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A Study on Development of Technology Roadmap of Haptic
Interfaces in Games

Seongil Lee - Sung Yong Kim
School of Systems Management Engineering, Sungkyunkwan University, Suwon, 440-746

A technology roadmap was developed for haptic interface technologies to be applied to games. Haptic
interface technologies are expected to play an important role in games to provide gamers with interaction
and immersive perception in near future, even though haptic interface technologies have been less studied
than other perception-related technologies with respect to games. Information on two types of haptic
interfaces - portable and desktop - and their evolution processes were analyzed in terms of technological
demands. Haptic feedback technologies to realize these demands were inspected with the time frame and
haptic feedback technologies were derived using a technology tree. The technology roadmap of haptic
interfaces in game was finally constructed by mapping the technological demands in time with game
technology trends. The technology roadmap of haptic interfaces will have implications on developing
haptic interfaces to be applied to many applications including virtual realities and games.

Keywords: game, haptic feedback, interface, technology roadmap

L. k] £ ok A H/W ko] oFilaE A& ZH-E(interaction)ol] 2] 3] AU A}
A9 FALH SUA7 55 Siskete] AREARS wEE-of <
Arglo] Wy o olata] Zhgity gl AYAFL By 3 WElE Y= w(feedback) TS F JEE 313 Qi) o] 3
o Ve ddE 1—?‘213134, AYNES 93t 71eE AU HZ A7IE L lom, A8 712231 A9 7]
A AR, AL 718, 3D 1Y, S8 a3 AEEH 5 EZAL=Z 2 E #Folrtar 3tk Rolling and Morris, 2000).
FARpE R thekalA 8} itk 2y E AY o]y 3t H oMo Ea opaak A5 R8O AT 20
T A4S Gl 7HAA B FoS FHAdeZ g A& Fol &3 & 59 14 FAYES Fe AL o) &t
star, Al e 271 AAE A s 95t AY BH 7]& A9 haptic AE]H| 0] 2 7]<0| T} Haptic I =18 B3] ALE
FAS A AN S v 17“4 o7 AA ADAZN A= A EAlA Aol HgE sl Wi AbdH ol Azt
HolE7] 913 =83 Aok, e 45 Bz &y WSS AARIeE S F slow, ofyd AMdAS
A @717k ek BAdE AR 71]01 o 7|Zd) AFHI}  haptic JEWLE A Q) AHERAE St F FA 7T BQ7he =
Al T2 S wet AREF a7 ek e EO]U% 2 o ALl gk S E iz ok H2olle 23 R
Fatd A g, Aol AHEAS AY 9W, FSAEA 8 2 haptic AHFO) 2 A E 7|22 dfo] AYo] HEE 5

AR A Adadsta AD7IENEALAE ] 2003 A7) Lo FPEUS

g W, 440-746 B7)= LAl FAT HAF 300 A AN A2TH YT, Fax 1 031-290-7610,
E-mail : silee@yurim.skku.ac.kr

2003 108 19 AS, 13 4 3 20043 4¢€ 229 AR A,

2 Qe e
A ol



| 948 Haptic JEjsl o] & 7] & ZEF Aol 23 A+ 159

=
=
L

ohekst Ao A F ko] Fs =2 AT
Aol LA 31 ). o] 3 A| - | A Al o]
aptic Q| F 0] 2~ FA]of] T 7|&HH &
M 2k w2l haptic QVEJF 0] 2] o]
= AL 9 gl dojgt & 4= Qlth

5% NEE 4 haptic B FH o] V)&
of BHA| 73k, Aol A8A1A & haptic §1
Jofl thgh Al e i oy & AelEt i o]
njEf o] AQdo] 8738k Hie} ojdll B V&S
71e S Ak, FF 22 AYS haptic
Bl o] 2~ x| 9] A7t Yol Wk A Al slaLA} gk

i3
rr
P
N

C

]

=

I

oot vo
rir
AN

X > |o

rr

(RN =T R A o)
tlo ofo X rr
ek
o mz 4>

N
of ]-m

ot M oz

= g ot

o 4y
2,

o ofN
=

(

5,
-,
[>

},

£ it T ol
offt
of
£

NN
of
-
£

[e)

