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Performance of both parametric and non-parametric new extended

exponential moving average charts for tracking mean shifts
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Abstract

The Objective of this research was to compare the performance of detecting process mean shifts using Shewhart
Control Charts, EWMA (Exponentially Weighted Moving Average) Control Charts, EEWMA (Extended
Exponentially Weighted Moving Average) Control Charts, NEEWMA (New Extended Exponentially Weighted
Moving Average) Control Charts, and NEEWMA-Tukey Control Charts. The analysis is conducted with data
following normal distribution, Exponential distribution, gamma distribution, and Laplace distribution, in order to
detect subtle shifts in the process mean. The simulation results compare the performance of the NEEWMA chart
with the SHEWHART EWMA and EEWMA control charts when the performance is analyzed using the average
run length when there is a change (out of control Average Run Length: ARL1). The results indicate NEEWMA and
NEEWMA-Tukey control charts performed better than other control charts in detecting changes when the process
had exponential, gamma, and Laplace distributions. For normal distribution, NEEWMA chart can detect small

changes well when ARLo =370, and when ARLo value is larger, NEEWMA chart performance can detect all sizes
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of changes.
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This research presents a real-world case study of hospital-based urinary tract infections (UTI) and

aircraft window glass strength (MPa). For application in real situations, the results of the study confirm that

NEEWMA chart is a chart that is more effective in detecting changes than other control charts.
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M1319% 1 : WAaN1331a99 ARL t1ag SDRL fMnuaa1 ARLy = 370 wazainsnlsusuGey a; = 0.2,a, =
0.1 uaz a3 = 0.05 meldmsuanuasilsnin=5

SHEWHART EWMA EEWMA NEEWMA NEEWMA TUKEY
Shift (5) o = 0.2 a; = 0.2 a; = 0.2
a; =1 a; =0.2 a1=01 a, =0.1 a, =0.1
- az = 0.05 az = 0.05
Ly =2.785 L,=11.138 Ly =1.1712 L, =1.1856 Lg =-0.9693
0.00 ARL 370.3 370.77 370.25 370.23 370.3
SDRL 370.3 411.14 369.21 371.16 370.84
0.01 ARL 348.23 342.71 304.87 298.92 311.5
SDRL 348.23 380.24 306.12 299.21 306.26
0.02 ARL 324.52 315.26 251.70 242.39 262.32
SDRL 324.52 349.55 261.85 238.49 256.15
0.05 ARL 192.07 244.66 148.75 140.02 162.61
SDRL 266.42 283.01 142.19 129.4 155.7
0.08 ARL 102.2 194.72 94.59 88.84 109.18
SDRL 217.25 227.72 86.12 78.47 100.54
0.10 ARL 68.78 165.49 72.09 57.28 85.92
SDRL 58.6 197.00 64.74 192.07 76.11
020 ARL 32.94 72.93 26.85 27.45 35.68
SDRL 102.2 95.19 20.61 19.5 26.75
030 ARL 19.8 33.77 14.13 15.29 19.97
SDRL 57.28 48.14 9.48 9.86 13.38
0.40 ARL 12.39 15.48 9.09 9.90 13.11
SDRL 32.94 24.24 5.53 6.14 8.29
0.50 ARL 7.89 7.91 6.43 6.90 9.34
SDRL 19.8 12.71 3.67 4.34 5.85
0.60 ARL 5.21 4.39 4.79 5.00 6.92
SDRL 12.39 6.84 2.67 3.28 4.35
0.70 ARL 3.52 2.79 3.74 3.78 5.29
SDRL 7.89 3.69 2.08 2.53 3.44
0.80 ARL 2.44 2.01 2.98 2.88 4.16
SDRL 5.21 2.18 1.69 2.02 2.73
0.90 ARL 0.42 1.61 241 2.23 3.28
SDRL 3.52 1.37 1.44 1.65 2.26
1.00 ARL 0.05 1.37 1.97 1.76 2.63
SDRL 2.44 0.95 1.24 1.38 1.89
1.50 ARL 0.00 1.02 0.71 0.54 0.97
SDRL 0.42 0.16 0.69 0.63 0.87
200 ARL 0.00 1.00 0.19 0.12 0.35
SDRL 0.05 0.02 0.39 0.33 0.52
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A13191 2 : WAN1391809 ARL 1ag SDRL fnuan1 ARLy = 370 uagamsndfunuiGow a; = 0.2,a, =
0.1 uaz a3 = 0.05 meldmsuanauueu¥iain=>5

