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Abstract

This research proposes a method for designing VSI (Variable Sampling Interval) control charts with supple—
mentary run rules. The basic idea is to apply various run rules and the VSI scheme to a control chart in order
to increase the sensitivity. The sampling process of the VSI run rules chart is constructed by Markov chain
approach. A procedure for designing the VSI run rules chart is proposed based on Lorenzen and Vance's model.
Sensitivity study shows that the VSI run rules charts outperform the FSI (Fixed Sampling Interval) run rules
charts for wide range of process mean shifts. A major advantage of the VSI run rules chart over other charts
such as CUSUM, EWMA, and adaptive charts is it's simplicity in implementation. Some useful guidelines are
proposed based on the sensitivity study.
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9 | 50253(1.21(2.97|500.0 | 2.5 |108.34| -2.10 |-2.01 9 | 6 (257(1.70|3.28 | 500.0 | 2.4 [108.37| -2.07 | -1.64
10]10(0.75| 1.21 | 3.78 | 500.0 | 2.7 {129.70|-12.39|-3.39 10|14 ]0.88|1.92|3.72 | 500.0 | 2.9 |133.21| -8.88 | -2.90
11|12 [4.66|1.04 | 3.01 | 624.4 | 7.3 [198.48| -3.10 |-1.94 11|15(5.00| 1.53 | 3.16 | 500.0 | 7.1 |198.62| -2.96 | -2.01
12| 4 [0.83|1.25|3.45 | 500.0 | 1.5 [173.72| -2.86 |-1.78 12| 5 [0.84]1.94 | 3.65 | 500.0 | 1.5 |174.11| -2.48 | -1.25
13] 4 |0.73|1.25|3.58 | 508.9 | 1.4 [120.43| -4.92 |-3.02 13| 6 |0.88]1.92|3.68|500.0 | 1.2 |121.25| -4.09 | -2.19
14| 9 (050 1.26 | 4.03 | 500.0 | 2.5 |193.83|-34.48 |-6.28 14 {13 |0.65|1.98 | 3.83 | 500.0 | 2.9 |204.99|-23.31| -6.29
15|11 [1.11| 1.16 | 3.62 | 500.0 | 2.9 [218.32|-10.39 |-4.15 15|15 ]1.23] 1.84 | 3.68 | 500.0 | 3.1 |220.80| -7.91 | -3.37
16| 4 [0.65|1.28 |3.55 | 500.0 | 1.3 |222.34|-11.02|-5.27 16| 5 [0.67]1.98|3.72 | 500.0 | 1.4 |224.31| -9.06 | -4.13
<E 6> C,, VSI-RR &z|ze| HA (h,=0.1) <E 8> (), VSI-RR &2|x=e| MAH (h,=0.1)
