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Haptic Invitation of Textures:
Perceptually Prominent Textures Invite and Determine Human Touch Motions

HIKARU NAGANO! SHOGO OKAMOTO! YOIJI YAMADA!

Abstract: Some textures and materials invite human touch in daily life. Such phenomena are called haptic invitation.
In this article, we tested the hypothesis that the textures with perceptually prominent properties favorably invite specific
touch motions. We conducted sensory evaluations of 36 textures to acquire their perceptual properties. Furthermore,
we recorded human touch motions elicited by these textures and extracted four touch modes using a clustering method.
We developed a Bayesian network model that represents probabilistic relationships between texture-invited touch mo-
tions, touch modes, and perceptual properties of textures. The model substantiated that the textures with perceptually
prominent properties frequently invite specific touch motions that are suitable for examining those properties. These
results support our hypotheses.
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8 5 7 (smooth) |, [FHEVY (hard) - K 5 220> (soft)), [HE»
VY (warm) - § 720 (cold)), T9F 0 #Eu> (sticky) - ¥ 0 5
V™ (slippery)), YR D & 2 (glossy) - HiIR D 720> (gloss-
less)| D 6fEE L7z, EBRMOFM S — MIiX, HAGE
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a) Sample displayed in Experiment 1

White plastic plate Side view

m' , Sample texture
! 7

< >~ 140 mm —

140 mm 150 mm

b) Samples displayed in Experiment 2
White plastic plate

140 mm

140 mm 20 mm

1 REORR G

Fig. 1 Presentation method of materials
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2 mm I 2mm | | 2 mm 2 mm
Magnolia Oak wood  Sapelli wood Fine woven Coarse woven Woven linen Woven Soft fake fur
wood straw straw rush grass
2 2mm 2mm 2mm 2mm 2mm 2mm 2mm
=
Short hair Long hair Fake boa  Fake cowhide Fake alligator Fake woven  Fake suede Felt Towel
fake fur fake fur hide leather
2 mm m m ‘ 2 mm 2 mm m m m
Satin Pyramid Mirror plate Iridescent ~ Aluminum foil Mosaic tile Glossy Glossless Cotton cloth
rubber matting sheet cloth vinyl sheet vinyl sheet
= T T T T N 5
Fine Crumpled Corrugated Wall paper  Artificial grass Sponge Performed Woven
Japanese paper paper paper aluminum wire mesh

B2 FEBICHZ 36 FEOHEM

Fig. 2 Thirty six materials used in experiments
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12, REBRTOZMEL BHE L. EAIL, NED
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NH-NT, \EHsh.

—HITOHF CTRIFFICE TR SN D 3 FEEOREIOMEE %
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X Side View

Metal plate Texture

[ 3 Measurement of touch motions to textures
Fig.3 FM~OfEITEIOFHA
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Research Inc., Richmond, Canada, 640 x 480 pix, 60 fps) %
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% > ¥ (MINI 2/10, BL AUTOTEC. LTD., Kobe, Japan) %
HAWTEHRIL. 6 AR HidEk2EE LTV
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3. MRITEETIRFYOERERIEERE
TILDIESE

BEMOT 7 AF ¥ LMEITHORERET 720, £
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ThHhoTh, LBV OBEL LRGN D, 77
ATy L EATE O BIR 2 MERIIICRELT 5.
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RAEFAAETT, FHllSNZEEH TRy hT—2
OHEEZFET S, 2 LT, MEINET VEMRITT 5
LT, EMOT I AT ¥ EAEITHOBGREEFET 5.
T, BIEINHRELZIHLE LTHWD Z LT, Bl
INTWRWERDOREDHEENTRETH D, Hl2IE, 5
TEOMEATENC AR T DR E LI E L THWS Z &
T, FOMETEZFETOMEORNWEMOT 7 AF ¥
OIRENHEEFTRETH 5.

FTHOIE, ER1IBIO20RZHANT, X477
UHy NT— 7 BT DR BM DT 7 AT v, fil
478, BIOMNLT) ML, 2L T, Zh b0k
HEEHAWT, EETLVEMELL.

