BIRUEF MRS
IPSJ SIG Technical Report

RENZ AW A PRTRICH T 5FHANBEDFlERAE

HiE $HEb?)

S SOKRERSP)

BIE A~ — 174 VBIURY— 1MV v FREDERHRICEWT, RENCHED @A (MR, R

EED 12iE, ERICKD AR S 2

HOREN DI N0, 2—FIZEZFOER 23,
Z T, AAERICBVTIE, EHIHEEZHW 22— F2350C
IO, HHEERSNSShIREEANZHVS. £

RAVERY) BHILED ZLIZELWL.
L IRIENZEP T2 HNE T 5.

ERERE LTI LB LN L WS RENDH S, —77, IREE

EEOHIE, A—LORE, BIEAL VXDV

HHAEIERT 27012, IREIOEERSFTHZ 77> batkrt—a 2RI RLE S0, Ll
IREIDH WV SN TR R OBAEE 2 M X 272012, REZIERT 258 X CIRHF08RT 5
RENDHERE DHAEDEDFHFHAEZIT oD T, ARBICBVWTZOMEERT.

B1 2—%iF #EREINB 77 bakrt—a ik 3RO
HrEnCEo M oEE LT E 3.

1. FLHIC

AT —F 74 YBIURT— T+ v F72 ¥ OHEHHR
BV, #RENCE-D R (DR, IREEAD 1, JEFE
RGNS Z e Bl (BIRIE, EEEDERE, A—
NDZE, BIXUEHILYEDISA VX RY) 2HIGES
N2 VS FEMBD S, —77, REDER ORI DRV
DIZ, -V IZEOFEHREZHOE S Z L I3HE L.

Z T, AR BNTE, HBHmAEH VS 2 -3
AT AIRENEE LT AN T3, ZOkD
12, WA ERMI S SN RERERZ W5 Z i
L7z, R, AMAEHREMNST 272012, IREIOEEHR
THB77Ybatrt—ray 1] ZFIHLUTHERRT

LIRS BT T 0 T L
2 ORERYE VAT LIEHRR

) hidaka@iplab.cs.tsukuba.ac.jp
) shizuki@cs.tsukuba.ac.jp

© 1959 Information Processing Society of Japan

® W FEIcETSNEED @O @ ®
BLBh3E—0Re * - bl -
2

g

B2 A 77 brhbryb—>arpgxRodnsdbkr. B) 2
FHATNCHRT 2IRENOEE R 2L X g2 2 ick D, REIDIK
HXN 25 EHIETE 3.

»

5., ZOFEZHVWEZZ2ICL-T, HIZIEK1I1TRT X
T, TAALAREE L2 —FIZX =V DZEDEA %
PRTZZ 2B LTWS. TR, 2—¥FI12iZ, B
»HFEOHAMIT G XN RENBHOTERIN 5.

I E TR A T AERDIT 5 X A RELEA 2 PR
FT2FAL REMEH LT [2. £, ZOFAL REHW
T, FABHRMI NG X NREBHEZIRL, £0EE
AT 2B ERT o/, ZORBR, IR ENH
MIERZ AT 2 REE (DU, AR 23Rd&vwiGs
WZBWTH, 574% Ko7z, ZOFERE LT, &A1
KEztens 25 (UK, R85 ZhzhucsBnT
Z—PHHIE L IREN O (IR, HIREIRE) 222D
27120 #EZ7-.

ZORRAE RS 27012, 4, FEREE X CIRE)
FOERT IR OBEOHAGDLE O FHFAE LT -
7o AHFICBOVTE, PHAEOEREZRT.



RHRNIEF RARIRE
IPSJ SIG Technical Report

2. FILBIZ 77t rtE—>a3 %

WA RBRORRFE
TZr7Yhoatbrt—>ay (1) &id, M2ART LD
12, K8 Lo 2 sk U CRFICHE CiRE R 2 48R L
2B, 2—PiE 2 SOFICBIT 2 H—iRE » LT
L322 TEZHEEBARTHS. 1B, RIEZERT S
2 FIZBWT, IR T 2IREIOEBELE X 255, MOk
B2 R L2 AUSEWIBFTCN L T2 — VI3 — D iRE
U2, ZhEFAHTZZ2ICE->T, KI2BIZRT &
12, 2 0DREID, FAERFICKREL, I RHERE
WWhELFBRZickD, RENS 5 2 @BATOR 2 IREINE
B35 X5 WKL SN2 IREOIERGAIRETH 5.