No|ng|hy| w| k |ATS,|ATSs Cost | FSSI | RR No|ng| hy | w | k | ATS, |ATS;| Cost | FSSI | RR
1 | 12 |2.44|055(3.09/500.0| 3.8 |111.7| -4.36 | -3.13 1]10/1.83|0.693.17| 500.0 | 3.6 |110.61| -5.43 | -3.29
2 | 5 |1.34]1.00(3.11500.0| 1.7 |115.4 | -3.88 | -3.73 2| 4(1.09/0.90|3.19|500.0 | 1.6 [113.90| -5.37 | -4.06
3 | 8 [3.71]155(3.11]1766.9| 2.9 |192.8 | -0.72 | -0.72 3| 7 (359|1.35|3.19 [2319.7| 3.0 [192.75| -0.79 | -0.78
4 | 13 13.22]0.79 |2.90|500.0 | 5.1 |186.5| -4.01 | -3.66 4 110]2.37|0.73]3.00 | 500.0 | 4.4 |183.67| -6.79 | -4.38
5 | 12 [2.49]0.56 |3.08|500.0 | 3.9 |140.4|-11.66| -8.11 5 |10(1.86(0.69 | 3.16 | 500.0 | 3.6 [137.42|-14.61|-8.76
6 | 4 |0.67[0.56(3.48/500.0| 1.3 |158.5| -8.50 | -5.56 4 10.56{0.89|3.45 | 500.0 | 1.1 |155.54|-11.43|-5.92
7 | 5 |1.81]0.92(3.04]/500.0| 1.9 [209.1|-3.77 | -3.77 7 | 4 [1.53/0.85(3.09|500.0 | 1.9 |208.44 | -4.44 | -4.12
8 | 8 [0.47]0.40 |4.09|500.0| 2.6 |239.8|-23.09| -2.86 819 (0.43]0.823.85|500.0 | 2.2 [236.77|-26.08| -5.36
9 | 6 [296]1.24|2.83|500.0| 2.6 |108.7| -1.76 | -1.76 9 | 5(2.76(1.06|2.83|500.0 | 2.6 [108.49| -1.95 | -1.91
10 | 9 |1.28/0.38(3.50/500.0| 3.2 [132.8| -9.25 | -3.64 10|10 |1.07|0.75| 3.38 | 500.0 | 2.7 |130.19|-11.91| -4.85
11| 15 |5.00| 1.11 |2.68]500.0| 7.0 |199.2 | -2.36 | -1.54 11{12(5.00|0.83 | 2.83 | 771.9 | 7.2 |198.84| -2.74 | -1.77
12| 5 |1.27/0.98(3.14/500.0| 1.6 [174.7| -1.91 | -1.82 12| 4 [1.05]0.89|3.20 | 500.0 | 1.5 |173.98| -2.61 | -2.06
13| 5 |1.16/0.81(3.211500.0| 1.4 [121.3| -4.08 | -3.88 13| 4 [0.91]0.86|3.40 | 655.7 | 1.4 |120.66| -4.68 | -3.61
14 | 8 [0.81]0.37 |3.83/500.0| 3.0 |199.7 |-28.62| -6.28 14| 9 ]0.70]0.77 | 3.63 | 500.0 | 2.6 |194.42|-33.88|-10.34
15 | 12 |1.95/0.52(3.18]500.3 | 3.2 [220.3 | -8.37 | -5.19 15|11 [1.55[0.72 | 3.21 | 500.0 | 2.9 |218.43|-10.28| -5.61
16 | 4 |0.98/0.63(3.33/500.0| 1.5 [225.9| -7.48 | -6.66 16| 4 [0.84]0.88|3.29 | 500.0 | 1.3 |223.03|-10.34 | -6.84




