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ABSTRACT

ARTICLE INFO

In this research, Imprecise Data Envelopment Analysis (IDEA) model was
utilized to improve fuzzy multiple responses in robust design. The combina-
tion of process factor levels at each experiment was considered as a Decision
Making Unit (DMU) with responses treated as inputs and outputs for all
DMUs. The Fuzzy C-Means Clustering (FCMC) technique is used to fit the
response fuzziness by clustering the average values, relative to each response,
into a suitable number of clusters with triangular / trapezoidal membership
functions. IDEA models were used to estimate the fuzzy triangular /trapezoi-
dal efficiency values for each DMU. Finally, the preference degree-based rank-
ing approach was used to discriminate between the fuzzy efficiency values
and identifying the best combination of factors levels that would improve
fuzzy multiple responses. Two case studies are utilized to illustrate the pro-
posed approach, including optimizing wire electrical discharge machining and
sputtering process parameters. The results showed that the proposed ap-
proach provides better anticipated improvements than the fuzzy multiple
regression based approach. This approach would provide great assistant to
process engineers in improving process performance with fuzzy multiple
responses over a wide range of business applications.
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POVZETEK

PODATKI O ELANKU

V raziskavi je bil uporabljen model analize ovojnice nenatan¢nih podatkov
(angl. Imprecise Data Envelopment Analysis - IDEA) za izboljSanje veckratnih
mehkih odzivov za robustno nacrtovanje. Kombinacija ravni procesnih faktor-
jev se je pri vsakem eksperimentu upostevala kot enota odlo¢anja (angl. Deci-
sion Making Unit - DMU) z odzivi, obravnavnimi kot vhodi in izhodi za vse
enote DMU. Tehnika mehkih C-povpredij (angl. Fuzzy C-Means Clustering -
FCMC) je bila uporabljena za prilagoditev mehkega odziva s kopi¢enjem pov-
prec¢nih vrednosti (relativno k vsakem odzivu) v ustrezno Stevilo gru¢ s triko-
tno / trapezoidno funkcijo pripadnosti. Modeli IDEA so bili uporabljeni za
oceno mehkih vrednosti u¢inkovitosti za vsak DMU. Na koncu je bilo uporab-
ljeno prednostno stopenjsko razvrs$canje za razlo¢evanje med mehkimi vred-
nostmi uc¢inkovitosti in ugotavljanje najboljSe kombinacije ravni faktorjev za
izboljSanje veckratnih mehkih odzivov. Za prikaz delovanja predlaganega
pristopa smo uporabili dve Studiji primerov, ki prikazujeta optimizacijo Zi¢ne
elektroerozijske obdelave in optimizacijo procesnih parametrov pri postopku
nana$anja materiala. Rezultati kaZejo, da predlagan pristop omogoca boljSe
rezultate kot mehki pristop, ki temelji na multipli regresijski metodi. Poleg
tega zagotavlja izdatno pomoc¢ procesnim inZenirjem pri izboljSanju zmoglji-
vosti procesazveckratnimi mehkimi odzivi za Siroko paleto poslovnih aplikacij.
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