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Research on the key success factors of SMEs in

introducing lean production

Ping-Yuan Kuo®* Rong-Ho Lin?

1" PhD Student, Department of National Taipei University of Technology

2 National Taipei University of Technology, Professor

Abstract

Purpose:

This paper analyzes the difficulties encountered by Taiwan small and me-
dium-sized enterprises in introducing the lean production system and the
key success factors of this system. Because SMEs play a pivotal role in
Taiwan's economy, the key success factors for both management and tech-
nical aspects were sorted out by the AHP analysis method. Through relevant
questionnaires, data collection and statistical analysis methods, The key
success factors derived from the research results are provided to enterprises
that are seeking to reverse their operations, so as to improve the enterprise's
constitution to a comprehensive improvement in order to cope with the chal-
lenges of the ever-changing external environment.

Research methods:

The questionnaire is designed in the way of Likert five-level scale; the
top six items with the highest votes in the questionnaire, and then data anal-
ysis is carried out: the analysis of hierarchy process (AHP) is used to verify
the consistency of the samples, and the importance of the key success fac-
tors to be introduced into the lean production system is found out. sort.
Findings:

The important factors of the first six items are investigated by the Likert
five-level scale:

Organization and management:

1. Teamwork, 2. Good communication, 3. Support from top management, 4.

Leadership, 5. Sufficient resources, 6. Staff training, etc.

* Corresponding author
E-mail: peterbest666@gmail.com
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Tool approach:
1. Elimination of seven major wastes, 2. Visual management and fool-proof
measures, 3. Continuous improvement, 4. Daily production volume man-
agement, 5. IE action research and production line balance, 6. Preventive
maintenance (TPM), and other six items .
Finally, the C.I. value of the organizational management plane is verified
by the Analytic Hierarchy Process (AHP): 0.0069 =0.1, which means the
consistency is OK.
The C.I. value of the verification tool face is: 0.0052=0.1, which means
the consistency is OK.
Practical meaning:
Through statistical technology, the importance of many influencing factors
is sorted out, which is a reference for enterprises to implement lean produc-
tion management system.
Originality/Value:
The value of this research: When many organizations introduce lean pro-
duction, most of them focus on tools and techniques, but often the introduc-
tion is not smooth, or conflicts with the organization's original operation
mode, and finally, the original mass production mode is restored; The great-
est value of this study is to help you explore the key success factors. In
addition to the skills of tools and techniques, it is more important that in
the aspect of organizational management, especially leadership, supervisors
must motivate and induce their employees to start from their own hearts ,
willing to accept new challenges and learning, only then can we truly
achieve organizational innovation and build a high-performance team with

a long-term foundation.

Keywords: Toyota production system, Lean production, Corporate pro-

cess reengineering, Leadership and Communication, Key Success Factors.
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The Investment Performance Research in TWSE

Corporate Governance 100 Index

Tzu-Yen Lin™

Department of Industrial Engineering & Management, National Chin-Yi University of Technology

Abstract

This paper proposed the investment performance research in TWSE
Corporate Governance 100 Index. The results show that the
announcements of the inclusion of the company in the Taiwan
Corporate Governance 100 Index experiences significant short-term
abnormal returns during the 7-day window before and after the date of
announcement release.

For nonfinancial industries, a new investment portfolio was
established based on the financial indicator F-SCORE proposed by
Piotroski. It shows if the company has a good financial score with
good corporate governance, it will lead to a better performance in
terms of Sharpe and Treynor ratios. In particular, the results indicate
that the companies in the top 25% of the Taiwan Corporate
Governance 100 Index perform better than the companies in the last
25%.

Keyword: Taiwan Corporate Governance 100 Index, event study,

F-score, investment portfolio
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R4l EEGFEH PSR- R PI0TE 100 4 ok F s AR
a3 2015
TR CAR P
(-1,0) 0.2262 0.3064
(-3,0) 0.0899 0.7741
(-7.0) 0.8458 0.0547*
= B 2016 =
g CAR P
(-1,0) 0.4782 0.0163 **
(-3,0) 0.8922 0.0015%**
(-7,0) 1.3467 0.0008**
nall 2017 &
L CAR Pz
(-1,0) 0.2502 0.2019
(-3,0) 1.0406 0.0002%**
(-7,0) 1.1336 0.0039%*x*
nall 2018
+EEr CAR Pt
(-1,0) 0.5851 0.0045%**
(-3,0) 0.997 0.0007%*
(-7,0) 1.777 0.0000%*

TR Ti«:}j%;’ri ;Ei%’fs“__‘;t—é—l-_}-; 5‘;1&;@ P\i%ﬁifgﬂ'wﬂ?ﬁ’”’—?‘ (*\**\***/v\ W7 A 10%~5%

1% 8 F KT > BREF I -

2042 2 EE TP RS RN PRI 100 4 o F end Ak

= R 2015 &

Fefc CAR P
(0,1 0.3987 0.0702*
(0,3) 0.7496 0.0161%*
(0,7) 0.3375 0.4435
= R 2016 #

TEEC CAR P
0,1) 0.1609 0.4193
(0,3) 0.3144 02622
(0,7) 0.0555 0.8887
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£ R 2017 #
FEEC CAR P
(0,1) 0.3381 0.0831*
(0,3) 0.7038 0.0101%**
0,7) 0.9992 0.0098*
£ R 2018 &

Tegr CAR P
(0,1) 1.0103 0.0000%%*
(0,3) 0.0276 0.9243
(0,7) 0.6035 0.1413

A B FRNVE LR 2 AR TEE WP S (KRS w AT B 10%5%

v BBEE M o

1% g % -k 3 =

43 LEFTE B PHRALR-LHD T 100 4y et B 4%

+ K 2015 #

FEFC CAR P %
(-1,1) 0.5430 0.0450%*
(-3,3) 0.7441 0.0726*
(-7,7) 1.1870 0.0490%*
+ B 2016 &

EC CAR P# %
(-1,1) 0.3818 0.1172
(-3,3) 0.9614 0.0102%*
(-7,7) 2.2409 0.0250%*
+ B 2017 &

FEFC CAR P %
(-1,1) 0.364 0.1295
(-3,3) 1.5413 0.0000%**
(-7,7) 3.5855 0.0003***
£ R 2018 #

FEFC CAR P %
1D 1.0892 0.0000%**
(-3,3) 0.4637 0.2345
(-7,7) 3.3842 0.0007**

AT B BT LR AN L R TIOR F AR (Ko n AR & 10%5%

1%EhE % -k 2

,ggﬁgo
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% 4-4.2015 #-2018 &% # 7 P& T %

£ R 2015 #-2018 &

EARE CAR P& %
(-1,0) 0.3854 0.0002%***
(-3,0) 0.7516 0.0000%**
(-7,0) 1.2757 0.0000%**

AR BB FHN L EFRHP L AFTHBFEPGF (S UL T A 10%5%

1%:8g F kBT > BEREF I -

% 4-5.2015 £2018 5 F 15 P w2 %

R 2015 #-2018 #
AR CAR Pt %
(0,1) 0.4751 0.0000%**
(0,3) 0.4443 0.00227%**
(0,7) 0.4953 0.0159%*x
EIAY BB FR I E LR Y P L AR TIBB ARG (L U AT B 10%5%
1%:hkg F KT » EREFM -
4 4-6.2015 £-2018 £ # 5 ~ 5 P T %%

R 2015 #-2018 #
g CAR P i T
(-1,1) 0.5945 0.0000°%**
(-3,3) 0.9276 0.0000°%**
(-7,7) 1.5731 0.0000%**

HIAY BB HHS P AT AN R L BH TR FEPF (o W R T A 10%5% -

1% 8 F KT > BREF I -

247 EIRFOR LMD PISE 100 458 % F-SCORE 7 A 2 A fe

KFDE Max P75 P50(+) P50(-) P25 Min
2015 9 8 6 5 5 2
2016 9 7 6 5 5 3
2017 9 6 6 5 5 2
2018 9 7 5 4 4 2

FAL K

AT B AT



50 BlHT B E FEELT) 113/8

H+ % 31-51
10.6270/JIBM.202408 12.0002
% 4-8.F-SCORE % Fle s thAdcs 3 @& P8
pru ¥ f f f
MV(P75) | > | MV(P50+) | > | MV(P50-) | » | MV(P25)
FHR ¥ S S
2015 | 23 | 8,468,273 | 47 | 10,977,592 | 34 | 2,742,934 | 34 | 2,742,934
2016 | 26 | 5,495,060 | 45 | 6,709,558 | 30 | 9,214,589 | 30 | 9,214,589
2017 | 44 | 13,215,671 | 44 | 13,215,671 | 38 | 5,189,517 | 38 | 5,189,517
2018 | 24 | 10,760,270 | 56 | 14,832,304 | 20 | 3,155,704 | 20 | 3,155,704
TR KR BRI Ay p AER
% 4-9.F-SCORE ¢ . F 8 FF 2 8 B & S pv &
#& | TWINDEX | CG100 | TW P75 | P50(+) | P50(-) P25
2015 -10.41% | 4.58% | -535% | 8.15% | 6.72% | -3.99% | -3.99%
2016 10.98% | 21.72% | 16.03% | 24.07% | 21.84% | 19.63% | 19.63%
2017 15.01% 1.19% | 0.05% | 8.02% | 8.02% | -16.20% | -16.20%
2018 -8.60% 7.71% | 0.38% | 10.48% | 9.69% | -0.87% | -0.87%
T kR E PRI A p FAER
4 4-10. L2 @b el
& i RFesEEp Y S ERE: 1 % (%)
2015 & 2015/06/29 2011/11 1.355
2016 & 2016/07/19 2016/07 1.035
2017 & 2017/07/18 2016/11 1.035
2018 & 2018/07/17 2016/11 1.035
A AELERL ARG - R nlE e
F 4-11. - A ¥4 75 - &2 ¥ rcdptk-op
Sharpe CG100 W P75 P50(+) P50(-) P25
S year 2015  0.0057 1.0661 0.0172 0.0092 0.0060 0.0060
S year 2016  0.0113 0.6629 0.0305 0.0192 0.0263 0.0263
S year2017  0.0055 0.7798 0.0072 0.0072 0.0200 0.0200
S year2018  0.0074 0.9698 0.0214 0.0103 0.0221 0.0221