77V Ak —a T Xk BIREDBENT 2 E %
IR TENX, ZLOBEBHINRR—VERBETELZHEZ5
N3, Zod, KR TIE, Bihiz 2 EHinciREIZ R
THIEEEZITVWS. BEARNRIEREFOEME, IEF]
ZFONELIEOM (LK, TV, AZELIEOMIIHR (DI,
?@ BIUFEZEELTWS. I EFIRT 2B

, —RINIC I —FIE R~ — b7 v FRIER & FICEEE
Téptkié.it,m«®%ﬁkmm,1w##5%
BB 2ITENCHEL 52 2 e, BAIEINS [3
EWVWIH XYy bERDO. BADIRENE, Av—b U VIO
D RABMRAID TN ZEFWTIERTE 3 XY v M &F;
D, 1B, MOBICHANTAZLIESROIREIZELCT
WZ AT [4 I X D RENRTWB 0, D55,
ANZLUIBEHWS Z e DY TH D e E Rz, FEANDR
B, A=t U3 v FDIIRYZAIANY REIFNA 2
FRHWTIRTES WS XYy v 2D, £/, FHIX
PRENTZ L DIREIZFHINT 2 Z L HR[RETH 5 [5).

3. BIEARE

AWFFUCBVTIE, HREmAZ W2 2 —3 25050 T =
ZIREBEH R 2R T 2HNE T2, 207
B, KENIBWTIE, 77 bakrt—rarEHWE
Hrofdr (UK, BEHRE) AV FES XGRS T
FAWTEBREEOBHNEET7 4 — FANy 2 230RT 3 F
B HARMRENEOT .

3.1 BEERBZAVIFE

BEIRE 2 AW FESREIN TS, flRE, 7—
AZBIZTT7 =7 b [6-9)], RO EECHT 2R
74— FANv 7 [10,11], BEXOBFELEILFRED
THHRDIER [5,12,13] ICBENHRE 2 H W FENET 5 h
3. 7, BEHRICOWTHELE=MEL DS, HilzIE,
REEMOMHEAZIE 2 20 BRI E AW FEOR

7 [14)], #®ifE, EH, FREFoOULREICHLTHME
TR LG E BT 2B DE NI OWTHE L 70

© 1959 Information Processing Society of Japan

9% [15,16], B XTI MDFAIEEZFE L 5% [17-22]
RENETFLNS.

L2L, ZOB6DFEB XUV ING, mill, &
M, BIUFOULRED 1 DDA LTI 7~
Fatre—yaryERLTVWS. —F, AW%IE, #
*‘””‘?Eﬁb‘k BBXUFEEVWSENEZ EF/2WTD T 7

Yihakrb—arEHWTWA.

3.2 REIZAVTEBEEDOENFIZT7Tr—FNAY Y
ZIRRTBFE

IREPERNC S 55 2 AN O FikE vz @i % 7=
74— KAw 2RI hTw5. flzE, REziER
T2EROHAADEICE - T, WHOREMEDE 23],
TLEYT—avORHIKRH 24, BXUET7 TV I —
¥ a v OFEREBERIC B T 2 BRI E Db o /- 2 & [25]
BIRZA D Z e BRAMANETOND. Tz, REIDK
XXRLZERBZLITEoT, R574 X—DZ{LEZRH
583 [26] B X CHEREI I WEH BB AT 2 FEEY)

DEMEHSHE S 27) S 2RALAEL H 3.

RE IR T 2HROMHAGDEEHVZHE, BFED
TNARZZDFFRETELZHEDRDZ0, EHEZLD
P T 7201, IREZIERT 2 Z R 354
Ehd s, —J, BEIREZHW5E, BROMAGD
HFIZHOL KD b, FOREICB W TREEEOEH =12
IRCEDREMEN D B, T2, REXEL(LXEZFEE
MAW235E, HMNRZECEIR RS 2720, HIiREziE
RTBAREDNH L. ZDi, WLV, EREOER
RICZOFRIEIAMEZTH 5.

