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Abstract

In light of Taiwan's aging population and the prevalence of slip and fall incidents, the signif-
icance of anti-slip product design has escalated. This study is dedicated to the design of anti-slip
products, and it attempts to combine the neural network and Taguchi's robust design method. The
objective of this study is to accurately predict the coefficient of static friction of the non-slip texture
dry type. The study commenced with a comprehensive examination of commercially available non-
slip textures, which was utilized to establish a foundation for the study. Subsequently, Taguchi's
robust design method was employed to select the shading, anodizing type, arrangement, and con-
tact area of the non-slip textures as the pivotal controlling factors. The experimental samples were
meticulously planned using an L, orthogonal array, and the friction coefficients were measured in
accordance with the ASTM D1894 standard. Subsequently, the data obtained from the tests were
entered into a neural network, which underwent several rounds of analysis and comparison to com-
plete the training of the neural network model. Concurrently, the conditions of the key control
factors were fine-tuned based on the optimized ratios of the factors and the trend of the parame-
ter response diagrams generated by the Taguchi's robust design method. The static coefficient of
friction of the stop-slip texture was predicted. The proposed optimized anti-slip texture design
scheme is applicable to diverse usage environments, and the guidelines for the application of the
constructed neural network model in real-world scenarios have been formulated. The integration of
a neural network with Taguchi's robust design method, as outlined in this study, has been shown to
effectively reduce the development cost of anti-slip products, significantly shorten the development
cycle, and provide a systematic and reliable technical support framework for the design and optimi-
zation of anti-slip products. This approach is expected to contribute to the enhancement of safety

and efficiency in various operational settings.
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JEAG B i E B A TR MBI RE A IR CE LRI TT 5K » ‘BT TAANVERT A T IR R &
IR AR S T A RVRBCRFITERENE - M T A SRR BRI SE (Lai et al., 2005) °

BEAR » F T SRR A e w105 A 4w 11 4180 ) A S 2 i R DS A B NI Mt e %
Wz MBI EAE R BAR R o 2015 B O SRR E S G AR 2 A Y TR SIS 21 B iz e
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P 1 R st R ) i 1 1 1 8 P A ) s A e ] A 25 S BT A L/ TR 32
BRI o DRt o HH O SRR SR AR A CAR AR 2 A (R Y 5% T M TR Tk D A B B ~ 3
ISR EFIRE A - AE R LR R EHE L18 RIS BN 1 Kk 2 JlnibEsh(E
YNlE 4 o AWFFUERIEREZ] (2 KF) ~ PS5 BKF) ~ mfEmiE (3/KF) F280
EIABRE M = R Omtat HEE - REpRE (BBFZ) / PEF)) ~ MRE (it / RE /
fEE) ~ MRt CGRE%O o

Hep o AR E % 78.5/176.5/314 mm? @ B/ (FAD -~ 8 EERD) S K
R (EwAG) B5iES s BV R M ARG R DR 0.5/1/2 mm BE R BRI THE ; MR
3/5/10 mm 2% A\# TR R B AU A FHEMRKRIE (3 mm 2 HE4HPE 10 mm 2%
FRIUREGED) o MRMEE o BEE 3 TR H RAESE . TR SRR i A T2 R -

#1
IR B 283 E#
Control Parameters / Unit Level 1 \ Level 2 Level 3
(A) p2k5Z1 %zl (=27 -
(B) HEZI REA(EIRG) BRAR(EIE) REI(RAFAR)
(C) IEBEE(mm?) 78.5 176.5 314
(D) R (mm) 0.5 1 2
(E) 48 &3 8 FE (mm) 3 5 10
(F) IEAE B2 1 2 3
#2

HILTACRIER AT L18 11 75A0HS B 2 6

RRSHERE

S mmn ) ERER RE BRRINE  seuwa
1.[E(1) &%l 2hik 78.5 0.5 3 1
2.[E(2) 5zl Bhik 176.5 1 5 2
3.E(3) 5zl B5AR 314 2 10 3
4.[8|(4) &%l Bk 78.5 0.5 5 2
5.[8(5) 5zl Bk 176.5 1 10 3
6[E(6) &%l Bk 314 2 3 1
7.18(7) 5zl G| 78.5 1 3 3
8.[El(8) 5%l ] 176.5 2 5 1
9.[&(9) f2zl e 314 0.5 10 2