SHEWHART EWMA EEWMA NEEWMA NEEWMA TUKEY
Shift (5) o = 0.2 a; = 0.2 a; = 0.2
a; =1 a; =0.2 a1=01 a, =0.1 a, =0.1
- az = 0.05 az = 0.05
Ly =3.783 L, =921 Ly =1.4295 L, =1.559 Lg =-0.5153
0.00 ARL 370.38 370.16 370.84 370.25 370.65
SDRL 368.54 372.14 391.98 488.62 642.36
0.01 ARL 333.57 327.95 305.93 291.49 305.73
SDRL 329.86 333.45 321.88 396.89 535.54
0.02 ARL 304.74 296.17 252.65 229.42 252.67
SDRL 300.76 301.20 270.72 312.4 454.47
0.05 ARL 231.58 220.59 147.43 119.81 147.28
SDRL 235.33 229.58 156.74 168.75 27491
0.08 ARL 179.98 167.67 93.79 70.23 86.95
SDRL 184.89 174.13 99.81 102.67 175.87
0.10 ARL 153.87 142.27 72.48 50.91 63.14
SDRL 157.88 148.52 77.69 75.30 132.60
0.20 ARL 76.06 64.97 25.96 15.87 16.81
SDRL 76.64 68.29 26.59 22.40 37.80
0.30 ARL 42.23 33.89 13.31 7.72 7.37
SDRL 42.64 36.50 12.68 9.58 15.12
0.40 ARL 25.61 19.93 8.41 4.90 4.27
SDRL 25.99 22.19 7.73 5.76 7.74
0.50 ARL 16.76 12.67 5.88 3.42 2.95
SDRL 17.50 14.03 5.38 3.94 4.74
0.60 ARL 11.69 8.69 4.36 2.57 2.23
SDRL 12.19 9.62 4.04 2.85 3.37
0.70 ARL 8.49 6.37 3.41 2.04 1.81
SDRL 8.93 6.86 3.18 2.26 2.69
0.80 ARL 6.45 4.88 2.75 1.65 1.50
SDRL 6.86 5.23 2.63 1.84 2.20
0.90 ARL 5.06 3.89 2.26 1.38 1.27
SDRL 5.58 4.12 2.23 1.57 1.79
1.00 ARL 4.03 3.22 1.87 1.18 1.08
SDRL 4.49 3.33 1.94 1.36 1.55
1.50 ARL 1.65 1.71 0.94 0.60 0.61
SDRL 2.09 1.39 1.15 0.84 0.94
200 ARL 0.87 1.24 0.54 0.36 0.39
SDRL 1.25 0.85 0.81 0.60 0.70
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0.1 uaz a3 = 0.05 meldmsuanuvsanlawn=>5
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M1319% 3 : WAN1331a99 ARL t1ag SDRL fMnuaa1 ARLy = 370 wazainsnilsusuGey a; = 0.2,a, =

SHEWHART EWMA EEWMA NEEWMA NEEWMA TUKEY
Shift (5) o = 0.2 a; = 0.2 a; = 0.2
a; =1 a; =0.2 a1=01 a, =0.1 a, =0.1
- az = 0.05 az = 0.05
L =3.056 L, =7.506 Ly =12278 Ly =1302 Ls =-0.688
0.00 ARL 370.84 370.22 370.66 370.12 370.92
SDRL 372.39 379.79 376.67 457.98 370.92
0.01 ARL 358.67 354.27 325.95 317.59 323.64
SDRL 360.29 364.68 334.14 398.47 323.64
0.02 ARL 346.01 340.46 287.71 273.19 285.11
SDRL 348.13 351.16 295.78 346.77 285.11
0.05 ARL 309.99 300.04 200.12 176.66 195.55
SDRL 311.17 308.92 204.72 230.29 195.55
0.08 ARL 280.56 263.87 143.57 119.74 135.45
SDRL 283.52 273.08 146.35 157.11 135.45
0.10 ARL 262.12 241.38 116.49 91.91 107.57
SDRL 266.31 252.95 117.77 120.56 107.57
0.20 ARL 184.97 156.53 46.68 31.89 38.50
SDRL 186.83 161.93 44.99 40.71 38.50
0.30 ARL 131.97 102.04 23.86 15.24 18.18
SDRL 134.06 107.32 21.10 18.15 18.18
0.40 ARL 93.81 65.21 14.49 8.96 10.41
SDRL 93.87 70.21 11.89 9.79 10.41
0.50 ARL 66.25 43.30 9.81 5.97 6.73
SDRL 67.39 47.82 7.43 6.02 6.73
0.60 ARL 47.51 28.14 7.09 4.27 4.72
SDRL 48.23 31.86 5.15 4.13 4.72
0.70 ARL 34.54 18.81 543 3.19 3.45
SDRL 35.41 21.95 3.78 3.01 3.45
0.80 ARL 253 12.74 4.29 2.46 2.60
SDRL 25.64 15.34 2.94 2.26 2.60
0.90 ARL 18.26 8.69 3.47 1.94 1.99
SDRL 18.61 10.69 2.37 1.76 1.99
1.00 ARL 13.69 6.06 2.86 1.57 1.57
SDRL 14.22 7.62 1.95 1.42 1.57
1.50 ARL 3.28 1.61 1.17 0.61 0.61
SDRL 3.75 1.36 0.99 0.68 0.61
200 ARL 0.83 1.08 0.46 0.22 0.19
SDRL 1.21 0.34 0.62 0.43 0.19
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M1319% 4 : WAN1331a99 ARL 1az SDRL fmuan1 ARLy = 370 uazainsndsusiuGeu a; = 0.2,a, =
0.1 8¢ az = 0.05 moeldmsuaniaunuann=>

