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MEWMA-p Chart to Monitor Percent Defective

ZHU Yongzhong, DING Hui
(College of Science, Hohai University, Nanjing 211100, China)

Abstract: The traditional Shewhart-p control chart only monitors the percent defective of a single property and has a certain
lag in the process offset. A multivariate exponentially weighted moving average p (MEWMA-p) control chart is proposed to
improve the accuracy of the percent defective control chart. The control chart applies the percent defective of multiple
properties to the multivariate exponentially weighted moving average (MEWMA) control chart, which can monitor multiple
properties at the same time and is more sensitive to small ranges of shift. The average run length (ARL) table of
exponentially weighted moving average p (EWMA-p) control chart and MEWMA-p control chart is studied and compared
at the same offset degree, and the validity of this method is verified by simulation.
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Table 1 The control limit of the three control
charts when ARL,=370.4

RRCE Y0 EWMA ZJCMEWMA ~JEMEWMA
0.2 2764 11.012 13.331
0.4 2.838 11.601 13.933
0.6 2.849 11.769 14.099
0.8 2.834 11.819 14.147
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Table 2 The noncentrality parameter corresponding
to the mean shift

P K=30 K=60 K=90
0.05 0.075 0.150 0.225
0.10 0.300 0.600 0.900
0.15 0.675 1.350 2.025
0.20 1.200 2.400 3.600
0.25 1.875 3.750 5.625
0.30 2.700 5.400 8.100
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Table 3 ARL of EWMA with varying degrees of mean shift

i 1=02 1=0.4 1=0.6 1=0.8
0 370.986 370.433 370.139 369.968
0.05 269.874 289.487 302.201 311.411
0.10 199.026 227.647 247.604 262.771
0.15 148915 180.199 203.622 222.290
0.20 113.117 143.628 168.099 188.534
0.25 87.273 115.306 139.332 160.328
0.30 68.408 93.263 115.971 136.712
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Table 4 ARL of binary MEWMA with different noncentrality

parameters when k=30

o 1=02 1=04 1=0.6 1=0.8
0 370.480 370.442 370.403 370.420
0.075 334.585 349.707 357.100 361.472
0.300 121.635 180.026 225.166 261.049
0.675 26.053 43.983 69.448 101.548
1.200 8.667 11.037 16.609 26.673
1.875 4.464 4.383 5.187 7.204
2.700 2.883 2.508 2.462 2.710
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Table 5 ARL of binary MEWMA with different noncentrality

parameters when K = 60

o 1=02 1=0.4 1=0.6 1=0.8
0 370.480 370.442 370.403 370.420
0.150 254.343 298.111 321.706 336.723
0.600 33.311 57.142 88.037 124.217
1.350 7.158 8.442 12.056 19.076
2.400 3.292 2.949 3.053 3.624
3.750 2.102 1.701 1.494 1.429
5.400 1.516 1.106 1.039 1.023
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Table 6 ARL of binary MEWMA with different noncentrality

parameters when K =90

o 1=02 1=04 1=0.6 1=0.8
0 370.480 370.442 370.403 370.420
0.225 177.767 236.470 274.406 301.275
0.900 14.576 22.118 35.557 55.864
2.025 4.043 3.840 4.347 5.764
3.600 2.172 1.782 1.580 1.524
5.625 1.427 1.071 1.023 1.013
8.100 1.004 1.000 1.000 1.000
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Table 7 ARL of ternary MEWMA with different noncentrality

parameters when K = 30

0 1=0.2 1=04 1=0.6 1=0.8
0 370.446 370.319 370.368 370.441
0.075 341.070 354.362 360.266 363.701
0.300 142.218 205.250 249.436 282.088
0.675 30.827 54.700 86.880 124.847
1.200 9.716 13.134 20.921 34.681
1.875 4.877 4.907 6.100 9.014
2.700 3.115 2.722 2.737 3.147
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Table8 ARL of ternary MEWMA with different noncentrality

parameters when K=60

0 1=02 1=04 1=0.6 1=0.8
0 370.446 370.319 370.368 370.441
0.150 273.059 312.682 332.478 344.609
0.600 39.744 70.794 108.597 149.749
1.350 7.955 9.876 14.981 24.752
2.400 3.568 3.226 3.447 4314
3.750 2.228 1.838 1.619 1.557
5.400 1.696 1.175 1.065 1.038

x9 MFARERHFRHK =908t =TTMEWMARJARL
Table 9 ARL of ternary MEWMA with different noncentrality

parameters when K = 90

0 1=02 1=04 1=0.6 1=0.8
0 370.446 370.319 370.368 370.441
0.225 200.677 258.876 293.202 316.135
0.900 16.780 27.228 45.303 71.427
2.025 4.405 4.264 5.043 7.110
3.600 2.311 1.922 1.717 1.674
5.625 1.614 1.124 1.041 1.023
8.100 1.015 1.000 1.000 1.000

& L, KK, MEWMAZ$EH KRB
AT . PL = JEMEWMA-p#2 il B N 51 5K a5 B3 L 52 B
B AR B A S R W T R

llii'uo:(g;‘ o ) P D, =Dyr M4 AR 11

D, MDA ] LA B A R K, @110 ~ 12
FIr7R o

R0, MDD, NIER, D N, KEK,
€D, A, DN, KEBK. 4D, N7, D,



134 Tk T f%

026 %

BN, KE#OK; B ED A, DN, K
Ko SEERNLBREH, AR BERAEKMEN
IEAHRGEL AR OCRT, HAAKRENAN T ZSH
7 ZiN, MEWMA-p#% il A X T EWMA-p$%
1] el R B

#10 D.EAZE, D BETLHIKE
Table 10 The K value when D,, is fixed, D,, is changed

D,, D, =0.1 D, =02 D,=03 D,=04 D,=05
0.05 13.33 8.00 5.71 4.44 3.64
—0.05 40.00 13.33 8.00 5.71 4.44
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Table 11 The K value when D,, is fixed, D,, is changed and D,,>0

D, D,,=0.1 D,,=0.01 D,,=0.001

0.5 3.33 3.92 3.99
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Table 12 The K value when D,, is fixed, D,, is changed and D,,<0

D,, D,=-0.1 D,,=-0.01 D,,=-0.001

0.5 5.00 4.08 4.01
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Figure 1 Ternary MEWMA-p control chart
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Figure 2 Binary MEWMA-p control chart
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