4. BRTGRICET 2 EVRESREDRE

BEHRENC X 2 IREEN 2 W3 1CH 2> T, #OEE
EEWEIDBEFE LW, D70, IREIOMHAS DY
T2, MIREENFEUTH 2 LKL 2IRBOME (LI,
TORERE) 2D, FIZIX, RRGMEFEB X iR
T5. ZOBE, FEAERRE 1V ORI Z IR L72FE,
FEHTOHEBREZ L TCOHEBE L BE IR D X 5%
TEANOIRBELZRET 2. TOXIICLTHRELRER
BEOHAEDLE DR ZIEFICIRRT 2 8ICLoT,
HEERz M5 L RE OB EN S R eERXD
na.

4.1 EBRIXTL
FEICBWTHWS TS AZK 3 ITRT. AT A R
X, FEHOLHIOMS 28] HE UL, REEZIERT 57280
WY =7 IRE 7 7 F 2 = —& (Linear Resonant Actuator.
LK, LRA) ZRHW2 (K3A). 7z, ZMEIIXHLT,
RGN LRA ZEET 20, ZMEDFDORE X2
FEFTICILRA ZRE L BB I IRENRDH L. ZDd



BIRUEF MRS
IPSJ SIG Technical Report

3 FERZBWTHWET AL Z. A) B ZHRT 272Dl
% LRA ZHD 137254 2. B) LRA 2FEB L BT
EE LT

W2, BECH 7 7 AFBLO3D SV v+ LEEEERH
W3 (K3A). F£72, BIEIE, ZOT74 2%FH, 15,
Mo 3EFTD S5, 2EMcESE T2 (K3B). ZOFA
A4 2B B IREEOHIHIZIE Analog Discovery 2*1% Fiu
5. X5, BMFIE, LRA MHREIZIRT 2 BUCHE S
BEICE D PURIRE F A T3 S BERIC X - THIBNS 3
ZrEFSTZDITRTAL b A ZXBRTRLTVDE ANy 7 %
> (Logicool, G433BK) %%#5&7 5.

4.2 BmME
SIMBEIHRENOELE 44 (B3 4, FHER 23.5
%, ARZE34) Tholz. A~— b7 ORI
DVWTIE, ZMEEENER LR veEELR
A —FU v FOMAKRBRICOVWTIE, 1416 »H,
BOOSMEIFH LR neEE L.

4.3 RRY

R 2 7O IR BT 5 dEEE [29) 1Eo <.
Thbb, BIEIE, Y 2 2iRE) (LI, FMEIRE))
B RO R 72 2 0R8) (DI, HEBARE) © 2 D0k
R REN S, BIEE, ZhsOREZIRRE
N7z, HEARE O REBE % 2 D OIREN O HIFIRE HF
L2 K5 BT 5. B, HEGROMREDZDIZ,
SINE L, EEREE X CHERE) (2 OFREEIEE S
PR J-RETH D) BIRIND 2 BAETHAIRET
H3. ZORBMOIERIX, BN REINE 2 DORE &
DR TH 2. JHRE X OHREEZED R L%, g
IRE) & BVEIREN SR CRIRGRE S L HIMT L 22 E R, 2
DIRBEZAIEL LTREELT, ROXAIAKS.

4.4 RRL2EOFEN, RROZXME, SLUFIE
EBROWMNER 4 1TRT. SIFIIEREZBEL TR
43275, BB, AX7 12E T 2R 1ty a
Yel, 9tvyaraDRAZEITHIIEE 1Y b E
T5. ZMEE, 1HS7=hic2ty bETS.
BWT, EBOLEITOWTIRRNS. EBROSLME, 12
THMOMAGDLE, IREIZIRT 2IHF, RS DR

*1 https://digilent.com /reference/test-and-
measurement/analog-discovery-2/start

© 1959 Information Processing Society of Japan

BAY B LURBROTNHA

4y MEYRY
(1BH2€Y bET)
3 -

2Ry x 12

HE (3 9UE)

EHERES £ UL EIRE | JES

HBIREIDIRNEE % DOIRED
R RTREDE L
IRENS

BERIHE LU
SRR LLBIREDRT

O

X3

B4 ERoih

X3

G, FEERBIOSERE, B X CHEIRE O PIHARAE
DIFTRBETH 5.

o RGO AG DY B#ED) !

