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Relationship between Surface Roughness and Touch Perception on the
Surfaces with Randomly Spaced, Irregular Features
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The objective of the present study was to investigate the relationship between surface roughness and touch perception of
surfaces with randomly spaced, irregular features. Two sets of specimens with top surfaces consisting of triangular peaks
and valleys were modeled and 3D-Printed by varying the height of the peak, the depth of the valley, and the width
between two intersections of the peak or valley with the center line. For one set of specimens, values of these variables
were kept constant within a specimen but varied across specimens. For the other set of specimens, values of these
variables were randomly selected in given ranges within a specimen while ranges were varied across specimens. The level
of touch perception of each specimen was then measured using a questionnaire consisting of 16 adjectives related to
touch perception and a 7-point Likert scale. Measured data were statistically analyzed and compared between different sets
of specimens. Results indicated that it was inappropriate to directly apply findings of the previous studies for surfaces with
regularly spaced, geometrically well-defined features to surfaces with randomly spaced, irregular features.
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Table 1 Cross-sectional shapes of the specimens and their feature

sizes
Set Uniform Random
Cross-sectional eight
Shape ‘ Depth .
0.05-0.1, 0.05-0.2,
Height/Depth | 0.1,0.2,03, 0.4, 0.5, 0.1-03,0.2-04,
[mm] 0.6.07.0.8.00. 1.0 0.3-0.5, 0.3-0.6,
o e 0.4-0.7, 0.4-0.8,
0.5-0.9, 0.5-1.0
. 0.2-0.6, 0.3-0.9,
Width [mm] 0.4,0.6,0.8, 1.0 0412, 0515

ulo] ofsff AErt. wepa 2 AtoAe WA o] S W
T2 A5t BT FUAD7|HE 2 AlEes 22k
o Al Table 13} o] 27p2] AER Wdg] =l=d], A
WA AlE(Uniform)y= 3 Al ol A= Ak sole} Z9] Zlo],
a2)al Ak 2o |HZF 4R g de AlEER FAE
aL, 5= WA Al E(Random)y= 4o fgo]9F &9 zlo], 2]al At
o] vn7h Foixl 9 WollA dole ghe Zhs A EER

=

3.2 AIH M=

2 Aol A AREE AHES AT Fd 27 7] (Object
Geometries Ltd.AF2] Eden 330)5 ARE-3to] A|ZH=| Qi) AlH A
21 S8 AREE I 2F 7] 600 (x3, 42 pm) x 300 (v,
84 um) x 1,600 dpi (5%, 16 um)2] =R A5 422
=g 5 9o, 9 7hsS AlEe] A 271 340 %330
%200 mmolt}. ATE] FAE MatlabS: o] §5t0] 41202 =
WS F Fig. 109 2ol STL ZYO2 Agetgict. Ao 2
71 AgEe] dBor AWE HEshed] 2ot g 2]
(40 x 20 x 5 mm)& Fig. 1(b)e} o] A==},
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Fig. 1 Shape of specimen
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Fig. 2 Surface roughness measurement by the image analysis of

specimen
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Fig. 3 Distribution of roughness values (Ry, S) measured for uniform
and random specimens
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Table 2 Pearson’s correlation between roughness values measured

for uniform and random specimens

(a) Uniform
Ra Ry Rz Sm S
Ra 1.000
Ry 993 1.000
Rz .995 999 1.000
Sm 284 218 227 1.000
S 282 217 226 1.000 1.000
(b) Random
Ra Ry Rz Sm S
Ra 1.000
Ry 978 1.000
Rz 954 .894 1.000
Sm 399 A5 211 1.000
S 185 279 012 662 1.000

0.01-1.7 mm ¥ ¢lollA] 124 Hx
AL Belgk 4= 9Itt. S9] 7F& Uniform A2 4
0.8-2.0 mm, Random A]#H& 75‘—‘% 2k 0.5-1.6 mme] H< 14101]
2l . SHH Table 2&= SAE &
HA-ZIZE ] S ol =0 AUAHRa, Ry, Rz)9}
U] QIZKSm, S) HellAe AR w2 e 2 W, =0l
AARRF YH] IR} Apolol = MR B e de e g
k. EZE, o] QUARel ] QIR WellA o] A
AHE2] ¢ Random A|H

2 30

S
5] A9urt e AL & 4 ek

3.4 2 @7}

Az AlEEel Higt A2 A4S Brksky] sl s AddA
oA B7 AlEE FA9] A= AL, Table 37 o] A
FE 167149 diiE F3 FEARE ol8ste] S 3k
ot AgolA wldd A= 2 Aol diel] =R 9] A=
£ 74 AE(L: v A Qe 20 A gk, 30 ofgE aF
A oFt}, 4: WFolt), 5 ofk g}, 6: 1, 7: w1
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Table 3 Adjectives used for measuring the tactile emotion

No. Adjectives No. Adjectives
1 Warm 9 Uneven
2 Cold 10 Flat
3 Slippery 11 Coarse
4 Sticky 12 Fine
5 Smooth 13 Dimply
6 Rough 14 Grainy
7 Hard 15 Sparse
8 Soft 16 Slick

