2021 2023

Biological Engineering Study on the Mechanism Underlying Illusory Pulling
Sensations
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This study aims to elucidate the mechanism behind the illusory pulling
sensation using a biological engineering approach that leverages sensory and motor data. From the
sensory system perspective, the characteristics of the illusion were investigated in older
participants with age-related tactile sensitivity decline (N=40). From the motor system perspective,

the influence on wrist motion was evaluated by inducing the illusion during active motion (N=20).
Additionally, as an application of motion-assistive technology utilizing illusions, a white cane
training system for the visually impaired was developed.



¥ X C—19.F—19—1.72—190m@)

1. FFZERRAE S F D7

EMIER ZSEN L TR OS2 BEL, TOE SISV CEBIZ1T> TV D, — 5T, B
THEALEERENRDERDLTLE B L RN ENMON TR, KB L RO/ T X JEN
AU, SERBIGNAR T 5. $ERBLGE AR T P2 E 03 2 81%, ehOIEHRLBLOFERE A iR
T2 E72D. Tz, $ERBRICI > UTEBICE TREL KT THLOLHY, R E2 5 ITH]
22N TENL, EhOIEEISCITENE R T2 e Biilia L3283 T& 5.

B LR L BRAB LR B SO—HIEL T, S| RN ETEND. RO ER TR ]
PIIFEURIC SIS L, WIS L SHWEEZ FF. 2072, e NI E L3 D I0E
FE LRI AL T DI E 2322 BAZ VIS A IER 72 R BN 245 o IR ST b &, FR0IT
AT DN E 2 AR T 52 TIERMEENE — HFMICES ShbIo7e HhEL TR 95
[1). 25| HEERIT/ N OIRE T A A LD IRENRIPLTS 1 T LR RS I SNADIOREREEFH R TD
TENTES. EBIC, HAZENHLLDODOERIHIZITES SNDID T ED EEAEIK L7281
GHAELD. U EEFLDDE, FERFMEEN 2R T 228 TRV O HDIREN KT DT A J1 23X I
REES, FZTLAOERAE N T, EEIH D RACDETO —HEO L —T BRI ND. %
SII1SE R OMFF 2R ENL, SERZ ZRICHIN T 52D TENIL, A NIRRT =7 77 VK
FRICBIT DB =70 R G MR R BT OTE B SRR I N B C& S,

L L7e 35, 5| NEER B AERTIFIT AT, $EREF R T DO ORENT A ADE R
TR RSN ZIV TR NW VWO ERBENR B D, ST i, IR TS| hafirnd
BT NAADBAEB B RIEESN TV, 2072, $EROFIXT Ty 7Ry 7 AL TRib i, $§R0
AT DIRMEMIET LI B2 D T NAATEBRIHER T57 70 —F BRI TN E[2,3]. o T,
AT ZE CTIELALZ 0 RATE RO R L T XA ZADEHEDOYIN 43T N TE T, B DT S A AKTFL
2RI iR Cdh o7, EB| J18ERAEFB R THODIREN T A ADEELE EHR T57-0121%, eh
DREEZFIEL, S5 OWFICIE SN TT AR R TALERHD.

2. BFZED B 1y
AWFFEIT 2G| 8T O T2 MR 3T52 2 BNEL, S$EREHIRT RCIEE R TEUDE R
DIMNEBHSNZT 5.

3. BFge Jik

TR R SEENREE DT — X &G I LT AR TE ) 20T 7 o —F ko TE S| J185 R O Frfift iR
(2D, GERDFEF| T1EER O OGELEL T, f/CICH R LB FME B IC K-> CTELD L S
DEREFES| HEL TR L TS ATREMES #E MRS TE72[2,3]). Zo#mic ik S, Mfmic k> TR
JE R DRREMNME T UIZm g T, | RN AR L SN WM E T2, 22T, KRR
NHOT I —F LU T, 5|1 OMEOFELZMREELT-WFF 1. WIZ, ESI EERIT > TE
UAEENCHEH L. ZHET, £ 1EEIC > TEAEINSNAEE CZ B/ EB O ) A EL
HZEENBIRENICHGEL TS, — T, E| NEEREZFH R T D20 OIEIFIIRBIHNILIZIE, 55
EDF AN TARE RS THNIAL TS, ZERETNECLZ L3R\, ZDw, 5] 1184
T, R EEE ORI F ENAEC TWDAREMER®HD. 2T, BEIRNLDOT I a—F LT
I, BEENAOICIEBIL QWD TICES | SR EZFH R TH2L T, EE3C G282 T8N - BEM
R L 7=(BF5E 2). 77, 5| R 2R AU E 8 TR HA O 20 AFIE LT, BREEEO
72O HARBBRVEEAT ORI AR L AT 2% BAR LT-(FFSE 3).

4. WFFEAR R
(1) W72 1 | 5| EERIC BT DI 2

0| DRI DB D HELZ SN T A0, FHEREN=20)L & EEE(N=20)T, 5| 11k
H OISR OIEZREZ LT, £, SIS L > TR T LR G O B A2 SN T 5720
V2, IRENR IR A BB S FHRIL 7.

