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Recently, the manufacturing process system in the industrial field has become more and more complex and has been influenced
by many and various factors. Moreover, these factors have the dependent correlation rather than independent of each other.
Therefore, the statistical analysis has been extended from the univariate method to the multivariate method. The process capability
indices have been widely used as statistical tools to assess the manufacturing process performance. Especially, the multivariate

process indices need to be enhanced with more useful information and extensive application in the recent industrial fields. The

various multivariate process capability indices have been studying by many researchers in recent years. Hence, the purpose of

the study is to compare the useful and various multivariate process capability indices through the simulation. Among them, we

compare the useful models of several multivariate process capability indices such as A/C

MC, and MC,. These multivariate

pm> pm

process capability indices are incorporates both the process variation and the process deviation from target or consider the expected
loss caused by the process deviation from target. Through the computational examples, we compare these process capability

indices and discuss their usefulness and effectiveness.

Keywords : Multivariate Process Capability Index, Multivariate Analysis, Inverted Normal Loss Function
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Comparison Analysis of Multivariate Process Capability Indices

<Table 1> Comparison According to Correlation Conditions

109

T1=10, =20, T3 =15, xi~N(10, 1.0), x~N(20, 1.5), x3~N(15, 2.0), LSL, =5, USL, =15, LSL, =15, USL, =25, LSL; =10, USL3 =20,

A=[4,444], A'= [88,88,8,8,8, 8

Bivariate Trivariate
NO p MCpm MCpm+ MCpI MCpm M(;pm+ MCpI
1 1.726 3.342 1.503 1.355 1.955 0.974
2 0.3 1.809 3.198 1.559 1.530 1.798 1.007
3 0.5 1.993 3.112 1.620 1.916 1.713 1.046
4 0.8 2.876 2.995 1.797 4.201 1.604 1.177
5 0.99 12.243 2.927 2.067 78.473 1.545 1.457
Bivariate Case Trivariate Case
14 T T T 80 " T u "
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<Figure 2> Bivariate and Trivariate Cases According to Correlation Conditions
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<Table 2> Comparison According to Deviation between Target and Process Mean

Ty=10, T,=20, Ts=15, LSL, =5, USL, =15, LSLy =15, USL,y=25, LSLy=10, USL3=20, A'=[4, 4,4, 4], A’ = [4, 4,4, 4, 4, 4, 4, 4]

g =T : x~N(10, 1.0), x~N(20, 1.5), xs~N(15, 2.0), p =T : xi~N(8, 1.0), x~N(21, 1.5), xs~N(13, 2.0)
Bivariate Trivariate Bivariate Trivariate

No. |Deviation| p | MCom [MCpm'| MCpi | MCpm |MCpm" | MCpi | No. | Deviation| p | MCpm |[MCom"| MCpi | MCom [MCpm'| MCy
1.726 | 3.342 | 1.503 | 1.355 | 2.765 | 1.377 0 |0.725 | 2.113 | 1.142 | 0.489 | 1.596 | 1.217

0.2 | 1.761 | 3.244 | 1.537 | 1.431 | 2.611 | 1.405 0.2 | 0.689 | 2.088 | 1.130 | 0.502 | 1.565 | 1.213

1 n="T 0.4 | 1.883 | 3.154 | 1.586 | 1.683 | 2.480 | 1.448 | 2 n=T 0.4 | 0.661 | 2.063 | 1.117 | 0.543 | 1.536 | 1.209
0.6 | 2.157 | 3.071 | 1.663 | 2.283 | 2.367 | 1.520 0.6 | 0.640 | 2.040 | 1.103 | 0.632 | 1.508 | 1.203

