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Vibratory stimulus synthesis for a tactile display
Suguru Kato*!, Hajime Kajitani*2, Kanako Nishimura*! and Yasushi Ikei*!
Abstract - This paper describes the characteristics of vibratory stimulus synthesis methods proposed for a

haptic display. The methods mix two frequencies (250 and 50 Hz) on each pin by an amplitude modulation and
an additive synthesis of sinusoidal waves. The mixture stimulations differed in sensation levels and hardness
impression. The amplitude modulation produced the stimuli that were perceived with less difference about
subjects and larger number of sensation levels. The additive synthesis generated softer impression than the
amplitude modulation. The two mixture stimulations were compared where the amplitude of 50 Hz mixed was
changed to investigate the sensitivity of the lower frequency for the methods. The result indicated that the stimuli
of both 30 um were discriminable, while less 50 Hz amplitude of 15 pum synthesis was not discriminable for the
two mixture method. The result provided basic design parameters for a vibratory display.
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Fig. 2 Waves generated by two methods.

42 RAREESREOBREREER

250 Hz 33 X UV50 Hz o BRI BAR B B LTI,
B RENREICHERENTWADT, 22T, 250 Hz
— ERIE ORI FETET 5T, 50 Hz DIRBYFIHNLS 5
2 BN BORE LV E2FHNT 22 kY, FE
DIRGIEEHRR OME R & 22 H2M2 9 5. FHENC
WX, IEEE RS E (Aurora Scientific #h) %
Ay, VORI A AR (BRI Lz, fo

Vo1.2009-HCI-135 No.3
Vol.2009-UBI-24 No.3
2009/11/12

I FTIL, #RE 0L FRIERE DL D 45D 1,
BOEFMIZOWTIHRRTH D, ZYEITE T~
—7 L, fi#rEE —ELT5. WA TS
i, g BEE L, HRENNELER R (BEORR)
2 RT, ERPHEAICIRE T 5.

TR S FIEE, EEUER (BRIl H— 250 Hz, #E0H
30 um) & HERSHEE (RANILEL— 250 Hz, #E0E 30 pm) 28
1BEFT RS, ZOMIC0. 2 B O R RIXH %
BLL, A0 IRSND. #Ed, milgoRE =
DHRETEDLLHICRDHET, HEHFTKIZIHWT 50 Hz
RSy DIRNE 2 BN S, ZEARHTE T E B/ o sk
ZRETEEZIT O . M, EOOBREIT, REERTT
ERI—E L, ERRIIEZEHWD. RIEOFEL, Rd
ZAuhE (BEnEs L O MNEID BT HREERO T
F—TITbN, B/OHEERIZ0.2 um & Uiz, BB
VATV & 2L A SRR PTRE &I L7z B E S —
L, ZHUCk Y, Zo BRI S R OREAERK & 72
5. ZOEEEBRYIRTIEICEY, FRIBORIING
bihvd.

Z Z TR CHIN S 5 50 Hz B4y D HRTEME O
EfRE 30 um & L, &2 ETIZELNTRRIBEOHE K
LV E SR & &35, A ITIER it 2 AF
T5FE8L (BT14, & 14, FHFR22.45%) Th
0, IREAF, B RXOINRA RIS T DR L VEE
Z4 30, Fe BEOFE, +okRiFREZ BV TE
i L7,

10 10

Intensity level
Intensity level

/
1,

0.1 1 10 100 0.1 1 10 100

Amplitude (¢ m) Amplitude (12 m)
Amplitude modulation Additive synthesis

M3 ERRINOMENER  FEED)
Fig. 3 Sensation intensity vs. pin-amplitude. (data of
Subject D)