— M-45

- M-FE

- f5-FH

o REVEIERT ZIEF (2:8D) :

FMEIRE) — LLBRE),  HRIRE)— BEEIRE)

o FMEREIOIE RS (2@D)

PR 2 EFT (B2, $RGAOMARDED

M, $851 o%&E, N, )

o FMERBIOIREE (4ED) :

4V, 3V, 2V, 1V

o HIREIDFIHIIRE DI REE (3HED) ©

0.1v, HiERE L FE5RE (B2, BUERED 2V O

BAER, 2V), 5V
RRICEBROTAUCOVWTIENG., F, BMHER, X
27 DR N B IOCEBRORNCOWTEHHI N, 2D
%, BINERX, TIA A XDBHENTVWBEAY RT3V
BEBLT, BRI ETo7. ZAZ1X, EERHOIER
SR (43ED) B X UEBIRB O YIRS BT 2 #ERiE
E B#D) ZlAGOELE12ED OFKMFITBNTT >~
RLCHEmEE N, IBRGFmofAGDLE BED) D05
Hrzrhzrh 3EToMbRL, 9ty araDxR
IRFEML. 1B, ERBOMASOESRMAOINCIE
X, v&srl, RAEHEDOEY > avid, 3EEITTE
L7z 3y avDRAZHEDLLE, Db, R
GFTOMAGOEEENED 2 E, SMEX, ~v F7 %
VBEUETFAAL ZEERLT, 35U EOKREER - 7.
1y VDR RI EBiTo 7%, BMEIE, 3KRHEL LD
REER -7z, £y M, HEREE X CHBIRBIOER
B (2:8D) BLUREREOIERIGA (28D) DFf 4
BYDOEMBFIZBOTEERMLE. 28, vy MB35



BIRUEF MRS
IPSJ SIG Technical Report

6 y =0.958x +0.803
adj_r2=0.672 N
» - EAEIRENOD
5, — . BT
— =
T ]
L] m
2
=
0
0 1 2 3 4 5
V]

B 5 {ERGATOMEAEDEDMN-EOHE BT 2 HEHRB LT
BIEER 21T o 7o/, 7 —N— 3R FEAEZRL TV 2.
¥7c, REOHFNL, I5HEFXMETH 3.

y = 0.648x +-0.084
adj_r2 =0.326

T T BEARED
4 /H ?Eh\j_—\ Tl
B - FH
= [T

H 6 {rGAMoMAGDENN-FEDELEICET 2R &
CHIBIEIG 21T o 72AER. ©7 —AN—REERAEZRLTO
5. Fi, REOHMHIL, ISREHXHETH 5.

6 y=0.647x +-0.23
adj_r2=0.542
T EAEREND

s L///T resesa

1 =
% }EI
E %74 ==y
=

V]
B 7 $ERGRTOMAEDOEIE - FEHOHE BT 2HEHRB X
CRIEREIRZ T o 1A, =7 —~N—3BfEREZRL TV
5. ¥7, REOHZ, I5HEEXHETH 2.

HolER X, EFIREFTBHE SO, 77 v t&iE%
VT, REL=. 4ty NTOERBEIT- 2%, BhE
FERAR— MY Y IBEUSRT— Y 3+ v FOMHRE
SHELT v — M L. 72, EBROFTERRI,
v R OKRERRE 2R T, F¥ 250 5 TH o 7=

4.5 ERBLUER

5, X6, BXUM T IHRGMOMAGDE (T-15,
M-FHE, BIUE-F8H) IBI2ZMEOREL IO
EECREENG LR n T, B, EBREERL R,

© 1959 Information Processing Society of Japan

Ht L7z 2 HEICBWTEBRICSM L -S& 1L 3 4, 2
HZEF7-ZME T 1L THoT-. ThHDOFEREID, W
NDOBFE S MBEDOFHEREIRKEV. ZOFEKE LT, iR
BORCTICNT2EANEDKENZ , £z, FUEHF
THoTh, 74 ZAOWD (TGt AR
RoTWhIeRhENREZILNS.

BB, WTFROLFICBWTY, EEFEESKZINI L
6, HEHERZITO IR, ERGFOMASHOET L
B BIREEE, BERZE OGN W OiRRS
A HEIRE » LGB B T 2GR E2EMAT 5. f
Z1F, M5 TMOEIE DG PEERAIN N WOT, 2
RGO AGEDE L LTN-f82 AW 35EI12E, O
EZFICESZNeIE ICR R T A IREBREZIRET 5. D
F D, M= HEREIT S B, TAOIREHRE
AV =1V BRI RLDD, FARICEAD
REFREZ 1.06V — 234V 23 5.