FEEROFER, X 1 \TRTEY, S EHICRBW T, EEBMELFRE O WIEARTEY| /15
HNAEL, MEO T/ NS -72(p=0.93, =0.01). FIITKL T, ElptctED EARL, BiEL
PEIZHEARTH EIZRL, M OR BN KED-T2(p<0.001, =0.67). £z, S5 OEZRIREHIHIC
X DEIMEE FAWTC, 22—V RIREEZ B, v —RIEICE-S T, Z77AZV T LI R, EBRBIN
BN A ODITAZGPESZ(K 2). I &> CRIEAS ER- Uizl O8ER OTEASRIT iR
B TeN(ITAL 4), $ERDPELEZ SO0 o7 @i L O BT T - 72(0F A% 2). UL LDk
BRI, ML TR ERREOBRENME T UGS, RO EEELIR T THEVHMEHE T 5
TEIFHEELL, MEENBR LI O BEE AR BRI NG| JISERIZH G L TOD TR RIEI . K
WFGE CH DN Ao T 7 E B2 LT, | SR OBF 2 IVFERICHL T A LN TE ST
b, SHLIEL T, EREZERTD.



®
£

(b)

young older 100 o °

L]

100 r F 100 ? ... ° o °
—_ —_ L4 °
= =) . = ) 0
@ 75 ° QL 75 °-; I Cluster 4
© © ° 2 w0 3 (older)
2 3 @ ® Cluster 1

12}
g 50 g 50 g [ ] (younger and older)
2 2 g 1 .
o o = °
o ot 9]
8] [5) ]
g 25 @ 25 5 60
) ) o e o
[¢] &} [l male [l female Cluster 2
50 (older female)
0 0
20 40 60 20 40 60 . .
Stimulus intensity [m/s?] Stimulus intensity [m/s?] 107" 10°

Vibration threshold [m/s?]
1 5| 8RR IIT DI OO EERKER (a) LN OHEREE Z & OFG| EEH
OHFFRBIOEER (b) EEHR L EBFIC T 2 BIEICES< 7 T 2 2454

(a) (b)

i Target Cursor
Display Display .

o
i Vibrator -
B 1
e / (c) /_e /.? /-? /-
N _
‘ EMG\? © o \ Vo \ - \
Motion capture ) \ \

7Y/ \\/ ) A ) :
<\‘&J>,/ | / | “‘/ - ‘ /

Congruent Incongruent Vibration Null
(Asymmetric vibration) (Asymmetric vibration) (Symmetric vibration) (No vibration)

2 Kty F7 v (a) RBEEORE (b) MBI (o) FERZRMT

Motor task

Rating

(2) WF5E 2 | FBI SR EENC G2 D

TR A REB AV il - (RS CWDRRIC, B NIEREZFHHRL, TOREOEEN G2 5%
FHEL7=(N=20). FEERSIMNF L, BB T A AEHEESH, il -fROBEICS Db TBEIT 50
—INEAESECETFLBEISE. -2 BERECHERIBEIEAIOICHERLEWE 2).
PLEDH A7 25 LT 10 [BEVIRL, ZORFOIT A ERE(TFEZENLI=OITE 2 B &0 RET
NARAZ LS TEFEERMOEENTZONZE Y 2T VTl 24— k- C, FEFEEIE~. £i=,
ZORFOFEMOEE L @B OMBENMEZFHIL. EBRSMALL T, EEILEG| IgER O &)
[A] U 454 (Congruent), #i[a]1& D 4ef(Incongruent)iZ Nz T, v ha— LU T, 5| 1SR N4 T2
WRENHIEL O S (Vibration), FIFEA2WGEANUDD 4 £ TH-7-.

SICEROFERAZ R, 174 EMEICEL T, Null 0BT, B4 B 5 TE LG VR
Mo7=hs, Congruent SefEDIFIC, AR FLZ(p<0.001, =0.75). £7=, FRAMOESOHEE
U, Congruent SefEO R ERENA B2 Null L0 A E10#EL 25 7-(p0.01, =0.22).
XD H R Z A ONIT A, EEA O EME b U 7-f R, EBREToR BT R
RO ST=b DD, RRFEITEIT 235 72(p=0.01, 7%=0.11). £, FaEELER T Of
AL O EEIITIEDOFH B A B (1=0.38), I EE ARG DR J5 D38 il AL ANV £ 3D AT
bolz. ZDI, BiEz R EL TE, EBRBINEOHBEHEICLLLDOTHLEE 2D, U
FoOREREFLDDHE, EWENC LT HFAICES | SR EF R THIET, B BHOMRECE#X
FHDTODIZHEDL LT, FRREI T AR L TE SN TR TNAELD. ©FED, GREIZ,
RRELEB CFENELDLIEIRENT-.