FH kR AET p FER
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# 4-12. - B Z ¥+ 5 - # 2 % »Tdg - Sharpe
Sharpe CG100 ™ P75 P50(+) P50(-) P25
S year 2015 5.67% 0.01% 3.94% 5.82% -8.98% -8.98%
S year 2016 18.03% 0.23% 7.55% 10.86% 7.07% 7.07%
S year2017  -29.85% 0.02% 9.71% 9.71% -8.62% -8.62%
S year 2018 8.63% -0.01% 4.41% 8.43% -0.86% -0.86%
FA KR AT P AR
413 - B A FFEFG - £2 HordpiR-B,y
Treynor CG100 ™ P75 P50(+) P50(-) P25
T year 2015 0.9876 1.0046 1.0272 1.0045 1.1196 1.1196
T year 2016 1.1086 1.0315 1.1586 1.1247 1.1181 1.1181
T year 2017 1.0199 1.0372 1.0181 1.0181 1.0243 1.0243
T year 2018 1.0767 1.0709 1.2371 1.0698 1.1064 1.1064
FHARR AL FER
# 4-14. - 8 & ¥ 3 - £ 2 4 »cdp % Treynor
Treynor CG100 ™ P75 P50(+) P50(-) P25
T year 2015 -6.15% -6.67% 6.61% 5.34% -4.78% -4.78%
T year 2016 13.92% 14.23% 19.88% 18.49% 16.63% 16.63%
T year 2017 -0.10% -1.26% 6.86% 6.86% -16.82%  -16.82%
T year 2018 1.96% -0.91% 7.63% 8.09% -1.72% -1.72%

TR kR

AT B R
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PEERHIET FRRGTH S HBELLA

! EE2 ke R S Mgt FE e

VE R FH g BT )
13,5%)%—"?%131}32‘”—“{—
e FELFHRFIR

VR E P éﬁ%@i BTG REALY =54

#&

REERTR A v Rt ihde feiefok £ RE D RN o 2
AR P RS 8 LR G e LT R R TE R
ﬁg@?'ﬁ mERH TRE A R TRt E AR R R R AR
g & B /L’fr?,}%ﬂ::}iﬁh—mxaﬂj DR AP S ALK KRR
ﬁ%?ﬁﬁ%ﬂ“w“%ﬁ BRI S SRR LS MR
BB ARG o hFT L AT E AR LR P TR e T AL
* w8 EE Y 28 F 5 2 (IBK - i+ L #(J48) ~ NaiveBayes(NB)
o SGD ) » Rimfe fdg? 14 B F R R iE R Bkt 1 B
Moo FBiEHHGEE > AT ED 4 BMERE F T HH48)
A AN e BARM FIE S ERR ek S Tk R e
2R g R TR o L F R W E A HCE R B RO &
PIRLRIE GISRET 450 J48 S ARG A RET L § s
FoRFT AR SMoEEfL N RN PR AR L
o P G e ¥ A B AGE B A SRR o M A i & o

MAER A FRRG TR B AR MR

TR R

A
Email : yschen@ncut.edu.tw
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FE FIFFPILH  FREAL 2 AR ETRS TOI AT B
BB AR Bl o A B P A v B A SR FEE AW Ak E A TG
FhT™ehd T X33 23R AM (1] BdER N4 T BB H KT Fik >
HATHFEFTHEOAASLET LN ENMG 4 A4 nEEA T SEEIRG A
v RS ARE s HA 6 AR f%@m% LW RE L S TRATHR o Pk L
RRFTRANAED ERE RDRETRES LA B HAN B RERPFTE
FoR T LR LRI L ERORR R RS R RS L e
B E R f 2] R RENES ¥ 5 ARG F Ko

FRER LR AT R gnA F,E‘k*fﬁ’ TEAE- N ARAEEER A DR
PoRE G JHET MR R o - AT R E LG A B
o g BG4 B BE B e d R AR A (R R o

FPCR AR A RPRIMEL -

RIA T BT R R 2 A B P FBL PR 7 £ T2 B o
%;& ; nb’&‘mm\-‘*f@‘é#‘k/ﬁr%—ié&”ﬁ'””BI‘”HE A PR
H %K e & BT ﬁé%@éﬁ‘*&FW@’aiﬁa%%%£$ﬁ°

EEfrE REL D e A T FF A B ERT o B3P W - RS (TR
#?ﬁﬁiééﬁﬁﬁ~gﬁ‘ﬁﬁ‘4*ﬁa\ RAPER T 180 5 HPATEATH
FOSEEARE > ARDOFIERERF LR E 0 ALE AT RES 24 [3] -

B RBRGEFT - LA RFRGIRNEMER FaoRdE % LM%
FRERE RGO GBI P o LRI ERELL RV EFEDRER Y
A EPAFz Feod WX EA T BB EHRET R A g 2 ,%5:}%‘5;271&?%@
ﬁ’m%£$%N»%$¥J’V%$ﬁﬁﬂ4‘bmﬁﬁﬁ§#w T E 4T H[4]e
Po s it R P REF G S ESE LN YA HE P L-E’jﬁ} KARES

+" @61— \\3
,u_

LT Rl P RER AT K R IER A BT E R Y RET
LY REF G EAREEDLRT RE R EAE T 0 E #[5]- f’“lb S
EERSE S 2P HBA mx% BER Ao

SRR R A fo ;E_}z;; EEL LR FrE ARl rE: LR

JRI-fode B & 2 BRE % éE SRLAT HE AP O o 2 TERP S LE R
A REFGARTHEMNR R FFAY - B 202 % 60 £ R0 >R pglE
A g R G R R R P oA e ML M A S ¥ % 2 5 £ B E R (Long
Term Care Insurance, LTCI)sh® Fe P & p 2000 & §F *5 2> £ LTCI %F'J@i?é v B
IS E X %E (2000 £ ~2004 £ ~ 2006 £ ~2009 £ ~2014 #£)> 2 F & KR~ RE
FER S JRAEN F R G PG O [6] o Aot B 5 B A GhE R E R AR B R
[71° 5 7 et & L PRl ke ~ A 3£ sofre G467 SR RK



54 BIIHTEASE A FEET) 113/8

Bt % 52-68
10.6270/JIBM.202408_12.0003

20k ¥ - g vk AR ARG T T KW RE R o S 3
" 3 %lm%éﬁ i B o B e bR AR e o 7 [8 0 9] A R
PR A SN P E DTG RO R Y BRI R B AT R
ttﬁﬁéﬂfzéw»ﬁém;\# oA AL orE TR SR R o T 0 AT B4
A BdFTE W RE R R L] R X 3 e VR 4 v [10] 0

= 51»::
«%

Z ~F% B

Rip Ty & g F> 1 RLDBREFGEY OMER Z - AP T &
PERFRGEE S ERTR RRT CAER R RHE LAY RO RE
FohER FIF S C R AP A ROTREGL L R EEY
BEY R BRAE RS OER FF o B Fagp s AR ABA RN o 2 FIER A T
For BEEL Y REF G OME R T R B P2 BmF oo

GEFGERRLERRAALBE BRARP IR FF RN LY BER
GPATERF R AREDREL G AL L AT RYBERG T A
Ko f @it F LA SPEF[U] B AP0 B LRGSR
%%w’ﬁmmﬁﬁ$?%’f*&#b RQENLLRL Lop I ed Ly
PR TR AR BTG ERS c Q)E Y AYMS VAT EYRERER
m&%g@woﬁﬁﬁﬂwﬁﬁﬁiﬁﬁ%’ﬁﬂﬁ#ﬁi%ygﬁﬁ%aaw%
G o NRARRAEH A SRS RS SR e

o

ARG GEHBEG G B BT Y FACEE L R L e R
- AP RERS
£ ek T A AT g npﬁ¢%ﬁ+&w&’u@ﬁﬂ4$

ZhaEta FREEDREDFR P FRA ¥ A HEZIE - FTLpF 2B
S A 0 J AL iR o B R Rkl & B
(-) FREE A F e RFIAR TS R AP F 2B DL o

FPHIEBERPEFRANG FEHF(rRE KR m&;#;ﬁ@4°
(C) Mo R REF G g e WL RET R A2 PfpM 7 * o0

1 b RIER B %%%Téﬁﬂﬁﬁﬁﬁﬁlm%%#x&%ﬁm%%o
C)2aBF i Fa2dd FEry - L2 R BE MIUpEe L33 7
EREDREFR T2 AZREFILP VL EERF TR AT
e R RER GO HT UA- LR EFART EF L D
FrEFIE e ReX Y PR TS PE o] o
i%ﬂi%%ﬁﬁﬁ#§£if@i*ﬂ’%wﬁ%‘%&ﬁiﬁﬁi3
- B R EELH

i DR A F R R A R R R e E B
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() BHER RGO IREIBEDBERG LR R A TR C
e ]‘\‘ff'ﬁ'_-% ' EH lﬁ £ miv+1}\‘frzﬁ'—l‘_§:_$a@

