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A O

THE WIATURL REALSTY SOCIETY OF MPAN

F 28 EHAN—FvILUT )T R2o2AREHXE (2023 F 9 H)

Phantom Walls : EER#HZRAVWRERBICLDIZERIEL
FETS = a3 FEDRE

Phantom Walls : Spatial Perception and Navigation Method through Sensory Substitution Using Auditory

HEHE D, RS D, miEFELY
Takumi IKEDA, Sohei WAKISAKA, and Kouta MINAMIZAWA

1) BREZRBREREE X7 4 779 A4 VHFERL (T 223-8526 HHEHI#EILX H# 4-1-1, takumi.i@kmd.keio.ac.jp,
wakisaka@kmd.keio.ac.jp, kouta@kmd.keio.ac.jp)

BE: BorRZEMAREHILIT 272008 LWFEETH % Phantom Walls 2R T 5, N—F ¥ )L
ZEFENIZ A= —DEE XN TE D, RERE OALE A 2 IS U TEIZ, A=A —0DlE - H& -
FOEBKEHETLZvick D, HITRZR W phantom” REERFERIC X DRBLIL TW 5, (KERE IXHE
HoMAEIEL Z ik ) HICR 22\ phantom” RBEZRJIH L, BT CTHEE 2 Z 2R TE S,

F—O—F . ZEEIE BERE, Frr—-vav

1. LI

HEE2AVEZVWEEYHEOFEZIWS22H D, AD
BEAL LTboTW3dD (H2WEIIFICX b Fico
Fohzdbo), MASrOANTHEEEZAWS Z Itk hE
HE23v0ky., ZiichbloTW3, flZE, BEED
HRAGOREGEIEL 2 210X > THREY D ZEREE % 5
B2 REEENM (1] . ANFOEEZH o 78z kD
BEWEZMET 2705 BEREPHEZ oo MHEICHE
EHERET2RERE 2, 3] ke hdbiFohsd, ZhdD
BEFFIEIRT X 5 c, EMHEIR. ARE{ B3 7
TR—FTCRILEIEE D TE S, RAIAFERIIBL
T, ZRAFETERRV, HLWEBHNEAD7? Tu—FrF
% Phantom Walls 2188 $ 3%,

ARFIETE, EHNBE> SEREREAD 70 RE—X
ANIREISHAT 2 22T, BIRARZRWEEL X DTS
DEIRDBOEFREXE (K1), 155 TEHEMNZZEMA
BE2EHTZZ%ikA %, Phantom Walls IZEWTIEH
IZH 2 72 WEE (phantom wall) 23 N—F ¥ LR A —H —IC
FoTREINZ, BHROBNGFEEL TV THEEHEOI
NZEEEEDD B2 B XS5, AV —h—DFLHE - &
B FOERKICHET 2 3 onIAEAMNEHR L 7=,

ARFER T, lLx OBEARERIDPHHE EBZL TV E Y
S, FREBICED XS REPXET 2 HFICBWT
I—YPREMHME - FEF—2a VBTSN TES D
I MOV TOFRIIMREEETT 5,

2. THIVERE

FEHEOMFERER L T2 N—F v L ZERIPNCELE X
A= —F, BRBREIBET S, KBECHICAZ
72\ phantom wall & DN EBRICIGC THEILD, &

E1: BICRABVENSENDL S BREREERITEMA—

By FHRZT 5 Z & TElkiIC phantom wall & 1K
BErOBFREHFICEIDRIALTWVS, UTIRTAE—
F— DA ERLEICEE T 2K, FRICET 2L ¥y T
W 3ER0 3 0B X Y BER oA S A Tw»
%, CNHOFEAIEEAT2 ik, REBRF I &R
BOEEMAEXE2 2 e TESERIEE, B0/ 2ME
THIENTEZHEROMEF LA Z A TES,
2.1 RE—H—OuEEREICET SER (IEER)
N—=F ¥ LZERACEE XA TW 5 Hic A Z 720 phantom
wall IZIZZNZN 1 DDA —h —DEHEINTWVWS, 1D
DAY —H—ZAVTERZRRE LW, BELENCEIR
DBERIZEKC X IREN DD, £ T, AC—H—3HF
WCEEDRMA L THRBRE RO IEVWEBEICBEIZE, 20
EANC & D, KBEDNE > T SHVTWB L i, HICARD
OHMP SR T & S ICEDBEZ 2 TG E AT EER
FHELTWRE XKL 2 Z e AAREL 2 %, MBERID
Y274 A=Y %K 21TRT,