5. BmbOSLUSERDTE

AT, FRERE DR SN D RIE K0S
RO FiEZBND.

5.1 EERBMEBHDEM

RIS BIF 2EBRSINEBL, 4V otz. HE
BHMEREEST LD, EBREROMENM ES
rEZLNG. ZOk®, EBRSMEEZBMLT, F%E
BR21T5.

5.2 RTEEDREARZE

FHIAFERELT S BRI 2 PR E X, FAERERED,
BERADREWZDIZ, BERADFEEI/NI WD
G E FEIRE) & U 72358008 2 RS R 2 M L 7.
AR, HAFREITS BICHW 2 HREE 2 T T 3 BRI
&, HIEBREAE Ui 2 HRRE o T 2R (LI,
HiFH) ZRE LRI, TODERDHZ. LrL, HEHER
EPREVES, ZOHPEZRET 200 L V. 207k
B, S, @EERET ZBICE, EERENSKEWGES
WHHEPEHY LTHHATE 2 X5 IR MR 5, 7213,
EERADRKE L BBV E S REMITE W CHIF % RE
THEIRERD L. BN, UTIORTHEEZRAVWSE
BEEZTWV5,

o BIMBEDEEDHMEIMNTZZLICTE>T, BHERF

2 ERUG LI EFE e LTHWS.

o BIMIEZLICF Y Y T L—2 arETV, ZOREREY®

SHHIN 2 FHEREZHFALE LTHWS.

NSO EERCT, ®HFEZRE LR, HAERET
ISBRICHWAIRTRREERIEST 5. /2, RKiXITBWT
PUE LTREES X O, 2o DhEE AW iRimE
ZHWT, #RAMOMBIEELHFEL, OMRE R



BIRUEF MRS
IPSJ SIG Technical Report

THTETH%.
6. HHOIC

AWIZEE, HERHARZ WV 2 2 — 25T = 2 REhE
HERBINLEZLLTEZEHNE TS, 20D, 77
MIERO G SN IREEAE Wiz, £/, AMAEiR
T2E012, RIOEREKTHE2 7> brtrt—
avEFREBRTIIERE L. AAERERLE
B, T—HIELNHRZEAFIRECS 272012, RE%
BRI E2HZBI 2 IRGOMAEGOEEHEL 2
F72, ZORREHAVT, 7y batkrt—TarviEH
W AR T 2B, #HT 2REIOEEE UE L 7.
St%, ThoDEERHWT, 2—¥FuiiRIhhEE
WMEBANTI2RELRET L2 TETDHS. £z, R
BOTHRE LIRBIOMESL X, EBRSMERDEMNS
X IRE TR T 2 IRBIOMRE 2 ET 2 TIEOEHE 2
ERAT o 1RICHVE LREIOEE 2 VW T, $ERAHD
WAEEETEL, ZOMREHK TSI TFETHS.

BE 3

[1]  Alles, D. S.: Information Transmission by Phantom Sen-
sations, IEEE Transactions on Man-Machine Systems,
Vol. 11, No. 1, pp. 85-91 (1970).

[2] Hidaka, T., Sei, Y. and Shizuki, B.: Pilot Study on Noti-
fication Using Phantom Sensation on Hand, Asian CHI
Symposium 2021, Asian CHI Symposium 2021, New
York, NY, USA, Association for Computing Machinery,
pp. 157-159 (online), DOIL: 10.1145/3429360.3468202
(2021).

[3] Ando, H., Kusachi, E. and Watanabe, J.: Nail-
Mounted Tactile Display for Boundary/Texture Aug-
mentation, Proceedings of the International Confer-
ence on Advances in Computer Entertainment Tech-
nology, ACE ’07, New York, NY, USA, Association
for Computing Machinery, pp. 292-293 (online), DOI:
10.1145/1255047.1255131 (2007).

4] KEBS, BEFZ BT ERT AL 212X 55X
MHEZRAEL2MEERER, HRLEERA VX252
> a VRS, pp. 121-128 (2007).