LRGP AP ARG A 2 Tl HR P REF KRR
JRA o FEiRl PR EE & R iA#UH d iR E RN Al ben

PRI EYREFEE FARMRL - BE R P FE S o

~ #ggss
#% £ & ¥ (Machine Learning, ML) ¥ % % £ fL3 &2 4137ehE & S 4 2. - > @
& A& % A 195 s (Artificial Intelligence, A)AE B8 eidsos o & o FL A I8 £ § 30 iE 7 5 2
SRR IR B Y e RV AIERD A F P RS ﬁ*%mo
- %Ei"aﬁﬁilbjjfﬁf v A ﬁ‘-‘)ﬁy%.«a_’;’; A @@P%ﬁrﬁfrﬂﬁﬁ 5 (% eF] % [12] -
A CFREHE S EPT B G B RS Y ﬁ§
1 AR - 'E‘E‘_Q/w\ ’x’?i ?,{h“fr"l ERED R LMo E o
BYHRDBATER s HEFEY 2EFEY 2t BV 348 mﬁ, |37 o HE
TR B A A R feBdh B R L B RS Y BN AR ] 3T A
T SERIA T FRDE R BRI E < S o
EEFMR SRS > BEEY 2 B r NSRRI A hFERE Y
(Deep Learning) s g = %% C A IRREY SRR Y - bR R #E VB
ARLFES ~UHE B S RARE Y WEHT A et SRRl 8- KRG
y&ﬁﬁﬁ&%ﬁﬁJ’%—aﬁﬁ%? |~ 3E S ulrp REFT AL E R E
1E ew L R[13] 0 b B ES Y mf@ﬂ RS B RS U Sl A
WACTERD BB IS hf BERTD HRFRLE SRR GIHE BT E
Ra o %,ﬁﬁ?? R RS A K %?m#“%'fer 38 o bldoo & & iR IE icdyp R Y iE
ﬁﬁv&%&@ﬁ%%ﬁ?iﬁ$ﬁgﬁﬂ%opﬁaiﬂ T Bea gt oo %
DFFRS HPER VAT TREAROTE  BMAR P REY S - P2
%KF*'E“ F R R WA G R A IR DFEE R A R Lam g oy
BALREORE A g BB TEV DA RI AL T KD
A oG fREnp e A 7\%\%“ cEF M REGEDTRE  BEREFFY 0 RTHEBEHET
% oA it o PEEY HIREREY DM ok AT R 06 Bolh i A A
BELERS XA H L APUCERPHTNFE T T UL G ok B FRBELL
VIEp G BRrE R EER G AR AR o

¥

ﬁmﬂ% ~

= > #ﬁc&%’#

BBV AR FAERG B ER) LT I E AR R
L - BB AR[14] 0 0 B2 UE FIE R ﬁrﬂ@i CAERESY ﬁ“’»i???*"v'l
fodeaE DdcG * R (R B R o R TR RN M AE T R o B AcE S
ARPARTRECEREDR AR BB RE Y A DEF TS fofia 2 RS
PR KR e R TR Y ﬁ;ﬁ B By s mE S o AR o B MR SR R
ER LG ENRgo LR P DRI AN ERFERIL T TR PR
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BoALE N EMILE z,wvfrgrg PeRE i o AR AT EEE S 5 %;,\;ﬁ—ffi &
¢ [15-16]’ BEE IR cAEEY A R BB RE Y FRAGES
¥ Bfg mﬁg{,#@ E IR AR endE e ot - AR WA 4 REA| R m%@%—?i
pi‘). TR R e T o

1>

ok BHCERETOMAEE D RT A e FiE F 2 A e T 2 flg
B §ERTAI A cFER 0 M EFHREIEFHE ?,i@
o B RAE[1T) o BACE RS R LY AP R B ERY HEASY ¥ 2
FATARR 3 b B ACE B HET RS Rk A HP T RE R T P FE
B ERAEFEIEFTERYDFFLE DL > G R A H A T

o

HWow FALA AT s [18] o e FR-FHCER T H > B R FTAHE T 0 BT
BT P BFACERENRY DL R > RSB :i—ﬁwﬁrs\’* o

A

i~ K #H(Decision Tree, DT) " £ K 3 & ¥ /7 & i » &4 & fa 44 5 R AE[19]
&R N v :]grs—I YL N L g feit E'P: Hiw[20] > U e Ii“l_#e;?.fu;}%f;l%.sg*}# » &
i 30N "'Kg‘q‘:%z\'p— R FBLL AL - BREEKE EF 5847 BigndE
210 d & 4 2 & BAfenp gL A FE LN AT R RS
a B &gk A o

ARATF A BEE S- BAAR SR YRR G AL S B
Fog vi-Ragamd > 1g &- Hadodwaipin, £ 3 kp - Pl
e R A - AR EAEA L R DR S R
PRREen® & > F & F Rpe o 3 fH22] - AR SR AF £ 5% FIFE[23])
FER A &[24]8 5 SRR [25]*}3’&?}%‘? RIS BT[26-28]% B iLARS © MR 7
T REL (1) R RILGR kR B 2 BRI L Q)h Sk
AT RN O * 24t fe A 0 4o T AR S R
LARE A 4T 0 A ARl R AT NIRRT o G Bt AT YL
SR o

S BargEh
ARG B 2 A R é‘F“i(Confusion Matrix)[29] ~ Z ¥ 5 (Recall) ~ # 52

(Prec151on) + F-Measure ﬂfr ROC Aera 2 Az 12 3 42300 dp % K35 fort 03] »
Bl e R P =N A I '}Lﬁ H[30-31] R ¥ BL & {78 » 5 R s oh- A
S0, H 9 @] MF oA AR F AR e w|[32-33] R A BT - B 3R B
Beehd g WU R e IR gt e A BRI "R B IE(TP)" "R L (TN)"
"R (PP e IS (FN)” « A i‘ﬁzﬁ'ﬂ Bk 0Pl i * 1.[34-35] -
AN E R X2 AL > P MR et f U e R e B R o
he 4 1 A% - AL EganR A "True condmon” RE AT TR EE %
@ "Predicted outcome" P % 7 3" i A rﬂﬁ;ﬂ B o B ‘ﬁ Fi% TRRAE B Y
"Positive"i ¥4y AL " "F SR A" F‘i% "ehfiin @ "Negative" B dp
FUTE" SRR ARG R "mi ‘?3 °
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% 1. = =R % &< (CONFUSION MATRIX)

True Condition
Total . .
. Positive Negative
Population
. True Positive False Positive
Positive
(TP) (FP)
Predicted . False Negative True Negative
Negative
outcome (FN) (TN)

A g

AREFARANR AP TREFLHI U2 FEA TR SET AR
HERBEE DL RE R EE 2 o
- P TR

SRS R AP(E 05 VR & BEHERRE G
q‘éhﬁx’i»ﬁf/ifﬁ; AFHEFRR KR RGP FTHER £ 1997 £ 8 7 T 2021
E£30 T R BB TR BT pf*' FRAe g 'F’ﬁﬁ—ﬁi#ﬁ»
R feT Foit o R F 0 TR T A I 0 ¥ 0 EXCEL % #2755V 18 (7 2 o
BE O RFT R S P E K .‘»u/’a\ 173 fen CSV ’h‘«;f\ P U {S T IRRIA AT o B
BOP R RGEDRASEARAPSES LB FEIH A RE S FH UK
FEBRAEDREAERRRRET L 3ok 1T AL AR -

FLhE
BT ;np;‘maﬁzﬂ CEH B FHREEAET A AT
P Bt e F P RS REES TE  TFAEI 6l 22 E  Sd Excel
FIRET TGN R FREEIAL LRDCSV R RS B EF T AN
PHCER - FHRBE VR ITAREER EFFHRERI AT KA HT
HF T AL P AR
HE2 TP L BrREY BETET
HAEIHTRETREEFTRER -
a4 FREFTAE % 0 % Bxcel 2 Xt -
HS: BHS S AL G R HCSV A -
HAO BT AER
HET D FHRRE GFP DAL TR GVREEREREE AL F A
Gl & (B BIBREE Y B0 L 67%/33%,2 70%/30%, 3. 80%/20%,4 90%/10% »
T B BT R SRR
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HA IR ER S DS IFE Y PR & A7 [36] 458 TERI[3T]
MR EREAERS[BBE Y ARG N AR BE T Itk T AR
% i P~ 4 § A Decision tree J48(J48) ~ IBK ~ Naive Bayes(NB)£! SGD % v 48 A #f %
N R L= s =

HFE R RE R E RS AT

#H 310 87 AN AR S % A AT

4. F )
HlExcel® | O S HAEBCSVHEE T 6. HF RS
Ei2 Y P A

. BAREE
2. FHTFR
3. EHEE

S

-
10.5% KR ‘ 0 Fm i 8.4 5 4 HEE(1.148 K ‘7. e 5] B 38 B4 bh 5]
PXt N ) .
il R L 2IBK 3.NB 4. SGD) ) 3. 80%/20% 4. 90%/10%)

(1.67%/33% 2.70%/30%
DENENZEEY 1)

AT HRRE EH DT PR B ERTI LE ngas_ﬁﬂ%&.&
FRE LR eSS Ll’°%2/‘é”§}%‘lﬁ'—l‘.§w+lf oo 2 15 BERFPE
A S EFFTREAAH

%2 Py FoREE A

i FRBE 1 f& T
B1 Pw(F ) % 2 F
B2 KTRRRBY /A E/XFFEL ) el >3
B3 ITERR(P B B H 2
B4 fie iy §_F t{_ﬁ%\; 5 > 3
BS FT S (E F ) AT
B6 7o H BE B wF
B7 FER K ORH LR R #ig =4
BS A% Wb HeF
B9 AAER G CRE BT e #wF
B10 FHREGE (ZEREAN FE) Bid #"F
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Abstract
As the global aging process accelerates and the demand for elderly care increases,
addressing the challenges of aged care has become an urgent issue. Despite advanced
medical technology and facilities, caregivers continue to face significant physical,
psychological, and financial burdens. Heightened concern for health issues and
advancements in medical technology have led to greater emphasis on proactive and
preventive planning for future care. Consequently, purchasing long-term care insurance
has emerged as a key strategy to alleviate the financial pressure on caregivers. This study
analyzes medical insurance data from industry-leading insurance companies, applying
four machine learning classification algorithms (IBK, Decision Tree (J48), NaiveBayes
(NB), and SGD) to evaluate 14 medical insurance condition attributes and one decision
attribute in the data. Through feature selection, this study identified four key features and
utilized the decision tree (J48) to analyze four relevant factors, six rules, and the optimal
accuracy, conducting performance evaluation using metrics from the confusion matrix.
The research discovered that the model optimized through feature selection achieves
higher accuracy with J48 as the best classifier under training and testing ratio validation.
This study primarily provides decision support for those concerned with elderly and
disability care issues, while also offering the insurance industry insights into a

classification model and key features based on feature selection.

