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An Experimental Study on Directional Information Presentation Techniques using Vibrotactile
Stimulation to the Head

Kazuhiro Matsuoka™ 0 Masayuki Tsurutaf? O Hirotake Ishiit! O Hiroshi Shimodafl 0 Hidekazu Yoshikawa*!

Abstract — In this study, two techniques have been proposed for presenting high-
resolution directional information using vibrotactile stimulation to the head by plural
vibrating motors. One is two-motor technique that presents directional information by
vibrating two motors simultaneously and the other is single motor technique that presents
directional information by vibrating only one motor depending on the presented direction.
In order to evaluate and compare these techniques, a prototype navigation system which
employs 8 small vibration motors has been developed and some laboratory experiments
with subjects have been conducted. As the results, it was found that the presented direc-
tion can be recognized by the single motor technique more quickly and accurately than
that by the two-motor technique independent of the number of the directional division.

Keywords
on the head

1. goano

0000000000000 D0D0OO000O0oooo
0000000000000 00000000000
oooollpopoooooooooODOO0O0O0OOnD
0000000000000 0D0000000000
0000000000000 00000000O000
0000000000000000000000000
0000000000000 00000000000
0000000000000 00000000O000
0000000000 000000O
0000000000000 0000000000
0000000000 000000000000000
0000000000000 00D000000O000
0000000000 000000000000000
Jo00000O0ooooooooooooo BEElg
000000000000 000000000o0O
00000000000000000D000D0000
0000000000000 0000000O0O00O
0000000000000 00000000000
0000000000000 00000000O00O
000000000000 00D000000O0O00O
0000000000000 00000000000
00000000000 000000000O0O00O
000000000 000000000000000
Oo0Do000oO0ooooooo

*DO000000000o00o0oooooo
*TGraduate School of Energy Science, Kyoto University

Vibrotactile Stimulation, Vibration motor, Sense of direction, Stimulation

000000000000 00000000000
0000000 0000000D00D0000000
0000000000000 0000D0000000
0000000000000 00000O0OOoOonO
00000000000 0000000000000
0000000000000 000DO0000000
0000000000000 00000000000
0000000000000 00D000000000
000000000000 0000DO0OD00000O
0000000000000 00000000000
0000000000000 00000000000
0000000000000 0000000000O

000000000000 00000000000
O0000000000O0ORobert W. Lindeman 0 0O
0000000000000 00000000000
O0D000TactaArmBand 0D D000 D MoooO
0000000000000 00000000000
Erin Plateski 0 D00 0000000000000
ooooooooooobBloopoooooooo 3x
3000004x 4000000000000000
0000000000000 000000O00O000
0000000000000 00000000000
000000000000 000ActiveBelt 0000
ooooooooooooooooooooo g
0008000000000 DO00D0DO0OO 800
ooDo00o0oooooo

000000000000 00000000000



goollpoooooOoO0DO0OO00OO0O0DOOOD
000000000000 0000000D0000

gooooooooooooooooooooo Mo
0000000000000 00000000000
00000000000 D000000D0OO00DO0On
0000000000000 00000000000
ooooo

000000000000 00000000000
000000000000 D000000000O000
goooooooo®looooooOooooDooO
00 20000000000000 20000000
000000000000 D000000000000
0000000000000 00000000000
0000000000000 00000000000
00000000000 0000O00D0O0O0O0O0o0n
Oo0D00000ooooooo

000000000000 00000000000
0000000000000 00000000000
000000000000 D000O000000O000
0000000000000 00000000000
ooo

2. OobOoobooooabooaboo

gbooooobooboboboobooboboobooboo
ugboooooooboobboboobobobaoba
uboogoooaobooboboboboaobgooboao
oooooobooobo 10bob00oboobo0oob0oooon
gboogoooboooboboobobobaod
ubooooooaobobooaoaoboabaoooo
obob0o40000000000000000DOO 8
oboboboooo4000000000000000
gbobobooooooboosoooboooooonog
gboobooboobooboaoboaboo

ggoobooboobobgbobobobobaon
oooooooo40000800000D0O0O0DOO
oobooooboooooooboooboboonb 20000
gbooood