[5] Matscheko, M., Ferscha, A., Riener, A. and Lehner, M.:
Tactor Placement in Wrist Worn Wearables, ISWC 10,
IEEE Computer Society, pp. 1-8 (2010).

[6] Chu, S.-Y., Cheng, Y.-T., Lin, S. C., Huang, Y.-
W., Chen, Y. and Chen, M. Y.: MotionRing: Cre-
ating Illusory Tactile Motion around the Head Us-
ing 360° Vibrotactile Headbands, The 34th Annual
ACM Symposium on User Interface Software and Tech-
nology, UIST 21, New York, NY, USA, Association
for Computing Machinery, pp. 724-731 (online), DOI:
10.1145/3472749.3474781 (2021).

[7]  Israr, A. and Poupyrev, I.: Exploring Surround Hap-
tics Displays, FExtended Abstracts of the 2010 CHI
Conference on Human Factors in Computing Systems,
CHI EA ’10, New York, NY, USA, Association for
Computing Machinery, pp. 4171-4176 (online), DOI:
10.1145/1753846.1754121 (2010).

[8] Israr, A. and Poupyrev, L.: Tactile Brush: Drawing on
Skin With a Tactile Grid Display, Proceedings of the

© 1959 Information Processing Society of Japan

[9]

[11]

[12]

[13]

[16]

[17]

[20]

SIGCHI Conference on Human Factors in Computing
Systems, CHI ’11, New York, NY, USA, Association
for Computing Machinery, pp. 2019-2028 (online), DOTI:
10.1145/1978942.1979235 (2011).

Israr, A., Kim, S.-C., Stec, J. and Poupyrev, I.: Sur-
round Haptics: Tactile Feedback for Immersive Gam-
ing Experiences, Extended Abstracts of the 2012 CHI
Conference on Human Factors in Computing Systems,
CHI EA ’12, New York, NY, USA, Association for
Computing Machinery, pp. 1087-1090 (online), DOI:
10.1145/2212776.2212392 (2012).

Gupta, A., Pietrzak, T., Roussel, N. and Balakrishnan,
R.: Direct Manipulation in Tactile Displays, CHI ’16,
ACM, pp. 3683-3693 (2016).

Yatani, K. and Truong, K. N.: SemFeel: A User Inter-
face With Semantic Tactile Feedback for Mobile Touch-
Screen Devices, UIST ’09, ACM, pp. 111-120 (2009).
Hsieh, M.-J., Liang, R.-H. and Chen, B.-Y.: NailTactors:
Eyes-Free Spatial Output Using a Nail-Mounted Tactor
Array, MobileHCI 16, ACM, pp. 29-34 (2016).

Meier, A., Matthies, D. J. C., Urban, B. and Wet-
tach, R.: Exploring Vibrotactile Feedback on the
Body and Foot for the Purpose of Pedestrian Nav-
igation, Proceedings of the 2nd International Work-
shop on Sensor-Based Activity Recognition and Inter-
action, iIWOAR ’15, New York, NY, USA, Associa-
tion for Computing Machinery, pp. 1-11 (online), DOIL:
10.1145/2790044.2790051 (2015).

Horie, A., Kashino, Z., Shimobayashi, H. and Inami,
M.: Two-Dimensional Moving Phantom Sensation Cre-
ated by Rotational Skin Stretch Distribution, 2021 IEEE
World Haptics Conference (WHC), pp. 139-144 (on-
line), DOI: 10.1109/WHC49131.2021.9517252 (2021).
Elsayed, H., Weigel, M., Miiller, F., Schmitz, M., Marky,
K., Gilinther, S., Riemann, J. and Miihlhduser, M.: Vi-
broMap: Understanding the Spacing of Vibrotactile Ac-
tuators Across the Body, Proceedings of the ACM Inter-
active, Mobile, Wearable and Ubiquitous Technologies,
Vol. 4, No. 4 (online), DOI: 10.1145/3432189 (2020).
Alvina, J., Zhao, S., Perrault, S. T., Azh, M,
Roumen, T. and Fjeld, M.: OmniVib: Towards Cross-
Body Spatiotemporal Vibrotactile Notifications for Mo-
bile Phones, Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing Sys-
tems, New York, NY, USA, Association for Comput-
ing Machinery, pp. 2487-2496 (online), available from
(https://doi.org/10.1145/2702123.2702341) (2015).
Kim, T., Shim, Y. A. and Lee, G.: Heterogeneous
Stroke: Using Unique Vibration Cues to Improve the
Wrist-Worn Spatiotemporal Tactile Display, Proceedings
of the 2021 CHI Conference on Human Factors in
Computing Systems, CHI 21, New York, NY, USA,
Association for Computing Machinery, (online), DOI:
10.1145/3411764.3445448 (2021).