31 RHEEoHE

RAVT U Fy KT =7 BT 5D/ — Rid 4 CHEHE
BE Ll &/ — FOEM%E TR~ 5.
311 6FOTIVRFYERIHEHE

MWD& 5 - Miho vy, TV - 2D 60, TE
W - BRB D, TR -2, BV EN -0 5
W, TERD &S - RO OFFEE ~D B REFE
OFEREHNT, 6 D — REAEKLE. Z0Fho
J— FiE, EHEERSMICBWT, AR 35515
it (-0.43,0.43) #H#eL LT3 fE{fb L. #HlxiX, H5S
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D] OFHMEfEIZ-1.1 TH Y, 043 LV /S, 20D
72, soft fake fur OHL X & (Micro Roughness) 1%, 17285
7x (smooth)| L4EE N, LLFIZRT X912, 6 DK
ez 3 fEfk L7z,

Macro Roughness: Flat, middle, or uneven

Micro Roughness: Smooth, middle, or rough

Hardness: Soft, middle, or hard

Warmness: Cold, middle, or warm

Friction: Slippery, middle, or sticky

Glossiness: Glossless, middle, or glossy
312 METHERTHHE

fMZZATENS, WA TBRIONRE R ERHNT, FHEIS
Nz, bibid, FHUREREY 11 MoREEZ R L
7o FREENL, BNE T EITEREL L, T2 AT vk
(ZHEYEE (-0.43,0.43) Z AT 3 fEfk L7z, fhih Sz 4%
BiEks, TALPEWYBLREBITILLTOBEY THD.

Time before Touch: Short, middle, or long

HITEBIE LR D, SINE O BN RN 2
fih U 7= W% & T ORI FER] % Time before Touch L iEF L
7. BIZIE, ®25BIE OFHARERICBEI L T, cork board ~
DOEERE( S 4LT2 Time before Touch DfEIL 2.2 TH Y, 0.43
LV bEW. ED=®, cork board D Time before Touch O
PREEIX Tlongl E/0¥ELT-.

Contact Time: Short, middle, or long

2 HRONBEE L Y KE WL &, SIEDRBHIfiliL T
WD Ll L, EORM ORI % Contact Time & E#E L
7=. Contact Time I, Tlong]), Tmiddle), & L C [short] ® 3
EIZEE b S N7z, BlzIE, HBESMEFIZRB W, crumpled
paper ~DIEHE(L S L7z Contact Time DfEIZ-1.1 TH -T2
7=, [short] &SI,

Average Vertical Force: Weak, middle, or strong

ZINFEPHEH AL TWDE D, z FROHOFE LY
WEINTZ3ED ) — RThHD.

Maximum Vertical Force: Weak, middle, or strong

2 FIDOHDOEKRER 3L LIz, —FThb.

Average Horizontal Force: Weak, middle, or strong

SINFEDFRBH N TSRO, x Frhé y Faolio
BV Z 3EE LTIz —FTH 5.

Maximum Horizontal Force: Weak, middle, or strong

X MO &y FRDIOE T ORKRE%E 3 Eik L.

Average Force Rate: Low, middle, or high

z DN x Fm& y Fmojog )i THl - iz
Force Rate & 7E# LUT=. Average Force Rate |%, ZNE D3k
FHZfIL TW BRI D, Force Rate D X Y B S iz 3
EBD/—RThHD.

Maximum Force Rate: Low, middle, or high

Force Rate D RKEZAWT, 3k L7/ —FThD.

Average Hand Velocity: Slow, middle, or fast
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Properties of
Textures

Average
Vertical Force

Time before Contact Maximum
Touch Time Vertical Force

\

Maximum Average
Horizontal Force ) | Horizontal Force
—_— Touch

Maximum Average Maximum
Force Rate Force Rate Hand Velocity

Hand Velocity

Average Hand Motions
Displacement

Touch Mode

4 T U AF ¥ EMEATH A RDOT LA T Ry NU— T ET )L

Fig.4 Bayesian network model to connect perceptual characteristics of textures with touch motions

FRONLBIEEAEORRYT — % L0, FEORBEEE 2 5
L7-. Average Hand Velocity 1%, ZJN#H NaEHZfiliv T
L0, BEEEOYH LV RESINLZIED//— KT
H5.

Maximum Hand Velocity: Slow, middle, or fast

BBV O K MEZ FAVWT, 3kl —KFTho.

