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Development and Evaluation of a Prediction Model for Tactile Perception based on Kansei Engineering
— A Case Study of Tactile Prediction for Fabrics —
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In this paper, we propose a method for indexing, analyzing, and evaluating of the stroking movement based on

vibration features as a measurement method that mimics the response characteristics of finger associated with active

touch. We developed the tactile information acquisition system to obtain the vibration information during stroking.

Moreover, the verification experiment was performed using 13 types of cloth selected from the texture sample set.

As the result, the two factors (roughness and hardness), which constitute the tactile sensation of the fabric, were

extracted. It was also confirmed that the frequency bands of the vibration features extracted during active touch

corresponded to the frequency sensitivity characteristics of the four sensory receptors inside the skin. Furthermore,

we evaluated the predicted and measured values of each factor, and confirmed that the proposed method can

construct a model that accurately predicts the tactile sensation by measuring the vibration of the interaction force on

the contact surface. This method realizes the tactile evaluation for a various materials and physical quantities. Then,

the method will contribute to the realization of quantitative evaluation of sensibility, which is the key technology to

product design based on sensibility value.
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Fig. 1. Experimental stimuli.

IEEJ Trans. EIS, Vol.142, No.5, 2022



JEME TR RIS IES < AT QLIRS —, fth)
Table 1. Results of subjective evaluation.
Impression Experimental Stimuli
word HCO01 HCO02 HCO03 HCO04 HCO05 HCO06 HCO07 HCO08 HCO09 HC10 HC11 HC12 HC13
AL 24 £09 28 £10 25 0827 0937 +1138+0946 £08 34 +1033+0935=+0938=*0623=1026=1.0
VA®Y 23 +£1127+1229+1027+1317+0718+0616 +£08 18 £06 19 £06 25 +1119 +£0335=+09 3013
4545 (22 %1225 +0934+1131+1227+1.126+0939*1.026+0930=1143=0739*0942=*1240=07
ARZAR 117 £10 21 £06 2.7 +1.0 30 +1.0 20 +08 22 +09 32 +12 22 +09 26 +1.2 36 +1.0 3.7 +1.0 45 +0.8 39 =09
Jwvdy (40 £1.035 +0827 1119 +0834+1231+1214+0633=*1132=+1215=*0515=0514=+0517 =09
RaRka |40 £ 12 40 £02 25 +1.1 22 +09 43 +06 35 +1117 +08 40 +09 36 +09 15 +05 17 +07 14 +06 16 0.7
Ay =L AY 42 £09 36 £0932+1129 +1126*1427 +£1313+0624*1427 £1322+1021=*0933=*1034 =12
PHomy (20 £09 27 £11 31 1032 +1137+1237+1149 £04 38 +1135=*1144+0546 05321231 =11
BomME |16 £ 08 25 £1.1 34 £10 30 1223 +1026 1340 =0922 11241142 =06 3.7 1145 +08 42 =0.7
#5435 (43 +£0838 0933 +1332+1137+1134+1218+0936=*1238+0819*0825+1317*1022=12
Lo&y 18 +08 2.7 £+1.0 30 +1.1 30 +10 25 +1126 +12 39 +1024 +1028 1239 +11 42 +08 40 1.0 39 £0.9
EHHEML |25 £ 1.1 27 £09 35 £0934+£0919+0726+1138+1019+1024+1145+0643 +1042 +09 38 1.0
(3) FE A 35 EERHR O B A YN T 2 FIE Table 2. Factor loadings for the human tactile perception of
LT, FTARERIMZIECTT-BEOMRBREHIREL L fabrics.
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BEBRS) « AR TNCONWTENEN O AW EERH L,
KARO A8 D B W O L B & 9 5 ER A Tk
Wiz X v i35,