Rahal, L., Cha, J., El Saddik, A., Kammerl, J. and Stein-
bach, E.: Investigating the Influence of Temporal In-
tensity Changes on Apparent Movement Phenomenon,
VECIMS 09, IEEE, pp. 310-313 (2009).

Kang, J., Lee, J., Kim, H., Cho, K., Wang, S. and
Ryu, J.: Smooth Vibrotactile Flow Generation Us-
ing Two Piezoelectric Actuators, IEEE Transactions
on Haptics, Vol. 5, No. 1, pp. 21-32 (online), DOI:
10.1109/TOH.2012.1 (2012).

Novich, S. D. and Eagleman, D. M.: Using Space and
Time to Encode Vibrotactile Information: Toward an
Estimate of the Skin’s Achievable Throughput, Ezperi-



BIRUEF MRS
IPSJ SIG Technical Report

21]

(22]

23]

24]

25]

[26]

27]

28]

29]

mental Brain Research, Vol. 233, No. 10, pp. 2777-2788
(online), DOI: 10.1007/s00221-015-4346-1 (2015).

Park, G. and Choi, S.: Tactile Information Transmission
by 2D Stationary Phantom Sensations, Proceedings of
the 2018 CHI Conference on Human Factors in Com-
puting Systems, CHI ’18, New York, NY, USA, Associ-
ation for Computing Machinery, pp. 1-12 (online), DOI:
10.1145/3173574.3173832 (2018).

Jongman Seo and Seungmoon Choi: Perceptual Analysis
of Vibrotactile Flows on a Mobile Device, IEEE Trans-
actions on Haptics, Vol. 6, No. 4, pp. 522-527 (online),
DOI: 10.1109/TOH.2013.24 (2013).

Saket, B., Prasojo, C., Huang, Y. and Zhao, S.: De-
signing an Effective Vibration-Based Notification Inter-
face for Mobile Phones, CSCW ’13, ACM, pp. 149-1504
(2013).

Tam, D., MacLean, K. E., McGrenere, J. and Kuchen-
becker, K. J.: The Design and Field Observation of a
Haptic Notification System for Timing Awareness Dur-
ing Oral Presentations, Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems, CHI
13, New York, NY, USA, Association for Comput-
ing Machinery, pp. 1689-1698 (online), available from
(https://doi.org/10.1145/2470654.2466223) (2013).
Liao, Y.-C., Chen, Y.-C., Chan, L. and Chen, B.-Y.:
Dwell+: Multi-Level Mode Selection Using Vibrotactile
Cues, UIST ’17, ACM, pp. 5-16 (2017).

Bernard, C., Monnoyer, J., Ystad, S. and Wiertlewski,
M.: Eyes-Off Your Fingers: Gradual Surface Haptic
Feedback Improves Eyes-Free Touchscreen Interaction,
Proceedings of the 2022 CHI Conference on Human
Factors in Computing Systems, CHI 22, New York,
NY, USA, Association for Computing Machinery, (on-
line), DOI: 10.1145/3491102.3501872 (2022).

Pariti, J., Tibdewal, V. and Oh, T.: Intelligent Mobil-
ity Cane - Lessons Learned from Evaluation of Obstacle
Notification System Using a Haptic Approach, Eztended
Abstracts of the 2020 CHI Conference on Human Fac-
tors in Computing Systems, CHI EA ’20, New York,
NY, USA, Association for Computing Machinery, pp. 1—
8 (online), DOI: 10.1145/3334480.3375217 (2020).
HmdhE, SRR @A LT 7Y batkrt—
YarvERRTZTINLZAOEME, H29EAL S XT S
TATIRATLEY 7 27TV —I > ay T,
WISS2021, HAY 7 + 7 = 7 R4 (2021).

HHAL, ERERE: Bbh b LEYHEER (RS L
WRE), HAREEEREE, Vol 69, No. 12, pp. 632-637
(2013).

© 1959 Information Processing Society of Japan