Keywords: decision tree, medical insurance data, feature selection, confusion matrix,

elderly care
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AR(xt) == alxt_l + azxt_z + -+ apxt_p + Et (1)
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QP A5 85 T 3 E0A] (MA(Q)) - 4575 2 4 2 £ ()5 7
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ARIMA f7] % * 25T 48 5 7] » & 42 4 A % F 0l & A 7] T 48 < ARIMA(p,
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4% % = 42 (Trend Equation)4r ™ #7573 :
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% & |+ = 42 (Seasonal Equation)4c ™ #7F
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Rl 3. 4p 8T Winters #-3

dR3F . EREATFREYG D EREA TR B EFFEEIR
R AL AP HETIY R TSR R OA ST R IR R T LR LR
EEINLTREE - BV ARESFEEL L A PREFRY iy
o s SANENIER EREURAL LFRESTRER »&a pr i
TR A AP e EEFAE A RFCH F LT AR-MA-ARIMA-
SARIMA #2470 B 53 B 5k 40T 4 234 % S B “T7 o

# 2.AR A9 % % %

FIT STATISTIC MEAN MINIMUM MAXIMUM
Stationary r-squared 0.278 0.278 0.278
R-squared 0.278 0.278 0.278
Rmse 1686256.352 1686256.352 1686256.352
Mape 18.239 18.239 18.239
Maxape 130.623 130.623 130.623
Mae 1253849.249 1253849.249 1253849.249
Maxae 4449195.461 4449195.461 4449195.461
Normalized bic 29.017 29.017 29.017

Z 3. MA ¥ 7 % %

FIT STATISTIC MEAN MINIMUM MAXIMUM
Stationary r-squared 0.297 0.297 0.297
R-squared 0.279 0.279 0.279
Rmse 1685450.72 1685450.72 1685450.72
Mape 18.194 18.194 18.194
Maxape 132.383 132.383 132.383
Mae 1248241.646 1248241.646 1248241.646
Maxae 4486439.377 4486439.377 4486439.377
Normalized bic 29.016 29.016 29.016
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% 4. ARIMA $7)7 % % %

Fit Statistic Mean Minimum Maximum
Stationary R-squared 0.309 0.309 0.309
R-squared 0.091 0.091 0.091
RMSE 1872732.956 1872732.956 1872732.956
MAPE 20.617 20.617 20.617
MaxAPE 128.1 128.1 128.1
MAE 1410313.289 1410313.289 1410313.289
MaxAE 5318043.534 5318043.534 5318043.534

# 5. SARIMA #-4|7 % % %

FIT STATISTIC MEAN MINIMUM MAXIMUM

STATIONARY R-SQUARED 0.489 0.489 0.489
R-SQUARED 0.957 0.957 0.957

RMSE 236235.747 236235.747 236235.747
MAPE 2.295 2.295 2.295
MAXAPE 6.384 6.384 6.384

MAE 188127.463 188127.463 188127.463

MAXAE 509251.105 509251.105 509251.105
NORMALIZED BIC 24.953 24.953 24.953

g et Blo] AR oA FHRERA 2P RMSE 7 R B8 F 5
B2 LB T54 ] -MAPE B FRIE M FEEAER > LF AW &7 o
KARIE L AR S

.72 RMSE = 43 # % % > SARIMA > MA > AR > ARIMA -

2.7 MAPE 3% 45 # % % > SARIMA > AR > MA > ARIMA -

A ] A At A SARIMA s Bdg iR o w R TR K

" MA 2 AR RIAp$H3 - & > SRS FHEY 53 2 ARIMA- 7 @ 5
% 5% SARIMA > MA = AR > ARIMA - i3 PP SARIMA #74) fi3 B 4 2% 6|
C‘ 9 F"J — %m#gﬁi{\iﬁ"k ,&V%%EFEF’B}%’)" ﬁ'{% F]g &F?E’Pr’}% 1L o
% 6. BRI B ZHA H R £
Ranking of Ranking of Subtotal of .
RMSE RMSE  MAPE i APE RMSE and MAPE  Ranking
AR 1686256.352 3 18.239 2 5 2
MA 1685450.720 2 18.914 3 5 2
ARIMA 1872732.956 4 20.617 4 8 4
SARIMA 236235.747 1 2.295 1 2 1
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0.905: x4 @ “ﬁ?%“gﬁ‘éﬁ v oo %‘” ?%‘f—'— £ ' 53 4 o @ Durbin-Watson

LG opARRE o Twded 8 Tom Heip G ¢

307 % v A & B

#-3 R R Square l‘:c;]:s;?l St:?gizgvf:::r Durbin-Watson
1 0.784 0.614 0.608 1200157.657
2 0.812 0.660 0.648 1136865.621
3 0.857 0.735 0.721 1012785.995
4 0.876 0.767 0.750 958842.146
5 0.885 0.783 0.763 932229.306
6 0.897 0.804 0.782 894169.085
7 0.905 0.819 0.795 867661.384 1.846

308, £ R LEHISE R

L Y
B wme |weng i | B 5 1 i N
y| TEE A pgo | W7 | B RE MR TR )RR
£%F £%F £%F £%F £%F % 77 s
1| 5975 1.000 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
2| 0910 2.563 0.00 0.00 0.00 0.01 0.00 0.00 0.54 0.19
31 0611 3.127 0.00 0.00 0.00 0.09 0.00 0.00 0.36 0.44
4 | 0.343 4.173 0.00 0.00 0.00 0.50 0.05 0.00 0.01 0.19
5 0078 8.738 0.01 0.00 0.02 0.31 0.49 0.28 0.00 0.07
6 | 0.044 11.710 0.22 0.02 0.05 0.01 0.21 0.64 0.05 0.00
7 1 0.025 15.385 0.54 0.48 0.05 0.04 0.12 0.05 0.01 0.00
8 | 0014 20.424 0.23 0.49 0.88 0.04 0.14 0.03 0.02 0.10
=~ B

AP EEENEFFAN 0 e b SARIMA 7 4 H#5 A 22 § £
ARFEERG BES PR oAod BN v FRA S ETT G - B F
e R eI T B, EAARY
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A Study of Sales Forecasting:

A Case of Company_ A’s Time Series Data

You-Shyang Chen! Chung-Ting Cheng !* Yu-Hua Lin ?

'College of Management, National Chin-Yi University of Technology

’Department of Business Management, Hsiuping University of Science and Technology
Abstract

In rapid global economic changes, precise sales forecasting has become
increasingly crucial for businesses. Such predictions are related to
inventory strategies and cost control and involve decisions on capital
allocation and other aspects of business operations, having a wide-ranging
impact. Previous studies have shown that employing advanced market
trend forecasting techniques can help businesses better manage external
uncertainties, mitigate the effects of global economic fluctuations, and
thus promote long-term growth and competitiveness. However, many
companies still rely on traditional and subjective sales forecasting
methods based on management intuition, historical sales records, and
expected growth rates. These methods are susceptible to external
influences and lack stability and reliability. This study utilizes sales data
with Company-A from 2018 to 2022. It encompasses two main directions:
(1) The development of forecast models using various time series methods,
including the WINTERS method, AR, MA, ARIMA, and SARIMA, aimed
at predicting future sales. The models were evaluated based on the Mean
Absolute Percentage Error (MAPE) and Root Mean Square Error (RMSE),
with the actual sales data for 2023 used to validate the models. The
empirical results demonstrated that the SARIMA model had a MAPE of
less than 10% and the lowest RMSE among all models, making it the best-
performing model in the experiment. (2) The study further identified the
products that significantly impact the company's sales through stepwise
regression analysis. By integrating the stepwise regression analysis with
the time series forecasting methods, the study aimed to improve the
accuracy of future investment predictions and enhance risk perception.

Keywords: SARIMA, Stepwise Regression Analysis, Short-term

Prediction, Time Series Forecasting
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A Classification Study for Applying Advanced Data
Exploration Techniques to Identify the Occurrence of

Traffic Accidents
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Abstract

Due to the narrow terrain and dense motor vehicles in Taiwan, the number of
traffic casualties remains high every year, which has a serious impact on road
safety. The purpose of this study is to use data mining techniques to identify
various road environmental factors that affect traffic accidents. To this end, we
collected 500 real traffic accident data with 15 condition attributes, including
administrative areas, weather conditions, speed limits, etc., and selected the
accident category as the decision attribute. In the study, three different
classification algorithms were used, including decision tree J48, NB multinomial
text classification, and Lazy.IBKk, to evaluate their performance in traffic accident
type prediction. Among these models, decision tree J48 performed best with an
accuracy of 74.71%, showing its good adaptability and effectiveness for such data
sets. Research results show that the main factors of accidents include “weather,
light, main cause, directional facilities, action status of the parties, and day.” These
factors significantly affect the occurrence of accidents and can provide a reference
for relevant departments to design road safety improvement measures. Through
the implementation of these strategies, it is expected to effectively reduce the
occurrence of traffic accidents and improve the safety of road use. It also
demonstrates the application potential of data mining techniques in solving road

safety problems.