Hand Displacement: Small, middle, or large

BN HREHI L TV B0, fEORBENEEEZ 3 {8
felic/ —=FTd 5. BEIREHT, FROMEREORRS
T—XIVEHLE.

313 fhAZRY/—F

Touch Mode: Push, scrub, stroke, or soft touch

Pivbiug, il (push, stroke 72 &) #/04HT 5729,
Touch Mode £ \™9 /) — R&AERK LT=. Touch Mode 1%, il
W 11 FEOMMETEOEEANWTIRESND 4D/ —
RCThHD. 77 AZ0HEMWT, 14 AOBINE 5T
L7-fihg2478) (280 31T) Z 4FiD 7 T A ZITHMH LT,
B SN 11 OTEE LY 11 koo 7 MLz ERk
L, X7 M O—27 Uy FFJ5 FRREA 3T R OISR
ELL, ThDOMEIC Ward EEwEH L.

k22 TE) & OB ABIZET 5 & T, SFINTC4HD
7T AKX NER, Ipushl, [scrub), Tstrokel, &L T
lsofttouch] & L7=. 4FED 7 T 22 L, N0 2 RMAHT
% iz TEOBIfR % Table 1 12”9 il 21X, Tpush) iX, z
HEDAPRRE L, FHORBEERED /NS V&) Figa
I 5 Ths.
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32 TUORFv, METE, MhAOBEGRERT Y
77— DEE

FER1BRO2 RVBEFET =22 HNT, " P77
YRy NU— 7 OREERE LTz, ARIFSTIE, marginal
likelihood {223 %, greedy algorithm W\ TR > hU—7
MEEZRR LT, BRIy MU —7 OffiE%, Fig. 4
WY Xy Y= ATHRIEIN R EL, RREBEGRD
W TED0E IR L, 77 AT v L EEITH), filh
FHOBREFRET D7D OMEHEEICH AT 5.

4. RERDIREE: &V FT—0 ZAV-HERHETE
#

SEM~ORRZEATENS L O T ZRELE L THWT,
MOT 7 AF ¥ DIREZHEET D 2 & TR EZBRGET 5.
(BRSLA 72T 7 AF ¥ 2 A4 2R M IIMBTE 2FH 515
MERBEmN] EWVOREH 1 ZHEET D720, METE 25

R1 4 FOfTT & BEITEIOBILR

Table 1 Relationships between four touch modes and touch motions

Touch mode Related touch motions
Push Average Vertical Force: strong,
Hand Displacement: small
Scrub Maximum Horizontal Force: strong,
Average Horizontal Force: strong,
Hand Displacement: middle
Stroke Contact Time: long,
Hand Displacement: large
Soft touch Average Vertical Force: weak,
Average Horizontal Force: weak,
Hand Displacement: middle
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BT BRMOT 7 AF ¥ IZHERNR Y DFIET HDO0%E
FETD. B, 9L D R 259 5 EM 3R
LN THAERIE, HHH LUIZDOEL L TH RV VER
IZHREWE TRET 5. KIS, T35 S a7 iEBEL -
7T I AT ¥ DEWVNCEEIND ] VIR 2 ZREET
570, NFIZL ST, WY BHFEET DT 7 AT ¥ i3k
RBEDONERGET S, Gl2E, 4 X5 2t %54
HFEMIZH LT, FMOMSASIHY N6, 72T
5 &5 e okt LCiE, BMOMIBBEGRT 5 & TR
T5.

41 TYURF v EMBTHOBR

ERHEE 21T O AL, WEINZxy hT—7
WTHITN TR EDOHABEDORICESERE LK. 6
DT I AFx &, ZND LRV METHOMAE DY
WEFNEh, Macro Roughness & Maximum Force Rate],
[Micro Roughness & Hand Displacement), [Hardness & Av-
erage Force Rate|, [Warmness & Average Vertical Force],
[ Friction & Maximum Vertical Force|, % L C [Glossiness
& Average Horizontal Force| & L7c.
4.1.1 Macro Roughness & Maximum Force Rate D%