10.[El(10) (=27 BhAR 78.5 2 10 2
11.[E(11) (=] BhAR 176.5 0.5 3 3
12.[8(12) f2l Bhik 314 1 5 1
13.[8](13) (=22 Bk 78.5 1 10 1
14.[8(14) 2l Bk 176.5 2 3 2
15.[&(15) (=22 Bk 314 0.5 5 3
16.[&(16) =27 ol 78.5 2 5 3
17.[8(17) f2zl JE| 176.5 0.5 10 1
18.[E](18) (=] i Cil 314 1 3 2
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‘ B / l — / Jes o R TN RICERARE TTIF - IE R AT T LA s at H ANET A R R P AU = itE
Sh > SRR E AR & R 2 AR - e rT DU AR LR A4S &+ A8 H B A AR5

PR T AR B o SRE 2T AL 2 76 R 7 8 5 B A R 7 DAk B SR I 7 2 5T B T T
Rl AR02 Al han03 P o S AR » B LU A S 0 M A B M AT B B % 1 8 5 A A B T
EBREME o R RS S ) LA L BT BB~ TSR L M A R S FE A o

&l 5
3D TR
[ F . (HIEIEFVTIE Form 3 ITHEARIAE R - BTG, 2023)

Alstkmos RAlattxamos R R 5m06

A

Hlalixmos Bl 4% mo9

—

G (R ~ DHREREZ ARG ZAF - BB M E AR T — B A AR
/ AR TTEE 0 AT RTIRESINEE T2 BOS RS BRI IRRE A TR Z A o H
2 DRE MR P PR R 2 BB TSRV EL AR AR B~ BB TS o
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*#3
T RHLE
EHIATR  (EIT TV Form 3 AL MIEER - E08 7K, 2023)
HRER iR ARBE
1BPRAI {58 (Ultimate Tensile Strength) 7.7-8.5 MPa ASTM D 412-06 (A)
V BT3B K (Elongation at Failure) 75-85 % ASTM D 412-06 (A)
JER4E 7K R EHZ (Compression Set) 0.40 % ASTM D 395-03 (B)
#2458 (Tear Strength) 13.3-14.1 kKN/m ASTM D 624-00
EEECAEE (Shore Hardness) 80-85 A ASTM 2240
HlERm13 AlEtkm14
)n. ‘ 3-3 ASTM D1894 il
/ / ASTM D1894 /2 % B # #t #0 & B 1 & (American Society for Testing and
Materials * ASTM) fill & i —{EFEEERER 77 IR0 E 6 > I & [E B AL 2 R () PR 2 5 o
RAlsttkmie Alatkm17 Rtk
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(c)
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B. Plane I. Nylon monofilament
C. Supporting base J. Low-friction pulley
D. Gauge

G. Constant-speed tensile tester crosshead
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BRI Al RE
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23C+2°C » 1HEHRES50%5%

&l 7

L #FEE : 10008
gt B R B AR AR AR _E BT Rl
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[EFAHT . (ZEEHID BT H | B IAEN 2T Sl 2 il , 2017)
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HIE BT AR EL  F SPSS M AR AEIE B LW 2151 -
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(2) ZEABEEL " T " > " SEARASAERS "> 2 RS

(3) 58— P PRz sl s E PR AR LA 13 ZOFTAS IS AN Aok > SRR S — RAE " BB " v 0 22
B (A) k2% (B) Hk%1 (C) B % THifE (D) TR (E) MHMSREE (F) Bl RERusoA " Heas " fhz
o HZHAR B BOAON " AR " AR o " BRI R A " BRI 0 [ 8 o

PR e 22 7 AT s 2T

0 SRR

28 ZE | BE f#F BEn OEAE
BEW) : REEBO) :
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BFE :

HBH(C) :

&\ A BBzl (ARRIBZI]

& B 531 (B

& C BRER [CHREH
¥ | & D RE DFE

& E 1BHINSE (EARMBRISE]
&) F ISR (FIZARIN)

EESESNARESR  ARRRARE—T ERAERERCE)
TEY BERNRY - 1Ete(E
? BRR) R E(P) R -

(4) 12 " Fth " A P AR ~ IR - BRI  RIBI R ERTEN  THIE R AR - B
(ELRE AT i S B S B B 50 A SR 9 IR o
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HUH

HOH

B G JERh A A i B 1 SRS e iR R L T A0 R TR R B PR < AT AT PRI SR

4-1 ASTM D1894 BBkl 45 5L

AEEREH L AR EHE AT EA 18 EAAEITHIE - JIEESIRANER 5 R « 1T
PRI - 5l R B A IR A 2 PR ERIRIEAE 23°C &= 2°C » AHEHRETE 50% £ 5% » AT 24 /)
IR A AR o JIRRIRE A 28 82 2 5 77 38 150 220K TlaA BEAEZ 150 20K » b 85 2% 1000 52 ©

