3G-03

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

Wi

TUAL REALITY SOCIETY OF JAP

B 27T BHAN—FvILUT )T 2RSSR/ E (2022F 9 H)

B o O X E— 4 ILBRICH T 3 SIRERM DL

The Effect of Sound Source Localization on Auditory-tactile Cross-modality

& AR, DR

F Hifd 1,

B — !

Yi JIN, Kenichi ITO, Yuki BAN, and Shin’ichi WARISAWA

1) HEURYE s SRl 2Rl (7 277-8563 FHEEMMMDIE 5-1-5, jin.yi@s.h.k.u-tokyo.ac.jp,
kenichiito@s.h.k.u-tokyo.ac.jp, ban@edu.k.u-tokyo.ac.jp, warisawa@edu.k.u-tokyo.ac.jp)

HWE: BME 7 02— 2 ANRIZSETTIRELDRIEAZINTE D, BlZITEREOM X MIEH S HEE
FIC XD ET 2 e T3, SREMEIEERIERARSED, 77 2F v AR T 25
fii 7 v 2 — ZUIRADOFHREMOEEIMA I TRV, EREPTHENE 2ZEINEN T 5 50
T, T HEETHRZZBEOMIAEICOWTHGE L Z2MER, FEIEMICX > THX ZREE T 250

ROEED DL RS T
F—U—F:

1. kLI

ANEIE S 2 DD &A% - W TH RS BIRER T DY)
HEREIUS L, FAFOMFZEERL VS, M, B
Fiﬁ'ﬁl"oﬁ%ﬂﬁlﬁ?ﬁ%%ﬁ $52rT, AIROEHENE
FHTWVWS [1]. HEINEEBEHRBOMEEERIC X DA
ﬁ#xk?%ﬁ%@?ﬂx%—ﬁwﬂﬁtﬁﬁh,%&&
BRIETRA V& 72— ABHINTET (2.

Bl 20, BERAEREC & o TR ZE( S 2 HEiR 7 o 2
E—ZNVHROGFENF SN TWVS. Jousmiki & Hari[3]
X, FEEZLZOFDABBREELRET S TK
& D S HIRHZ(L 3 % Parchment skin illusion ZFH L
72, 7z, HOREMTH 3T 0 il 720 X HIE
b, TEEFIEOREBREC K> TELT 3 [4, 5]. BEINICIE
EWEARBOESLARHIEN R REI N ZICRHANT LD
KU sh 3.

LHL, ZO6DWEDE IFHITAY FEYTHEEZTRE
ALTED, BOZEBEEZZRLIHEED RO, N, &
TRDZEREN B % MIH T % 2 BREMDFRER D DD, ~v F
AR ORIMICE T HET2DATIEAMCERZEL S
NV, T KD ITHBREMATERWEITIE, BFHHEH
OHFIZZH o7 KD WAL BN B0, ENEMIEL S
[6]. FAEBEGREZHEOIMINIKL, HEPHEEERS R TS
SHAEMZEBR T 270, BHEMAZERME (Head-Related
Transfer Function; HRTF) % H\W 72 7 AR & R IE N —
Fr AV T7VT 4 (VR) 77— LZSHEIATVS [6].

RO ZEN B 7 B RE— X AR RIETHEICH
?6%f@ﬂnfu,%ﬁ%tﬁé%ﬁ@%ﬁx&k@o

WEPEL D ZHREINTE (7. Ro biE, £HD
?kﬁ‘ﬁ"% BLAE DA ZEES 3 ERCBWT, [F—
FAOHERRHFIEE 2 FRICED 5 Z L 2R LT [8).
—71, Keetels & ZREREIRYIZ 3 7 il R R0 BRI O IR

B 7 v 2 — 0L, BBEN, ME, 7725

FPRIRICE T 2 RENEGEM S RICOWT, fRE L M
DR ZZEINCA—BTH > THHNBIIALETH % L #
HL 9.