-1D1-12-



© 2023 BARN—FYILTIT1ER

1D1-12

2: WUBEENOA X—JH

2.2 BEICETSER (BEER)

HIZ R X %2\ phantom wall & {KER#E ¥ ORERELGE < 72
BIFEEDOREINEIRELS LD, KBEHIL. BEYL OB
BEOSES B, BOKEZIDWKRECHEZZ, BITLd'E
7R RFENGEWVERE 2R L 5, BREHIOEY 2714
A=Y R 3ITRT, HEHf HEORKZZDBFKIE. FLEir—
¥a Y OWBRD7HIZH 5 1R BRI IR TV S,

K 3: FEZIDOMX—CR

2.3 EvFICEYBER (EyFiER)

HEBE T 2BEDAZICE > THEDOY Yy FHET 5,
AREBEOHDORE MR L TRERETH 225G, BOYY
FIImDBIEL D, KREBEOHED A = HBEN L TFE(TT
HEHE. BOYyFRIRDELLRS, BOY Y FIIAE
WX TRIBICENL L TV, HiEMETIIRL., HEE
HHL TS, B, MELZHEHT22. vy FEs
BFOREXDOEFMNFHIICE X 2 BN RELBK->TLE
SCEBEXDOTHZ, EvFEAOEY a7 A4 X =
ZX 4137,

3. B
3.1 REREK

Phantom Walls & 2 ZECrdih L 72BEH O A ZE] 2 729
D3 ODFEANC Lo THIRAZTOWARWERRL 2 Z 2 h
TE 2%, FERICEDIRREINEL S0 b R0 DR
B, BEOAE LY WO IEMEHE T 2 Z L BARETH 200
MEE, EEOBENEE I N EEOMRZEL 21Tk

] ‘b Low pich

- Jj High pich

4: EyFEADOAMAX-CRK

volume ratio
o
L
L]

0.0 . L T
0.0 1.0 2.0 3.0 4.0 5.0

user-to-wall distance [m]

X 5: AERE CEr DI TEORR

BERHET T Z e DAJRETH 2 0 DIRFEEE BN LTS
BR%21T - 720
3.2 RERZM

N—F ¥ VEBICHEBE LAY — 7 —DOFRIEX 5 1R
L7 o X =R —TEEEITo/2, BEOE Y FII—FHEL
R —FEBNE 2D 1.5 58 Lz,
3.3 ERFHKT

FERIIE 3 NOBBRE DS LTz SME X HMD (Meta
Quest Pro) 2#E&E L, EFHO Y a2k L7, EB
W, Fa—tU T 4 DODEREHP LM S,
3.3.1 Fa—rUT7I

SNFIEE TREIhZHRIER 2 291, K612
T REDORLE X N 22 R DD 2 R8T 1 41, R
ZVIREET 1 R, AR 2k FEF4 HEEE 21T o 72

Top View

3m
—_—

X 6: EEOHRICEN S -HDELERBESIN-ER%E LH
587K

-1D1-12-



© 2023 BARN—F¥ILYTI)T4ER

1D1-12

3.3.2 RER1:EICRDOHNSBV-HDEROMERER
SINF I EH S OIEECTHEE 2m, 3m, 5m OFFTICEED
BLNTIRETE > T CBITHBWTED X, BEh 5 D
23 0.66m OHIHETY Ea > DREX 2L, HMD ODFERE
EIHFE LTz Wo DHE Y FHRET 3 o0& E% 2 E
Z VX LRIBFETIT o7z ZAITTIEW - < DAL IFOH]
REFEZ 20 B, b= ol flRIMZ 10y Lz, %
7o BEATORICIOE TG E 2 EBRE a2, FBREIX
ZohE%E PCIZHHE LT,
3.3.3 RE2:BNBICHTIEOAEOMERR
SMEZEHSOIEMICAE 0°, 45° . 90° . 135° DEE
HEINIRETZOETEEERX Y, BEoMfEY 1H
TERBHE IR, RBREIIZOMNEE PCITRER L, 40
DEMZZ 3E T VX LRIEFRTIT o7z, KiRATTIAHIR
Rz 100 Uiz, £/, SITORICOETHEE - E
BECEA, EBREIZZORE %R PC IR L.
3.3.4 RE3:FEHF—a3 FKER
SN FEBOREDEE X N/-22M % 1 HHEEEIC
[\ 57z, BINFE BN L 72,
3.4 RERER
EEBRBIMNME L TN ENBINE 1. &2, ZME3 LT
%, EF1 OHREZQ 5 DHVRFED 0.66m & DFRAED
Sy, B E L2RED 0.66m ¥ DFREDFE Y LTLRD
F1ITRT,