0.8 | 2.876 | 2.995 | 1.797 | 4.201 | 2.269 | 1.665 0.8 | 0.624 | 2.017 | 1.087 | 0.858 | 1.481 | 1.195
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<Figure 3> Bivariate and Trivariate Cases According to Deviation between Target and Process Mean
<Table 3> Comparison According to Deviation between Target and Process Mean
Bivariate Trivariate
NO DeVIatIOI’] ‘ﬂii 7:‘ MCpm Mc;pm+ MCp| MCpm M(.‘)pm+ MCp|
1 1.0 2.033 2.206 1.565 2.944 1.725 1.540
2 1.5 1.595 1.759 1.403 2.302 1.396 1.442
3 u=T 2.0 1.286 1.432 1.280 1.852 1.146 1.362
4 2.5 1.068 1.196 1.203 1.537 0.962 1.315
5 3.0 0.909 1.022 1.168 1.308 0.825 1.307
Bivariate Case (u+T) Trivariate Case (p+T)
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<Figure 4> Bivariate and Trivariate Cases According to Distance from Target(lu,— 7;I)
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<Table 4> Comparison According to Maximum Loss Conditions

T,=10, T,=20, Ts= 15, x;~N(10, 1.0), x»~N(20, 1.5), x+~N(15, 2.0), LSL; =5, USLy =15, LSL, =15, USL,=25, LSLy= 10, USL; =20

Bivariate Trivariate
NO A = [A]] MCpm MCDm+ MCpI MCpm M(;pm+ MCpI
1 2 2.876 4321 2.542 4201 3.319 2.355
2 4 2.876 2.995 1.797 4.201 2.269 1.665
3 6 2.876 2.445 1.467 4.201 1.852 1.359
4 8 2.876 2.118 1.271 4.201 1.604 1.177
5 10 2.876 1.933 1.137 4.201 1.484 1.053
5 Bivariate Case 5 Trivariate Case
—5— MCpm
MCpm+
—— MCpl G
ar ar
b z
o -]
£ £
25| . P —&— MCpm
E E MCpm+
[} [}
§ *\\\ § “ —#— MCpl
2 2 o 82 N
§ RR"’“‘* § \*-‘“’x_
o ﬁ*%__""‘*—*-_,__ o TTR—
— e |
1 1
0 ' 0 |
2 4 ] 8 10 2 4 ] 8 10

Maximum Loss(A)

Maximum Loss(A)

<Figure 5> Bivariate and Trivariate Cases According to Maximum Loss Conditions
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{Table 5> Comparison between Symmetrical and Asymmetrical Conditions

T1=10, T,=20, T5=15, x;~N(10, 1.0), x>~N(20, 1.5), x3~N(15, 2.0), LSL, =5, USL, =15, LSL, =15, USL, =25, LSL;=10, USL; =20
Symmetrical : A'=[4, 4,4, 4], A'= [8,8,8,8,8,8,8, 8], Asymmetrical : A'=11,2,3,4], A'= [1,2,3,4,5,6, 7, 8]
Bivariate Trivariate Bivariate Trivariate
NO Symmetry p ,\ACpm+ MCp| ,\ACpm+ MCp| NO Symmetry p ,\ACpm+ MCp| ,\ACpm+ MCp|
0 3.342 1.503 1.955 0.974 0 3.342 1.901 1.955 1.299
0.3 3.198 1.559 1.789 1.007 0.3 3.198 1.972 1.789 1.342
1 Symmetrical | 0.5 3.112 1.620 1.713 1.046 2 | Asymmetrical | 0.5 3.112 2.049 1.712 1.394
0.8 2.995 1.797 1.604 1.177 0.8 2.995 2.273 1.604 1.570
0.99 2.927 2.067 1.545 1.457 0.99 2.927 2.614 1.545 1.943
Bivariate Case Trivariate Case
35 T T 35 T T
MCpm+{Sym)
3 3 —#— MCpl{Sym)
MCpm+(Asym)
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225 . 225
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£ Z
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8 8 _— " —
= 1 e mE— —
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0 02 0.4 06 0.8 1 0 02 04 06 08 1
Correlation(p) Correlation(p)
<Figure 6> Bivariate and Trivariate Cases between Symmetrical and Asymmetrical Conditions
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