Maximum Force Rate D Z FE#ML & L THW T, Macro
Roughness OIRBEZHET L7z, T OFEE, Table 2 (8T K
H\Z, Maximum Force Rate DA low] TH D & &, Macro
Roughness DIRHEIX, [flat) T DN 0.53 TR &7
Y, Macro Roughness DWREDLFLFERIZR Y DA LN D.
DOFEY, RENESRBMICLTL, FFOREAITZ T
BUZHER /NS <, x-y FIANZKE W, E£72, Maximum
Force Rate D7} Thigh] T b & X, Macro Roughness ®
HRHEIL, Tuneven) TH HHEZN 0.58 THRAL o7z, OF
D, x-y FOHHA 2 FRIDOTINKE, #1495 72fih
NFEFESIT HFEML, REROMYNNE L WEMTH D
FNE. EO—F T, Maximum Force Rate OIREEIZ L &
9", Macro Roughness OIREEDS FFRSE (middle) TdH 5 e
TE < vy, oF D, MME (Macro Roughness) DB -
7o (MMEDNE LS REWS LIS WEM) 1,
D TRWEMICIS, EZITEI &2 5553 DR Em.

%+ 2  Maximum Force Rate % iFfll & U CHWIRIEHEEIZ X % Macro
Roughness O£ iR
Table 2 Probabilities of Macro Roughness when Maximum Force Rate

is given as a evidence

Evidence:

Maximum Force Rate

low middle high
Estimated result: flat 0.53 0.32 0.25
Macro Roughness | middle 0.15 0.24 0.17
uneven 0.32 0.44 0.58
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4.1.2 Micro Roughness & Hand Displacement 0 B{%

Hand Displacement O fE % FE#L & L TH W T, Micro
Roughness OIRTEZHEE LT-F5 5%, Table 3 127”9, Hand
Displacement DEDS Tlarge] TH 5 &I FEHLE 5 2 Hi
727 /ViX, Micro Roughness DIRREDY [rough| T 51
13062 TH D EHEE LIz, F£72, Hand Displacement O
B2 Tmiddle] T&h 2 & &, H X (Micro Roughness) DIk
HEZY Trough| THHMERIT 055 THo=. 2%V, Rl
DHWFEMIL, 7% DEROR OB B FEHEA K & W ALZATE)
I LA
4.1.3 Hardness & Average Force Rate O B{%

Average Force Rate ZiilEfll & L CHWIIKIEHEEIZ L 5
Hardness O #eHes % Table 4 |27~ 7. Average Force Rate
DfEAS Thigh] THD EWVIFEHLE &2 bz E7 Vi,
Hardness DIRFEN Tsoft) T HHEHIL 0.61 ThHD LHEE
Liz. DFD, oREMICiinG & X, BoRAETIL
z FENCHRAIC R & <, xy TR/ &V, i, z 5
WA ZIMZ D &\ D BERRFEM O S & & KB L <
WERAET HICE LZEETH L Z EEZRBEL TN D,

4.14 Warmness & Average Vertical Force D8R

Average Vertical Force DEZFEHLE L THWT, Warm-
ness DIRWEZHEE LI-KE R %, Table 5127 F . Average
Vertical Force DE7Y Tstrong] T2 & X, Warmness OIR
R Twarm) TH HAEFIL 048 THRK Lo, DF D,
z FIRDFIOYE) PR E WEITE 23515 2 FMIE, R
PWHEMTH DRI ED. NIFEMORN I 2 E RS L
IEAET D L&, EMEELIOTIEARIFTEHNLR D 5.

% 3 Hand Displacement % fFL L L CTHAWIREHEEIZ X5 Micro
Roughness O LR
Table 3 Probabilities of Micro Roughness when Hand Displacement is

given as a evidence

Evidence:

Hand Displacement

small middle large

Estimated result: smooth 0.35 0.26 0.24
Micro Roughness | middle 0.25 0.19 0.14
rough 0.40 0.55 0.62