(3:3) EREH Z OFEBRITAE & WER R ORI E
BT 5 b 0T, EBRICHEM T 5401 X BN ERBR I AW
HbOLRU 13 EEGEE L, 2M# b TEFHMNER & F
CRFABLIORFEFAE204 & LT,

ok, EBRBINEIZE, 7740 RBETFIZRBWVWT, it
LG FICAR B & 746 % PR 165> o T E BT F 5
ERIERIZ, 1.02 [N] OFIAZTIT, 5 [em/s] OB EIZHEHI L
OOHETTH BV, FORROEES - AL S OIRE) % 7L
kL7, 723, —EIOMETITEIF OEIAL TN 0.74~
1.23 [N], BED 4~6.7 [cm/s] DRI E - 7235E12 1 [
OHETITRNE LTH U RL, —AIZDX 1087 NI
Sl b ZATEME ELZRESET,

(3-4) REMFHEOELER

(1) AW 4 SOMEZAROISEERKITR
BXZE200[Hzl ETOEMTHDZ 0D, 7Y s
FEFLL D 400 [Hz] L LD > 7V o 7 ThIISflE & iSO
O RBIEHR A IEMICEHITRE TH 5, REFRTITY 7
VR AE 1,000[Hz]) & Lz, £7-, WESNT—X
WZxt U CRBEHR S OB REME & LCRET D200
v NAT7 300[Hz] D 6 IR — A7 4 LEZZHHAL, &5
WHT — 2 IZEENDNNLRGET X TT 4 T 7 4V H
ALFRIC & 0 BRE LY,

F ST BEERS, AT DR 7 1 7 7 A /L2 Welch
% (B8 0.5[s], HMER0.5) WAL, NT—27 fL
B AHEE Uiz, IR TlE 0~200 [Hz] £ T 58 %
4 [Hz] A& T 50 fENZ2EI L, [F CAR I W TR B 217
STHERAENT—L L, ZOHHENT ST —IIFHE
RIKIE LTIZRAEHER E LT, ¥a KU T N, R7FA 0D
IEREHME, BB, BLOEr MY 7 FBMEESND,
Tr RY 7 MZOW TR ARTERTORIEZ 0 &5
DB Lo ThRE LT, RORERMEIZOWTITRIER
B EALHIE & BIRBEAL | FEf o= — 0 AL E
EATWVERS BT BN Z L AR LT, ROEREE
FEPEIZ DWW TIE, & TORBIZ DWW TREEERNC —E &

IEEJ Trans. EIS, Vol.142, No.5, 2022



M T RIS AT (LIRS —, 1)

%

HCO02 (Denim)

“I’-ICOS (Cotton linen)

HCO5 (Towel)

-5 e
2 HCO6 (Felt)

— 8 o =
5 R e et
10 HCO8 (Sweat 1) 10+ HCO09 (Sweat 2)
10 10 10
5t 5 5p
| AN N s e o ok o] NSNS
ESA e SIS e i
1o HC10 (Velvet 1 1o HC11 (Velvet 2) ol HC12 (SilK 1)
0 50 100 150 2C 0 50 100 150 200
10 Frequency [Hz] Frequency [Hz]
5~
oo

HC13 (Sik2)
0 50

150 200

100
Frequency [Hz]

Frictional force (Horizontal)

Press force (Vertical)

Fig. 4. Frequency characteristics (physical factor) for each stimulus.

. Weight coefficient [-]

I L I I I
80 100 120 140 160

Frequency [Hz]

60

_ Weight coefficient [-]

L i
100 120

8
Frequency [Hz]

Fig. 5. PCA loadings (A: frictional force, B: press force).
This graph shows the relationship between each element of

the vibration features and the frequency.

