2020

1D2-4

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.

;( %25 BAFA—F v 7T 4 LAKSATE (2020 F9 A)
y

FEREMIARRBICE 2ERREY X T A

Alert System by Noncontact Cold Tactile Stimulation

THE VIRTUAL REALITY SOCIETY OF JAPAN

N ER D, R D, MuEES D, KSR Y, EEEE LY, BERF L2 BHkz 1Y
Ryoya ONISHI, Mitsuru NAKAJIMA, Takaaki KAMIGAKI, Saya MIZUTANI, Masahiro FUJTWARA,

Yasutoshi MAKINO, and Hiroyuki SHINODA

1) BORKRZ Fras Bl kRl 2 se Rt (T 277-8561 T-EEEAATIAHDEE 5-1-5, onishi@hapis.k.u-tokyo.ac.jp)
2) HE K WM T AR (T 113-8656 B gLl SCR X AYS 7-3-1)

BE: NCERME T 2BIEHAEEFHCSND Z D%, UL, BREITERWRES DA 5T
LS 5. AT, TOXS RN TEENLMAEIZ L HERMES AT LA2RET S, ZOVAT
LF2 DODBBTHIE I NS, 3, EhRETHKE IANEHWT, BEEIEETHEERRRT S Z
ETHEMET S, I, BEITHmAIER T 2L 5HOME 2 LAY, HEMKE2R#T 5.

F—U— R R B, R

1. XLC®IC

FEBRARARBUZ N D AN DFE ML | F 8B 1k 2 BB ]
RTHD. BWlziE, HTHEREL THEB R E DL A
DE LK OFEEZM S0, HD RS A N—28H7H
XEEALE RBIE D Z e THRERRIIBFSZ MR T
5. £72, VRZEMIZEALTWD NMCHEMRADOLERZ
ERBZeHEBEE >TSS, INE TOEEMEIX, 12
BRI CHER A H W HEPETH 7208, Zho D
Tk TR A R 2 — ADEET . BRI,
DEADINZ D BIEHER, 1Y R OEEPEMN L W ERIE
PERRTERVHIABRVGEAETHD. 7, BRI
PR 2 R o 72 ANOR RN R EEEE O FIEE RO SN T
W5,

BB EDA DR 217S Fike LT, %2 HWF
EH 5. HIZE, VAMNYREFAS Z2HVTEY
WA S5 2720 [1], ~vy ROV T 10 AT LA IR
U7 R 1 & Ol 2 59 2 FEMREI N TV S [2].
IS OFE, FEERIC L 2R OMEE R TE S
M, =Y —E TN A% EETIHEND 5.

JEHEh 7 Al B R [3][4) THIUE, T—FBF AL A%
BB i<, NREEZHONTH U CHERIEEATEE T
HD. U, EEMELTF N 2 X BERIIE BRI B
FOIEMAII TN A TR TNE < BB 72 & O JERIIEE U 12 il
HRRETD ZERETH S, TDO-d, JLOFEHER, H#l
ZAE, BRI R ¥ QBRI ASRIEERAIZE L T W 5.

B AR MBS 2175 FRE I E TITE 2,
REINTEDY [5][6], B FERAMRFHEICZEFEE K% H
Wz FEN D D, ZEHEEE IR & BN RS U, IREE & R
TEHIET, HEERRETEZZ L (7] REAAAEZAIESE
5NBIE B BINF TOMETHERINT NS,

A TIE I N LT DR, Tabb, ZEhEE %
AW mRERIC K D EEWE T 2 LR TS, 7z,
INEFTOWRTIFERBR I L2 WARIZEZ AT I H
L2 TFhbT WD - A, AT, MPE RIS %
BEIXE5Z L THREDAMIZE 2T IEEFIEIIDN
THIRET L. TN LV ERYRETRS TS 2 2080
BB RBeEZD.