NS ORFFRIEHIN O 22T E 1 & 2 HIBE R R K H#
EANOEEETZ2DDTHE—H, HXODLSRTZ R
F Y HIH [10] NOEEIZOWTIE T ICHEE S T Wi,
FIRBAIE 2 7 v 2T — X VHMRICHE T 2 BHERE 7] 22 6%
2R, ZERMRISETII R WT 27 2F v JIS A O B3
7B RAE— VBRI ERNBICHEIA RV EHEE SN
5. =T, —RNEHFROMEOHELZ T RVE &
NTVWBYH—7HROBEH, KM E T 2 EED
BECZL->-TERAT2e0WMEDDH S [11). 77 RXF ¥4l
BHZET 270X E—XLVAR (3, 4, 5] KBV THT L
filsE DR ZERIANIC — B L T AU, FRBONMEICER
WAL Z 8 TEBEMA 7 0 AT — X ASNRICHET 5]
BEMLDH 2 EZ 7.

FRENMOBEfE 7 0 2 — X NVNBEANDEEDOFED
B, Z7ueRE—XARREMALK VR YR T7 45128
B REERINONBEE RT3 DICEETH L. Z
CCAMZETIE, BBREMOAIEICL ST 7 RAF v HIEIC
M3 BEEfE 7 v R E—-XANROBE & L L. WEE
ORRL T 277 RF v HHEIZ, BEAE 7 0 2E—-X01%
EHBLCH A SN TV B REOM S A [4, 5] & L.
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B 1: REREEDHEN L RBREME OB

2.2 RERICAVARIBOIEM

BEERR © 2B C1E, 6 BEOBEERMEIRR L. M
SHIERZXEZ7-0, NEDORKRZ 3HEOKPLTD
(fHE : 60 %, HH 120 %, #H 400 %) 2B TRZ3
BEHELTHW:. PHOKS T D ORI, FEME
0 2 E—ZUERIC & B EE OB % T
[5] THW S HRERETH 2 120 FE2ERA L. AR
HEXORL 2T D2 SEREAEE RS 2729, H»
R T O RICHB I EEINS 60 FZ, MLV
T ORI A EE S 400 FEREH L.

FERCB O TEIREMEAIREL 32720, VNG ESR %
ETES 7YY =y <42 (ZOOM H3-VR) %MW
T, EBRSIMENERE L FEOME O X2V 1150 mm
THRE L. BELIESRB LY, RESHEE IV
BIEBMLD 0%, TNPHENEMINDE, EHNE
fixhzEe LTHERAL. BEHEOMTLIE Adobe Audition
Tfibihz., EFh, 7rEeY =y Z7EX Valve thick 3
Unity DS AEE TS5 274 > [Steam® Audio [12]) THAE
L7-.

BUEERIE MRS 72, TR T hERE
52T, ZMEMERBEARBREI S, A7 R
DMBEHHOBES T D ZEBRHEA L. WLFThoy
4 % 280 mmx230 mm T, —HKEEIZHRTEE 560 mm
DOIRETHEBRL 72, AHBEOERX 4mm, X113 200mm T
Ho7z.

2.3 REREE

FEREE O L BLE 2 N LR, BRI, ~v R
A (Sony WH-1000XM4) & A —FT 4 A4 & =T x4
2 (Creative Sound Blaster X4) ZHWTER L7z K
HREHRET 27201CHW3 HRTF 21X, HEHSPEN O
WICER T 2@AZERD D, AD HRTF ZHWEHEE
BEEMDFR Y H3HENNS % [6]. 7T, Sound Blaster X4 D
Super X-Fi ##E [13] 12X D, SM&EMEAD HRTF % H#E
L, BHEMDED 28I L.

N

X705 7 LEIE:
Unity

Ay REk>
1000XM4 )

A—TFa4F12—T 1R
( Sound Blaster X4 )

X 2: RERESR

T hORMELZ ZHE L R ZHHET 270, —
TEHEECH  BHEF (B0 2K 20 & 5 ST =X
AFIRLz. SEIEEZIRRT 2 2 2 I b 25
FEhORETRD, 214 VY FDE=X 2B THH
L7z, SR AR RS 258 7 227 S 203 Unity
WX DERE .

2.4 EEREBHBELUFIE

ARERTIX, BEHIMORRT TR T2z d, M
XIS 2 EE ERBINE IAThbE

BEHFEE, BROEE BHEMEGD 2 BRICHED
6 %M CGHHEAM, MBESEMN, HHEN, HHES,
HudN, MBS & L. &4&0F% 3 m$Fo80EL, 1
NDFEBRSMEK LT 18 MR R Uz, &4
ORRIEFZBIMEMTHEF T 2729, BREFES T
Y FitgiE (Balanced Latin Square) [14] TERKL 7z.