Keywords: Traffic Accidents, Accident Types, Decision Tree Learning,
Classification Model
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Abstract

In industries where precision and safety are paramount, such as oil and
gas and chemical processing, selecting the appropriate tube fittings is
essential. Double ferrule fittings are widely favored for their reliability and
leak-proof performance. This research aims to optimize the selection
process of these fittings by prioritizing user preferences through the
application of Quality Function Deployment (QFD). To refine the QFD
process, unsupervised machine learning techniques, including Principal
Component Analysis (PCA) and the Kohonen Self-Organizing Map
Genetic Algorithm (SOMGA), were employed. These methods effectively
reduced the dimensionality of the QFD matrix while preserving critical
design features, with PCA explaining 92.49% of the variance and SOMGA
achieving a fitness value of 0.9890. Key features consistently identified
include Control Ferrule Drive, Valves with Integral End Fittings and Sizing
Angle. To validate these findings, real-world tests were conducted on five
critical features, including High-Pressure Leak, Scratch Resistance,
Overtightening Prevention, and Ease of Installation/Removal. These tests
confirmed the actual performance of the fittings, reducing reliance on
manufacturer specifications. The results of this study contribute
significantly to enhancing the precision and safety of double ferrule fitting
selection in critical industrial applications, aligning product design more
closely with user needs and preferences.

Keywords: Double Ferrule Fittings, QFD, SOMGA, Feature Selection
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1. Introduction

Double ferrule tube fittings, distinguished by their twin ferrule design, play a crucial role
in diverse industries such as chemical processing, nuclear power, and oil and gas production
[1]. Selecting the appropriate tube fittings is critical for the safe and efficient operation of
hydraulic tubing and equipment. Neglecting this step can lead to leaks, failures, and safety
hazards. Various factors influence the fitting selection process, including material composition,
dimensions, design criteria, and environmental conditions [2]. Given these complexities,
integrating advanced methodologies becomes imperative to streamline the selection process
and mitigate potential risks effectively.

In this context, Quality Function Deployment (QFD) emerges as a valuable methodology,
first developed in Japan during the 1960s [3]. QFD aims to identify customer requirements
(CRs) and translate them into corresponding engineering characteristics, enabling the creation
of designs that align with customer needs and preferences [4,5]. While the term "customer"
typically refers to external buyers, in this context, it encompasses internal stakeholders such as
instrument engineers and maintenance technicians. These individuals directly interact with and
rely on tube fittings in their operational environments. Their insights, experiences, and needs
are pivotal in selecting tube fitting designs that not only meet technical specifications but also
enhance usability, reliability, and overall satisfaction in the workplace. QFD is particularly well-
suited for addressing the diverse needs of stakeholders and responding to the voice of the
customer [5,6], making it a preferred method for engineering product design from past to
present [7].

However, despite these advantages, QFD has inherent limitations [5]. It relies heavily on
subjective linguistic judgments when expressing relationships and correlations in the House of
Quality (HOQ), often leading to vagueness in decision data [8]. The primarily qualitative nature
of QFD can complicate the categorization of customer needs, especially when these needs are
nuanced or ambiguous, making QFD less suitable for certain industries [9]. Additionally, the
process involves subjective judgments, which can introduce biases. Maintaining and updating
the QFD matrices is also challenging, as it can be a time-consuming and complex task [10].
Furthermore, QFD does not effectively minimize customer and feature requirements,
potentially resulting in inefficiencies in the design process [11]. Therefore, while QFD is
valuable, it must be augmented with other methodologies to address these limitations and
enhance its effectiveness in product design. Although methods such as fuzzy logic and the
analytical network process have been suggested to resolve QFD’s limitations, they are often
difficult to use and time-consuming [11].

Unsupervised machine learning techniques, like Principal Component Analysis (PCA)
and the Self-Organizing Map Genetic Algorithm (SOMGA), are proposed as alternative
methodologies to overcome the limitations of traditional QFD tools [5,11]. The integration of

these unsupervised machine learning techniques with QFD presents a promising approach. By
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leveraging the capabilities of machine learning algorithms alongside the structured
methodology of QFD, the selection process can be refined to better align with user requirements
while addressing critical safety concerns. The application of PCA and SOMGA within the QFD
framework will be further elaborated in the literature review section.

This paper explores the integration of machine learning techniques with QFD to optimize
the selection of tube fittings, with a particular focus on double ferrule fittings. By incorporating
user perspectives and utilizing historical data, the study aims to enhance the precision and safety

of fitting selection while streamlining the decision-making process.

2. Literature Review
2.1 Key Strengths and Limitations of MCDM Methods Combined with QFD

The current process for selecting tube fittings lacks specific research or clear guidelines
and relies primarily on manufacturers' recommendations, supplier suggestions, and engineers'
experience. This approach can introduce bias due to supplier influence and the potential
inexperience of new personnel, leading to recurring issues as decisions are often based on
historical usage. These recurring problems will be further explored in the user insights section.

The absence of a structured decision-making process has been identified by the author as
a significant issue. It is proposed that the QFD method could serve as a valuable alternative.
QFD emphasizes the integration of user feedback and considers the perspectives of various
stakeholders, with a strong focus on quality. However, due to the limitations inherent in the
QFD method, the process has been enhanced by incorporating other Multi-Criteria Decision-
Making (MCDM) methods. These methods assist in selecting the most appropriate double
ferrule tube fittings design available on the market. Table 1 summarizes the key strengths and
limitations of each MCDM method when combined with QFD.

Table 1. Key Strengths and Limitations of MCDM Methods Combined with QFD

Method Key Strengths Key Limitations

QFD - Effectively captures and translates - Subjective judgments can lead to
customer needs into specific biases.
engineering characteristics. - Maintaining and updating QFD
- Systematically prioritizes matrices is challenging.
customer requirements. - Does not clearly minimize

- Enhances communication among  customer requirements and feature

departments. requirements.

AHP - Simple and easy to understand, - Assumes independence among
accessible to non-experts. criteria, limiting its ability to handle
- Effective for multi-criteria interdependence and feedback.

decision-making with a clear - Sensitive to the addition of
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hierarchical structure.

-Provides quantitative comparison
and improved decision-making
accuracy when combined with
QFD.

alternatives, requiring more specific
pairwise comparisons to ensure

consistency.

AHP-QFD - Enhances decision-making by - Resource-intensive, requiring
combining QFD's systematic detailed data collection and pairwise
approach with AHP's hierarchical comparisons.
structuring. - Complex to implement, especially
- Results in a clearer and more for teams unfamiliar with both
structured decision-making process. methodologies.

Fuzzy - Manages uncertainty and - Computationally intensive,

Logic, imprecision effectively. requiring significant resources and

Fuzzy- - Reduces biases by converting time.

QFD, Fuzzy subjective evaluations into fuzzy - Accuracy depends heavily on

AHP-QFD  numbers. precise membership function
- Provides a flexible decision- definitions, which can be
making framework in uncertain challenging.
scenarios. - Steep learning curve.

ANP - Handles interdependence among - More complex and time-
criteria and feedback effects, consuming than AHP due to detailed
providing a more comprehensive pairwise comparisons.
analysis than AHP. - Difficult to obtain the correct
- Flexible and realistic in complex ~ network structure and minimize
decision-making scenarios. requirements compared to

unsupervised machine learning
techniques.

ANP-QFD - Beneficial for examining the - The use of ANP with QFD is
relationships between ‘whats’ and complex and challenging, especially
‘hows’ in QFD matrices. in structuring networks.

- Enhances understanding of inter-
and intra-relationships within the
Product-Service System (PSS)

context.

- Time-consuming and requires
extensive comparisons, similar to
other MCDM methods.

Table 1, summarized and studied by Apichonbancha P., Lin R.H., and Chang C.L. (2024) [5],
introduces a combined method of PCA-AHP-QFD to assist in decision-making and to address
the limitations of QFD and the integrated approach for selecting the most appropriate feature in
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new product design. However, in the context of selecting an appropriate double ferrule tube
fitting design in the market, which differs from the context of new product design, the opinions
of engineers in the AHP portion may not be fully applicable. To address this, QFD was adjusted
to reduce ambiguity in decision-making by incorporating stakeholder ratings through an online
survey questionnaire distributed to five user groups, while retaining PCA. Additionally, for
further comparison with other types of machine learning, it was recognized that PCA might not
be suitable for application with QFD data across all industries. Therefore, the SOMGA method

was also applied, which will be discussed in the following sections.

2.2 The integration of PCA with QFD

PCA, initially introduced in the early 1900s and refined in the 1930s, is a method designed
to reduce the dimensionality of datasets while preserving most of their original variability. PCA
accomplishes this by transforming the original variables into a new set of uncorrelated variables,
known as principal components, which are ordered by the amount of variance they explain
[12,13]. The primary benefit of PCA is its ability to simplify large datasets, making them more
manageable and easier to interpret compared to other dimensionality reduction techniques such
as Independent Component Analysis and Factor Analysis [11,14,15].

The integration of PCA with QFD has been increasingly applied to effectively manage the
complexity of QFD matrices. Since 2007, researchers like Tapani, Alexander, and Juha have
explored the PCA application for sparse high-dimensional data, emphasizing its effectiveness
in such contexts [16]. More recently, PCA has been employed to optimize stakeholder input
within the QFD framework, thereby streamlining inputs and enhancing decision-making during
the development process [17]. In QFD, PCA's primary objective is to streamline and prioritize

customer requirements and product features, making it a particularly useful tool in this scenario

[5].