2. REFE

ARRZETH, ZEREERB SOIA PEAWT, FIchE
EHRRLUTHEWE S 5 FEE2RET 5. RESVATARIMI
D& S izEEEN 7 =— X N7 L1 (Airborne Ultrasound
Phased Array : AUPA) &0 & MRS IZ & 0 fak &

AUPA

1: ARDIRTFE

-1D2-4-



2020

1D2-4

5. AUPA I3, &4RE) T O@ 1258z & 0 22frh DT
OB ISR ZRKRTE, @OHO MBI E5 2 &
MTES. AUPA ODAEKT 2HEMTOEERHEIZ L ViR
FRERRLUEZY 4], ERMEDI A 2L LEALEE
O THREEIRRTEIENTES [9). BMAEDPI
ANDREEEZ D Z L THO LIk RIRBIECWH %
RRT 2L THEEBEEZITS. £/, BEIT 2 AlRHIT
MEFHLMIBESRIZ I OERI LI L THOME 2
BRIFDZENTREL 1 5.

3. =B

EERY AT LIEK 2 O & 512 40 kHz OB INIRE)+
(TA4010A1, NIPPON CERAMIC CO., LTD.)249 {5
HkEnd AUPA[104 AL, I A MO, BEYIZED
HlEnhtnwa, 4, BHELYIEHRLZ 0L, AAAE
ELLT5cmMRETRLTH S, WEHIZLZLD DR
AHRE~NY N T4 vERMEZF L. Bk 200 Hz fREO
B OER % & BT 2 8F Z/MEDBFEER S, 10~
50 Hz O REBOIRE % & HHET 5~ 1 2T —/MEMTF
95 [11]. ZITARERTIX 40 Hz TIRIEZHAL - EF
BARIRBEREE LTV, 288 > WTIE R
LRIRICIEZ T2 Z LW TH 5 METBLE K%M
W7z [9]. AUPA &£ OREEEIL 45 cm 1IZ3%E L 7=,
3.1 RGBEEOLE
3.1.1 Fg

9, REE &R ZNTNOREA D KGR % i
THIEITLD, EEEEL L TOESMEIZOWTHRS,
WERE1X,26~28 TRDOFBME 3 £ TH Y, EEDVRFEOEHI
GENTVS. £, AUPA ¥ 3 2 b FAREOEKEH A
MIARVEIIEAY RT7A VSR TA b A X&KL
7o, HEEMGEDBERIGE Tk, NIarizEhLTns
ZEeMEW. £ T, ZTORIITEDT B 7= DITHERFE I
NNy 7 RA7 %Rz [12)(N=2). £ HIE 2 DD
HIZRREINZHFOMEBERIETHLENVWI R AT 2 #EA
7. RAIERIFIUHT IS MU ERBLZOBIL, TV XL
IR CREICME 2 R L, MEZRUZ5F—%2 A
ALTES o7, WBpEEWEEHANT, ZhZN5 [HF

IR S / AUPA

[— o P

X2 2Rty b7y T

D LFEDMITEIT 572, AERTIE, HMPIRRE N8
M2 S HERE R ¥ — AT % £ TOR %2 KSR e LT
L 7=,
3.1.2 #E

REE EWRIIN T 2 L KIGRKEIXE N E N (694.5,
575.6) ms TH -7z (K 3). FERHDLT—N—FENT
NOEHENR % (192.8, 143.3) ms 2R L TW5. Foh7-kE
% Welch D t REZFIWTHIRU 2. 2 DD NIGREIIZ
BREEASNGE D520 (p = 0.075), WROFH K
M NMERIC B 5 Z EDHED D SN Tz, RFEBRTIIERH
OHFMHERIL 100 % TH o7z, £HEBRZELT, Kb
BN G RFREIIARE T 1154 ms, %3 T 962 ms TH o7z,
3.1.3 EE

