," Acta astronautica, vol,

no, 21, pp. 841-847, 2008,

C. M. Oman, D, A, Buckland and A,
"Desktop—VR System for Preflight 3D
63,

H. Regenbrecht, G. Baratoff and M, Wagner, "A
Tangible AR Desktop Envioronment," Computers &
graphics, vol, 25, no, 5, pp. 755—763, 2001,

[5] P. G. Kry, A, Pihuit, A, Bernhardt and M, Cani,
"HandNavigator: Hands—on Interaction for Desktop
Virtual  Reality," of the 2008 ACM
Symposium on virtual reality software
technology, pp. 53—60, 2008,

Proc,
and

[6] J. Brroke,

Scale,"

"SUS: A Quick and Dirty Usability
Usability evaluation in industry, 1996,

[7] M. Goebel,
VR," Computer graphics and applications, vol,
no, 6, pp. 22—24, 2001,

M, Hirose and L. Rosenblum, "Today's
21,