2.3 The integration of SOMGA with QFD

While PCA is appropriate for linear feature selection [18], the Kohonen Self-
Organizing Map (SOM) is more suitable for QFD matrices that exhibit nonlinear
relationships [11]. The two-dimensional SOM neural network is employed to model the
QFD matrix during the customer requirement definition stage [11,19]. Although the two-
dimensional SOM effectively models nonlinear relationships in QFD matrices, further
optimization for feature selection is often necessary.

This optimization is achieved through the application of the SOM Genetic Algorithm
(SOMGA). For instance, Halim et al. developed an effective genetic algorithm-based
feature selection method for intrusion detection systems [20]. Similarly, Li, Xue, and
Zhang utilized a hybrid genetic algorithm for multi-objective feature selection [21], and

Moslehi and Haeri introduced a hybrid wrapper-filter approach based on genetic
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algorithms and particle swarm optimization for feature subset selection [22]. The genetic

algorithm is particularly suitable for this approach as it allows for the representation of

binary chromosomes, which indicate the inclusion (1s) or exclusion (0s) of selected
features [11].

Figure 1. The two-dimensional SOM neural network
(Source: [11])

2.4 Double ferrule tube fittings and the important of tube fittings selection.
2.4.1 Overview of Double Ferrule Tube Fittings

Double ferrule tube fittings, characterized by their twin ferrule design, are extensively
utilized across various industries, including chemical processing, nuclear power, and oil and
gas production [1,2,23,24,25]. These fittings are particularly favored in the oil and gas sector
[2,23] for their double-ended configuration, which effectively joins tubes of identical or varying
sizes [23]. Renowned for their ease of disassembly and assembly, strong impact and pressure
resistance, and reliable airtightness, double ferrule tube fittings are well-suited for joint seals
and are widely used in deep-sea pipeline transmission systems [2,23].

These fittings consist of a tube, nut, front ferrule, back ferrule, and body [1,24,25,26,27],
as illustrated in Figure 2 [1,25]. When the nut is tightened, the back ferrule compresses into the
front ferrule, which then pushes into both the nut and the tube, creating an effective mechanical
grip and seal. Double ferrule tube fittings are typically delivered pre-assembled and are
available in various sizes to accommodate different tubing requirements [1,5,7].

Selecting the appropriate tube fittings is critical for the proper operation and safety of
hydraulic tubing and related equipment. Failure to select the correct fittings can result in leaks,
bursts, or other failures, potentially leading to serious injury or property damage [2]. Key factors
in the selection process include material, inside diameter, wall thickness, design criteria, safety

factors, temperature, flow, velocity, pressure, and corrosion resistance [1,2].



100 AllHT B i S FELT) 113/8
B+ "4 94-116
10.6270/JIBM.202408_12.0006

Tube
2 Nut
Back Ferrule
G' Front Ferrule

Body

Figure 2. Double ferrule tube fittings components and Sectional view of the double ferrule
tube fittings
(Source: [1,25])
3. Methodology
3.1 Data Collection

Data collection for this study will employ various methods to gather comprehensive
insights into the use and requirements of double Ferrule tube fittings. In-depth interviews with
experienced users using structured and open-ended questions. Additionally, relevant
discussions from social media platforms within the Instrument Engineering community will be
collected to supplement these qualitative findings.

Quantitative data will be obtained through a systematic review of technical specifications,
dimensions, and materials of different double Ferrule tube fitting models from manufacturers'
specifications. A structured questionnaire will be designed using Google Forms and distributed
to 300 participants, including end users and purchasers involved in decision-making processes

for tube fittings. Vendor perspectives will be excluded to focus on the customer or user side.

3.2 QFD Analysis

The QFD approach will be employed to systematically capture and prioritize customer
requirements. Qualitative data from user interviews and social media discussions will be
analyzed to identify common problems and user requirements specific to double ferrule tube
fittings. A HoQ matrix will be developed using QFD to translate customer requirements into
engineering characteristics and prioritize them based on their importance. This analysis will
establish relationships between customer needs, technical requirements, and the existing
designs of double ferrule tube fittings.

3.3 Applying Machine Learning to the QFD Matrix

An unsupervised machine learning methodology will be adopted to reduce the QFD
matrix, helping to minimize the features of double ferrule fittings. The full QFD matrix of
double ferrule fitting features, resulting from the previous QFD analysis will be use as initial
dataset for ML algorithms.
3.3.1 Apply ML Feature Selection Algorithms
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Two unsupervised feature selection algorithms will be applied: PCA and Self-Organizing Map
SOMGA. These algorithms, illustrated in Figures 3 and 4, respectively, can be implemented
using high-level programming languages such as Python and R.
Algorithm 1: PCA-QFD
Algorithm 1 is presented as Figure 3, Feature Selection using PCA.
Step 1. The algorithm begins by normalizing the dataset X to have zero mean and unit variance,
which is crucial for PCA analysis.
Step 2. Next, the covariance matrix Cyx is computed using the normalized dataset X, given by

Equation (1). where m is the number of samples and X" is the transpose of X.

C, = —XXT (1)

m-—1

Following this, the eigenvectors (pi) and eigenvalues (Ai) of the covariance matrix Cx are

calculated by Equation (2).

Perform

Full Mean-Center and

SVD

Daraser X . »
Secale Dataset X

QFD(X)

| *Ranking of C, corresponds to the ranking of the

Rank first

Reduced

QFD (X)

Evaluated

¢ € Ipl) Eq.2 column of P

Loading matrix

Figure 3. Algorithm of Feature Selection using PCA-QFD
Cxpi = Aipi 2
Step 3. The eigenvectors are then sorted in descending order based on their corresponding
eigenvalues to identify the most significant principal components that capture the maximum
variance in the data. Or utilizing Singular Value Decomposition (SVD) to automatically rank

Principal Components (PCs) based on their singular values following Equation (3).

X = UzvT 3)
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The delineation of the SVD of a matrix (3) serves as a pivotal tool for dimensionality reduction
in the context of this algorithm. It elucidates the decomposition of the original matrix X into its
constituent components as follows: U, the matrix of left singular vectors; >, the diagonal
matrix of singular values; and either V or its transpose t, representing the right singular vectors
matrix.
Step 4. the loadings matrix (P) is determined by minimizing the reconstruction error, and the

expected value of the reconstruction error is calculated as the sum of minor eigenvalues.
P = argmin || X — XPPT |2 (4

Equation (4) indicates that P = V since PPT is the orthogonal projection of X onto the
subspace spanned by the columns of V.
Step 5. The loadings, scores, and reconstructed dataset are derived through the SVD of X
following Equation (5).

P=V 5)

Step 6. The algorithm sorting the eigenvectors in descending order of eigenvalues, and selecting
the top eigenvectors as principal components. By selecting the principal components with the
largest eigenvalues, the algorithm aims to capture the maximum variance in the data, thus

identifying the most critical FRs for meeting customer requirements.

Algorithm 2: SOMGA-QFD
Algorithm 2 is presented as Figure 4, Feature Selection using SOMGA-QFD. This algorithm

is a modification of the clustering technique for SOM feature selection using genetic algorithm
(GA).

1: Initialization, P < {bg1, -+, beiy -+ ben}, bas € {1, 0}, k€ [L, N]
> Population corresponds to N Chromosomes

2: Normalize dataset: X <—normalized(X);

3: while t < NG do > NG is the number of generations
. PP

5 for (ke[l,N]) do

6: X+ X = v features corresponding to columns

> with non-zero elements in Py

7 w4+ z'nitw(_{" . nu) > Initialize weights of normalized dataset
8: gex  somlearn(Xg, w,C, ) > Evaluate quantization error
9 fitness;, + q%\ > fitness, « selection
10: end for
11: P + crossover(P) & Next generation after crossover
12: P + mutate(P) > Mutate if required
13: P + elilism(P) > Retain 1 or 2 most fit chromosomes from P

14: end while
15: w « revorder(fitness) v indices of the descending values in fitness
16: feet & P, v The 1% element of w points to the maximum
> fitness and to the row of P where the desired
> features can be retrieved

Figure 4. Algorithm of Feature Selection using SOMGA-QFD
(Source: [11])
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Step 1. Initially, an initial population of chromosomes P is created, where each gene bii is
either 1 or 0.
Step 2. The dataset X is normalized to ensure all features are on a comparable scale.
Step 3. The main GA loop is then executed, repeating until the number of generations t reaches
the specified maximum NG. During each iteration, the current population is saved as a backup.
Step 4. Features corresponding to non-zero genes in Py are masked, and weights are initialized
for the masked dataset.
Step 5. The SOM learning algorithm is applied, and the quantization error is evaluated. Fitness
is calculated as the inverse of the quantization error, guiding the selection process.
Step 6. GA operations, including crossover, mutation, and elitism, are applied to produce the
next generation of solutions.
Step 7. Finally, features are reordered based on their fitness values, and the best features are

selected for the final model.

3.4 Performance Testing

Selected double ferrule tube fitting models will undergo rigorous performance testing to
assess their functionality under simulated real-world conditions. The testing procedures will
include:

o High-Pressure Leak Tests: Evaluating the fittings' ability to maintain a secure, leak-
proof seal under extreme pressure conditions.

o Scratch Resistance Tests: Assessing the durability of the fittings' surface against
abrasions and potential damage during handling and operation.

e Overtightening Prevention Tests: Ensuring that the fittings can prevent damage or
failure caused by excessive torque during installation.

o Ease of Installation/Removal Tests: Measuring the simplicity and efficiency of
installing and removing the fittings, which is critical for maintenance and operational
efficiency.