#5
AL (G ) B
BRZMSE BRER
o mmm pm  EEERORE BESTUE sepxe  mmsce
mm?) (mm) (mm)
1 &l 4K 78.5 0.5 3 1 0.962
2 5%l Fhk 176.5 1 5 2 0.954
3 ZZl Bk 314 2 10 3 1.166
4 =%l =K 78.5 0.5 5 2 1.125
5 E%l Bk 176.5 1 10 3 1.205
6 5%l R 314 2 3 1 0.965
7 &2 e 78.5 1 3 3 1.194
8 Pzl TEt 176.5 2 5 1 0.908
9 (ZE] €| 314 0.5 10 2 1.034
10 =27 hHAR 78.5 2 10 2 1.725
11 (=27 BhAR 176.5 0.5 3 3 1.611
12 2zl £ 314 1 5 1 1.636
13 (=27 Bk 78.5 1 10 1 1.380
14 2%l Bk 176.5 2 3 2 1.525
15 (=27 AR 314 0.5 5 3 1.455
16 (27 BEt 78.5 2 5 3 1.724
17 (=27 e 176.5 0.5 10 1 1.858
18 (=27 I 314 1 3 2 1.792

4-2 H R A B4 R o b

RV e B AIRIR T R % 1.600 (EHHEE) - iz NEREAT A B
¥ H (Nominal the Best) {7/ HE » ICEELAER (R 5) nIUEH » ARISBHHE FHEF
FEV G BUF AR B RG22 8O B ) S B 2B R R AR AT BRI A B
BEIRRGRIBEA » BURBR RIS s E IR FRESR (L B 4F I IB MR - FTRE R 2
REZ U AE B T AR IR RESAITE RACPE BRI & » YA BEIS A B o

PR 2 B B AR R AR T — R - BRI TE R L 2 BUH & TR B
e AR IR B 0 A5 10 FRERA (B2% ~ B ~ 78.5 210 ~ 2 BREEIRAE 1.725)
5 BHRPESIRIRRA A EE R R BRI - EARIZEEHE MR/ o IEHRPES IR
BRARHEZARBAEA RSB G T REREKR o SRR 77 XH AR R G EBRE EA
AEMEN  WESG S EHMS BRI FEIER o
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%A 2 B EIR ) 2 M 2B R AR BUNIEE (F 11) - B3 28
TR A G K AR IR R BUA B RS - 7RG Z ~ BOIRPESIRIIE BL S - 1 il T A AL
78.5mm” HHNE 314mm? » FREEEEITE 0.962 HINF] 1.166 © {H SR EAHRR GOl JEEE
B2 HANS BRI R o B R N - R AR SR ) Rt g B AR R e
TRETT 2 BT R AR B R o

RS BRI GBI A LT E o RS - BEE REERIHIIN - AR R A
SHVRFEAES (H 11) < Er RN SR ERIER - SURA D IOEZE  EEE AR -
DRI S AU BTV RE 1 > AT R B Bt T ) P2 IR RE AN B 1221 o

BF IR TR 2 BOH AR IR G B —E N PEE AN - AR R R B E BRI
A% (B 11) - BUNGYE G R RBEAE — SE R R R B B AT EE 1 R B AT RERZ X
7585/ N TR T DU A TR R VR A o TEBZZI ~ BEARPESIRIRRA -~ B A IR
3mm I > SR BB o

MRS AR R GEA —ERE R RERGBEREY @S (F 11 -
2 ) P MRS AE S SRR FRRE S PR (S i AR IR ) © TERZZ ~ TRATIRPESIRIRRA T P/
BHECER Ay 3 W 0 FREIR ARSI o SR R R R R MRS ] DU B R g S 1 1R
B ERE ©

7 TS A S B RHE R GRS B » BT TEREON (ANOVA) - &
REOTHAEREUR (R 6) - [ZEGA - PRV ~ 1MRIEAE » RIE ~ BRI 2 R R SR
EANAS B R GEN T B B AR ER - BEZSENE EBRAFEE - H F EHE
K PAE/NR 0.01 o FHILFRFEIIRZIS 22 B R R AR BB AR 5 RE2E
BARSEIRY N BT PR B R R B — R E R o BB REUTT - RESIIIES 2 BT

’