R1: BMELEHDS 0.66m Hm L DEES

S No. || #7% (W< D) [m] | @2 (BAHE) [m]

1 0.13 0.25
2 0.04 -0.02
3 0.65 1.03

EER 2 OFERIZ. 0°. 90° ¥ 45° ., 135° TIEBRITK
E GBEVWHEL T, MREEEOEEFE, 0°, 90° DIEEH
. 45°, 135° DIEZFRE LTUTDER 2 1ITRT,

x2: BMEICHTIEOAEDOHERRDOIESTSE

[ B No. [ IEB% (%) [ % (0°.,90°)[%) | EAR 45°,135°)[%] |

1 83.3 83.3 83.3
2 67.7 33.3 100
3 67.7 50 83.3

HER 3 OFER%E 3 NOSMEBOHWBEe LTUTD
X 7 12RT,

4. ER

4.1 RER 1 BIZRODSBWHDEROMERER
RIS, BME 1. SE 2 KOV TIEEE» S 0.66m

OISR KELTHE 0.25m DEFTHRTETCWAEZ L

Wb, ORI, K 5I1R U KERE © B v o Ik
EEROBBRDPEIIROD 5 R WIEEICHETNCERETET

W3rWi b, BE 1 BIOSNE 213 THFEOZE(T

ZiE ZE 2 B0 3

7: EROEEEITLDLS 1 HESEE o BT

3 R XD REEOZEDEBINCEL sz &
AXYPLTWe, ZOZehb, AFEEOHIELTWS
FEHDE % DEHICRIABRVENSE LS Z B TE
LB RODP B R WD OHEAEOBEN A LT 20
TRV EEZT %,

SINE 3 IREHEEEZE P -2 DD, BEIMDS
& &b & o7, ZOHEME [HEOELE BB
L1 EWSEIENTLS LD TOWRD - 7205 TH 5 Al HE
WD B, COHMBEEINUL EFE20IF2— MY 7
B o T3, TBECEEISLOWTWL | Hok
HOENHEEEZ 22 bMET Lz, REBROKEE
MEEOZ L EEBINCEL 31 WS EREOBKREICE L
TUEY > IAER S U TERZITV, HEBREH 20
PEBRBEEL TV L, ®o WBEWRGHE BB EE L
BAET. RHEERLEBOANRELEPHI EEZTY
7223, FOMHEANASNT=DIESIMNE 3 DA TH -7z,
4.2 RER2 BMBICNTIEOAEDOMEERR

MR, 2BEr D 67.T%EBZ Tz, 0°, 90° @
IEERY 45°( 135° OIEERTIIRSMEDI 45° | 135°
DIEERD A 0°, 90° DIEFERLFA U » EE->TW3 &
WORERE o7z, ZORMHRIE. 45° . 135° OBEIRAE—
F— 1 FBED R TIRERE IR DI WL ICBEI T 2 2 W
SEANC X > THMEDHZ X 2 FIEFDETHZ 25K
EXPEL L0, HIEADETRILKEXICHEIZ 30
°L 90° OEEX D HHFINB LT oD TIER VD & HE
T3, BME2D0°, 90° DEMZIZTNRTO° £ 90° %
WIZEZ T\, BEWTEREZ L-AlREH s H 3,
4.3 EEB3:.FEHF—IaVvER

EHBIMNERBEC TR O» oD EBELED TSI
EBN#E 3 D 1 EDATH D, Phantom Walls 12 & H BIZ
ZODBIeRAHL ZEDARETH D LRnENiz, 25
ME» S TREDEE D 2 7-DFER 1, KEi2 L HETHL
Mol bwHaxy v EEE, 2055, BIE 1. B
21 THBOBOENFERICEEZ X TV A 208D E
BHETAR—YTEILRTERVE, BEZKTEL
LAl TACHEL 2 W HETROD SR VI I ICERL
TVl 2aXYbLTWe, ZOZ s, BERETHELE
WAEEDOH T L TWVW2 DT . Phantom Walls %
AWz Z i X EROMATORDHEILE L3> T
WhrEZLN5,