These tests are designed to comprehensively evaluate the selected fittings, ensuring that they
meet the stringent requirements necessary for safe and reliable performance in demanding

industrial environments.

4. Results
4.1 Demographic Characteristics
Demographic data for the QFD analysis was collected through comprehensive interviews,
insights from online platforms, and supplementary questionnaires. Out of the initial 300
distributed questionnaires, 239 valid responses were received. The respondents consisted of
28.9% female and 71.1% male participants. Age distribution was as follows: 39.3% were
between 24-29 years, 28.5% were between 30-35 years, and 32.2% were over 35 but under 60
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years of age. The majority of participants (81.6%) were end-users, while 31.4% were

purchasers or decision-makers involved in the selection of tube fittings.

4.2 User Perspectives and Key Insights for Double Ferrule Tube Fittings
Key insights were distilled from five user group interviews and discussions within the

Instrument Engineering social media community in Thailand, as summarized in Table 2.

Table 2. User Persona and Key insights

User Persona Key insight

Precision Gas Operator ~ Issues with over-tightening and leaks from transportation

induced scratches.

Maintenance Engineer ~ Difficulties in removing fittings and sizing compatibility

challenges.

Plant Engineer Problems achieving tightness with Hydrogen gas tubes; need
for standardized installation procedures

Diverse Tube User Varying compression levels; need for quality control.

New Engineer Struggles with fitting removal and installation; need for
simplified guides

The personas collectively highlight various challenges in tube management, including
issues related to fitting tightness, transportation damage, removal difficulties during
maintenance, sizing compatibility, and the learning curve faced by new engineers.

 Fitting Issues:

1. Over-tightening causing damage.

2. Scratches during transportation leading to leaks.

3. Difficulties in achieving optimal tightness for specific gases.
e Maintenance Challenges:

1. Difficulty in removing fittings during repairs.

2. Forceful methods impacting the repair process.

3. Potential damage to valves and tubes during removal.
o Sizing and Compatibility:

1. Challenges in selecting correct sizes (mm vs. inch).

2. Compatibility issues leading to post-installation leaks.

3. Varying compression levels for tubes of different sizes.
e Diverse Tube Management:

1. Handling tubes of different sizes.

2. Significant time spent selecting flawless tubes.



105 BFTELACE EHIEEF] 113/8
B+ 4% 94-116
10.6270/JIBM.202408_12.0006
3. Need for consistent compression levels irrespective of tube size.
e Learning Curve for New Engineers:
1. Difficulties in tube removal and installation.
2. Challenges in learning the intricacies of tube management.

3. The importance of simplified installation guides for new engineers.

Figure 5. Tube Fittings Problems Insight from Instrument Engineering Community
(Source: Special Training Room for Tube Fitting, Instrument Valve for Instrumentation by HKK Thailand)

4.3 Key Feature Selection

Utilizing the compiled dataset, a comprehensive analysis was conducted, including reviews of
manuals, evolutionary trajectories, and typologies of double ferrule tube fittings. This
investigation identified limitations within traditional fittings, prompting the development of
innovative designs. Design A, illustrated in Figure 6, was chosen for its ability to prevent undue
compression, particularly in delicate tubes like copper. Additionally, it facilitates seamless
removal for maintenance, minimizing damage to interconnected tubes and valves. Specific
components were engineered to prevent leaks, even if tubes are abraded during transportation.
This led to an in-depth exploration of Design A, with key features and benefits summarized in
Table 3.

Fully Assembled

Haxd Fitting & Tube

Assembled

000N @
REAR FERRULE — —wuT _

Figure 6. Design of Tube Fittings Design A
(Source: [27])
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Table 3. Key Features and Benefits of Tube Fittings Design A

Features Name Benefits

1 Controlled Ferrule Drive ~ Provides maximum user safety under high
pressure/vibration conditions. Prevents overstressing,
which causes tubing failure and possible injury.
System efficiency is improved by maximizing flow.
Provides unmatched remake life. Maximizes value
and economy.

2 Butt Seal Maximizes fitting leak integrity and user safety. Can
seal with scratched tubing. Increases accuracy in
sampling applications. Reduces pump-down time in
vacuum applications.

3 Valves with Integral End ~ Eliminates a possible leak path and extends valve life.

Fittings Long product life and maximum value. Safety and
economy.

4 Safety Changer Nut and Safest, simplest device for component replacement.

Ferrule Sets

5 GMT Maximum safety resulting from ability to verify
correct tube insertion and proper tightening.

6 Sizing Angle Less tube sticking during disassembly saves time and
money.

7 Silver-Plated Nut Threads ~ Extended product life at extreme temperatures.

8 Material Traceability on Traceability provides added safety. Certified Material

Fitting Body and Nut Test Reports are available for review and verification.

9 PFA Ferrule Coating Increased resistance to media and atmospheric
corrosion.

10 Special High Tolerance Provides a safer more robust connection: 63% tighter

NPT Thread tolerance with up to six thread engagement, reduced
galling and vibration.
4.4 QFD Process Results

In the QFD process, ten key features from Table 2 were selected as Engineering
Characteristics. These features were used to correlate with identified user requirements,
ensuring a systematic alignment of the design with the expectations and needs outlined earlier.
The Engineering Characteristics and their corresponding User Requirements are listed in Table
4. Participants rated the importance of user requirements on a scale where 5 signified the utmost
importance and 1 denoted the least importance. The results are shown in Table 5.

In the HoQ matrix in Figure 7, relationships between User Requirements and Key
Features are categorized into three levels: strong (score 9), moderate (score 5), and weak (score
3). The analysis reveals that six Key Features received ratings exceeding 300 and a Relative
Weight greater than 10%. These features include Control Ferrule Drive, Butt Seal, Safety
Changer Nut and Ferrule Set, GMT, Sizing Angle, and Material Traceability on the fitting body
and Nut.
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Engineering Characteristics

Customer requirement

1. Control Ferrule Drive 1.Ease of Use and Consistent Compression.

2. Prevention of overtightening.

2.Butt Seal 3. Leak Prevention for Sensitive Applications

3. Valves with Integral End Fittings 4 Extended Valve Life and Leak-Free Connections.

4.Safety Changer Nut and Ferrule Sets 5. Simplified Component Replacement

5.GMT 6.User-friendly installation
6.Sizing Angle 7. Efficient Disassembly for Maintenance
7.Silver-Plated Nut Threads 8. Extended Product Life and Reliability.

8.Material Traceability on Fitting

9.Assurance of material quality and traceability.

Body and Nut

9.PFA Ferrule Coating 10.Corrosion resistance for larger ferrules

10. Special High Tolerance NPT

11.Safer and more robust connections

Thread

The participant weights for user requirements were obtained through a rating process. The

scale's parameters indicated that a rating of 5 signified the utmost importance, while a rating of

1 denoted the least importance. The weight results have showed in Table 5.

Table 5. User Requirements Important Weight

Requirements Weight
1.Ease of Use and Consistent Compression. 4
2. Prevention of overtightening. 4
3. Leak Prevention for Sensitive Applications 5
4 Extended Valve Life and Leak-Free Connections. 4
5. Simplified Component Replacement 4
6.User-friendly installation 4
7. Efficient Disassembly for Maintenance 5
8. Extended Product Life and Reliability. 4
9.Assurance of material quality and traceability. 5
10.Corrosion resistance for larger ferrules 4
11.Safer and more robust connections 3
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Figure 7. QFD matrix part of HoQ development

4.5 Application of ML to QFD Matrix Results

The QFD matrix, defined as X € R!%!!, serves as the input dataset for the feature selection
algorithms discussed earlier. The customer requirements (CRs) are the m observations of X,
where m=11.

4.5.1 Integrate PCA with QFD matrix

After applying PCA to the QFD dataset and retaining 95% of the variance (threshold = 0.95),
the optimal number of selected features (ppp) was determined to be 6. PCA was performed with
these 6 components, resulting in a total explained variance of 0.9249. The original QFD matrix
was then reduced to a shape of 11x611 \times 611x6. The results, represented as the absolute
loading of each feature, are shown in Figure 8. The importance of each feature can be ranked
by absolute loading, as illustrated in Figure 9. Given the small loadings corresponding to 4
features obtained through PCA, FR2, FR7, FR9, and FR10 were deemed insignificant and
could be ignored.
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Original QFD Matrix Shape: (11, 19)
Reduced QFD Matrix Shape after PCA: (11, 6)

Absolute Loadings of Each Feature:

Feature 1: [©.42966297 ©.16310868 8.21450781 ©.303410897 ©.44514239 0.47420482
©.14628336 ©.42332234 9.13197623 0.89835609]

Feature 2: [©.02973095 ©.65240498 ©.41659468 ©.3524633 ©.11550858 @.24571065
©.092644904 ©.23450697 ©.86591956 €.37675972]

Feature 3: [4.41996732e-01 6.89018139e-82 1.98538053e-81 1.36852147e-01
2.24991742e-01 3.25688535e-01 7.22122762e-681 2.57831276e-01
2.18597388e-02 6.50684186e-084]

Feature 4: [8.554185 ©.10180639 ©.26388544 8.14934986 ©.2745316 ©.42284686
0.38043344 B.43648911 ©.86200464 8.22847423]

Feature 5: [0.85171683 ©.4575782 ©.17199754 8.3618772 ©.88435534 8.23935629
©.99710121 B8.16792665 ©.21811713 8.69378898]

Feature 6: [©.16816957 ©.20323475 ©.25958266 8.1492962 ©.35361404 8.19014265
0.91510445 B8.41346861 ©.68368237 8.20233383]

Figure 8. The reduced matrix of applying PCA with QFD matrix.

