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Abstract Several researches in 3D interaction have identified and extensively studied the four
basic interaction tasks for 3D/VE applications, namely, navigation, selection, manipulation and
system control. These interaction schemes in the real world or VE are generally suitable for
interacting with small graspable objects. In some applications, it is important to duplicate real
world behavior. For example, a training system for a manual assembly task and usability
verification system benefits from a realistic system for object grasping and manipulation.
However, it is not appropriate to instantly apply these interaction technologies to such
applications, because the quality of simulated grasping and manipulation has been limited.
Therefore, we introduce the intuitive and natural 3D interaction haptic interface supporting
high—precision hand operations and realistic haptic feedback.
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# AR} B AAREAA T TP A ATE; e—mail: canfuler@etrire.kr
s A A} 0 S AREA AT TP A ATE e—mail: ywkim@etrire.kr
wex WA A2} 0 SR AFEAIA Y TP AAATEL e—mail: whson@etri.re.kr
w5 AAL 1 (F)NTEIM A e—mail: kimk@ntresearch.net

53



o AR/ A1) S ARgAeIME a1, A
wAE S A% PeR TR Ves A8
9, 7P HARUARY 7 AlRE S
fEAlol s sk sk Stk
U @A) 7R Vae AR T 19k A
Bl 289 713 dadde] veel uid A1 dgel
THE o] B A7 AdE 7Rsled, 3y AdY
3D Qe ol w3 A= ok At @l A8shrlell=
Aol B2 Aol didolth

37V olEeAlolds A%k 3D IHEAel w3 A
T 7IEAR 47E49) e AE FEl(o] s (navigation), A

A8l Ao(system
H o )

(o

A, agde

|
i)

H(selection), ZFZH(manipulation),
control)) = Aejste] AFE IO 1], ol
U 75 ARgSte] AR BEAE As)of ke H|H
T Ao ahg o= ARSAPE A3 Al 07 &
AE AAY 245 & ¢ e AHAQ] dsEg Y
& Aot odrt. 1EjBR 5] 4] @A AES
kel ZAgare] 29 As SEA7)7] 9 P
Alzglolg JEED 22 AJHU)7]9 AEE B AL
q =2 gt 7V tARVARA W7 Al2E 5
I 2E uFE, 1Y ofEFe Ao A= ol 71Ee]
Ao A e AjtelA] B W
: PdaA 71w F8 ol F e
7PN BRI AREALE] AHAR] A Ae-S AlTst
o e QlE|Ho) 2l ek dFtelH, A Shs]
R nai=a

-
.

>l

1987\ Thomas Zimmerman< 345 3l
o] AME o]43le] 10719 &7l Bde] $A9e =
of 6AHFES e =

o] James Jramert 3K American  Sing
Language) & &7 <lol= W3ksl] $gt A& st A
g A5 ]88k CyberGloveE st 2](3]. €A o]
5 AR o] TP AT ok d= QlE o]
2 AR AREEOA AL QLo olzlgh A= QIHFo)~ A
AEL 9B A (/0 A7)l <3 W3} A1 $
Wslol e RIZkste] ARG ARtk B AE dljof ahe &=
AT A 7AlglEE e Bl AFAR Qste] ARS
Ao &7kt FA9S AAAHA xS AV B
At WS ARl A A AR} A F7F AR <
* FS AFEP] % Aol A= oM ([4][5](6](7],
CyberGrasp, Rutgers Master &3 2% #Azts 97 A4
52 BEAE HAE =g =AE ARSANIA AlEsAR
[8][9], Algka AFE(DOF)SF 57 (actuator)] =24
EAT} Aloje] ofely To= Bl Aol T 58

%7

T
T

54

ok
s AT

UERZ]ol = ofegol olg]gl o= AF7HA 9
e QlEfHlo]~ FAEL AZXPANA oA FHa e
AFEAE o+ 93 Fgolv FrIbd 7)7] T bRkl
S 93 TP OA2E B AR Y FES
7P FA A" T 2 1EA,

sh7lell= AdebA] etk

web] 2 elpolals 2] AAINE A AR5 g
A= e Eolne] A Glste] F1Ee] Aot ¥
st ) Fo) ANE ol 8% Aol Hls) wE EsH ul
WAES AT A W9 AN AeH 29
A= clEsol2 gAe) Ak AHgAlA AHA o

L W 3o
o o T

)

2L A"