=

2.1 Haptic I H o] 29 257

Haptic Q1E #|o]2 2|0 that A7} £A3515 7] A 2¢h
AL 80dd %, AFE7E wHsta By EwA Tt
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AHARD =02 Hedty] fste] A A (piezoelectric
crystal), 3 7] (pneumatic), BAF7] 3, £ 0] E(solenoid),
SA F Y(voice coil) & 2830} Tactile T =2 AukA o
2 7P FojAdo] EoY, force T =M BIS|A HA7HA|
NeRoT 24 AT AN o] FHsH FAH17} o]
At} (Burdea, 1996).
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A o] Fe SAEE AR AAA, 71ET T 4528, skills/
science/know-how, resources 5 E]-"* 7¥A7F Tk (AAH, 2001).
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Ao =zko 7 %Zbo] 7153lal, whebA] SEE Alx

Ewg oh

— Tactile feedback (—]

Force feedback

Shape Memory Alloy I

Piezoelectric crystals I

Solenoid ]

Woice coil I

Heat Purnp I

1 L LD

Electronic IMotor I

Hydraulics I

Prneumatics I

Piezoelectric I

Iagnetorecstictine I

—] Miotion capture

3 71&9] haptic ¥ =4 7]

Portable

Exos Dexzerous

Digital Data
Entry Glove
AT&T

Data Glove
VPL Research

Hand Master Hand Master
- EOXS.Inc EOXS jnc
Rutgers Master GLAD IN ART
Rutgers Univ. Glove
AlT s.ri.

- E | Power Glove

Mattel/Nintendo

4 SAFIRE
m EXOS

Suit and Glove
M.O.Sys.

Pneumaic piston

#

Rutgers Master Il
Rutgers Univ.

Sensor Glove Il
EXOS

lLl IRNEN N

Opitcal sensor I

Ivlagnetic sensor I

s AT®

Cyber Grasp
VR Tech.

50T Data Glove
50T

Touch Glove
Infusion System

----- Cybér glove
B Virtual Tech. Cyber Touch
d Pinch Glove VR Tech.
Glove t){pe Tactile feedback
(non fegdback)
1985 1990 1995 2000 2003

3% 2. F0-& haptic Q1B H| o] 2 Ao 3k A =

1, Dexterous Hand Master(Youngblut ef /.,
1996)4} CyberGrasp(Virtual Technologies 19998} 22 AE0]
A 2, A S5 Aol

Y m
> o

TR
ot N



Glowe el 72 9] AR} £ W 52 4340]
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Digital Data Entry Glove(Youngblut e /., 1996)7} 7 3}e] VPL
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22} VR Technology AF2] Cyber Touch7} tactile 3] =8-S #| &
dhe A& Al9Jstale A S 2 glove FE] 9] Q1E]H o]

ZH force =W WS 7hsatA & 4 ok AL E

o= ©

o] NintendoA}2] Power GloveZ} Yo HTHE 335 A4

T3 Aol 2 ARFAAL, 20023 Essential RealityAlol] A
Power GloveZ 7§ 413} PS GloveZ £A] 80 2 4 glove FE] 9] A
ol AEEY/} A ESES oo (Essential Reality,

4%

F= pen FEIL} tendon FEI7F EFHB(<TH 3>), £
8310] 91719} ke QR Holx slze) Zolxd
b alold A N8 AEA AE 59 A AEE9)
2ol et
B haptic Q1B B 0] 2~ A=) ol = 19931 of] 7] &F Sensable
A}e] PHANToM(Youngblut ef 4l., 1996; Cavusoglu et al., 2002),
2000 d o] 7HHE FCS System 2] Haptic Master(Horie ef /., 2000)
S} -8 Pen P9} 198913 0f] T th S}l A 7 E SPIDAR
9} Z+& tendon FEN(Ishii er al, 1994; Youngbult e al., 1996;
Buoguila et 4., 2000), 2] 3 7|€} e} 7} Q). o] So| A Zs}
£ haptic JEM S AE TEHE 1572 AR5 force T E
WS AR AR Al AR et = BT

