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A Comparison of Parameter Design Methods for Multiple
Performance Characteristics

Woojin Soh - Bong-Jin Yum

Department of Industrial and Systems Engineering, KAIST

In product or process parameter design, the case of multiple performance characteristics appears more commonly
than that of a single characteristic. Numerous methods have been developed to deal with such multi-characteristic
parameter design (MCPD) problems. Among these, this paper considers three representative methods, which are
respectively based on the desirability function (DF), grey relational analysis (GRA), and principal component
analysis (PCA). These three methods are then used to solve the MCPD problems in ten case studies reported in the
literature. The performance of each method is evaluated for various combinations of its algorithmic parameters
and alternatives. Relative performances of the three methods are then compared in terms of the significance of a
design parameter and the overall performance value corresponding to the compromise optimal design condition
identified by each method. Although no method is significantly inferior to others for the data sets considered, the
GRA-based and PCA-based methods perform slightly better than the DF-based method. Besides, for the PCA-
based method, the compromise optimal design condition depends much on which alternative is adopted while, for
the GRA-based method, it is almost independent of the algorithmic parameter, and therefore, the difficulty
involved in selecting an appropriate algorithmic parameter value can be alleviated.
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Figure 1. Block diagram of a multi-characteristic parameter design problem
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Table 2. Summary of case studies

Number of performance Number of design Number of .
. . . Experimental

Case characteristics by type parameters noise variables .

design
STB NTB LTB Total and levels and levels

Bashiri and Rezaei(2011) 1 0 2 3 2 NA Ly>2
Goyal et al.(2012) 1 0 2 3 2, 3t NA Lig <3
Hsu et al.(2004) 5 1 0 6 3 NA L X2
Kim et al.(2009) 3 0 2 5 3 2! L, x2!
Lin and Lin(2002) 2 0 1 3 2!, 3 NA Lyg <3
Peace(1993) 0 2 1 3 20 22 L x2?
Phadke(1989) 1 1 1 3 36 NA Lig <9
Su and Tong(1997) 2 0 2 4 2!, 3 2! Ly, < 2"
Tong and Su(1997) 0 2 0 2 2!, 37 NA Ly X5
Tortum et al.(2005) 1 1 3 5 2!, 35 NA Ly X3

Table 3(a). Significance and optimal levels of design parameters and overall SN ratio using desirability function approach

Specification limit Shape . Overall

Case NTB STB. LTB parameter Optimal levels SN ratio
Bashiri and - £30% 0.5,1,2 | A2 B2 C2 D2 E2 -35.6213
Rezaei - Max and Min 0.5, 1 A2 B2 C2 D2 E2 -35.6213
(2011) - Max and Min 2 A2" B2 Cl D2 E2 -35.6213

- £30% 0.5 Al B3’ C2 D3 E3] -17.1497

- £30% 1 Al B3] C2 D3 E2 -17.2470

Goyal et al. - £30% 2 Al B3] C2 D3 E2 -17.2470
(2012) - Max and Min 0.5 Al B3) C2 D3] E3 -17.1497

- Max and Min 1 Al B3, C3 D3’ E3, -16.2254

- Max and Min 2 Al B3 C3 D3" E3 -16.2254

Hsu et al. Given Given 0.5 A2 B1",C3 D2 E3 F3 -26.0488
(2004) Given Given 1, 2 A2 BI" C3 D2 El F3 -26.0488

- £30% 0.5, 1 A2) BI' Cl -19.9564

Kim of al - £30% A 2 A2" BI C1 -19.9546
(2009) ' - Max and Min 0.5 A3 BI CI, -16.0039

- Max and Min 1 A2 BI CI, -19.9564

- Max and Min 2 A2 B3 Cl -19.9564

Lin and Lin - £30% 05,1,2 | Al B3 C2DI E2F2 -46.7953
(2002) - Max and Min 0.5 Al7 B3 C2 DI E3" F2 -46.7856

- Max and Min 1,2 Al" B3 C2 DI E3 F2 -46.7856

£30% £30% 0.5 A2 BI CI' D2, El FI| 22.2251

£30% £30% 1 A2" BI CI', D2’ E2 FI 21.8438

Peace £30% £30% 2 A2 B2 C1" D2 E2 FI 20.4846
(1993) £30% Max and Min 0.5 A2’ B1 CI. D2 El FI 22.2251
£30% Max and Min 1 A2" BI CI', D2’ E2 FI 21.8438