>

=,

Ag

it

Agshe B

o
Nt
1o,
=
e
tio
2

2.279] AP

o E7 ATE AT BY FA AN B P BA
o 6AHE WY PAF MPS, 2398 ol A=
g S 339 fZeloliel A BT 5 ws
S A e APt e B 3geE e
P QEfolne] HEHS Wb F g SEEOEE o
g, v R 4o A8 9 35 A7 o

%
%
o
k)

2. J= 3 JEsolx

w Al ANSE A= BY QleEelze 2 s
of R} AMEde] FROR TEY 4 gtk FHEd]
Rie gAY 1 $49S gUs FAF & g
S A el Pk AANA G- 2L A
FoHe 99 A FPRG BE GE Pl AR
Sl o - 2kg AgsE UG ol Yov, & A

S
A7) 918 62 A

o P4zt ighe A7} 9)
AXEGe] BroRe DUMFEA ofFe AN A=
P Qo) BN 47 B 288 + UES 9

=z
T

CH+ 7]k golnelzlel B

2471 s eslols AA: Aok F847 FEA
& AT Al AHEel o el &b was)
THE WA 1TRsh 249 A W ANE Flol



AgAel ke el Bd 449 ARE A2 v o
oF 85 BAE B Yid ofd
ow wEsle dlet $298 Aot AR,

oA ARgE AAE A ma BE 4] g
LVDT(Linear Variable Differential Transducer)?] 2ty
W9 AME 37 A, T2 1A, AR 7P 23
2 A W 9] A¥E LEVEX Al 2JaliA 7t
o] AN 4kHzo| 782183 12bite] sid=e]
EAS 7, 589 AR 540
&7k W] BSE SA4slel

= [e)
SA4E

.
A=A
LVDTA] A 13} 298

e Aol e 22 S
HgoR & EdA FRRA 39 £ [0} olEdtal
12} el Aotz Asfsiv Al wet 23} 5
el 7] Agre] Wshe ¢lelE ol 8T H 1.(a)].

12 olgslel &2 whde] $49)
i=

[

Hde] FAZ| vl (l=rf)slmz SHE A= A
WaZrEs AR = ek [a8 10 (b)] w7 &t
o Ao, A AR(ANETHE S5 0V~5VAE

o)) Agtolu, Az gl sl
2 AgA} dolel #AZS Best 2e Ao T8

L2712
PN
I Stk

ABAolt) & HEo

ol

Vi, =V min g,

=—————~"—x Amax
V max;, -V min

o))

At

714 Atps WA BE] AREAPZL Qo)) AR &t
WS THHES W] HdZbolY, VmaxpE A #HE9
HoE HEE HE "o AYwelL Vmings WA H4
o] FAE HuE TRIE wo] AUgolth vixztow
Amaxp = (HA Ao ) Ha 7k 9IS L)
ojyf A|ZtH o R JAstE= TH e BE
o] ARgAA o)A Y AEA Fakg A
o] = welo] opd A ARgALY] £} FARE AL
o] 7M = A3 Hstel 7Y 2704 7]
He 283 AP e mdy) 2208 7SIt 1
g 2. ()l

)

fo

N

et i
re

o
2dS

55

(c) (d)-

a9 LR 3l 249 342 A3 149 J= QlEs
o] (a) LVDT A4 (b) &7k ¥ 2490 34 (o) Al

A golols- (d) F1E A= QlEsllo]~

AHgRE Slalel 2714 Fehel R Ao

%5 Aol Aedel ZFsd wpAH

At A olel Eee B Al e

ol Fue A AelNE ARl Ak Aoy

9T & 5 ] Wl olsh Pol Z4F /g

e Azl Az Agael Az elsols
3

BAS AR wmith HAgAlo] oA s vt

2.2 38 QgjHo]2x A

2.2.1 38 2 AA

AFIHA] AREANA 978 AlFsl] e wHorE A

A7) BHEE ARSls WA(dl): CyberGrasp, SAFIRE)¥}

oF = ¥ W(el: Rutgers Master II, Salford glove)

a3 VE oldske WA T thret e 7]
[e)