SEERE LB B HIIZ, Super X-FilZ &b, WAREBREMIC
w3 HRTF %A cHEb L. EAR#ELIZSNE D
WEYrBEEROEEY 2A~— b7 3 Y TIREL, EH7 7Y
Lo THRTF 707 7 A VEERT 2 TITo7z. X
12, SENEN & EAVEN ORES R EERSINE IR X8 5
Jo®, BTHSPT O 2RZ2UKERL T I LVEE TR
ICHER X 7.

FERFPORTE K 2R T, EBTIE, SINE IR FICE
D, TARTLADTLEZTHEMIL, HTHEDK
R EREST. BN, ~Ny PR YR LTHEHDHKD
THEREFBZBRCEC M BAZHERE Y UTIRR L

BERREAN Y FAR Y ZHW, 50dB-70dB OFE TR
RU7e. HEEROTHE 20, E=X THREIES
ZETBMEP OB T D ERL > TV ARTFIERZRN
k2Tl BIMBERIIRTOIEREER IO TS 605
R 72. BERFREDEE 2 L AR, T4 A7V A4 EORW
M —ERETEP SEICBE L. SNEE, MoE
LA - PZEDLETHESTDOREERZD, AR
HOBEMEILT % L [ERICFZIED 5 X SfEREhi-.
Mo BRI 500 mm T, #HEX 100mm/s THo 7.

HMeTHOEBROHE2ZMEPHIS LTI/ R RE—
VBT E S Z 2B, EBREMEIZ 1T
IR T D BRI T BB AT o7, 272, EBRICHE
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R 3: HITHEDOTI ZF 21— FHfEEMBEE. RERHTH
ZHEPITOOEE%Z 100 & LTc. REFIIFERE.

T AAERE TR CTHEDO D DICEE L0, Kl
LT DRI RTHED D TH - 7=

17T, BMBE~YI=F 2— FHEEIRIC K 5T
T hREOM X B L 7. EBRATICIR L 72 22 o
FX ZFMEEMEMD 100 ¥ LT, EhHWERL5EIZ
100 £ h KEWVWEUET, RDS LR LEBHEE 100 &b
INESVEBETEE L. $£72, BBREMICIOVT, HNE
ML EAEMDONTIICE L 20, FEIBEHL TV 5 &
ST T2 pEE L.

3. fER =W
3.1 RERER

FENCBI B D~ 7 =F 2 — FHEERBROFHHEE X
3TRT. X OHEEMEDSMC & 2B N ETED D 5 72012,
2 BERO DA ZITo72. B, KRBT 3 HEEKER
FHCWT S22 R D 5% (0.05) 35, ¥£3, FHEZLIKIE
HME% Shapiro-Wilk REICTHER L= 25, 6 5+ 5
SMECERDHEBREREND 7. EoT, ERMEDR
WF— X EHT R BRI A RERTFIATH 2855 v 2 &
#2 (Aligned Rank Transform; ART [15]) %2 L7=.

ART % i\ ZJehiE SAZHE B ORSSR, EEsEnT
DOIFRIHFETHY (F(1,199) = 152,p = 2.22x10719),
BHFEEOFMRIIBERE TR I o2 (F(2,199) = 2.16,p =
0.118). %7z, 2 ZHNOLZEMEHIZERERE o7 (F(2,199) =
15.2,p = 7.36 x 1077) . ft>T, 2 BHRDEKHEZT LT
Wilcoxon DFFSIENARE I TSR 2 i Uz, 2B
DZEMDOMIEIZIE Hommel % AWz, BREOFKEZX
JTRT. BREMOLKMAMTE, £ ToEFEEET, Bt
ENZAFTOM S HEE AN EMSRFOZN X D ERIC
KED oIz, FBFREEOLMEMTE, HueThoFHET
HBIECHIHEMOFEIH KR E» o, EBRIENEN
DEMFTIEHE SR ME &R, HE SRS TEOH
12, SEOPENENOEFTRETOEFEHICEELED
Hot-.