+30% Max and Min 2 A2 B2 C1" D2 E2 Fl 20.4846

Given £30% 0.5 A2 Bl C3 DI E3 F2 -20.4970

Phadke Given +30% 1,2 A3 Bl C3D2 E3 F2 | -39.7928
(1989) Given Max and Min 0.5 A2 B2 C3) D2, E2, F2, -44.5480
Given Max and Min 1,2 A2 B1 €3 D2 E2' F2 -24.6537

- £30% 0.5 A1l B1 C2) DI E3 | -35.2706

Su and Tong - £30% 1 A1l B3 C2) DI E3] -35.2755
(1997) - £30% 2 A1l B2 C2) DI" E3 -35.2737

- Max and Min 0.5, 1 A1l BI CI’ DI E3', -33.8871

- Max and Min 2 Al B2 C1" D2" E3 -33.8924

Tong and Su Given - 0.5 Al B2 C3 D2 E3 F2 G2 H3 20.4512
(1997) Given - 1 Al Bl C3 D2 E2 F2 G2 H3 20.2597
Given - 2 Al B1 C2 D2 E2 F2 G2 H3 20.2597

Given £30% 0.5, 1 Al B2,C1", D2 E3" F3' G3 1.1554

Tortum ef al Given £30% 2 A1 B2" CI" D1 E3" F3' G3 7.4913
(2005) Given Max and Min 0.5 A2 Bl CI DI E3] F3 Gl 2.7711
Given Max and Min 1 Al Bl C1 D1 E3 F3 Gl 2.7711

Given Max and Min 2 Al B2 C1 DI E3" F3 Gl 7.4911
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Table 3(b). Significance and optimal levels of design parameters and overall SN ratio using GRA-based approach

Case Distinguishing coefficient Optimal levels Overall SN ratio
Bashiri and Rezaei _ * oAt L
2011 0.1~1 A2 B2 C2 D2 E2 -35.6213
0.1 A2 B3,C3°,D3 E2 -15.2929
Goval ef al 02 A2 B3, C3. D3 E2, -15.2929
{2012) : 0.3~0.7 A2 B3] C3] D3 E2° -15.2929
0.8 A2 B3, C3. D3 E2. -15.2929
09~1 A2 B3 C3" D3" E3 -15.1956
0.1 A2 Bl C2 D1 El1 F2 -26.0491
0.2 Al B1,C2 DI El F2 -26.0485
Hsu et al. 0.3~0.4 Al Bl C2 DI El F2 -26.0485
(2004) 0.5 Al,B1",C2 DI El',F2 -26.0485
0.6 Al Bl* C2 DI, El" F2 -26.0485
0.7~1 Al" Bl C2 DI El' F2 -26.0485
Kim et al. - * *
(2009) 0.1~1 A3" B3 Cl -16.0041
Lin and Lin 0.1 Al B2 C2 DI E3 F3 -50.7765
(2002) 02~1 A1" B2 C2 DI E3 F2 -46.7856
Peace 0.1~02 A2 B2 C1,D2 E2" FI 20.4846
(1993) 0.3~0.6 A2 B2 CI. D2) E2 FI 20.4846
0.7~1 A2" B1 C1I' D2" E2 FI’ 21.8438
0.1 A3 B2 CI. DI E2 F3 -46.5154
Phadke 02 Al B2 CI. DI E2" F3 -8.9895
(1989) 03~0.7 Al Bl CI. DI E2 F3 10.6529
0.8~1 Al Bl C1° D2 E2 F2 3.2362
Su and Ton 0.1 A2 B2 C1. D2 E3' -33.9533
U%Dg 02~04 A1, B2 C1',D2 E3’, -33.8924
05~1 A1" B2 C1' D2 E3 -33.8924
Tong and Su 0.1~0.2 Al B3 C2 D1 E3 F2 G2 H3 20.5783
(1997) 03~1 Al B3 C2 D1 E2 F2 G2 H3 20.5468
Tortum ef al 0.1 Al B3 C2 DI’ E3. F2 G3 7.6168
(2005) 0.2 Al B3 C2 DI" E3" F3 G3 7.6171
03~1 A2 B3 C2 D1 E3 F3 G3 76171
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Table 3(c). Significance and optimal levels of design parameters and overall SN ratio using PCA-based approach