o|FA AL haptic VB o] AR ALES AR ¥
5 ol AA A2 G AT hapric 7=
S <X 1>9 Yehhgltt

M o o

2002), .ok @47 Q3 AW QE AYS Yo Fo 2T o]y E 1. 5 haptic QIEJ#| 0] 2= A 59 73 7 th 4 214 572
3 O AlAiE = _ _
=2 AL FA 0T E ) -&(Portable) EFA & (Deskrop)
N . _ Glove Exoskeleton Pen Tendon Other
3.1.2 B33 (deskeop) Haptic Q1B H| 0] 2~ 2] o] T3 A =
y L & | & 2 2 2
B hapic QElT0] 2 FAE ojBHL AR ngn  _E | H AN | E < =
A Aol A] haptic T EW-S A SRR 7]E AQ) FE
E22E dASAY /8] A 7es ATE & o <F 1>A & 5 =0 £F haptic QB o] 2 FA] 52
W% 4 FHE 2 Aok S hapic A0l Aol 8 0183}o] 2SI hapeic AZNE 0 5 IES A
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Magic Wrist ot Levitati
e Levitation Ham e
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Haptic Interface
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H %101, E3] exoskeleton BB 2] haptic Q1B H o] 2~ A2 = &=
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71&9) & haptic QIEJH| 0] FA| 59 o] 5o e Ei
g AT o] W ERe ukE FHoA AR 7]E Al
AEEY Y] 2AETHE #Ao] o] AlYE haptic Q1E]H)
242 & AL, BdE 4 gloH Ve 2ERS Xhs)
= b &% 5 9tk

o] o= HAY7}A] Magic wrist, Magnetic levitation haptic
device®} o] 2}717g¢] wste| o5f & AepAY ks 5
A AAEO] e AR &5 HellA A-g/do] A
oA T/ o AT A E FE FAL 5 2

= AR5 E 9l
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2710 719E A8 BES] AESHE Zo| 28} A9
=7 BE Seldl BAR S obRdl s|=ulo] glojal,
AEAE AL 3] AR AN B 7] 9
59 WET Y & A 22l A7IES0] Bas]
AASEA ZEESOI} SESolE F8 AHEAL] A3
2 el 71540 FolAT AYEE AHgASte] F54 5L
3l hoke e} S| =l 1) ) Heiek<ay 43)

olelg Al 5ol Hl0.2 SHe A 4% hapric AIE o]
2 AAEH AR 3 AN BRee v &

ATt 2719] Zo| 283} AP ETE A Zolh =0 e

ZNEEHEA o2 AFE 0] 83 force I =W ARSA}
o] &of) A HAL, At AFG FS 2 AU 5
ANAE Al Eg ol AYoE At (steering wheeh) S} A
Y=g F3lo] S ofy g} Al 7kA] BE 9 [E-S 53
force T =W S NLDSPAM HA| F32 22 =708 AT
stk 123 1990 SHk o] $2 73S ¥ §l= DDR

7HA]E haptic I =S Al FoHA= Bl §lof haptic QTE #|0]
25 ZAEFALIER EREIE oHT

oJAH, AY AEE} W Z53} 7502 g
W=l or, ofm g A= Fej7t S A=A A7t
& 155 TRTLEA VY AY AESI} ZEFolok
& 253 @ 7ARES S0l ol 719 B haptic Q)
B#o]2 7]g ol HFo] A3E & e AlY-E haptic EH
o|l&7EES Aot .

-

=

3.3 ¥ AYE Haptic YEFH o] & FAE AT 7|&
2= 7)1EH AA

o2 R AYE haptic JEF o] FAF0] A A
A AYE AFs] A B =R Ve e 49
33tk o714 Tahe 71E A ol Al haptic B H o] ~E
A3 71e 2EE As7] As) A 5 Y 2as
o HjA S dHHA o]E7] A% A=) ez S T
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3k 212 v 9] haptic AW QAEIFH o] FAE0] BQZE T}
ojy 7|& 71&s 3l AA A& 7hset 7E
7} ab= Zlolth 1A 71E VIeEY] B FAEE
5 18 7lEElE ﬁ“ﬂﬁﬂ HiOR5
< N7 Fogozn Ja3 7|edES 7Ed 4
At AF7HA] EZE 71E haptic QB H| o] 2= FA] 59 W3],
A Qo2 FX] 8 Wg}, 71E 7|es] A ¥ A7
=9 28 A3 7|esede v 2o AT itk

D A+ (degree of freedom)

@ B3 (hybrid) haptic I = 1H

@ oA

@ o7 AA S

© 452489 gH

©® 6 AHT= pen FE| S} glove FES] AlY QB F 0]~ 7]&
o 24 3

@71E 719 AR

® 71

olg gt 7]&E el 718t tha DA haptic Al <
Elgfjo] 2 AR 7]& 2ERS Ao 7etgES BT &
At} B Ao A= Vincent Hayward(1996)7} haptic Q1€ ] 0]
2 R oF QA o] AF AR AA &, A2, D A
O A ZHAZ AN RARE 20l ZtelA, D &5 A8k Al
o, @ FFA 2FolY Frh HA 5 A4S 2 g s
S AN AR E AlTshe DA ALE AlEgold A
@ HEAD T o] MY FA-& AHE-3tE B =S 7 g5}
A e BAAY TY Al 7 B S 710 E HEo] Tbe
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