-1D1-12-



© 2023 BAN—FvIILYT)T1EER

1D1-12

SME 1206 TEREOEHROGPE y FOERE D 2k
DT 2HENKRELo72) b0 aXy 2B, £
oo BhE 225 TEoF BT 0E, HEERKTED
72O RIGEL TR EER T 272Dy FOEREZM - T
Wiz 2WndaxXy v\, 2ERo0STIHL T
T L., BABOZEMEMNE LS 2 THL 2DIZYy F
DEBRBIERTE I HRESLEZX S, Ly FOERYE
EHTEDXSICRBEDDRAZITOWTESHERET LT
W<,

EBMELBAUCBMESIA5ALTVEILDBEh >
7zo ZAUX, BHIBLS XA 25X T LE o720, BE
MRENVEDLPo>TWVWE L ZAZRFET 2 WS ITENRRES
Nl EZ %, BIZROo0oRh0WE S Ifrz ROl 5 X
A7 REEIZ R DD 5V K 5 ITREE DT AN —E O FREE
DETIhDZRMER S LY, HRICBIT 2 FEIK =
(B RRAZEE5Z25Z2 12D, ZOTENZGTS %
ZAoNBld, RELEORBRTIEF LTSy —>a vy &Ry
REET 5,

5. 75— 3 e SBORE

N—F p LZEENTE, BEROHRZIELS Z 2 THE LT
WA REEYET TR B0 TW B REEY DT 2 Z e 21T
%% (M8), REMDEFYZHMHE L THRGE, BIEER
9IRS & 5 ICHEZEMDEHEYNIE S THICH 2720 EE
BEOENEZHRT27-D0F5ZRI51-DICAY -5 —
BAN—F p VZENICELE S % Z & T, EZEBoEEY) © bt
FTHRNTW S, REMOEEYICAbERY 7124
LTOESBOAEBIIEHRTZTWARWA, Phantom Walls
¢ SLAM(Simultaneous Localization and Mapping) & \»
SVINEALDTy By IEMiLllAADES LT, B
WHDOREA BB T Z DS AT 23 ) 7R 4 LIHRE
5 ZEHHEHETH B (K 10)o

K 8: N—F v ILZEARICTEHERED BV T LS EEY = 8
FTHL

6. HBbHOHIC

AETIE, HEZHVEVWERMEE FE sy —>a
%9 F % Phantom Walls ¥ W5 FIEERRE L., B i
HEDITE SRR, BEL OMEOHIHER, EH OB L BT b
54 & A 3 FEERIZOWTHE L7z, Phantom Walls % f# -

Real Wall Phantom Wall

9: REDEE IS It/ Phantom Walls

X 10: REMOEENZEITTHEAX—JR

TR E»SHICRABRVEDENEER L XEE I,
MTEDZIEPREINTz, Fiz. BEOBEL BT b o4
XMEBZeNTELZ RSN,

ST X D IREORWERAIRE R FEHT 2720, A¥—
H—=DRT R =R —DEREARE v FOELDTEH 2L T
X2, WREHSTZHEE X DHEFITTD LT 57200
Fa—F)TZAEOVTHE L TWL,

i
AT IST & — > > ay MURSERH Cybernetic being
FnY 2 b (JPMIMS2013) D% E% 2 I THbR T,

BE X

[1] Andrew J. Kolarik and Silvia Cirstea and Shahina
Pardhan and Brian C.J. Moore : A summary of re-
search investigating echolocation abilities of blind and
sighted humans, Hearing Research, Vol. 310, pp. 60—
68, 2014.

[2] Chebat, Daniel-Robert AND Maidenbaum, Shachar
AND Amedi, Amir : Navigation Using Sensory Sub-
stitution in Real and Virtual Mazes, PLOS ONE,
Vol. 10, pp. 1-18, 2015.

[3] Neugebauer, Alexander AND Rifai, Katharina AND
Getzlaff, Mathias AND Wahl, Siegfried : Navigation
aid for blind persons by visual-to-auditory sensory
substitution: A pilot study, PLOS ONE, Vol. 15,
pp. 1-18, 2020.

-1D1-12-



