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Providing 3D Positional Information with 3D Vibrotactile Grid Display
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Abstract We investigated the feasibility of attaching a 3D vibrotactile grid display to the back
and sides of the controller to represent 3D positional information around the object on control.
Two user studies were conducted with 12 participants, to select a suitable vibration pattern
design for direction and altitude representation. Comparing the accuracy and response speed of
participants, it was found that it is suitable to use an elliptical or rectangular actuation point
rendering method for the direction representation of the back grid, and fixing the start and end
points of the vibration with the tip of the index finger for the altitude representation of the
side grid provides more accurate and faster perception. In future experiments, we will explore
the design of vibration patterns that can simultaneously represent direction and altitude.

sflof: 33 FE 73t gAZEFo)(3D Vibrotactile Grid Display), F& FE¥(Vibrotactile Feedback), ¥
& ZR|(Vibrotactile Hlusion), FHEA(Coordinate System)

o] =2 20239 IS EEAR)Y] ALoR AT G- Yo AT AP ot == A7 (No. RS-2023-00280472).
*FAA}F ¢ UNIST AfFelaeta
*WAIAZ} - UNIST #AFEZsH} 14 e-mail: jaeyeonlee@unist.ac.kr



1. AE

25 daZols ARARY] AA] F9jol] 2 HEsto] 2
5 WES W, Is F42 B3l AEE ARAPIA HEst
of wi2A 93 & QleE Bk ek i) ojnf AE
e 3449 Wedat ol¢ Avte] AA IS Yot [
5 ZEHE 9% HEeE s HEE HiAeke At B
on, o HAE AF It faEHo](vibrotactile grid
display)gt dZ=tt.

A 2= gagdele] o 28 7hsde F<=3] o
TEIR. A€ S0, ARARR] S ASse] As wEe A
AU EAE ARRte] 5 AAE e &S
olg AFSR=3] 5 FHoI &3] L-8HA| ohs AA 74
oflAe] M= A2 ALsiith. Aol Fal Fgo] %t
EHEe] 39, &7k olgste IRE gAEFelE A
S37AU2], A TE=rt FEE f) HEelAE FHeb
o] €A A 22 AFollMs VR E301K9] HekRt
B AURRE 18, &9 BYo] 3] dE 2= Ha
dol7t AAzkez Hshe A ERE AN AAHAL

@) 5 TP)E gaseo) B 7SS 1249 B
o TP=g BRI Ao 20| WA 9k ol TRl
2 kel A5 e A stk A A,
=48] 33949) BuE AT 98 7 3 A 7
Aol Wash Hik. A8AH 715E HuE HIIGHS ),
S HRE U ol sE) ul giste] kel Azt
o 2R%5, of BlE Hu Agoleie WS Aol A}
& 247 vithels HoRdolch g Ziokdo] ek 2
=22 238 49 =8
22 w2 AASHs Aol Fasl E8
250 249 A% 19E gASgols H8siTE, I of
Mo ot o] 7hge] Wesolekelulols wkE el
A5o] £ FhHolAe] @S ok 5). ol A% 487
7 o A5 Elo] oful F85) SAslolo} s, e
st o 208 AT 9E 2k e ST L

me P

1249 A% JE tazdeld] Hud Wi Fus)
o, 339 AuE 71 glo] AT WAL AL, 2
ATONIE 349 A5 TPE Pasdols AES
20] 48, 339 9% S 7 Qo] Agste
Akl 339 HES EHE U DEHEAS B8,
oMlE W AHY) Fwet TE g A7 Agelel, Ay
£ 713 glo] w2y HesH Tt 4= 9l 349 A5 1
PE tazdols AASIA et

2.

AEg tujolx

£ dFo)A E8spr| Qo] HAEEHE B3 fulolA
a3 13} Zo] AZFelct. RadioMaster AF] TX16S

=
=

3% 2. telolAg] A TE HX] 9 &30] HE RO
tE FAESHYY #4845 5] 19lmm x 185mm X
48mm?o] 7|2 ol FE EAE ARl o7l 3D =d
E3t tactile markerS F&lo], gHlo|AE oz Xk
< 4 Fs 29t daSo|7} &3t A5 P & =
£ oiltt. AL B G0l 89 HES FEksie, oyt
oA £ JHIE AY F 2F0] 715t E o5t

Tactile marker® Wet % 20719 ERM(Eccentric
Rotating Mass) A5 ZEE F&, fHlo|AE E2e 33t
9 XE 1= gAEe el FASIIE o 144, & &
Holl 7+ 378 FEsigloH, et A ZE7)EE 3cm
A4S Tt tHpo|AE o= HA9RE W 74 XE K
&9 AF AL 19 29 Ak 39 HEs ST,
W HEE= FA, A, LA wEon|, HA9 Ae &7
o] THY| ZE ZECL Pt}

Ao sE FREE s e JAst] Hotol, &4
ZA] 7149 3Rl WE A=HPhantom Sensation)2 ARE-
sttt & 71H2 A AIV1E g2Elote] BAlel BEE A4,
271 o9 AE EH Ale]9] gk A|FoflA Aol doldth=
A7Le Boldity. & dAolxe A BEY AT A7I(4,)
AkkE fIote] ohgat 22 41 ARESIGITE

max (D, —max(d, D), 0)
A=A Dhax — Dhin

o

IL:

o
—lolt rl r

€

®

ol A= Wy Aoz YA W A7), Dy D
£ W A=o] doju= Aol ¥e), 181 di= WF ZE
o} A5 A79] AR Alelt Dy, < d < D).

F9 22j=0] 49 G Aol 12eme] 7kl EAfste
93 2 2, BE e AP dueselis ol
3eme] 7o 7S ol AESHE B4 %= A
HolAl 252 =2 W, A8A} T & Aole] 12 e
AsA) E Aok FgoziE UL Ao, o
tlolso] Aol W AT BET W WE A
BapA ol AL WAste) £t



(a) Circle (b) Ellipse (c) Rectangle
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