A7} 9l
2 Aol AR e A4 BEE o8 WY 7



2] A1t A (tendon—driven haptic glove device)
pay

2 g7kl oietel Ao oF s~oNe] @& AT & 9
TH 3. of AR9) FER 25 HEE APEoIA
BASH AHgAe] AA Eo] VS BY M BA tow
$3 Bolb) HES dvle gol Aegs BY S
Ble] Foish Adsel Qi stlolE YA e of
WS ozl BEHS 9I5t] 1Y 3ol4] 1 Rt 2
o] 71758 AHgle] Sfolort GAXE Fol £7iere]
5ot $A0R 488 5 QRS 9t T3 A
Aelel Az Eh $ARL AT Ssto] £ 7
At S BAE Aol 29wl gAYE Slelols
ol A BolEo 5 el AR+ 9 A
e Andow F9t

S|
%El
Exyj
i

fu ot

Eo] &

'rhm éoﬂ

of
2

O:

Aol o %
=1

i 3 el A7t AA] (a) 97 =
= QIEsol Aol A2t

621 e AX(6DOF whole—hand force feedback
device)= & A 97He AlF8l &9 RAYE 745
T v 2™ 4], o] 62T e A 32T 9
J=®(3DOF positional feedback)¥} 3AF=2] A4l 3=

W(3DOF orientational feedback)S Z i 10N¢] o=z <
e Az & g

Main Link / // ‘ \ Sub Link

Weight

ez

Hand Yaw Axis

a9 4 64HTE 3 A A

6= el AR I 504 HE Zy o] 67] 3]A

56

\..

Bz FAEle] glow, oF st whdae] AV
ool AAEAS FF3H Ra), uebd 3wz
4e) AN vk AEA) VAR o] g3l T3}

U
N
N

, WA ol tiair= D—H(Denavit—Hartenberg) 7+

T g Sl

Kl

o uleh B

a9 5. 64 3Y 4] 2

1= D-H| fefell we wde] sy ges vepd

B, o7jelA] 7t o] B 3|Hgdo]] wite] 0=
G0l 31 1eiA) sjejule] ghse 4ol

£ 1. 64 8 49 D-H sehiE

Link a; a; d; o;

1

1 0 57[ dl 91

2 a, 0 0 o,

3

4 0 -z 0 6,

5 0 - 0 o

6 0 0 0 A
Wb o] D-H Tl gtg olgsie] 7k Fel HApua

FHS ek = 9}, m=3F A7) 78K Inverse Kinematics)
AT 71 e RS wERS AR YRl

A7)+ 8HForward kinematics) AN o 7ltlgcl 18
gl 59 A FERE & ATHEY, VA oR 135
I 4~6F02 YE F 3tk F, 4659 4L BT ¢
HollA v, Ag#Ql 4 5525 7|3 Qe w
2hA 4~659] I Y X9 AAeNt Ges wA|



oo 4 Lo

3 YHolle g vH7] get) ARAHo
AAARES e 1-3%9] BAE o]L3)
stat, GRS Alkkel] fEikE 4~659] A1

Fit,
se] AP Aole gieke] 19 63 2 Fele] 43
o] 7|HH-E o]83}o] Roll, Pitch, Yawe] ApAlol| thsh
78 Azay A Aokl 13 (roll axis)ol ALEE 3

CRE

7e

o]

-

£
¢

e
@ 1m

tlo

sy

7|7 glon] WIES Al&ale] o wlskow W3l 3
colojE o] g3t ®ld 5
ARRELTL 9tk mE HAH
A|&-gtt.

1> L ofh 12 ot

\ug

o] 7kseh, e HE2
(tendon—driven structure)<
9= 400mm>600mmx700mme] AE7+He

(a)
7 6. 3AHE YA 97 AIA] (a) Roll (b) Pitch (¢) Yaw

lﬂiur olgidt Algkel FrLE Al SlelAw AES
ZHehe Jad 19 Aol opd
015/‘]74% Eis

o

Ho
T

M= A)es #7} = ARl Atk weEbA olelgk A
A& HAs] s 28 79 (o)elM Be AR 2 63
e Y AAE o5 AA F e BHpd o] AE AR
sto] 3E %ﬂﬂ SALAE Hold A9 Hnkd wjo]27t
olEale] B AN = dEkS 3 Huk

(a)

g
H hS H

AGE Y Az ]oﬂ el x}g x}m} B (o) Yo

Adeite Zﬂ**-EP] H?ﬂ LA Hﬂ ]

A= e APLE A EEA ofEellol dels s 3

57

g QEEels FAE A B 28 ¢ T A
o) 2718k 3 Ao, dHolE 4, 7MY A= B Ao

= Ao, dE 99y 59 75S AYs, 45 o2
AolAell EHA Fgo] 7Fsd C++ 7Hke] glo]Heg]o]
ok 8].