F 4 Average Force Rate % iEilLE U CHWIRREHEE I X 5 Hardness
DA LR

Table 4 Probabilities of Hardness when Average Force Rate is given as

a evidence
Evidence:
Average Force Rate
low middle high
Estimated result: soft 0.33 0.44 0.61
Hardness middle 0.25 0.21 0.19
hard 0.42 0.35 0.19
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AU, T E WS EMED, B L RO M OBl A
RESELEETHY, BNSEERTDITHL TWDH2D
ThdLEZ2OLND.
4.1.5 Friction & Maximum Vertical Force MDBA{%
Maximum Vertical Force D% FE#LE L CHWT, Fric-
tion DARTEZHEE L7 #E R %, Table 6 27”9, Maximum
Vertical Force DED [strong] TH D & &, Friction DIRFE
i%, [Istickyl TH DR 056 TheRLiro7z. 2FV,
10 HECERMCAILD & &, 2 HIR O ORREIFRKE W
THUE, BERRESEVHEWEMICRH LT, Lo REhR
BN ERBRT 22 L2 L, z FROARREL Ih
TR THDEEXBND. —F, Maximum Vertical Force
DOfEN Tweak] Toh D & &, Friction DIRFEIL, [slippery ]
Th OHERN 055 THRKREZ2Y, ARERIZFEY AN
L. DFEY, z FNDTIORIMEIT/ N S WAEITE & 555
T LHEMIE, BV HVEMTHLMERBE . Tk, B
BEDNE VB GWEMICK LT, ADNBY 2857 L7k
RTHDLEZEZD. FHEWOLEDLLEDITE, z FMOKRE
RAITEHRL, Xy HHOREBRIBEENHMLETHS.
4.1.6 Glossiness & Average Horizontal Force DA%
Average Horizontal Force DIEZFELE L THIWT, Glossi-
ness DARREZHEE L7z, ZOREE, Table 7 (2R K D1,
Average Horizontal Force DI weak] ThH D & X, lgloss-
less] TohHHEFEN 0.60 TR o7z. DFEY, HRD
DIRNEMITRET DHDORAETNNL, x-y FIZ/HS v, £
7=, Average Horizontal Force D7’ Tstrong] THh D & X,
lglossy| T DMK 0.55 TR Emo7=. 2FV, JR
BORENEMIAND & &, xy FA~OIEOFRET D

&5 Average Vertical Force %Rl & U CRWOIRIEHEEIZ X 2 Warm-
ness DE LR
Table 5 Probabilities of Warmness when Average Vertical Force is given

as a evidence

Evidence:

Average Vertical Force

weak middle strong
Estimated result: cold 0.39 0.25 0.17
Warmness middle 0.30 0.33 0.35
warm 0.31 0.42 0.48

%= 6 Maximum Vertical Force %l & L CTHWIREEHEEIZ XL 5
Friction D/
Table 6 Probabilities of Friction when Maximum Vertical Force is given

as a evidence

Evidence:

Maximum Vertical Force

weak middle strong
Estimated result: | slippery 0.55 0.31 0.27
Friction middle 0.12 0.32 0.17
sticky 0.33 0.37 0.56

© 2013 Information Processing Society of Japan

FEEITRE V.

42 THUORFy L AORER

Touch Mode DEZFEHLE L CTHWT, 6 EDOT 7 AF %
DARREZHEE L 7o %, Table 8 (TR . #HEERERD 1
5l & LT, Touch Mode & Hardness DEAtR% 7.5 &, Touch
Mode DIED Tpush| ThH 5 & &, Hardness DIRRED [soft)
ThDHMERIT0.55 Tk &Y, —FT, Thard) TH D
L0188 THD. DFV, MOENRARE L2 5FEMIT,
WIS % 5 2 BRI, Tpush) #3553 RN E
V. RIERIS, EMMEE S IZR 2 861, Tscrubl 23#55]
SN DMERNE. £72, Istroke) & [softtouch) 1%,
Mo R 7= B OmEE (Hardness) & 1ZBEE R BRA 2. &
bIZ, MO STDT 7 AF ¥ 2BV THFERIZ, )iz
£oT, 77 AF ¥ DIREBOAERMERITFEY RS

% 7 Average Horizontal Force % iE#ll & L CHWIZREEHEEIZ L 2
Glossiness DL
Table 7 Probabilities of Glossiness when Average Horizontal Force is

given as a evidence

Evidence:

Average Horizontal Force

weak middle strong
Estimated result: | glossless 0.60 0.44 0.39
Glossiness middle 0.12 0.13 0.06
glossy 0.28 0.43 0.55

