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Presentation of Finger-size Shapes

by Combining Force Feedback and Electro-tactile Stimulation

OYui SUGA (UEC), Izumi MIZOGUCHI (UEC) and Hiroyuki KAJIMOTO (UEC)

Abstract: In virtual environments, rapid and accurate perception of object shapes is critical for achieving skillful
interactions and enhancing immersion. Typically, conventional force feedback devices that provide force direction and
magnitude across the entire finger faces challenges in accurately representing fine geometric details of object shapes, such
as edges. To address this issue, we augmented force feedback devices with a compact and high-density cutaneous electrical
stimulation mechanism, aiming to improve the representation of subtle shapes. In the evaluation experiments, reactive force
and edge cues for virtual objects were simultaneously presented, and shape discrimination tests were conducted on four
types of column shapes with a thickness of 7.5 mm. Comparing force feedback-only, cutaneous feedback-only, and their
combination conditions, our results demonstrated that the combined approach improved shape discrimination accuracy,

confirming a more precise perception of fine geometric details.

1. IIC®IC

i E RN, N—F AV T VT4 (VR) I&F
J2BANR LSO EICEERERE 2> T3,
BEFeD 6, VR BRERIC I 2 M R & DMK, Xt
RY) O E, REOOME, BERE R E, @il
PHRT 2 FESSBIREEINCE L. T, 12—
P =N — T v VEREEN T OYIMRERIE % 1E RN 5> D%
KIATA B X HICT 3720 IEARN L 25 DIT,
N—F x VRO TR 1Txl 3 2 i il ® 7 4 —
KRy o2 ThdeELONSE, ZO—HT, HEELT
D VR ZEMIC BT 2 il EIRR oW oF T, VR PkIC
fii 3 7= BRI 2 DR DI 00 % L v D IRILIZ R 72 125K
Hah T,

e, RT3 BEKRE &, ek, B
fizg L CRRINIETEE 1) CKHlEn b,
Vik%E ZF CHHICHER T 25 TIX, IhbDKE
JEH & GETRRE DA & VT RICH 7r il B R A3 A
HEINB[]. HEFE2VRLED, METFTIH2Y
D HTHHE M7 ZRITYIE % S 5 D IEfE IR © &
52 EHRHLNTYB[2].

N—F v VIR E SRR ICEET 5 -0 ciE, FKF K
HPNEOME 7 4 — F Ny 7 OMNE5ERZNZNERE
R E R RS2 L CWB3][4]. TEIRRAEH S Z LT,
VIAERERE B YNICHIN ) 2 HEEc &, BRIERE L%
RE@Dd N TE D, HERERR IO 72 8 E
DI DICHEARARTH 5.

— M 2 RN EE L, RIS HOmE e H RO
WERRT B L LB, HIXRMICIEICKEERE D &R
T2, L2aLZoOBIcAE L 3EEEEIIHL ETED
FREEEICRLTEL 2D THY, UKD [/ 7
SATIEH T H 2 MY - = v P78 & DMK DR
RAEEL K, TIROBA 7 e v I E LY 5 2 2]
REMEDS B B[5][6][7]. =@z, sEfll Ik 2 FFH L &8
FNCHRET 2113, RIS A CTHAR I 7o B I
HIERPAREL Y, JTHPEREE IR SR
DA VETH .

F24E VAT LA VTH -3 EFIEEE S (S12023) (20235128148 ~16 B - R B Avt)

MO R REBICL > TA—F v LTRIROKER
OBV Y EY) v 7 BRICaBEIC 7 o T\ B 28, RS
B DK T IR R O RIE MK, REZW
WCehD, T, HFHMBRERRT S 720 BT 7
BN{EEIE % fF O SRR REE A ER T 5 2 & 13,
VAT LHBPKREUL - EHILLTLE ) -0 REETH 2.