5

AR R GET N EEN 0 ABRENS BB CAERIEN 124 T H N2 K% -
#6
F TR AR 5 ) B TR 7 i 7
2818 SS ~ DOF MS FIRE PIBE
[AlRZF5Z 988.125 1 988.125 21.002 0.004
[BIHE3I 149.597 2 74.798 1.589 0.279
[ClHZfEETE 36.998 2 18.499 0.393 0.691
[DIRE 8.681 2 4.341 0.092 0.913
[El&EREEE 67.407 2 33.703 0.716 0.526
[FiEEEE=E 100.678 2 50.339 1.069 0.400
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1

B G JERh A A i B 1 SRS e iR R L T A0 R TR R B PR < AT AT PRI SR

AELF G > I (A: [EI52) B: P2 C: MG D: %% E. BRI F. 2 A5820 )

Average Eta by Factor Levels
Mean=12.8979 Sigma=9.80330 MS Error=47.0492 df=6
(Dashed line indicates +2*Standard Error)

20
e e R e B
16
g
E 14
E: %Q
= 12
a
10
8
6
4
1 2 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Al B C D EIF
4-3 JEphAS AR N ok

#7

JEJH SPSS I AR 0 A7 - 7 1 Al P B FH 1 XA et 2Bl ASTM D1894 (k&
PR DUZABRIE AR IR » S AT 2 TURE () JEARASAER A o TR S A A A2
RAKIBERE ORI » ARSI DS SRAFAE DR/ NBE) » (ELER A& o AT R Al SR & A 7 — fla ez
it A R Py o PIT LU 28 2 RO AT A SRS 0 AT O AR EE MRS IE SIS A AR AR A e B
#& o DUGIIARATA ST EE AR AR E R SRR ALY 0.05 2l SR5E Uik i

DUwz ER S A P R B 18 #H AV BB 1 SR AS KR S0 TR A A5 2R I HERRAH
IFEEN 28 RIS EENSE; R BEET 2RI SIS 2R B R A
RASIRANAR 7 HBERAaET i 12 -

ZIPREZ F (TR AR A BT 2R

No
01
02
03
04
05
06
07
08
09
10
11
12
13

28 BRI AR %I SR BERHER
[A][B][C][D][E][F] b e =3 e[ 0.106 0.054
[A][B][C][D][E][F] oy ine =22 6o 0.048 0.292
[A][B][C][D][E][F] Fikagc b mine == 6] o 0.159 0.110
[A][C][DI[E][F] 1Z#AE R KRB B4R 0.127 0.172
[A][C][DI[F] EEERERESEEIGR 0.088 0.966
[A][C][D][F] BEBESRBEGE/AR 0.028 0.680
[A][C][DI[F] BEFESRB %R 0.056 0.172
[A][D][F] 1ZRAE R EFRCB 8ISk 0.061 0.242
[A][D][F] BEES RS/ 0.095 0.099
[A][D][F] BEEIRBEG/R 0.066 0.099
[A][D][F] BEESRBHG/R 0.089 0.061
[A][C][DI[F] AR RABSH LR 0.087 0.253
[A][C][D][F] BEFE1RRBEEIER 0.053 0.025
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HERASASS 2 B R

1 2 3 4 5 6 7 8 9 10 11 12 13

— RIS —tE A B R

BRSPS RS 73 AT H A B AR RS 2 [ > 4T 10 AR o BRAKIfolideli SR L
REIJPHEZ BT B 7 [A] B2R5Z) > [C] €A » [D] SRR [F] #zMRiEca - HE M55
52 0.478 ~ 0.067 ~ 0.176 ~ 0.279 » 413 8 FfirR ©
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Vit s L L i

BENE >0
——REINNE <0

H1:2)
(o Eq ]
|
PRIAO RS B Eh Ry - SR IREY)E
ik R By - BE

#8
JERIZS 7T B

2808 BEEM EREEEYH

[A] B2F5ZI 0.478 100%

[C] EIRE& 0.067 13.9%

[D] RE 0.176 36.7%

[F] 15 AE2AEN 0.279 58.4%

21 H O BB A Z TP B B A BUE S & LLAS B L 2 UK B &
#5 A2/B1/C2/D1/E1/F3 » 4lE 11 ; 24 » 3l 278 288 (2 BOEER AN AT Rl BBl R 52 A Y Ao AR 4
PR TINER BT AT o SEBFIEICEL AT [A] BERS X ~ [C] M THIAE & [D] TR % 2 812
RN I TEL o 5 ) AR P o P 42 B SR A A A A A AT 10 SO R P T I H 2 4R
BT HT o AEHIE 11 28K R TR 28 [A] BRIGZIEIE S B - 28 [C] BT fE
(A R B =+ P AR s 55 2 e T ME - B 280 (D) TR RVEHIZ AR B R =
FIRAER A 53 Bl A4S W B E » 280 (F) # MR8 R s i2 BER - 2 8UE S RIFE (C) #
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B G JERh A A i B 1 SRS e iR R L T A0 R TR R B PR < AT AT PRI SR