4. Olo[e =M 3 Axt

A7E B WA 89 #5528

Component Analysis)o] Z-§-%| =], T4 EA41 AA] &4k
= EYE AR A 7FsAol e 2 3] 222 A
o Aol g AR BIHEAE] HEOR WRkAAZ
o 29 A WHoRE a9 7ol BUAS A7EA 21
27} EEA A ade SNzl 47 29 87
(Orthogonal Factor Rotation) % S}U21 H| 2|2 (Varimax)& 2

st}

Table 4= 1 Z23S Ho] F=d|, = 714 A|H A E(Uniform,
Random) =& A|ZtE]= 714 o] 3714 &‘ﬂgi ZotEE S
o 4 itk 8BS AsH: 4 Jelge £ K A A
E %o g3l 60% ©]AF(Uniform: 62.365, Random: 64.097%)
olojAl, 371 RQlgteRE Agk A AR B &
olc}. wh, 717ke] 2<lo] tfal 291 HAt(Factor Loading)C]
0.6 ol4H) BEAHES Alw i, BEAFSe] FAo] 7R A
A= o) 2 A 92 & 4 9l

T 82 19 % 712 A7 AL wEo] cis) Dimply
Coarse/Grainy/Uneven/SparseZ 3= 4= Qled|, o]&= fiA|=
SEREOL AT le] A2 SR A o % ok
ESE, Uniform A A|EQ] 79 Random A|H A ELl= T
Hard7} 97 E3=lo] gl AL o 4 itk AlwEo] SUB
Az wEolAsel Beld deate] Mol Ao gkt 4
< sk SRSkl AZl Ao Wit £ of|E
oh sjalet 4 o

SHH Q9] 2= F VA A|H AE ®EEof th3) Fine/Smooth/
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o, Bt viele nyo] Rree & 3
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Table 4 Result from factor analysis

Uniform Random
Adjectives  Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
Dimply 852 -.084  .035 .826  -310 .021
Coarse 850  -.102 082 799 -202 .035
Grainy 836 -252  .081 823 -312  .031
Uneven 828  -300 -.038 806 -361 -.012
Sparse 794 -090 -057 766 -244  .003
Rough 795 -389 -.065 539 -258 .005
Hard 628  -.041 -273 578 053 -408
Fine -179 853  -004 -235 851 -.016
Smooth -194 852 -079 -258 .86l .010
Slick -.108 852  -.084 -199 .85  .005
Slippery -177 782 -.082 -249 841 .036
Flat -149 767 003  -276 792  .032
Soft -110 591 11 =253 804 .041
Sticky .108 .053 851 .049  -005 .764
Warm -270  .080 497  -218 185 488
Cold 022 -164 245 17 -.065  .590
Eigenvalue  6.207 2.625 1.146 6.991 1938 1.326
Contribution 3¢ 795 15408 7.162 43.696 12115 8286
ratio [%]
Cumulative
contribution  38.795 55.203 62.365 43.696 55.812 64.097
ratio [%]
QUrhel, £FBEIT AL =7 EE AYet, ofele =7
o] QAR Thohgkat Reelge] Aolg ghEold 4 rhs
AL ofulgieha @ 4 ek
upAEt 20l 32 I AW A|E W Sticky thEE 4 Sl
dl, ol e Wk Rzt AT ZHe RS U 4 At
SEARE, e Azto s QA E= Warmi} Cold BF Fo
29 ARG 2 AL B S Uk o AHo] mE Bt
WA= whsolA Wzkgel glo 2 Aolrt glo] Qs Yo
Aol wsgte] £AJ5] wholeta wekgct.
oJAre] BAeA Bt 7HX] FhA B3 WL SEREHL A
2 =79 74 a9l 13t Bk vjmele =e) g el
v} AR SPHoR EAFIcHs Holth, YKo R SERE
shaL A7l =S Wgek sfriele L AR v =7
o2 AFH Tk o]Zo] AolEhH &FEEEkl AX =
29 74 89l 13 BBk o1 =rle] 4 291 204
A 89 20 £ FEARE A 29 1o Sk FEAE
< AAem vt 3] w2 a9l AAEE 7HAok gt
SRR Table 4oflA & &= Ql5%0] o] G52 A= s @

o}, wehy 2ERET AX =

Ak
1 wj718e =79 A Q91

94 71—/&4 fol 1

2= A= Hitf = )

Factor 1 El  Uniform
Random
1.000
.800
600
400
.200
.000
Ra Ry Rz Sm S
Factor 2 BN Uniform
Random
1.000
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600
400
200
.000
Ra Ry Rz Sm S
Factor 3 Bl Uniform

Random
1.000

800

.600
4

000 I I I I I
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S
=

2

S
=

Fig. 4 Correlation coefficients between the emotion factors and
surface roughness values for uniform and random samples
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Table 6 Regression model of uniform/random samples

(a) Uniform
B t P R?
Sm .800 21.653 .000
Factor 1 951
Ra 377 10.203 .000
Sm -.691 -12.349 .000
Factor 2 .888
Ra -478 -8.543 .000
Ra 473 3.599 .001
Factor 3 379
S 319 2.423 .020
(b) Random
B t P R?
Factor 1 Ry 933 15.993 .000 .867
Factor 2 Ry -.903 -12.960 .000 811
Factor 3 Ry 780 7.674 .000 .597

g Fig. 404 Random A HEL o] #37] ¢lxjel

Ra, Ry, Rz9} B} =2 A S
]—o]—X’] o=z XT— ;HAH D}-_/,\_ r%]/g—o]
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R s ol disl] =3E %?L
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ke, B3 EAAQ7] RS Aolo At vnE P

v] Az7] Q12(Sm, S)=c}
el Ao= wekEt
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& Y 4 ek 29l 32 Raok S7F 8 A7} Eu, A3 A
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el el
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