INCH Y 703 b ksl 7 BE IR R & Rl RE & 3
ZFELLTCERMET A XA LAREZONS, &
SHEE T 4 27V 413 2 mm [BIFRAEE CIERICR LT
B MR RS EETH b, AL, ERUE AR
5 CH 512D D IR REE R~ OH Y 173
KHTH 3B,

BED L 2 ANEPR EEBELQFBOBA TR ICE T
IR RICO W TIFE L WIHREEA 2 I LT,
Fax, NERER BRI E A A D TRRIER
21T\, 15.0 mm JED 4 fEO R D HIF] & Z 7 12 B0
THAIH ARV T2 2 2R L7728, LiL,
TEAR D FRIREST IC D W T I TR & B SRR % #H A
B ERLIEMEFRIN TR, 2T
WNREFT KRB LR KEL, NEDOARTHEIRHG %2
TR LLANVWERRITHoTT-00EZ2 LN
3. bbb, WED XD BB RTR SN 3 2 et
115 2 LT, BRI X 204 10 7s S R R
BHEMTH I EI »EWAET 2 0E L H D, -,
Z DREATHIFECIE, BRHFIC X 2 S RE R
ERUIMED Ty ¥ DFHE R AT RIS 2 HiEICR
EINTEY, BRAEEAWEZERL &) v 7 H
i izdcED R B 3 .

KX T O R REEICL Y N —F v 1Y)
ONRL v XY v 7%k T, BXMIC X Y PRD
Ty VORBERERIRNTAZET, M mm 44 XD
N 7p N — F 2 VYR D TR FNE %2 X 0 IEWE DD &l
KT b2 rHIET. BRKEEO 2R 27 LT 4 D
KR OHR 2 2 7 2L L, HEOA, KEERED
HDH—D IR & R L TRl AR O3 R % et
35,

-611 -

SY0010/23/0000 - 0611 © 2023 SICE



2. VAT LA

2.1 EXRIBERE

AHFFE TR W22 B AHISCEEE 13, Kajimoto DEE[9]
& AR DR ANV R ERL Y AT LT, BRI E 7 4 L
LARDFEM e 7 L F o 7 NVHMRCTHERK L 72 D %2 v
72. Fig. 1 \3ARWFSE < 72 B SIS E o B D YRR
MEZRLTWD, 0 64 BHITTRLEIRZ B L 72 B
FliE CHEpk S hC k0, BRI 2.54 mm TH 5.
BLRMW I~ 203+ v — 7 (ESP-WROOM-32,
Espressif Systems)IC X - CHilffl s, aveva—xL v
YT AVBECT — 2 % k%ET 3.

‘°'
‘.,
0
—

Fig. 1 Enlarged view of 64 electrodes on flexible substrate of

the electrical stimulator
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Fig. 2 The presentation part of the force and cutaneous

sensations presentation system and the wearing of the device
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Fig. 3 Four types of column shapes presented in the
experiment. Green areas are drawn as edges, and electrodes

touching the green areas are electrically stimulated.
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Fig. 4 Confusion matrices of response results and accuracy

rates for each condition

B T L D& REE % Fig. 51 &7z, b,
B BRI HEBREIC X 2 102 F B KRE Wiz, ik
FH T L hIERR o R % 0, IREREZ 1 & LT
ERLL 722 FVWTE Y, LB ERLL 72
fEICH L CTiTR o T 5, HBROBERE ORER &
CACHIIFRFERR N o 1 JCECE K AEHIE ANOVA %175
L, BIFRORCHEEAE BRI N r o772 (TUA
M, PR, SAE, ZAEOIED p ff : p=0.144, p=0.179,
p=0.101, p=0.212).

HEHRHL L, £, il apReHEE L <8
i3 2 & v ) REFOBR L, N1 RIERRHICHRR 2 IRE)
LCLEICTLDRELHY, NERRPET NS EE
N CHERBAERALTCLE >N H 5.

WERF DO EEICNT 2 a Ay LT, UTDXS
BLDDRH -7,

o FRNEICXoTzyYBHMETXHMZLLS
%o 7= (Pl, P5, P6)

0 JNIROADIRTIRIEDIHIPHEL DL A
fEXWEEL LT, HEERET 20 ICFM2
Bol-h, BRI D 2 L OISR L S
o 7= (P6, P9)

0 FXNMDADIIRIL, WRPZNETELZ-D
25, HWIT 1 HORDHIKT, HIH 5 R
- 72(P4, P5, P8)

0 NHEDADIIRTIZTE 572 HBIR DD h o
72(P7, P8, P10)

o [ REMFVPRDHEINL LT L, MOEEE
THIE T2 Z & 23T 72(P7, P8)

- 613 -



10 Answer time

0.8

o
o

o
IS

Normalized time

T

0.0

Elec only Force only Force + Elec

Stimulus type

Fig. 5 Response time in each presentation condition
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