(3) % 3 | ERLEMERAN ORI 2T LD B %

REEEZ D AT AT, M > BERRERIN Ch Xy T T 7= %3] /)
PERIC K> CHORT DA LB AT 2B LT, X0 T T 7= 7813, AR EL IR THIE%
MNT, 2 RO KER A MR T 2BERITTHD. ZolE, B EHOIEFRHRICRTL TRIELD
RRJRD DR THEAL)FEIIRDIET, Zhb H BB Z 2N EINEHRTESD. LovL,
EEFT, FIEPUTE T2 AIEDERRH D720, B NEER L TEAWEITIRND I ICHE
L7z,



s
C;
s

[l Congruent [T incongruent [ Vibration [l Null

a
=3
=3

IS
=3
=3

@
S
=3

Agency
IS ®
5 g

N
=3
=3

o
=3

Maximum angular velocity [°/s]
Averaged agonist iEMG (z-score)
o

o
o

& N N . 5 . .
&é‘ & Q.;@Q N Flexion Extension Flexion Extension
S

X 3 FEB|IEERNEENZ G- 2 AEBOERIER () 1T4EME (b) TEIH D E s £
(c) F@H o iEMG

(a) (b)
600 - "
~ A

Motion capture "\

Stimulator

Pre—tlask Traininlg task Post—ltask
4 APHEEEIR ORISR AT & () AT LOMERL (b) ¥ A7 L Ofl T
(Pre—task), MM (Training), iM% (Post-task) o HAEME & DR

i LB AT LTI, ARLOWNEBICIRENT A AE2 WL, 5 EICHERRIEE 28R $ 524 T
FE| NEEREEFER LT, T, B—ar ¥y T F XL CABO SO B4 RIL, Jeim B 4
TEDOPRIORE, BEZEIZ M D y>TES| NEERIZI > THELZ(X 4(a)).

KR AT LDZ—F N ThOFT IR R RER 2R L= T A~ A7 %5 A UG IRE(N=10) 2% 212,
=P T AN ToTc. ZORER, VAT LOM I T HEOIRVIREOFRENA IR T Lz, Fiz,
B —HFN=2IZH AL 2T LE2FI AL THH, EERR M EITo7-. FORE, B HIFO
BONEE TR ZDTDICE N THLES TR T AT IRa A "MELLTEN, TV DT O ARLED
HRWZDIEINLTWNEE TS H oo 721X 4(D)).

< 5| H TRk >

[1] T.Amemiya et al., “Lead-Me Interface for a Pulling Sensation from Hand—held
Devices,” ACM Trans. Appl. Perception, vol.5, no.3, pp.15:1-15:17, 2008.

[2] T.Amemiya et al., “Distinct pseudo—attraction force sensation by a thumb—sized
vibrator that oscillates asymmetrically,”  Haptics: Neuroscience, Devices,
Modeling, and Appl., pp.88-95, 2014.

[3] H. Culbertson et al., “Modeling and Desigh of Asymmetric Vibrations to Induce
Ungrounded Pulling Sensation Through Asymmetric Skin Displacement,” 1In: Proc.

of Haptics Symp. 2016, pp.27-33, 2016.



4 4 0 3

Tanabe Takeshi Kaneko Hidekazu 32

Illusory Directional Sensation Induced by Asymmetric Vibrations Influences Sense of Agency and 2024

Velocity in Wrist Motions

IEEE Transactions on Neural Systems and Rehabilitation Engineering 1749 1756
DOl

10.1109/TNSRE. 2024 .3393434

Tanabe Takeshi Fujimoto Yasuhiro Nunokawa Kiyohiko Doi Kouki Ino Shuichi 11

White Cane-Type Holdable Device Using Illusory Pulling Cues for Orientation & Mobility Training 2023

IEEE Access

28706 28714

DOl
10.1109/ACCESS . 2023. 3259965

Tanabe Takeshi Nunokawa Kiyohiko Doi Kouki Ino Shuichi 15
Contribution of Vibration, Tapping Sound, and Reaction Force to Hardness Perception During 2022
Indirect Tapping Using a White Cane
IEEE Transactions on Haptics 11

DOl
10.1109/TOH.2022.3155106
Tanabe Takeshi Nunokawa Kiyohiko Doi Kouki Ino Shuichi 30
Training System for White Cane Technique Using Illusory Pulling Cues Induced by Asymmetric 2022
Vibrations
IEEE Transactions on Neural Systems and Rehabilitation Engineering 305 313

DOl
10.1109/TNSRE.2022.3148770




Takeshi Tanabe

Pinchable Device with Drive Unit for Illusory Pulling Sensations

Euro Haptics 2024

2024
32
2024
HCG 2022
2022
28

2022




26

2021

Tanabe Takeshi Nunokawa Kiyohiko Doi Kouki Ino Shuichi

Identification of Physical Factors Contributing to Hardness Perception of Objects During Indirect Tapping Using White Canes

IEEE World Haptics Conference 2021

2021

Implement of the Training System for White Cane Technique using Haptic Illusion

60

2021