% 8 Touch Mode % bl & U CRWIZIRIEHEEIZ L D 6 FROT 7 A
F v DR
Table 8 Probabilities of six properties of textures when Touch Mode is

given as a evidence

Evidence:
Touch mode
push scrub || stroke || soft touch
Estimated result: flat 0.23 0.42 0.44 0.44
Macro Roughness middle 0.22 0.20 0.14 0.17
uneven 0.55 0.38 0.42 0.39
Estimated result: smooth 0.28 0.33 0.20 0.38
Micro Roughness middle 0.30 0.16 0.17 0.20
rough 0.42 0.51 0.63 0.42
Estimated result: soft 0.55 0.25 0.39 0.43
Hardness middle 0.27 0.18 0.30 0.20
hard 0.18 0.57 0.31 0.37
Estimated result: cold 0.15 0.43 0.33 0.45
Warmness middle 0.40 0.24 0.32 0.27
warm 0.45 0.33 0.35 0.28
Estimated result: slippery 0.28 0.43 0.36 0.41
Friction middle 0.28 0.20 0.24 0.19
sticky 0.44 0.37 0.40 0.40
Estimated result: glossless 0.43 0.33 0.54 0.44
Glossiness middle 0.32 0.12 0.14 0.33
glossy 0.25 0.55 0.32 0.23
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4.3 {RERDIRIE

(BESL o TeT 7 AF X 0T D HRMIIMEATH 255515
DRHERNEV] WO 1 BBREET S, ZHETITRL
T2 TORENRZE I ThH-o2Lk 51T, L OEITEIB L
DN FIZBNT, HEESNDT 7 AT v ORERPRRE
(middle) TH AT E < 72V, Table 8 ITRT L H 1L, F
M~ & 6 DT 7 ZAF v DERICEWTIL, 6
TRTHRZNIZELTD. 2F0, 77 AF YO -T-
FHIL, £ 0 TROLBMICHS, BEOMEFTEIR L Ok
NHZFBT DMENPE L, K1 RIEFFEND.

Wiz, [l SNDMNITIEEEL - T2T 7 AF ¥ DFEN
WCHBEIND] EWIRH2 ZREET D, BEOMN T &
ol T DHEMIT, Table 9 ITRT LI, 77 AT ¥ 3
Mo TWA., EBIZ, N FIZL T, 77 AF ¥ DRY
NE2D. FIZIX, Tpush) ZFESITHHEMIL, v 7 &
BREL, POFRONVMEANH 5. Tpush) [FFEM OFFER
EHRT HIDICE LIZEETH B, RS, <27 7l
SEMETH-0IE, RuEHRTREDLETRL, W
LY THRETTHoTHD05, Ipush) iF, ~7 wflE%
BRI 57-DIC@E L-EETHLHD. — T, [strokel <°
[scrub] DX 57, /M OREEIHETREDHIEL, ~A
7 W EDFEEL o T EMITFE S SNT . T D OfihgR
TEE, REOMNRM S 28T 5 72O L2BifET
HD. LEEBN->T, ZNHOEMERZED X H RFMIZHS
ENBHZLITAEFMEE 2 5. Tsofttouch) 1%, FEMFHE
T THLRL, BETHLRL, Bl b L HE)
ECH Y, Hm=<ELONDLHFZMITFET ST, Tsoft
touch] (X, FEM OBMREREE A Tt CRET S
FOICHE L TWDED, TDX ) 3FMEDKOSERH
HEFHEND. LLEITRLEL DI, il Azl - T
T I AF ¥ DT BN RN D, ZOFEE, K2 B3R
T5.

5. &
BAFTETIE, FEITINFESI DX D =X LZET 25 2D
R AMEE LT, GR 11X, BT 7 AF v 2 H/T

x99 fikh e ENZFEIILOT VT 7 X F v
Table 9 Touch modes and properties of textures that are likely to invite

touch motions

Touch mode Properties of texture Representative materials
Push Macro Roughness: uneven (55%), Fake woven leather,
Hardness: soft (55%) Sponge
Warmness: warm (45%)
Scrub Micro Roughness: rough (51%), Performed aluminum,
Hardness: hard (57%), ‘Woven wire mesh
Glossiness: glossy (55%)
Stroke Micro Roughness: rough (63%), Artificial grass,
Glossiness: glossless (54%) Coarse woven straw
Soft touch Warmness: cold (45%) Satin
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