SHAVAOME A 2 78 L2 3R E D OFE R 2 X313, 2FfH
DAERITIEIZ K DIRE IR ) 5 IR & & L~
NEZENENERE CERR Lz, 3EO# Y ik LEHENCE
5 ERICY - D EE TN TREA L7z, 250 HziX30 umT
BEETHY, BIMESE7250 Hzhlsy DIEMEEIZ30 um £ T
& L. B OB D 515 DT R LR, A
FIZ B2 E W S TR CHLL CTuie. B3 Ta8 L7 #kBR
FEDOF —Z ITHBHNT SO X 13073, BV R LED R
WERTH 228, MAEARBIZE VT, #5RED TiEee
oo NALNE. £, SWBREIZBWT, MEARK
I, IEEERIC L 2 ARICHRT, T2 DIEbo& N K
=L, BHBHRER TOMAZENKE DT £, 295
FHIZBWTRIBMEA K& <2212 L, FEMOERITRE
<7poiz.

(©2009 Information Processing Society of Japan



IPSJ SIG Technical Report

M4 FARA HTIEZ I 550 Haplsy D B oW
SEHE) L AR UERRSE AR, 844 DR D 9 H 64 DIRERE M
RIEZETRIC L 28 CORBEAMAGRKE Y bRV E N
HRERIT 2R o T IRATFIEIC X o CTRIEIC K X R 822
SNT-WEE L H o7, TEMEOEHERR ST, IREEH
IZ X DERTIZ0. 41, MMAEGHTIEL. 41&, RIFEERHDIZ
DB T, EOHTORER p=7.03X10°L720, 1%
KMETHRE o7, Lk Z &, IBREFHICL DA
FIE, BUESIE A RIS T/hEWED, T + 27

LAIZBWT, L0 RRAafRERIIZE L TWD EWVWE 5.

Fio, gREMOEN NS, EBOE#ELETT O BTN
RNE W) T, IR ERICB W T £ LW 2 A5
LEZLND.

BISITIRE L~V A 7. ZAUR2E D OB TIEICE
UWNT, 50 HzfR Ay DIRIEMEAS30 pmlZ 72 % £ TO RIS KR
B ER A USRSV OBRE S TH 5.
ETOFHRE BT, IRIBERIC L DGR MEERKIC
FEERTER VARV ENL N E W ) RIS o 72, Wi D
PRSI R E RIS, F BT D fE 5
p=3.41X10°, 72V, 1%KETHRE LR o7z, HHREM
DN/ S 720D, IBIEETNC X 2B RDIE D A3
BIARE R LV S DT, R L~V OB D b &
D IREPH O RS REE W R D,

10

Maximum number of sensation level

Absolute limen of 50Hz ( um)

B Amplitude modulation = Amplitude modulation

O Additive synthesis
(Mean of 7 subject. Error bar means SEM)
B4 50 Hz 55y oot 5 50 Hz Bl5y D KT

DAdditive synthesis

Fig. 4 Absolute threshold R
of 50 Hz. Fig. 5 Peak sensation level
of 50 Hz.

43 REEEARBOMRTIEM
ATEI OFRAERIRIZRBW T, %< ORBRE BINE AT
BRSO O NPNERTHD EEELTEY, BEN
REBH MR T, MEARAET 256D &
Exbhb. BIT, BEEFERK, MEARICED
725 SN DR SICBET AT FIGIC OV CHRAE L. #il
TR TR, EMERE (B — 250 Hz, #RIE 30 pm) &
HEHI (28 FD O H 1 SN T L X AICHR, FEE
PI)2 1 BT ofRr s, ORI 0.2 F o fER
XMEEL, ZhR2EEYIESND. HHREITIE, Z
YEFINY 2 FEUE & U 72 PR o0 BN Dl R FI BRI 2N ¢,

Vo1.2009-HCI-135 No.3
Vol.2009-UBI-24 No.3
2009/11/12

X 6 |27 AN R CREA Al L 7=, i,
AIffiEFLC 7 ATHD.

3. 4. 5. 6. 7.

*° RE PP Y FEEIC

L b G TS AV I
I 1 1 1
I I I 1
6  FHFERE

Fig. 6 Subjective scale.
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Fig. 7 Hardness ratings of eight synthesized stimuli.
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