A sefoly] Al

2
29 oy 2

7] s =7k = A B o - E3 AA
5718 2718 S5 Aste] 2 }% e Tes B
sl A4E A Alo] APL AT HlolE F5 gAEE

9] A Slelslols A Holelse e A
= g 49l A 25F W8 A AP A
At A% Qe g E3 dolEE o g AN 5]
AA2 Bujo] FE718 Aojshl Bek. el vk 9]
AZ T e A APLAZE 1 B 29 A

5ot A7, 5 Az, A4 o

L5704

R e e
Ay B 9BL Bk
Application A ‘;—':l‘ fond

i e

Car Reviewing Training

High-level Haptic Rendering APl

Device Driv:rl

[ 1/0 Manager canﬁgulaﬁon Plug and Play
Manager lanager

( Hardware Abstraction Layer (HAL)

ﬁ

Glove-type Haptic Interface Hardware

I Power Manager ]

% 8. = e API

by AAste] FEAEE S1F AR FEANE Y A
= 9% 74 29 ST Ol A3 ﬂa i

o}'-"% ﬂrﬁl”_&
o SEUN I 349 20
7118 4@11*9% %%54 25207 ZaAsr Relehs
HEZUE 7HE AHSR olu) WAE FE oJE: AL
SR 2714 Fele) wgoz A9E 5 ok AiE ¢
g2 P TRe) gponiy 1t Sgon B4



Ei niet QAN
Ao 77 A} ]9}
2 e ztez et o
Makes Agutgol @ Fo] 97

1o

231 2% Algdeld 3 43 Ay

AFAE g FRelA 0] AES 2ASAY olu Ahs
A e 5o 22 AEHeAS
et A5, i AR, 7192E T 2 7P AAlY
=4 AR(3)A, o)%)E W= HEl AP[Y) ZEXE] BE
o3 AIFA OBB F=8AFE &3l olFolxl &7 270(F
Aok A 91A BARE AR 5 vk FEAI-AA ]
271e) E7FEE ol HEeh dA] XM e HE
o] YA Atste]l AA] 3H kel olFe] A
& = QM Erk oluf 7MY A= mEle] Y= Abdel A
451 AAE 7P AR 9ie ZeAM wo] spk A
B3 oA QEF SiGich wEbA ol vehd 4= 9l
AA| o] A9k 7 e o] X)) Apol= ARE-
Al A AlTEE dzke] Wy A7|2 ALk oA, the
I} 22 A(6)E 7 F Qi

rlr ml

f =kX —X)+ bV, = V) +u (5)

oA7|1A £} b= A E(stiffness) 3 HA = (viscosity) S W
ElE Aroln, XoF X AA &3 7P A= e ¢
Az 7P AAGe] FEA ARt H“gﬂdr aga
& Ve 24 S5 Yehie, oe A8E IS 2dg

= QxAlojr}

a8 9. AsA Ui

9 A=HAe] AE 22

3. 58 Fof &

Aol s A A Y QIE o] 29

58

o] skl AReAk e 5 TEakslt ol
A=E2 A7 3me] 29E W shid} 4096<1536°)
A sk Hasd l 1 A5 ]88t A
AFsAel Sakste] Wks B X3 =93t A4S Al
TR R ARSARIA ARLA o - 231
7ol " S7he daago] 7hs sttt 1

TAE A|2E HEY 4 3.2Ghze] CPUSH GeForee 8800
gl SsfEfele VIR Y AlEweold AxEE
TEAT, &9 YHE 457 98 AuRE 299 )
29] 15-900 9154 FA[12]2 ek glov], &viet
A FAL B ATl ARG wAgE AE Qe o)
A ARSIl mR ARl o -
S e ol delN AR e e BAst 61
e Y AA7F AREIT. o] Ak i 53

of AMgE AeAt mEe 1007 EE]te uFE HdRA

P R S EN =) ~al°]01 v Aol 2]

A2

O

==

-

o 1

|

[o2
O

s,

e 2 B ol e Algdnh ARAE &
Aell glol Fl= QlE]o] Msﬂr Y GAES Agata,
2HE L oS Folo] AR Bol= Abeal A5 A
S} o] WAEAY FE & 5 glov], VlojaEd 9H=
248 2 4 ek E=3 CD Sdlololdll (DE olA 4y

St 99 WES e (DE UeAE ¥ FE ok o)
snse] Qi ol el BES 2aste] vl 44

o o= s wigd &
& A A Be 8

slom, 244 okl Qs A
9= S0 AMAA AT Ao 71

3.