Rz, BBREMICE T 3EMOEE T —RIZOWT, B

HEECTUER HBEYIUFR HBECIUER
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X 5: ALV ORIZDRE

WEN Gl & BAVEN S EHERE THIR L7z, 2h b0
EIEIEMET — X TH B720, WEEICHET 25 1 ZR/HRE
BEMELE. KATRT & 512, EIVEN OHBEMETHES
SENL L [IE SN ER0E, SENEMOEREETOZRED
BEIZED»o7 (PF(1)=151,p=1.00x10"%) . —/T,
FROBENBICET 2 BT, K5IRT k512, 5
WHEAZALNE o7 (x*(1) = 2.78,p = 0.0956) .
3.2 E#R

B 3005, HHREMOLFIC I o THHINZHEDE
LOKREXPERZ DD 5. MEME,»S, HENE
MEAETIIHE e HHDOR T D HIRICHERREN R V—H,
TEAERISHTIRHERT D OGFHEEZHE N ¢ T HEICH
HAH T B2 Z e pRE . E-T, HEINTENM
ENZEGHT 7 AF v REEHECXE 2 HAD 77
ZE—RNNBRERD D 2 RBE NS, — /T, FH
CHIEHORT D EFROMICITVT O EBREN T HER
ERRLN, FRHIAEOEIHEOLL S FEETH -
Z0l, RADHE 2FHIE L2 HMD I 0 RAE—-X )L
MR DREICEND B L IIE X 2o 7.
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BE O REIHMSEL 6N, ZOHEEE LT, HEUERHHK
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ERRT R EZIZEAY FRVEZLTR IO EREFLET:
72®, Ny RRYTOEBRIBRICE D RZ 2 HENMAZh
AR E Z oD, K, MEFEME —BT 2 A
IERFREOMEOREZED 2 2 WIS 8] 206, FEkI
BGEHEN XN BENENMSMFTHI T 2 BRENEE -
J-AIREED B 3.

M 4R L7z D, BESVENISRMET TESNEN & L7z
BHENEMEE X D ERICEZ o). 2L, AEBTE
ML7ZeBYICEGDPEINEMINTED, BHREMOR
BB T 3ERMABIILTCWSZZ2RY. LiL, &
GO L CiE, X 5D b SEREN S & SESEN
M TERRENALNEP 2. ZhiE, BOBE L
BoOBEICER T 2HE - BH - FHREOMO 7 a xE—
ENANRIC L 5T, HNEMNTH > TdHIROMEDHIKE
DE Lz Z e BEREe LTEZLND

EERBINE O—HH 6 KERHR ORI OVT, T D
EIEDIRANC, HNEMDENEM»EE Z 2RI
ozl TH UBENEN & EAEM ZRIE T 5 Z & 2HRC
Mo, 23 Z2dBBOEMIFICLRY (1FY, &
BEMERBTE DL o72) ) LOREND -7
ZNLORIED S, KBRENEFGREMEEHR LRI D, &
BoEM DA X 2B 7 0 2T — XA EADFEIL
BTS2 RBxNT.

BRI, WEFECEFHA L TR ERFEL TV 2D
BRI ST, SRR DEEZE LA
HEMED D 5. SHROFERTE, SBEETERL, 727F=2
T2 ERAVWTFOZORELHMENT 2 2 L 2RETT 5.

4. BHDOIC

ARETIE, SHREMOIEIC & 2 HEME 7 0 2E—&2)L
REANDHEDEHEEMALT 572912, HRENHAIHE
T RATRER M T, BT h oRmOMIMEOZE(LE
PE L. BEEOMER, BEAE 7 v 22— 2 RIS 3
FIREMDHENFELTVD ZEARBENE. MAT,
SSNEM O BB, HIHMEEZEET 2 MO0 2 E—
ZNREED ZHRNPE LN, ZUTkD, 77 AF %
HEEPZXEZ 7 RE—XVMEEZEHLZ VR X
F AT, HREMEZARICT 2 R SERM 2GRS %
CENEMTHIEZOND. Sk, TIZAF Y HIED
B ST, BREMBMED 71 RE—XAFRICTOVT D
MEERIETPITOWTHRIEZED 2 D EHH 5.
SEE AR O—ERZ, BHFE (22K19805, 21H03478) D
Bk %2372 b DTH 5.
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