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Abstract

Multivariate control charts are widely used to monitor the performance of a multivariate process over time
to maintain control of the process. Although existing multivariate control charts provide control limits to monitor
the process and detect any extraordinary events, it is a challenge to identify the causes of an out-of-control
alarm when the number of process variables is large. Several fault identification methods have been developed
to address this issue. However, these methods require a normality assumption of the process data. In the present

study, we propose a bootstrapped-based T? decomposition technique that does not require any distributional
assumption. A simulation study was conducted to examine the properties of the proposed fault identification

method under various scenarios and compare it with the existing parametric 7% decomposition method. The
simulation results showed that the proposed method produced better results than the existing one, especially

in nonnormal situations.
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5. Simulation
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Case %Tf o X2 X3 X4 X5 X6 X7 X8 X9 X10
1 2 0 0 0 0 0 0 0 0 0
2 1 0 0 0 0 0 0 0 0 0
3 3 0 0 0 0 0 0 0 0 0
4 2 2 2 0 0 0 0 0 0 0
5 107 1 1 1 0 0 0 0 0 0 0
6 3 3 3 0 0 0 0 0 0 0
7 2 2 9 2 2 0 0 0 0 0
8 1 1 1 1 1 0 0 0 0 0
9 3 3 3 3 3 0 0 0 0 0
10 2 0 0 0 0
11 ] 0 0 0 0
12 3 0 0 0 0
13 2 2 0 0 0
14 57 1 1 0 0 0
15 3 3 0 0 0
16 2 2 2 0 0
17 1 1 1 0 0
18 3 3 3 0 0
19 2 0 0
20 1 0 0
91 3 0 0
22 2 2 0
23 39 1 1 0
24 3 3 0
2% 2 2 9
2% 1 1 |
97 3 3 3




239/RAEYE EET ojataleiMso| BX| 7Y

oN

Pl
™
13

Normal Shift (size = 1) Gamma Shift{size = 1)
o [ noonal 7] . . . In controf
{_-_Out of control, e > < Qutofcontrol

SR o B
T

i

[ Incontrr
L.....Qut of Control|

<Figure 4> Various Mean Shift in Normal and Gamma Distributions



Hagesx| HagHH25/240

<Table 2> Comparison of The Decomposition Result between x* Threshold and
Bootstrap threshold in Normal Cases

)(2 threshold Bootstrap threshold
Faulty detection error MISd:rtfg:lon Faulty detection error st(ierziitlon
casel 0.17(0.01) 0.12(0.005) 0.17(0.0013 0.12(0.005)
caseZ 0.22(0.002) 0.44(0.01D 0.22(0.003} 0.44(0.01)
cased 0.13(0.001) 0,010,001 0.13(0.001) 0.01(0.001)
case4 0.12(0.001) 0.28(0.003) 0.12(0.001 0.28(0.03)
caseb 0.18(0.0008) 0.53(0.001) 0.19(0.0008) 0.53(0.001)
caseb 0.10(0.001) 0.08(0.002) 0.10(0.001) 0.08(0.002}
case’ 0.11(0.0005) 0.34(0.001) 0.11(0.0005) 0.33(0.001)
case8 0.16(0.002) 0.59(0.003) 0.16(0.002) 0.59(0.003)
case9 0.11(0.001) 0.09(0.002) 0.11(0.001} 0.09(0.002)
casel0 0.17(0.0009) 0.08(0.00D 0.17(0.0009) 0.08(0.001)
casell 0.26(0.005) 0.36(0.01) 0.26(0.005) 0.36(0.01
casel? 0.13¢0.001) 0.01(0.001} 0.13(0.001) 0.01(0.001)
casel3 0.13(0.002) 0.23(0.003) 0.13(0.002) 0.23(0.003)
casel4 0.21(0.004) 0.45(0.005) 0.21(0.004) 0.45(0.006)
caseld 0.110.001) 0.07(0.002) 0.11(0.001 0.07(0.002)
caselb 0.11(0.002) 0.29(0.003) 0.11(0.002) 0.29(0.003)
casel? 0.19(0.001) 0.51(0.0014) 0.19(0.00D 0.51(0.001)
caselB 0.10(0.0007) 0.09(0.0007) 0.10(0.0007) 0.08(0.0007)
casel9 0.17(0.001) 0.06(0.001) 0.17(0.001) 0.06(0.001)
casez0 0.28(0.002) 0.26(0.003) 0.28(0.002) 0.26(0.003)
case2l 0.12(0.002) 0.01(0.001D 0.12(0.002) 0.01(00.0D
case2?2 0.12(0.004) 0.24(0.003) 0.12(0.004) 0.23(0.003)
casel3 0.22(0.002) 0.42(0.001) 0.22(0.002) 0.42(0.001)
caseZ4 0.10(0.001) 0.07(0.0007) 0.10(0.001) 0.07(0.0007)
caseZb NA 0.30(0.003) NA 0.30(0.003)
casel6 NA 0.50(0.001) NA 0.50(0.001)
case27 NA 0.09(0.0007) NA 0.09(0.0007)
Average error 0.15 0.24 0.15 0.24
L — - S—
0.6
g
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TR I o o e X2
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<Figure 5> Graphical Summary of Misdetection Ermor Rates in Normal Case
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<Table 3> Comparison of The Decomposition Result between X2 Threshold and
Bootstrap threshold in Gamma Cases

