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Abstract : Traditional control charts are typically based on the assumption of known parameters. When these
parameters are unknown, historical data are required for estimation. However, estimation errors can affect the
performance of the control charts. In view of this, this paper investigates the impact of parameter estimation
on the performance of a Cumulative Sum (CUSUM) control chart for monitoring binomially distributed data.
Using the Monte Carlo simulation method, the average run length under different numbers of historical samples
is obtained. The performance of the control chart under both in—control and out-of-control conditions is
evaluated, and the control limits are adjusted to achieve a specified average run length.
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Do 0.01 0.05 0.1

m 5 ARL SDRL | 10th | 50th | 90th ARL | SDRL | 10th | 50th | 90th | ARL SDRL 10th 50th 90th
0 666.6 | 1206.5 | 60 247 1599 | 740.7 | 1359.4 | 50 224 | 1873 | 721.2 | 1334.3 48 249 1717
0.2 293.4 555.8 42 130 630 147.1 | 251.4 28 78 305 93.7 152.6 22 56 187

10 0.4 152 235.6 32 88 315 58.5 59.1 19 43 110 35.6 28.2 14 29 64
0.6 98.9 119.8 26 65 198 35.6 25.4 15 29 62 21.8 11.6 10 19 36
0 419.5 493.6 69 262 939 423.0 | 519.7 61 255 | 963 | 428.1 529.3 56 257 980
1 199.4 199.5 45 137 424 107.9 96 30 80 215 72.8 58.4 23 56 142

o0 2 120.4 104.1 34 91 240 52.4 34.9 20 43 96 33.5 19.4 14 29 57
3 84.3 63.7 27 67 160 33.9 18.6 15 30 58 21.3 10.1 11 19 35
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0 396.4 432.8 67 262 875 386.9 | 419.2 62 256 | 868 | 402.2 | 4374 58 259 909

1 193 177.6 45 141 406 103.1 84.3 30 79 204 72.2 54.7 23 57 141

100 2 115.7 91.6 34 90 231 51.2 32.4 20 43 92 33.1 18.7 14 29 57
3 82.5 59.1 27 67 157 33.7 18.1 15 30 57 21.2 10 11 19 34

0 390.7 396.9 70 271 | 857.1 | 383.3 | 392.6 62 260 | 853 387.3 | 3974 60 263 876

. 1 188.1 162.5 46 139 392 101.4 78.4 30 79 203 70.4 50.9 23 56 137
1900 2 117.1 90.7 35 92 228 51.3 32.3 20 43 92 33.2 18.5 15 29 57
3 82.1 58.2 27 66 157 33.6 18.2 15 30 57 21.2 10 11 19 34
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2000 2 117.6 91.2 35 92 233 50.8 31.4 20 43 91 32.8 17.8 15 29 56
3 80.8 56 27 66 152 33.2 17.4 15 29 56 21.3 10 11 19 34

0 375.8 357.6 69 266 827 374.3 | 368.7 63 255 | 837 376.3 375.6 59 260 836

. 1 186.8 158.9 46 140 391 100.6 77.6 30 78 199 69.9 50.8 23 56 137
200 2 115.5 89.4 46 140 391 51.4 31.9 20 44 92 32.8 18.2 14 29 57
3 81.1 57.1 27 66 153 33.3 17.9 15 30 57 21.3 9.9 11 19 34
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2000 2 115.4 88.6 34 91 229 51 31.9 20 43 93 33.1 18.2 15 29 57
3 81.5 57.1 27 66 154 33.6 17.9 15 30 57 21.1 9.9 11 19 34
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n 5 10 20

m ) ARL | SDRL [ 10th | 50th | 90th | ARL | SDRL | 10th | 50th [ 90th ARL SDRL 10th 50th 90th
0 726.1 | 1348.4 | 55 244 | 1790 | 740.7 | 1359.4 50 224 1873 716 1354.8 48 236 726.1