R A7 FORFPREH RN 100 % TH o722 &0 5, HRE)
HET TR GELERBRE LTAEMC@EEX N
5. RIZABORKIGHRIZ OWTELRT 5. #flxi1E, @i
HORSAN=DNI 57 aViZKELT L —F RV %
A E TORRIO P RAEAD 660 ms TH B Z L WHEND SN
TW3 [13]. XA 7 OWED KIGRHE O HJfEAY 553 ms
ThHo7-Z s, BRI CIEEREEISHIZED R
GAETHWRABIZ L D FREFCZ LMW TE D EEMEAD
H5. F, BHREBECKIEREIZOTRRELAS
NE=0E, ZhENOMBERENPRRSE Z L IZRERNT S L
EZoNE. BOMETIIWEBBECIIS S RERY,
72 DBRBEMGIZ & > TGP EAINE Z 2%
Zohd., REBROMERITITPEIRE B D20 72D i A
EMRESHELTCLES>TVWAHREMENHS. FZTX
D HEPRITAER 2135 7280, SHMEBRERE +5 %
UCHIALT 2 BBV H 5.
3.2 BEOAAZEE
3.2.1 FIA

Wz, IREEEWREICEVEOAREZFEETE L0 2
R 5. WEFIIER 3.1 LAKTH D, FIEPTIRE
HEMBOEREZRRAL, SR LOBEED OMEH’ 0 &2
X5 CEHOMMAMNEEIRE L. 7Y X LICEHREL - H
MARE L 72800, SBaMEE AAARICBEEE-. £

R EfEl[ms)

iwahR AR
mEOER

B 3: RIGEEDHE

-1D2-4-



2020

1D2-4

: “}

)
S
= (1]
i { bsd
-20 { s oEERE
® 3cm/s
5cm/s
—40 B 1ocm/s
1o 20 o 20 0
E RO ENIERE [mm]

4: RETORER

an
- 38,
.
- f
S
-~ 0
ﬁ {
m f
—20 + S oiHRE
® 3cm/s
5cm/s
—ap0 ® 1ocm/s
a0 2 ) a0

0 0
SR DFFEEERE [mm]
5: AEDIER

HAEP DB LRI B L BRT BT, HoME
EEZTH 507, WHREIESOBHNILE-/2 23
TIEMHICH 2B OZEELZ. REBELHREEINE
NZHWT, HEEEE (3,5, 10) cm/s, FEEE (-4, -2 ,+2
A4) em TREIX 2. DD, TNENEE 12 38—V
DOBET BEHIEE SV X LZRE L. 20T E2R
WERE 2 [T DfT o 7.
3.2.2 R

REE 2 FAWEREREZM 412530, AEEZAVWEERZ
M 5 2R Y. HIBORE, W0 5 THERATE DO 1
EEAPEBZENTETVWE I DA E. Eh 5 DRl
DOLBETEH, BEHAOBEERICN LT, ZllX v HARID S
PHOHMEDEDRKRENWZ L BEIO SN, F/EE
TEOHBY OVELENIFL A EDb SR\, HEIZ
X BBREBEIDED RN L3005, IREIHE TIZESD
BEEOMHEN K E L 251, HEERAENPKE R
BHEMDASNTZ. T — X EBEDPAR TR -OBEIZ LD
FMIETERWA, e UTHRDO LTS D E N
[AR=
3.2.3 E®

Lo, REEPARICL O EEMEROB L ZFD A
ERIIENVARETHELEZONDG. SHRIZEDEED
HEETERTELZNP, HOME %2 X OREILHICHE

TEENEMAETS. £7z, BREELIOELGZEIZEL T,
e B O OFE A ERRICE mm OFAENRH 722 L
PERD—DEEZIOSNDS. TI T, EBFH2HROT, K
MIZEATEBRLZRENRDDENE D NERIET 2 HENRH
5. 72, WEARIOEREOABIESDENNINI L
o, MEOREIZEL > TEROLP T INRRL I LN
HEIND7-0, EOMEOFRIImELMEEZHET I &
bR LB,

