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Texture is generally defined by friction and surface roughness. The
distinguishing feature of our research is the realization of highly realistic haptic feedback using
a two-dimensional tactile display that can present both electrostatic friction stimuli and
mechanical vibration stimuli.

The first goal is to demonstrate that the two-dimensional haptic display is superior to
conventional displays that present only friction or mechanical vibration stimuli. We showed, through
participant experiments, that the combination of friction and vibration stimuli is more
appropriate.

The second goal is to integrate the two main texture generation algorithms at the time of our
research or its commencement: 1) physical model type and 2) statistical model type. The integrated
model provided a superior haptic experience compared to the physical model type.



B X C—19,. F—19—1, Z—19 ({38)

AFZERR AR Y F DY

%ﬁ%m772?¥ TA4AT VLA, Xy T RRFADEDOMEIEREETHY, ¥ v F
FNAMTER L 2a—< L A H T 2— AL R0 TWABREIZBWC, N—Ku=T V7 by
= 7 DB DEAN IR TV D AR, ZOFEEZHWT, i) 7 U X AOEWT
JAF ¥ (FHEHOMY D) ZHORT 2080 ZEAFEE T 5. BRGNS (BIED) I
FERT I AT v mTIEL, 220008 TE A1) EET A, 2) HEET AT YRt
TOARNE, R L&D LT A RMOMBEFE ERmflS, BE, MR ICES501WT, 2k
%Tﬁok&%ﬁiuéf%55,@%ﬁi@%%%ﬁ@%%%Lq%@?427V4T%%T

MEFET AL, R L L9 LT AKmMAE -2 & X124 U A8l (BBEE - IRE) O
ﬁﬁﬁ(ﬁﬂm %, BB ARY T L) &, ET A AT VA THELLYTHT7 7 —F
Thbd. T—FWERET LV E LIS, miE Y, WEICES LR oARE BIEL, %
B, T AF Y MEICE FAAWSFHERHEROBFREZ BIET. 26 oK TFEO R EL
L, IO EBBLEFEORBPLEENLTND.

2. WO EHB

B FRENDIEODMET A AT VLA ZHNT, UTURLNENT 7 AF v H#ra FEHR
T5H., ZTOEDICH LT 7 AF vignPiEelR L, DR EHRiET 5. BRI, 77 A5
YAERETNVE LT, WHET AR EKFHETAREHH LI LT 7 2AF ¥ AR TEER
BT 5.

3. WD Ik

2oy F RPN SR IS & T, 2SRV O BRESAR il A L A kT ¢ A
LA ELTHILZ. ZoE@Eix, K1OXL218, f5E SRV OMIZEMREZ#HT, maEOMICE)
S EBEWRG| 1% HIET 5. S0 ETOROEIL, FHIISNTERY, FHOEITI U CTHRIPL
ERRERD.
?7X?¥ﬂﬁ$ﬁ¥%kLIM%@%?W@&%%%?WM%ﬁWLﬁﬁ%@%?wﬂfﬁ
T AT Y HEEPED L&D, BEEEET L L. ZOET VL, BERE L EBREED
TR O, BRI AEER L2, 5T A—2 1%, SHIEROFERE2 L L ICIEL
7o, RHAPEE X, 20 FHAEERE LYY, B AR TES TV D L EDfFOEE L, TAK K
ONEBE ) RN, KER 2 Y2 HCCEHIIT A Z &N TE % (Hasegawa et al., IEEE
Trans. Haptics, 2020). ZOWERET IV, T 7 AF v FIEOEE 0O £ 7 U AICFE 24
BT, EET MR, T AF Yy REDL L EICRAETIEBORBEHAY N T AEHH
Liz. RIA N ARFEDLDETE, FM (T =4 - aLy - K#) HoBlgsniz)E
WA BT 22 HWTHIE Lz, I S BEERIIL, BB L TEJM AR L8k
AT N T AORIEFEEICEER T 5. 2D 9B, 3.5 Hz LLEDOERES DB & et T b
DIEEL LTHW-.