fil§ A% 166.5 ~ 176.5 ~ 186.5 LUK (D) HREZ2 #1745 0.3~ 0.4~ 0.5 R HAHE1FHI 9 4HIEACH
S0 WK 9 IR o ZHAG 9 AHAVAEE R T AR G E 73004 1.625 ~ 1.623 »
1.620 ~ 1.627 ~ 1.624 ~ 1.622 ~ 1.628 ~ 1.619 ~ 1621 » Z& i H R E R EHE RS LE
(Signal-to-Noise Ratio) & HEFEHEGBFTEE 1.600 FIEBALSBURASHESAIE A - Fr{S
FNEBALAEFZ 1.619 £ 0.067 ©

27 8 H AR A s A A SRS SR LR A 9 M7 2 82 U P (e U S & LLAS B B 2 8ok
LA % A2/B1/C2/D1/E1/F3 » &8H/AT (4) K (5) sHHE » HOMAFEZ GETENE A
1.600 + 0.023 7RE[ 1.623 8% 1.577 ; % » &E# ASTM D1894 [ B BXAal4h 5 - HLfAF 4%
HEA 1.611 GR5H 7 565 11 fBHR) ; JEMEHESIISEARIES 1.619 £ 0.067 %48
R HE R ER (R 9) o IUTERINVAR B G B E AN FIRRAEAE 5% DA
Bans 7B EEREME R AT SR © 55 0 A D SRR R A TR I ER SRR ER L (Signal-to-Noise
Ratio) 7 #TATLUE H [A] BERGZI AR ENNE ; 5 JEHESMER T AT 28y 2 E
FREERENHIZ [A] B2R5% ~ [F] Bf@RGE0E ~ [D] BRE ~ [C] BIZHAE ; [A] BBRAZIF [F]
PR R R R E R SR IR R R 2R T e R E R 0 [D] RERIE A ATRE
SRR B SR EUR AT o ARG RSB R 1 A TR o

#9
ETEE [C] TR [D] /8 S TR AR 5 2 PSR T 0
gy _ICl 1665 1765 1865 1665 1765 1865 1665 1765 1865 |
(D] 03 04 0.5
01 1.632 1.627 1.622 1.634 1.629 1.624 1.636 1.631 1.626
02 1.723 1.718 1.713 1.724 1.719 1.714 1.725 1.701 1.716
03 1.538 1.532 1.526 1.544 1.538 1.532 1.550 1.524 1.538
04 1691 1.688 1.685 1690 1.687 1.684 1688 1.685 1.682
05 1.559 1.559 1.559 1.559 1.559 1.559 1.559 1.559 1.559
06 1.533 1.533 1.533 1.533 1.533 1.533 1.533 1.533 1.533
07 1.574 1.574 1.574 1.574 1.574 1.574 1.574 1.574 1.574
08 1655 1.648 1640 1660 1.653 1646 1666 1.635 1.632
09 1.691 1.691 1.691 1.691 1.691 1.691 1.690 1.690 1.691
10 1656 1.657 1658 1656 1.657 1.658 1656 1.657  1.657
FEi8E 1.625 1.623 1.620 1.627 1.624 1.622 1.628 1.619 1.621
1EHEE 0.069 0.069 0.068 0.069 0.068 0.068 0.068 0.067 0.066

4-4 WIRETTIRBELELER & ST B

AR S A A RS IR AE D TR B R 3R ~ S BUU TR AR B IR R BT %
HAF 0B L A REY » AES S8 2 PR AR L WO 75 TR AE AT FE ROV E A EAE ©

AR e AR ERS TE N HAL N B R E Bt - AEER DRV EBRELT - AR
FRTRTA 22 18 R 3R e HAZ LA A SR AURE 2 © FEAWTIE A » i L18 HASRE /N2 BUEST
BB S RIERED T EBRNARE » K T EBSANIR R o MO s HERN HERR
LIS BREUIHT - REHVEEL S IR R BT B A B B T E L2 BEEE - 12
T BEARE R R B T A LIRS RAERLL - 1S HEERGZ ~ HR51 - ReaRs s E A
FIBER R R BOR 0 ikEE T A2/B1/C2/D1/E1/F3 BB 2 BUKHEEH S © 280 » HE
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