0.2 212 | 4153 | 35 101 436 1471 | 251.4 28 78 305 93.7 135.6 22 57 212

1o 0.4 942 | 1206 | 25 60 186 58.5 59.1 19 43 110 37 29.7 14 29 94.2
0.6 56.1 53.6 20 43 102 35.6 25.4 15 29 62 22.4 12.3 11 20 56.1
0 4345 | 550.5 | 65 265 962 | 423.0 | 519.7 61 255 963 411.4 498.5 55 250 434.5
1 1439 | 137.1 37 103 296 | 107.9 96 30 80 215 4.4 60.8 23 57 143.9

w0 2 7 58.2 26 61 147 52.4 34.9 20 43 96 34.2 20.1 14 29 7
3 51.4 32.2 20 44 92 33.9 18.6 15 30 58 21.9 10.9 11 20 51.4
0 401.9 | 436.1 70 267 903 | 386.9 | 419.2 62 256 868 382.7 417.9 57 251 401.9
1 1412 | 1215 | 38 105 287 | 103.1 84.3 30 79 204 73.7 57.1 23 57 141.2

10 2 74.1 50.9 26 61 140 51.2 32.4 20 43 92 34.1 19.5 15 30 74.1
3 50.1 30.4 20 43 89 33.7 18.1 15 30 57 22 10.7 11 20 50.1
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0 386 | 3937 | 67 | 260 | 862 | 3833 | 3926 | 62 | 260 | 853 375.8 400.2 57 254 336
1 | 1353 | 121 | 37 | 103 | 273 | 1014 | 784 30 | 79 | 203 717 53 23 57 135.3
1o 2 755 | 523 | 26 | 62 | 143 | 513 | 323 | 20 | 43 92 339 192 15 29 755
3 | 502 | 303 | 20 | 43 90 | 336 | 182 15 | 30 57 21.7 10.4 11 20 50.2
0 | 3791 | 3725 | 67 | 264 | 828 | 3756 | 365.7 | 65 | 262 | 825 374.8 368.4 58 252 379.1
1 | 1376 | 1132 | 38 | 105 | 278 | 1015 | 78.1 30 | 79 | 202 72.1 53.5 23 57 1376
2000 2 74 | 494 | 26 | 62 | 137 | 508 | 314 | 20 | 43 91 33.4 18.7 15 29 74
3 | 502 | 302 | 20 | 43 89 | 332 | 174 15 | 29 56 2138 10.4 11 20 50.2
0 | 3788 | 3739 | 67 | 261 | 833 | 3743 | 3687 | 63 | 255 | 837 37338 358.4 60 251 3788
1 | 1363|1091 | 38 | 105 | 274 | 1006 | 776 30 | 78 199 716 52.9 23 57 136.3
200 2 747 | 513 | 26 | 61 | 141 | 514 | 319 | 20 | 44 92 33.2 18.8 15 29 747
3 | 497 | 207 | 20 | 43 88 | 333 | 179 15 | 30 57 21.7 10.3 11 20 49.7
0 | 3755 | 3632 | 63 | 264 | 824 | 3737 | 3597 | 64 | 263 | 814 372.9 356.0 59 254 375.5
1 | 1369 | 1107 | 38 | 106 | 273 | 101.1 | 773 31 | 79 | 202 714 52.2 23 57 136.9
2000 2 | 748 | 505 | 26 | 61 | 139 51 319 | 20 | 43 93 337 18.8 14 29 7438
3 50 | 299 | 20 | 43 89 | 336 | 17.9 15 | 30 57 218 105 11 20 50
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(n.p) (5.0.01) (5.0.05) G.0.1) (10,0.01) (10,0.05) 10,0.1) (20,0.01) (20,0.05) (20,0.1)
30 2.5588 44234 5.3766 3.3412 5.6392 6.9438 4.2987 7.2318 8.7830
50 2.7299 49233 6.0861 3.6098 6.2861 7.6923 46946 8.0345 9.7133
75 2.8956 5.2834 6.4725 3.8121 6.7700 8.2751 5.2007 8.6333 10.3389
100 3.0025 5.4917 6.8168 4.0102 7.0721 8.6283 5.2014 8.9735 10.7773
500 3.3535 6.4305 7.9703 45484 8.2724 9.9432 6.0455 10.3656 12.1621
1000 3.4096 6.6002 8.1842 4.6661 8.4943 10.1705 6.2300 105795 12.4188
1500 3.4443 6.6751 8.2697 4.7195 8.5691 10.2373 6.2594 10.6650 12.6758
2000 34577 6.7085 8.3072 47316 8.6092 10.2801 6.3128 10.7078 12.6848
h 35005 6.8154 8.4622 4.8061 8.7832 10.4084 6.4091 10.8575 12.6883
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