MHEET IV EFFET VOMATIEONRE, WEET VERCTERISNIZEET 7 AT v
I L bl U7, LSRR T, 4FEHOEMORET 7 2F v DU TV XLz, KD HE &
WEed 5 2 & CRHMli L7z, EBRSMEIL, KFE UL THoT-.

nﬂammmm}

Load

Friction force

Insulator @,\\

Conductor ++ ++’? Attractive force
N Electric charge

4 1. WEREBELRRIRRMET « 27 VA, £) KETE., ZWHERNBA IS T
A% By FRFNVERTZT, BEREEZRR. ABO ) 3 i, 5 DIEE) J Oef L 2 5T
W A BRI, FRIE L AN FCHERNE A DI, WEI MBI WEI DS EET R
L, mlICHIETE 5. 7L ARV OMICHERIAD & 5 720, EBIRSHRICHEN D0 TR
Uy,




—~
£
—~
=
~
—~
e]
~

g i owl G - | |

=05 M M A\’b | 8 0.5 § ‘ J ‘

ALY T il

SR RRIRE M A e i

;f ol W LU » N ?ﬁ ol Wl b 3_0'2

8 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Time (s) Time (s) Time (s)

X 2. T=hEEoT L SITBESNTBEBREORINT —4. (a) £T7—%. BEEFRK
X, AW L ERMEOLTCER. (b) 3.5 Hz L FOEE RS T, MEETLD/RF A
— 2 PRFEIZFIH LIz, (c) 3.5 Hz LA EDJE RISy, BRI OB I 2 R ET S 729
(Al =LY

1. BT 7 AF ¥ ORBIEBROFER L L CORFRIITE. STAMSH, EERITFHY T H.
(a) WHET NV EREIETNVOIHFETT 7 AF YA E/RE LIRS O E. (b) W
ETNDHRTT 7 AT ¥ fliE AR LT25H ORGSR

(a) Friction model + textural model

Virtual materials
Leather Cork Denim Wood
Leather .714+.16 .00+.00 .18 +.16 .11 =+.11
Actual Cork 07+.09 .75+.16 .11+.11 .004.00
materials Denim .14 4+ .12 .21+.13 .68+.16 .07+ .09
Wood .074+.09 .04+ .07 .04+ .07 .82+.16

(b) Friction model

Virtual materials
Leather Cork Denim Wood
Leather .39+ .18 .144+.12 .36+.18 .11 +.11
Actual Cork 46 +£ .23 .43+.19 .04+ .07 .04+ .07
materials Denim .11 4+ .11 .36+ .18 .46+ .21 .14+ .05
Wood .04+.07 .07+.09 .144+.15 .71+4.21

4. WFFERR

B2z, fle LTT=2%28olz L XA LEE (R0 %, KA (WELET /L CHE
) LEER RSy BERHET LV THEE) ICHBE LT 2T, RERKR L - T, BEET
IVDINT A—H ERIE LT, @EEER T HIE, EMICRE OBRBEOEIE AT N T AERE
L7z, ZMMFEFERTIE, AFEOEET 7 AF v 2R L, 2T X EOEMBIRRINTND
D AFIR—THEEZ LI, ZOIEER - FREREZR LITRT. ROXLIHIL, 2T VEHLE
Bt (&1 (@), EERTBBLRTINL ETHoR, HEET AT (£1 (b)) T, 4%
MHR 3 M T 50%LL FICIR T L7z, #EHET A EOFHET VOHIRIL, BEIERT 4 A7 LA D
PEE ERATRE (BB INS D Z LI TE A0, WA SHDLZ LI TERY) THhY, FEhiL
otz EEROBRMNGIX, KELaN T OT 7 AF v RIIBWNT, FHET AVOIEESE
DHEBEIZENS T, KM L TX, MEET VO THIIZEDOREBIRAETH Y, HFH
ETADAY y B RNSTZEEZD.

KV NBRIL FRROMLTHRTE S, Fitld, 77 AT v RO DIy EE T L L
FETNVEHRET D FEICOWTHEHR LTINS,
Kazuya Otake, Shogo Okamoto, Yasuhiro Akiyama, and Yoji Yamada, Tactile texture
rendering for electrostatic friction displays: Incorporation of low-frequency friction
model and high—-frequency textural model, IEEE Transactions on Haptics, vol. 15, no. 1,
pp. 68-73, 2022. DOI: 10.1109/TOH. 2021. 3138647

FHET 4 AT VL AUL, v T RO 72D ORI REE TH VD, O &R
MEENTND. AL, TERTOFEL Y e d LIV 7 U X LD CEN T, it
WA BT D LA BT L, MEE T L EREHET VOO FIEIC OV, B ORMNZE
<, AT LB EBARIC K 208X, RO FIELEEZAD. SRITFHZZOMET LD
METEIZONWTHES LI EED 5.