0.05

-

¢ threshold Bootstrap threshold
Faulty detection error Misdetection Faulty detection error Misdetection
error error
casel 0.10(0.001) 0.03(0.002) 0.13(0.001) 0.01(0.001)
case? 0.13(0.0005) 0.22(0.002) 0.15(0.0006) 0.17(0.002)
case3 0.08(0.0003) 0.00(0) 0.11(0.0004) 0.00(0
cased 0.07(0.001) 0.09(0.003) 0.10(0.001) 0.04(0.002)
caseb 0.09(0.001) 0.37(0.004) 0.12(0.001) 0.29(0.004)
caseb 0.07(0.001) 0.01(0.0003) 0.11(0.002) 0.00(0.00001)
case? 0.07(0.001) 0.11(0.003) 0.10(0.002) 0.04(0.0005)
case8 0.08(0.001) 0.44(0.003) 0.10(0.001) 0.35(0.003)
case9 0.08(0.001) 0.01(0.0004) 0.12(0.002) 0.00(0.0001)
casel0 0.09(0.001) 0.02(0.001) 0.12{(0.002) 0.00(0.001)
casell 0.14(0.003) 0.16(0.006) 0.17(0.003) 0.11(0.006)
casel? 0.08(0.001) 0.00(0) 0.10(0.002) 0.00(0
casel3 0.07(0.001) 0.08(0.003) 0.10(0.002) 0.03(0.001)
caseld 0.11(0.002) 0.30.004) 0.13(0.002) 0.23(0.004)
casels 0.07( 0.00(0.00001) 0.10(0.002) 0.00(0)
casel6 0.07(0.0002) 0.10(0.001) 0.10(0.00D 0.03(0.0005)
casel? 0.09(0.0D 0.38(0.005) 0.11(0.001) 0.29(0.007)
casel8 0.07(0.0005) 0.00(C.0001) 0.10(0.002) 0.00(0)
casel9 0.09(0.003) 0.01(0.002) 0.12(0.01) 0.00(0.0002)
case20 0.15(0.002) 0.11(0.005) 0.18(0.01) 0.08(0.001)
case2l 0.07(0.0D 0.00(0) 0.10(0.003) 0.00(0)
case22 0.07(0.002) 0.09(0.003) 0.13(0.007) 0.03(0.002)
case23 0.1000.01) 0.31(0.004) 0.12(0.0D 0.23(0.002)
case24 0.07(0.001) 0.00(0.00002) 0.1(0.002) 0.00(0)
case25 NA 0.11(0.00D) NA 0.04(0.001)
case26 NA 0.40(0.003) NA 0.31(0.003)
case27 NA 0.00(0.0001) NA (0.00€0.000001)
Average error 0.09 0.12 0.11 0.08
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<Figure 6> Graphical Summary of Misdetection Error Rates in Gamma Case
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