1 2B 0 75 97
B AT AuEolr] Alsel JEAEE Sldtl
At A A 2Ao] B wgY 0P A o
Blols gAsh AIH o+ EE ATS 9% WY A
9 63 W GRS At Wl 4% oAl Hs
o £A% BRS AU W APIE AN, EH



ARgAS] 3 M Akt Aelele g49e] 1 A
= Rag A3 Sletel P 2l TPEE olgd

AL QS R G WL T el
olHo] 7Fs3k MUAHE & 5% A5 o] o83}

A= 9 clEsolse] A8 AEAOoR A
# =39S 93 7P E A|AEL FEEQIT) o]
A8 A g BRS A% /M EW Asgwst of
Uat Ausbd 71719 gael s ERa g
ofZeiAel A okeh Al Z2 <lEfH]IA
AAoln Az FoAg =R ARE ZloE V)

gt

= 2

£ US AhR EAEE A Belaa 7]

1L AFe] B Akl e
Aol A A s A S
gAY 5ol

n&

5|

r-{n

[1] D. Bowman, E. Kruijff, J. LaViola and I. Poupyrev,
"The Art and Science of 3D Interaction", IEEE VR
Tutorial 2, IEEE, 1999.

[2] D. J. Sturman and D. Zeltzer, "A Survey of
Glove—Based Input", IEEE Computer Graphics and

Applications. pp. 30—39, 1994.

L. Fabiani and G. Burdea, "Human Performance
Using the Rutgers Master II Force Feedback
Interface", presented at IEEE Virtual Reality Annul
International Symposium, 1996.

G. C. Burdea,, "Force and touch feedback for
virtual reality", John Wiley & Sons, Inc., 1996.

P. Wellman and R. D. Howe, "Towards realistic
vibrotactile ~ display in  virtual  environments",
proceedings  of ASME Dynamic Systems and
Control Division, vol. DSC—57, no. 2, pp. 713—718,
1995

T. H. Massie and J. K. Salisbury, "The PHANTOM
Haptic Interface: A Device for Probing Virtual
Objects", C. J. Radcliffe (Ed.), Dynamic Systems
and Control, ASME,DSC—-55, Vol. 1, pp. 295—301,
1994.

[7] C. B. Zlles and J. K. Salisbury, "A
Constraint—based God—object Method for Haptic
Display", ASME Haptic Interfaces for Virtual
Environment and Teleoperator Systems, Dynamic
Systems and Control, pp. 146—150, 1994.

D. Gomez, G. Burdea, and N. Langrana,
"Integration of the Rutgers Master II in a Virtual
Reality  Simulation", Proceedings VRAIS'95, pp.
198-202, 1995.

[3]

[4]

(5]

(8]

59

[9] Immersion Co., The CyberGrasp: Groundbreaking
haptic interface for the entire hand, http:/

www.immersion.com/3d/products/cyber_grasp.php,
[10] LEVEX, http://www.levex.co.jp

[11] Dongsik Jo, Hyun Kang, Gun A. Lee and Wookho
Son, "Xphere: A PC Cluster based Hemispherical
Display System"', Proceedings of the IEEE Virtual
Reality Conference, pp. 58—59, 2006.

[12] InterSense, Inc., IS—900, http://www.isense.com/

T &4

19999 AAshal e 2stat
(8Ah). 2003 &zt 7HFE
T EAAD. dA SEaEal
AT TPFEAATE AT R
of= 74, HCI,

iy
s

haptics,

computer graphics

Ae g

19963 <lathstal Halgsta) E(8)
Ab. 1998 FFdlr|ad AREA
B3 EAAAD. A A=A
AT TpdAAATE Adad 2
AfoR= THdE, HCIL,

N
J

o,

F

haptics,

computer graphics

b

S

1987 AAeh 3t
(BAD. 1996 "= Texas A&M
University ZAFFE e ZA(XAD).
20013 v]= Texas A&M University
AFe e 0. @A =
AENATY FPFEAATE B pAlEoRs skl

haptic interaction, robotics

A 29

AR

1992\ AN gk
AD. 1994 QE =
I} 2 (HAD), 1997d U7
7188t ZQ0Ah. dA (T)NT‘j/]
=] CEO. Fok= robotics, HCI,

micro/nano robotics

2+