Case Alternatives Optimal levels Overall SN ratio
Weighted PC A2 B2 C2 D1 E2° -35.8579
Bashiri and Rezaei Average PC A2 B2 C2 DI E2° -35.8579
(2011) PCl A2" B2" €2 D2" E2 -35.6213
Sqrt PC A1" B1' C1 D2 EI -35.7965
Weighted PC A2" B1' 2" DI" E2 -18.7867
Goyal et al. Average PC A2" B1' 2" DI" E2 -18.7867
(2012) PCl A2 B1' C2" DI" E2 -18.7867
Sqrt PC Al B3 €3 D2 EI’ -18.8756
Weighted PC A3 B3 Cl D2 E2 F3 -26.1250
Hsu et al. Average PC A3" B3 C1 D2" E2" FI -26.1252
(2004) PC1 A2 B2’ Cl D2 E2 F3 -26.1391
Sqrt PC A3 B2' C1 D2 E2 FI -26.1400
Weighted PC A3 BI' C1’ -16.0039
Kim et al. Average PC A3 B3 CI’ -16.0041
(2009) PC1 A3" BI' c1’ -16.0039
Sqrt PC A3 B3 CI -16.0041
Weighted PC A1" B2 C2 D2 E3" F2 -46.7856
Lin and Lin Average PC Al" B3 C2" D3 E3 F2° -46.7856
(2002) PCl Al" B2 C2 D2 E3" F2 -46.7856
Sqrt PC A1" B2 C2 DI E3 F2 -46.7856
Weighted PC A2" B2 C1' D2" E2 FI’ 20.4846
Peace Average PC A2 B2 C1 D2" E2 FI' 20.4846
(1993) PCl A2 B1 C1" D2 E2 FI’ 21.8438
Sqrt PC A2" Bl C1 D2" El FI' 22.2251
Weighted PC A1" B1' C1" DI" E2 F2° 10.6654
Phadke Average PC A1" Bl C1" D2 E2 F2' 3.2362
(1989) PC1 Al" B C1" DI E2 F2 10.6654
Sqrt PC Al Bl C1° D2 E2 F2 3.2362
Weighted PC Al" Bl C1” D3" E3 -33.8926
Su and Tong Average PC Al" B3 C1” D1” E3 -33.8920
(1997) PCl A2 B1' 1" D3" E3’ -33.9535
Sqrt PC Al" B3 CI" D2 E3 -33.8943
Weighted PC Al B3 C3 D2 E2 F2' G2 H3 20.5468
Tong and Su Average PC Al B3 C2 D1 E3 F2' G2 H3 20.5783
(1997) PC1 Al Bl C3 D2 E2 F2 G2 H3 202597
Sqrt PC Al B3 C3 D2 E2 F2' G2 H3 20.5468
Weighted PC A2 B2" €2 DI" E3" F2" GI’ 7.4904
Tortum et al. Average PC Al B2 C2 D2" E3" F3" GI 1.1553
(2005) PCl A2 B2" C1 DI" E3" F2 G3 7.4910
Sqrt PC A2 B3 C2 DI E3" F3 G3 7.6171
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Table 4. The highest overall SN ratio of each multi-characteristic parameter design method and the best methods for each data set

Case Desirability function(DF) GRA-based approach | PCA-based approach Best method
Bashiri and Rezaei(2011) -35.6213 -35.6213 -35.6213 DF, GRA, PCA
Goyal et al.(2012) -16.2254 -15.1956 -18.7867 GRA
Hsu et al.(2004) -26.0488 -26.0485 -26.1250 DF, GRA, PCA
Kim et al.(2009) -16.0039 -16.0041 -16.0039 DF, GRA, PCA
Lin and Lin(2002) -46.7856 -46.7856 -46.7856 DF, GRA, PCA
Peace(1993) 22.2251 21.8438 22.2251 DF, PCA
Phadke(1989) -20.4970 10.6529 10.6654 GRA, PCA
Su and Tong(1997) -33.8871 -33.8924 -33.8920 DF, GRA, PCA
Tong and Su(1997) 20.4512 20.5783 20.5783 DF, GRA, PCA
Tortum et al.(2005) 7.4913 7.6171 7.6171 GRA, PCA
Number of best cases 7 9 9
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