2.1 ODOooOoOgobooao

ggoogooobobooooaooooobooaon
uboogoooobooboboboboaooboba
ooboboooboooobooooo 200000000
ugbooooooobooboboboboaooboba
gboboboobooboobooboab

goobooobooobbooboo 200000000
ugboogooobobobobooboboboba
gbobooboobooboboobobobobaobgooboo
ooooooooboo 10000000 boooon
gboooooooboobobobooboboba

o200000000000000000000O
gbobogbobooboboobobobobbooooo
ooobooobooooboooobooobooboooo1d
sooobooooooobooboooboooobooo
ggoogoooboooooboboooogooan
ugboooooboouboooboobooboboba
gboboobooboobobooboobobooooooo
ooooobooboooooboooobooboOoz200000
gboooboooboboboobooboboboba
ugboooooooboobooboobooboboba
ugboooooboouboooboobooboboba
uboooooobobooobooboboboba
gbobobooboaoboobooboaba

%

01 ooogoobooobog
Fig.1 Two-motor technique

2.2 OOooOoOOobooOaon

goobooobobooobobooooobo1oboobon
gboogobooboooboobobobgobabod
gbobobooboobboobobaobbgooooooo
ubobgbobooboogbobaobobogooan
oooooooob20g80000000D000D0O
ugbooobogooaon

ggoogooobooogobooooboooooan
gboboboobooboboobobobobaobgoooo
ubobobooaobobobobobaobooboo
gbobooboobooboboobobobobaobgooboo
gboogobooboooboboobobobabod
gboogooobobobooboobobobaoba
ubobogaboobbooboboboboooooo
gboogobooboooboboobobobabod
ugbooooooobobooboboboboba

RRARH
il mEEzas

RRAM

#

02 O0oogoooog
Fig.2 Single motor technique




gbooood

ooob20000000000000D000DO
gbobooooooboooboooobobboooz2o0
gboogobooboooboboobobobabod
gbooood

3. ubooooaoo

3.1 0OdoOoOd

ggboboogboboooobbooobbooooboooo
uboooooooboboooboobobobaoba
gbbooobogbobobooobobobooboaboaon
ugoogboooboboooboaobaboboooo
uboboobogoboboobobobobooooao
gboogooooboobobboboboboba
gbobooboboobooogbboobgooogoao
ubobobogoboboobobobooooooao
gboogooooboobobboboboboba
gbooboooboabod

gobooogooooooooboooboooon
oboboboobobo400000000200000
uboooooooboboooboobobobaoboa
gboooooooboobobdoboboaooboaooa
ogbO0O1600024a00032000000000

3.2 OOooOoabooan

ggoobooooboboboboboboabaon
goaoo
goaoo

oobooooooooboboobobo FM34rogon
ubbogoooaoboboboboboaobgoaboo
uboboobooodaboobogobgoobooaboa
gbooooobooboboboobooboboboba
oobooooooobooooosboboooobOooon
god

oo0oboooooboobO0llegboboOo 200024
oboo0sgbogdsz2000040000000000
ooboooooooooooooooo pWMODODO
obobooobooooooooooobooileonon
gbobobooooooboboz20b000000000
ob2000000003000000000000
200300000000000000000DO00OO
ubbogboobboooboboobooboaboo
ubooooooobooooboobobobaoba
gboobooaobooaboo
gbooood

ooooooooooos3sboooboboboooooon
uboboobobobaobobooooooaooboo
gbooouoooboooboobobobobaod
OpCODOODO PCOOODOOOOODOOODODODO

BOREOEILIER

TrA/AtwrY

\ 4 REIE—58(E

RS232C7R—bk

RAK
PC

135 ILR— (84)
+

0 a5

USBAR—k

03 Oooogooog
Fig.3 Configuration of the system.

(S R)
Al \450

(EEBE A@EEL)

i 2]
(TREEARHIR)

04 0O00DOOOODOOO
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