EENDLEEZLNDZ LD, AREANCERE DD
— D EREOFE T — 5 RTH L ThRELR,

TIH OB X B 13 RO TR O R
77« ARSI DN T —% Figd \R LTz, e BEBET O
BT, TRAENEAFTNOFEERAELZRLTEY, 2
TIZDNTS5ABLL T TH D Z L R LTz, Fig2 lZRL
72 Factor 1 (Roughness) & Factor 2 (Hardness) D~ v £
7 kT my MIBEREENLTWAH, T2 5 AMEAN R
DT EANEAUCE AR QBRI EZ RO Z &N 0nD,

(2) JEEERME JE B BRI 6 LT ROy o AT
AT 5 LT, AMEHECREROIRE) O RHEE 2 i
L7z, 728, SN ERSITH L TAY = v 7 AR

620

WAL, REFSEN 80%L L&D L HICEMSEE
WELIZEZA, BENIT 6, WHAHZINE 15 OERY %
HL 7,

BEHRT) - FAR D) ENENO TRy Bfi % Figs IR L
7o B OEMUIIHIET D EMRSOEEST ML TH Y JE
WER S OBEOR I 2R LTS, 708, LElOFZIL
FHEREPREDPSTELONBEIVIES TV D, Figs M H4&
FERDE, TRENRRLEEERSEREZL DL L
DML, £, ZOERDICHIET D EMLIEEE, E
R DIARET 2 OB ORE S 2 RTFEETH
5200, UBETIEINZREFHSE & MRS, IRERK
BIL, HAAICHONWT 2L RTDORZ hLEE LTRSS,

4. FRETFRIETIVOBELFHE

ARFETIX, EHEHEERIC X 156Nk el -
FERLFR L, WEHRERIZ IV E LN IZIRSEEED
BREHIIET L E LTRIAL, ZOZEEITHONTTH

K BE DBLE ) B IRET 2,
(4-1) fEFTHETILOEE 3EFCICERBHLE

FIEIZ L 0 AR & IRV R OBIMR %, IREVRF R 2 i
A, AHMOMIEO R T8 % BES L L ERRST
WEVETMET D, Z2C, SO MET 21 kot
Th 2013t U TERA FROfEEH) 1L13 L0 hnbs
EBL, AWIEOZEHORR TIHEIIIME L TR 2 FiRE
FEHEL B2 0 BTV E BEOHKRITHT 2T LT ¢ T
EENFBEET, FALPEREOFEAM S AT RE 2R AR AL B AR v
(AIC) IS AT v P U A REHRREZ M L, AIC
BENERDETNVERAT D 2T, T VHEEROBR
FllitE & & 1 L AIC OBLE DD ORALMEREE L LTz,
EEIFIATIC X0 R 1 2 IRE RS EN S T 5 €
FL T REEE LT 45 % Table 3 1Z5= L 7=, Table 3 (Zfih %K+
BOET NVOMREIFREE, FERD E IR MEOE RS

IEEJ Trans. EIS, Vol.142, No.5, 2022



JEME T2 RIS IS AR QLIRFRS —, i)

Table 3. Prediction model of the human tactile perception based
on the vibration features. This model shows the relationship

between psychological factor and physical factor.

Basis |Frequency| Factor 1 Factor 2 Sensory
Number | Band [Hz] | (Roughness) | (Hardness)| Receptor
2 0-28 -1.23 SAl or FAI

§ 5 12-56 0.96 FAI

= 1 36-88 FAI
s 4 72-128 FAIl or SAIl
g 6 88-144 FAIl or SAll
“ 3 140- FAIl or SAIl

11 0-4 SAl

2 0-12 FAI

12 8-24 1.21 FAI

5 16-28 FAI

10 28-36 FAI

7 32-40 FAI

3 1 36-60 FAI
E 4 60-72 FAIl or SAIl
g 3 68-88 FAIl or SAll
. 9 84-108 -0.90 FAIl or SAll
15 100-132 FAIl or SAIl
6 116-148 FAIl or SAIl
13 140-172 -1.36 FAIl or SAIl
8 164-188 0.81 FAIl or SAll
14 176- FAIl or SAll
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Fig. 6. Tactile prediction accuracy of the model for untrained

data.
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