4.5.2 Integrate SOMGA with QFD matrix

Before applying the SOM model, the optimal number of classes (C) was determined. Figure 10
shows that the optimal value of C was determined after the application of automatic SOM
classification, with an approximate linking energy of 0.48 and a mean distance of 0.93.

Absolute Loadings of Features for the First Principal Component (Sorted)

0.4

=}
w

Absolute Loading
o
9]

0.1

0.0

@
& <& &
.es Q'-“\ «"";}s «"'es &
Features

Figure 9. Absolute loading of each feature

Optimal number of classes (C): 2

Linking energy (E): ©.4794699818092162

Centroids of classes (CoGs): [©.41176039444868406, ©.45033471018941833]
Mean distance (D): ©.930506871278345

Figure 10. Optimum number of classes, C=2

When SOMGA was applied to the QFD data, the selected features were FR1, FR3, FRS, FR6,
and FR10 after 50 generations, with 10 chromosomes in the population (N) at a learning rate of

0.1. Due to the genetic algorithm's sensitivity to initial conditions, it was applied several times
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to achieve the appropriate fitness value, which in this case was 0.9890. The final best

chromosome and selected features are indicated in Figure 11.

Generation 5@, Best Chromosome: [8.92513375 6.29413421 0.94694029 0.37561317 0.57869204 ©.78792317
0.26631376 0.44941445 0.05735115 0.57733453], Fitness: ©.9890150076347205

Final Best Chromosome: [.92513375 8.29413421 ©.94694029 0.37501317 0.57869204 0.78792317
9.26631376 ©.44941445 0,05735115 9,57733453]

Selected Features: [1, 3, 5, 6, 18]

Figure 11. The final best chromosome and selected feature after apply SOMGA

4.6 Performance Test Results
In the performance testing phase, out of the six key features selected for analysis,

five key features—Control Ferrule Drive, Butt Seal, Safety Changer Nut and Ferrule Sets,
GMT, and Sizing Angle—underwent testing to validate their attributes. These tests were
crucial for confirming the actual performance of each key feature, as preliminary research
was based on the manufacturer's fitting manual. Conducting real-world tests was essential
to minimize potential biases or inaccuracies that may arise from overly optimistic
advertising.
4.6.1. High-Pressure Leak Test
Tube Fittings Design A demonstrated robustness under high-pressure conditions using
Burst Test Equipment for the High-Pressure Leak Test. After installation with 1/4" SS316
tubes and guided by GMT, the design successfully prevented fluid leakage even after tube
rupture, highlighting its reliability and safety in critical applications.
4.6.2. Scratch Resistance Test Results

Conducted similarly to the high-pressure test but with a smaller 1/8" tube featuring
minor scratches, Tube Fittings Design A exhibited exceptional scratch resistance. Even
under extreme pressure that led to tube rupture, no fluid leakage was observed, affirming
the design's reliability in real-world applications
4.6.3. Overtightening Prevention Test Results
In this test, users attempted to overtighten Tube Fittings Design A on 1/4" SS316 and soft
copper tubes. Despite significant force, users could not exceed specified limits,
confirming the design's effectiveness in preventing overtightening, thereby ensuring
practicality and safety.
4.6.4. Ease of Installation/Removal Test Results
After successful installation, users effortlessly removed and reinstalled the tube in the
Ease of Installation/Removal Test. The process was smooth and consistent across multiple

repetitions, validating the user-friendly design of Tube Fittings Design A.
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Table 6. Summary of Testing Results

Test Type

Feature
Alignment

Results Observation

High-
Pressure
Leak

Scratch

Resistance

Overtighte
ning

Prevention

Ease of
Installation

/Removal

Control
Ferrule
Drive, GMT

Butt Seal

Control

Ferrule Drive

GMT, Sizing
Angle

Tube Fittings Design A demonstrated robust leak
resistance, even after exposing the tube to high pressure
resulting in tube rupture. Maintained pressure integrity
under extreme conditions (Max. Pressure: 5,100 psi).
Confirmed by installation tests with 200 end-users,
ensuring capability to prevent fluid leakage in the event
of tube rupture.

Tube Fittings Design A, tested with a smaller tube size
(1/8") featuring minor surface scratches, exhibited
No fluid leakage

observed even under heightened pressure conditions

exceptional scratch resistance.

leading to tube rupture, confirming scratch resistance
properties and reliability.

Users, applying significant force and reaching the
maximum possible rotations, were unable to overtighten
Tube Fittings Design A onto a 1/4" soft copper tube.
Results consistent across 20+ participants with varying
strength levels. Confirmed effective design in
preventing overtightening under extreme conditions.
Tube Fittings Design A displayed ease of installation
and removal. Participants effortlessly removed the tube
without excessive force or tapping. Reinstallation
process equally straightforward, demonstrating
consistent ease of removal and installation in three
repetitions. Positive outcome reaffirms the user-friendly
design, ensuring a hassle-free experience for end-users

during both installation and removal processes

These results provide compelling evidence supporting the effectiveness of the selected
Double Ferrule tube fittings. The alignment with key features reinforces their reliability

and suitability for diverse real-world applications.
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5. Discussion

The analysis revealed nuanced differences in the ranking of feature importance between
PCA and SOMGA. Both methods identified FR1 (Control Ferrule Drive), FR3 (Valves with
Integral End Fittings), and FR6 (Sizing Angle) as pivotal features. However, slight disparities
emerged in the prioritization of other features, which can be attributed to the distinct criteria
employed by PCA and SOMGA. This highlights the importance of understanding the
underlying mechanisms of each method to fully appreciate their contributions to feature
selection. The differences in feature ranking between the two methods stem from their unique
selection criteria. Despite these variations, it is evident that both PCA and SOMGA are effective
feature selection techniques for QFD data, as demonstrated in Figure 7. The scree plot in Figure
12 further supports this, showing that the maximum eigenvalue is significantly larger than the
others, reinforcing the appropriateness of applying these methods.

The integration of PCA with QFD for this dataset has proven to be suitable and aligns with
the findings of Apichonbancha et al. [5] in their studies on integrating PCA with AHP-QFD
matrices for selecting feature requirements in the design of Logistic Loading sites and new sport
earphone development. Their research demonstrated that PCA can effectively reduce the gaps
in QFD, making it a valuable tool in narrowing down critical features. However, it is important
to consider the nature of the dataset, as this method may be less appropriate for datasets with
less dominant features among the feature group, such as the AHP-QFD datasets for designing
medical bags [5] and the QFD dataset for construction requirements [11], where PCA was
found to be less suitable.

Similarly, the integration of SOMGA with QFD has shown promise and aligns with the
findings of Tamayo et al. [11], who highlighted the effectiveness of SOMGA in handling
complex, nonlinear relationships within the data. SOMGA’s ability to capture features like
FR10, which PCA did not highlight, underscores its complementary nature and the importance

of employing diverse approaches to achieve a comprehensive feature selection process.

Scree Plot

a5

Eigenvalues
o
&

1 2 3 4 5 6
Number of Principal Components

Figure 12. PCA scree plot for the QFD
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Additionally, both techniques exhibited high fitness values. The representation of selected
features as chromosomes in Table 7 provides valuable insights into the distinct approaches
utilized by PCA and SOMGA. While both methods prioritized FR1, FR3, and FR6, SOMGA
also identified FR10 as an essential feature, which PCA did not. This difference underscores
the complementary nature of the two techniques and highlights the importance of employing

diverse approaches to achieve a comprehensive feature selection process.

Table 7. Chromosomes of selected features from the three methods

— (=)

o > & & 2 2 FoOR 2 Z

P~ B~ &) B~ S5 B~ B~ B~ = —
PCA 1 0 1 0 1 1 0 1 0 0
SOMGA 1 0 1 0 1 1 0 0 0 1

6. Conclusion

In conclusion, this study explored the application of PCA and SOMGA for feature
selection within the context of QFD analysis for double ferrule tube fittings. The findings
demonstrate the effectiveness of both PCA and SOMGA in identifying key features that are
critical to the performance and characteristics of double ferrule fittings. High fitness values were
obtained from both methods, with PCA achieving a fitness value of 0.92 and SOMGA a higher
fitness value of 0.98. This underscores the advantages of genetic algorithms in optimizing
feature selection tasks, particularly in complex engineering datasets like QFD.

While PCA and SOMGA produced slightly different rankings of feature importance,
several features emerged as consistently significant across both methods. Notably, Control
Ferrule Drive (FR1), Valves with Integral End Fittings (FR3), Sizing Angle (FR6), Butt Seal
(FR2), and Special High Tolerance NPT Thread (FR10) were identified as pivotal. This
convergence highlights the robustness of these features and underscores their critical role in the
design and selection of double ferrule tube fittings.

The performance testing results further validated the importance of these features. For
instance, the High-Pressure Leak Test confirmed that Tube Fittings Design A, which includes
the Control Ferrule Drive and GMT, maintained robust leak resistance under extreme
conditions, withstanding pressures up to 5,100 psi. Similarly, the Scratch Resistance Test
showed that the Butt Seal feature effectively prevented fluid leakage, even when the tube
surface was scratched. The Overtightening Prevention Test validated the effectiveness of the
Control Ferrule Drive in preventing overtightening, while the Ease of Installation/Removal Test
highlighted the user-friendly design of the GMT and Sizing Angle, ensuring a hassle-free

experience during both installation and removal.
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Overall, this research contributes to advancing the field of ML-driven feature selection in
QFD analysis and offers actionable recommendations for enhancing the design and selection
process of double ferrule tube fittings. The integration of PCA and SOMGA into the QFD
process not only enhances the precision of feature selection but also ensures that critical design
elements are prioritized for performance validation. Moving forward, further exploration of
advanced feature selection methodologies and their integration into engineering design
processes will continue to drive innovation and optimization in product development and

manufacturing industries.
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