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Design of Combined Shewhart-CUSUM Control Chart
using Bootstrap Method
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Statistical process control is used widely as an effective tool to solve the quality problems in practice
fields. All the control charts used in statistical process control are parametric methods, suppose that the
process distributes normal and observations are independent. But these assumptions, practically, are often
violated if the test of normality of the observations is rejected and/or the serial correlation is existed within
observed data.

Thus, in this study, to screening process, the Combined Shewhart - CUSUM quality control chart is
described and evaluated that used bootstrap method. In this scheme the CUSUM chart will quickly detect
small shifts form the goal while the addition of Shewhart limits increases the speed of detecting large
shifts. Therefor, the CSC control chart is detected both small and large shifts in process, and the simulation
results for its performance are exhibited.

The bootstrap CSC control chart proposed in this paper is superior to the standard method for both
normal and skewed distribution, and brings in terms of ARL to the same result.
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<Table 1> Comparison of ARL for Simulation and Bootstrap control charts(n=b, k=20)
Shift 300
Simulation ARL Bootstrap ARL Trul ARL

0.00 345.22507 315.10620 309.60877
0.25 257.82140 222.714783 271.20240
0.50 142.61057 121.86283 149.97207
0.75 74.88103 64.76847 78.54143
1.00 40.52440 35.53187 42.34000
1.25 22.01937 19.90203 22.75180
1.50 12.98730 11.95180 13.33177
1.75 8.45297 7.85140 8.67267
2.00 5.82797 541853 2.94250
2.25 4.19400 3.93110 4.28040
2.90 © 3.12477 2.93757 3.18427
2.75 2.42470 2.29287 2.46750
3.00 1.94837 1.86610 1.97650
3.25 1.63243 1.57317 1.65273
3.50 1.41943 1.38073 1.43247
3.75 1.27687 1.24810 1.28573
4.00 1.17433 1.15623 1.17980
4.20 1.10803 1.09533 1.11223
450 1.06400 1.05633 1.06603
4.75 1.03787 1.03233 1.03897
5.00 1.02100 1.01803 1.02180

Simulation x =-0.00284 Simulation ¢ = 0.99812

Simulation UCL=1.33337 Simulation LCL=-1.33905

Bootstrap UCL=1.30704 Bootstrap LCL=-1.34262

True UCL=1.34164 True LCL=-1.34164
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<Figure 1> ARL for process mean shift : Simulation and Bootstrap CSC control charts
(n=5, §,=2.5)

<Table 2> Comparison of ARL for Simulation and Bootstrap control charts (n=10, k=20)

Shift 500
Simulation ARL Bootstrap ARL Trul ARL
0.00 364.89553 355.88587 369.76800
0.25 276.90123 250.78027 281.21310
0.50 152.57047 135.69060 ‘ 154.92677
0.75 79.65990 71.16570 80.75420
1.00 42.92560 38.65720 4354523
1.25 24.60303 22.24437 24.88627
1.50 14.76640 13.58337 14.93343
1.75 9.40570 8.73147 9.49473
2.00 6.31187 5.90493 6.35360
2.25 4.43423 417993 4.46347
2.50 3.23447 3.07040 3.25340
2.15 2.48520 2.38210 2.49700
3.00 2.00313 1.93053 2.01113
3.25 1.66910 1.61853 1.67460
3.50 1.44410 1.41377 1.44767
3.75 1.29260 1.27077 1.29517
4.00 1.18777 1.17067 1.19013
4.20 1.11430 1.10493 1.11563
450 1.06963 1.06377 1.07043
4.75 1.04053 1.03673 1.04113
5.00 1.02293 1.02033 1.02300
x = -0.00038 ¢ = 1.00004

Simulation UCL=0.94700 Simulation LCL=-0.94776

Bootstrap UCL=0.93288 Bootstrap LCL=-0.95827

Trul UCL=0.94868 Trul LCL=-0.94868
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<Figure 2> ARL for process mean shift : Simulation and Bootstrap CSC control
charts( =10, S;=2.5)
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