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Abstract: The weighting method and goal programming require weighting factors or target values to obtain a Pareto optimal
solution. However, it is difficult to define these parameters, and a Pareto solution is not guaranteed when the choice of the parameters
is incorrect. Recently, the Mahalanobis Taguchi System (MTS) has been introduced to minimize the Mahalanobis distance (MD).
However, the MTS method cannot obtain a Pareto optimal solution. We propose a function called the skewed Mahalanobis distance
(SMD) to obtain a Pareto optimal solution while retaining the advantages of the MD. The SMD is a new distance scale that
multiplies the skewed value of a design point by the MD. The weighting factors are automatically reflected when the SMD is
calculated. The SMD always gives a unique Pareto optimal solution. To verify the efficiency of the SMD, we present two numerical
examples and show that the SMD can obtain a unique Pareto optimal solution without any additional information.
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Fig. 1 Plot of the feasible design space and the feasible
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Fig. 2 Comparison of convex and non convex surfaces
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Table 1 Procedure of the MTS technique
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Stage I: Collection of normal group and calculate MD
Step 1. Define a normal group (benchmarked samples)
Step 2. Define objectives (characteristic function)

Step 3. Collect the data of a normal group (n, n»k)

Step 4. Calculate mean, standard deviation, and correlation
Step 5. MD of each normal group

Stage I1: Validate the discrimination ability

Step 6. Collect the data of an abnormal group

Step 7. Calculate MD about an abnormal group

Step 8. Evaluate the discrimination ability about abnormal

group

Stage I11: Identify the useful objectives and Optimization
Step 9. Identify the useful objective using an S/N ratio
Step 10. Select main reduced objective functions

Step 11. Optimize the system using orthogonal array
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Table 2 Distribution characteristics of random data
# of samples b, b, S fa
1 4.00 3.83 143.6 -71.4
2 3.78 4.08 145.2 -94.9
3 4.77 4.22 2133 -106.6
13 3.73 3.48 114.2 -41.4
14 3.79 4.77 189.3 -165.3
15 2.96 391 103.9 -80.6
Mean 4.0 4.0 166.0 -100.0
Standard deviation 0.6 0.5 414 50.7

Correlation rate -0.71

Table 3 Parameter values of each algorithm of mathematical

example
Weighting Goal »
o] @ £ 3
WSM 1 1
DM -200 -200
GAM 1 1 -200 -200
GCM -200 -200 2

Fig. 9 Plot of each objective function in a design space
of mathematical example

Distribution of Mumerical Example 1
100

50
o

=5 |

o 100 : T
EE

-200 @

2m0) - A-O

300 i I H I i
-300 -200 -100 o0 100 200 300
1

Fig. 10 Plot of the feasible criterion space and the
reference data of mathematical example
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Table 4 Optimization results of mathematical example

Optimum Optimal

. . Rate of
design objective .
Method variables functions improvement
b, b, A fa G G,
Initial value 4.0 4.0 152.0 -86.54
SMD 50 -5.0 -234.6 -2447 -12.5 -4.4
WSM -5.0 5.0 -254 2533 7.6 -3.1
DM -1.71  2.68 10.6 -10.8 -1.9 -0.1
GAM 5.0 349 -101.5 -101.3 -64 -1.8
GCM 50 399 824 -1459 -6.8 2.2

Table 5 Optimization results with different parameter of
numerical example

Optimum Optimal

. S Rate of
design objective improvement
Method variables functions P
b b, fi fa G C,
SMD 5.0 -5.0 2346 -2447 -12.5 -4.4

DM -5.0 463 -49.11 -211.83 -73 -2.8
GAM -5.0 358 -98.37 -109.09 -6.5 -1.9
GCM -5.0 419 -73.06 -165.65 -7.0 -2.4
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Table 6 Data distribution characteristics of a cantilever

beam

Number of samples d / w )

1 324 7674 493 13.46

2 388 7227 6.66 547

3 329 7386 490 11.25

13 327 777.8 5.09 13.50

14 325 753.8 488 12.58

15 322 7755 493 14.20

Mean 344 7563 5.5 10.64
Standard deviation 0.95 2.81

Correlation rate -0.85

Deflection
o

Fig. 14 Plot of distribution of the reference data of a
cantilever beam
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Table 7 Parameter values for a cantilever beam

Weighting Goal
@, @) F’ Fy !
WSM 1 1
DM 2 0.1
GAM 1 1 2 0.1
GCM 2 0.1 2

Table 8 Optimization results of a cantilever beam

Optimal Optimal

Method design objective . Rate of
. . improvement
variables functions
d I w 5 q c,

Initial Value 34.4 7563 5.48 10.14 - -

SMD 21.1 200.0 0.54 1.33 -8.3 -1.8
WSM 249 2002 074 0.71 -8.3 -1.8
DM 349 2720 2.04 044 -7.1 -1.6
GAM 40.4 200.0 2.00 0.10 -7.2 -1.6
GCM 39.5 209.7 2.00 0.12 -7.2 -1.6

Optimal paints of a Cantilsversd Beam
16
14 T, :
[ode] N
@ BN '~.,'
Start
10 Y .ao. .
5 o o
g s
3 o
[ %
o
ne £ e 3
5ISMD . / A
|}
. *DM/GCM/GAM
a . .
0 WSM; 2 3 4 5 & 7 8
Weight

Fig. 15 Optimal positions of a cantilever beam
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