14 14 3 6

Azechi Mirai Okamoto Shogo 17
Bumps and Dents are Not Perceptually Opposite When Exploring With Lateral Force Cues 2024
IEEE Transactions on Haptics 52 57
DOl
10.1109/TOH.2024.3357806
Wang Hongbo Sun Qingyu Okamoto Shogo 15
Surface shape alters perceived material softness 2024
i-Perception 1 4
DOl
10.1177/20416695241245021
Hsia Tzu-Hsuan Okamoto Shogo Akiyama Yasuhiro Yamada Yoji 9
One-touch calibration of hum-noise-based touch sensor for unknown users utilizing models 2022
trained by different users
ROBOMECH Journal 24
DOl
10.1186/s40648-022-00238-4
Sun Qingyu Okamoto Shogo Akiyama Yasuhiro Yamada Yoji 15
Multiple Spatial Spectral Components of Static Skin Deformation for Predicting Macroscopic 2022
Roughness Perception
IEEE Transactions on Haptics 646 654

DOl
10.1109/TOH.2022.3199082




Otake Kazuya Okamoto Shogo Akiyama Yasuhiro Yamada Yoji 19

Tactile Texture Display Combining Vibrotactile and Electrostatic-friction Stimuli: Substantial 2022

Effects on Realism and Moderate Effects on Behavioral Responses

ACM Transactions on Applied Perception 1 18
DOl

10.1145/3539733

Azechi Mirai Okamoto Shogo -

Combined virtual bumps and textures on electrostatic friction tactile displays 2022

Proceedings of IEEE Global Conference on Consumer Electronics 315 317
DOl

10.1109/GCCE56475.2022.10014107

SUN Qingyu GUO Junliang OKAMOTO Shogo 1SASE2022

Effects of surface textures and shapes on perceived softness of hard materials 2022

International Symposium on Affective Science and Engineering 1 4
DOl

10.5057/isase.2022-C000014

Inoue Koki Okamoto Shogo Akiyama Yasuhiro Yamada Yoji 15

Surfaces With Finger-Sized Concave Feel Softer 2022

IEEE Transactions on Haptics 32 38

DOl
10.1109/TOH.2021.3138640




Otake Kazuya Okamoto Shogo Akiyama Yasuhiro Yamada Yoji 15

Tactile Texture Rendering for Electrostatic Friction Displays: Incorporation of Low-Frequency 2022

Friction Model and High-Frequency Textural Model

IEEE Transactions on Haptics 68 73
DOl

10.1109/TOH.2021.3138647

Hsia Tzu-Hsuan Okamoto Shogo Akiyama Yasuhiro Yamada Yoji -

HumTouch: Localization of a finger in purified water using humming-noise-driven human-body 2022

electric currents

Proceedings in IEEE 4th Global Conference on Life Sciences and Technologies 69 71
DOl

10.1109/LifeTech53646.2022.9754811

Qingyu Sun Okamoto Shogo Akiyama Yasuhiro Yamada Yoji -

Differences in pleasant texture stimuli between fingertips and the palm 2022

Proceedings in IEEE 4th Global Conference on Life Sciences and Technologies 226 228
DOl

10.1109/LifeTech53646.2022.9754942

Otake Kazuya Okamoto Shogo Akiyama Yasuhiro Yamada Yoji -

Virtual tactile texture using electrostatic friction display for natural materials: The role of 2021

Tow and high frequency textural stimuli

Proceedings of IEEE International Conference on Robot and Human Interactive Communication 392 397

DOl
10.1109/R0-MAN50785.2021.9515405




Hsia Tzu-Hsuan Okamoto Shogo Akiyama Yasuhiro Yamada Yoji

Localization performance of hum-noise-based touch sensor (HumTouch) with unknown participants 2021
Proceedings of IEEE 10th Global Conference on Consumer Electronics 815 816

DOl
10.1109/GCCE53005.2021.9622087
Otake Kazuya Hasegawa Hikaru Okamoto Shogo Yamada Yoji -
Virtual roughness textures via a surface tactile texture display using vibrotactile and 2020
electrostatic friction stimuli: Improved realism
Proceedings of 13th International Conference on Human System Interaction 147-152

DOl
10.1109/HS149210.2020.9142626

0
2
2022

340

2022

208




https://ww.comp.sd.tmu.ac. jp/hci/