4. F&®

ARTIE I A b &2 EE I E 72 JEHE 7 v TR
WEBDERMEDOFEZRELZ. ERIZED, BmRIKE
B [AREE U IZZ N EICEERET 2 Z AV RIB I N7z,
ZIZT, 2O0DRBIMEICEIVERL N ELLEE-
D, BEIZADLEZHEYLEREWESTRTHDIEEZS
N3, FEEYRERBILL2DITHEOME 2HED
HEANEPESZEDAETH S Z IO SN, 5
BIIPBEBOEBI® U, B2 R5ME T T o KSR R ERE
RENZ MRS 5 2 L TR OERME E L ToaRE
ERGET . AVATFLOFEMLE LT, HTEPHDE
EFAOEREMEOIENIIZE, VR EBRIZEAL TS AN
REMADLERELA D TFEREVEZOND,

SE R
[1] Lee, Seungyon Claire, and Thad Starner. “BuzzWear:

alert perception in wearable tactile displays on the
wrist.” Proceedings of the SIGCHI conference on Hu-
man factors in computing systems. 2010.

[2] Kaul, Oliver Beren, and Michael Rohs.“Haptichead:
3d guidance and target acquisition through a vibro-
tactile grid.” Proceedings of the 2016 CHI Conference
Ezxtended Abstracts on Human Factors in Computing
Systems. 2016.

[3] Gupta, Sidhant, et al.“AirWave: non-contact haptic
feedback using air vortex rings.” Proceedings of the
2018 ACM international joint conference on Perva-
swe and ubiquitous computing. 2013.

[4] Hoshi, Takayuki, et al.“Noncontact tactile display
based on radiation pressure of airborne ultrasound.”
IEEE Transactions on Haptics 3.3 (2010): 155-165.

[5] Sato, Yuka, and Ryoko Ueoka. “Investigating Hap-
tic Perception of and Physiological Responses to Air
Vortex Rings on a User’s Cheek.” Proceedings of the
2017 CHI Conference on Human Factors in Comput-
ing Systems. 2017.

[6] Rietzler, Michael, et al. “VaiR: Simulating 3D Air-
flows in virtual reality.” Proceedings of the 2017 CHI
Conference on Human Factors in Computing Sys-
tems. 2017.

[7] Mizutani, Saya, et al. “Thresholds of Haptic and

Auditory Perception in Midair Facial Stimulation.”

-1D2-4-



1D2-4

2019 IEEE International Symposium on Haptic, Au-
dio and Visual Environments and Games (HAVE).
IEEE, 2019.

[8] Gil, Hyunjae, et al. “Whiskers: Exploring the use
of ultrasonic haptic cues on the face.” Proceedings
of the 2018 CHI Conference on Human Factors in
Computing Systems. 2018.

9] & 7, BRI £, B &, BH #wz, “PORER
EHAWZERBRERR,” BRT 47X - AHbu=2
A Y 2020 FSCEE, No20-2, 2P1-MO03(1)-(3), iR,
May 27-30, 2020.

[10] Inoue, Seki, Yasutoshi Makino, and Hiroyuki Shin-
oda. “Scalable architecture for airborne ultrasound
tactile display.” International AsiaHaptics confer-
ence. Springer, Singapore, 2016.

[11] Siemionow, Maria Z., Bahar Bassiri Gharb, and An-
tonio Rampazzo.“The face as a sensory organ.” The
Know-How of Face Transplantation. Springer, Lon-
don, 2011. 11-23.

[12] J. D. Cohen, W. M. Perlstein, T. S. Braver, L. E.
Nystrom, D. C. Noll, J. Jonides, and E. E. Smith,
“ Temporal dynamics of brain activation during a
working memory task,” Nature, vol. 386, pp. 604—-608,
10 April 1997.

[13] Johansson, Gunnar, and Kare Rumar. “Drivers’
brake reaction times.” Human factors 13.1 (1971):

23-27.

2020 -1D2-4-