SHEWHART EWMA EEWMA NEEWMA NEEWMA TUKEY
Shift (5) o = 0.2 a; = 0.2 a; = 0.2
a; =1 a; =0.2 a1=01 a, =0.1 a, =0.1
- a; = 0.05 a; = 0.05
L1=3.489 L, =8.509 Ly =1.361 L, =1.546 Lg =-6.027
0.00 ARL 370.51 370.16 370.04 370.16 370.62
SDRL 365.05 374.14 396.56 631.55 769.49
0.01 ARL 358.77 356.64 343.37 338.32 339.53
SDRL 355.16 361.15 368.54 585.08 721.96
0.02 ARL 346.92 344 .49 320.38 304.47 311.26
SDRL 341.62 347.17 345.82 532.33 669.45
0.05 ARL 317.77 310.98 258.82 137.87 24391
SDRL 315.23 313.28 280.02 412.14 532.05
0.08 ARL 289.58 277.87 210.41 58.32 189.38
SDRL 287.92 27791 231.98 315.97 432.22
0.10 ARL 272.25 259.26 185.04 28.80 161.63
SDRL 271.52 260.13 203.29 267.22 382.94
0.20 ARL 203.88 186.09 98.95 15.93 76.33
SDRL 201.16 189.98 110.64 124.57 193.89
0.30 ARL 156.04 135.51 60.20 10.04 38.74
SDRL 156.77 141.17 68.24 63.25 106.60
0.40 ARL 119.03 101.55 38.75 6.98 21.64
SDRL 117.58 107.41 43.87 34.99 62.14
0.50 ARL 93.18 77.67 26.97 5.25 12.90
SDRL 93.84 82.68 29.99 20.85 36.60
0.60 ARL 74.70 60.44 19.68 4.15 8.55
SDRL 75.95 64.39 21.86 13.13 23.65
0.70 ARL 60.42 47.54 14.85 3.44 5.95
SDRL 61.61 51.20 16.45 9.46 15.86
0.80 ARL 49.21 37.71 11.84 2.90 4.51
SDRL 50.43 40.84 12.75 6.86 10.93
0.90 ARL 40.41 30.69 9.66 1.59 3.65
SDRL 41.3 33.70 10.35 5.26 8.21
1.00 ARL 33.74 24.99 8.012 1.04 2.97
SDRL 34.75 27.60 8.38 4.20 6.37
1.50 ARL 15.24 10.71 3.93 0.74 1.58
SDRL 15.62 12.12 3.96 1.94 2.49
200 ARL 8.10 5.59 2.38 0.54 1.05
SDRL 8.64 6.15 2.45 1.25 1.49
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y ° | 8w .
35190 4 : kamITIaeIIMsaTIINDRe UTI (1uiu) Tae Santiago t1ag Smith

1 I [
namsasnugie UTI (Huiu)

nuN S1 S2 S3 S4 S5

1 0.5701 0.1201 0.2708 0.0743 0.1146
2 0.0451 0.1528 0.0035 0.1354 0.1458
3 0.1201 0.0868 0.1389 0.0486 0.4035
4 0.1493 0.0278 0.1264 0.0333 0.3264
5 0.1840 0.0868 0.6493 0.7083 0.3368
6 0.1493 0.1563 0.0382 0.0139 0.2465
7 0.2465 0.0382 0.0451 0.2951 0.4681
8 0.0174 0.1194 0.2222 1.0889 0.0521
9 0.2951 0.0521 0.1250 0.5347 0.0278
10 0.2500 0.1514 0.0347 0.4007 0.5257
11 0.915 0.4000 0.5278 0.5564 0.0176
12 0.0303 0.0357 0.0639 0.0683 0.1592
13 0.0163 0.0809 0.4184 0.3958 0.0169
14 0.2104 0.0145 0.1838 0.0142 0.0476
15 0.026 0.2783 0.2573 0.3699 0.0518
16 0.5142 0.0427 0.158 0.2087 0.2083
17 0.3030 0.9034 0.1943 0.0949 0.1125
18 0.0669 0.1250 0.0623 0.1921 0.2700
19 0.1106 0.0022 0.0428 0.4600 0.1184
20 0.0832 0.0541 0.0731 0.335 0.0176
21 0.0225 0.1265 0.1966 0.4685 0.3074
22 0.1593 0.6465 0.3514 0.3528 0.0455
23 0.4802 0.3542 0.4003 0.7534 0.5325
24 0.2111 0.4592 0.0009 0.1198 0.0063
25 0.1286 0.1514 0.1186 0.1700 0.3708
26 0.0294 0.0891 0.0643 0.0527 0.2593
27 0.2699 0.1256 0.0736 0.0397 0.0694
28 0.0771 0.9431 0.2200 0.0344 0.2857
29 0.1024 0.0982 0.0343 0.2309 0.1116
30 0.4053 0.0498 0.4142 0.0128 0.5023
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