198/Z= 7t

. olef Al

i)

Vsl #-7

7 2|zl FHE-SHA dA

<E 9> Cy,, VSI-RR B2IEe| M (h,=0.1)

Z 11> ¢, VSI-RR 2|z A (h,=0.1)

No|ng| hy |wy | wy| k |ATS,|ATSs| Cost | FSSI | RR No|ng| hy |wy | wy| k |ATS,|ATS;| Cost | FSSI | RR

1 ]10(1.42(1.12|2.12|4.24| 500.6 | 3.3 [109.95| -6.10 | -2.52 1] 9|1.74[0.73|1.86]3.52| 500.0| 3.4 [109.97| -6.08 | -2.97
2 | 4 (0.92|1.28(2.16|3.62]500.0 | 1.4 |112.57| -6.70 | -3.07 2 | 3]0.87|0.85/2.01|3.65(502.9| 1.6 |112.90| -6.37 | -3.33
3| 6(3.16|1.43|2.26|3.69(3192.0| 2.9 |192.49| -1.06 | -0.91 3| 613.36/1.31|2.08|3.55[3010.0] 2.9 [192.53|-1.01 | -0.86
4 [10]1.84|1.12]2.04|3.55/500.0 | 4.0 |181.84| -8.62 | -3.63 4| 912.15(0.78]1.80|3.35/500.0 | 4.1 |182.06| -8.40 | -4.18
5 |10|1.44/1.13|2.12|3.80{500.0 | 3.4 |135.63|-16.40| -6.69 5 |10(1.92|0.76|1.82|3.44(500.0| 3.2 |135.61|-16.41| -8.02
6 | 4 (0.47|1.34|2.32|3.90|500.0| 0.9 |153.44|-13.53| -4.35 6| 4 10.58/0.95/2.09|3.67|500.0| 0.9 |153.46|-13.51| -5.51
7| 4 |1.311.19(2.06|5.45(501.2 | 1.7 |207.73| -5.15 | -3.32 7| 4 ]1.52]|0.95[1.86|3.37(500.0| 1.7 |207.70| -5.18 | -3.59
8 | 9 ]0.35/1.31(2.48|4.34]500.0 | 1.9 |234.26|-28.59| -3.96 8 | 9 ]0.48/|0.84(2.20|4.02(500.0| 1.9 |234.17|-28.68| -6.24
9 | 5 |2.55/1.27(1.95(3.23]588.1 | 2.3 |108.03| -2.41 | -1.97 9 | 512.65/1.21|1.76|3.11|516.8 | 2.4 |108.08| -2.36 | -1.91
10| 10(0.82[1.21|2.25[3.94| 500.0| 2.5 |128.53|-13.56| -3.67 10| 9 |1.01]0.78/2.00|3.70|500.0 | 2.6 |128.56|-13.53| -4.82
11]12(4.76]1.10|1.91]3.40(| 856.0 | 6.9 |198.13| -3.45 | -1.81 11]1215.00]0.94]1.70|3.20 880.3 | 6.7 [198.29| -3.29 | -1.74
12| 4 (0.89]1.28/2.17(3.64|500.0| 1.4 [173.26| -3.33 | -1.65 12| 4 |1.05/1.01|11.95/3.43|500.1| 1.4 [173.38] -3.21 | -1.74
13| 4 |0.76]1.29]2.28(3.91|636.1| 1.3 [119.92| -5.42 | -2.78 13| 4 |0.92]0.93|2.09]3.74|820.0| 1.3 [119.91| -5.43 | -3.11
14| 9 [0.55]1.25/2.37]4.16/500.0 | 2.3 [190.99|-37.31| -7.64 14| 8 0.64]0.80]2.14|3.96/500.0| 2.5 [190.53|-37.77|-11.19
15| 11(1.22]1.16|2.16(3.82| 500.0 | 2.7 |217.37 |-11.35| -4.22 15|10 |1.49]0.76]1.89]3.54| 500.0 | 2.7 |217.20|-11.51| -5.25
16| 4 0.70]1.30|2.22(3.74| 500.0 | 1.2 |220.86|-12.51| -5.09 16| 4 |0.85/0.982.00|3.52|500.0| 1.2 |221.10|-12.27| -5.98

<E 10> C,, VSFRR Z=lxze| MA (h,=0.1) <E 12> C,,, VSI-RR 2|z MA (h,=0.1)

No|ng| hy |wy |wy| k |ATS,|ATSs| Cost | FSSI | RR No|mg| hy | wy |wy | ws| k | ATS |ATS| Cost |FSSI| RR

1| 9 |1.70]0.70]1.09]3.33| 500.0| 3.4 |110.05| -5.99 |-2.65 1] 9|1.71]0.75]1.13]2.04|3.66| 500.0 | 3.2 {109.67|-2.60|-0.42
2| 310.86/0.79|1.21|3.45500.0| 1.6 |113.07| -6.21 |[-3.39 2| 3 ]0.86]0.87(1.26/2.18(3.74| 500.0 | 1.5 [112.39|-3.15|-0.59
3| 613.26|1.28|1.42|3.36[2983.4| 3.0 |192.65| -0.90 |-0.87 3| 613.24|1.38]1.49|2.26|3.68|3523.0| 2.9 192.48|-0.92|-0.05
4| 9(1.82|0.89/1.08[3.29/500.0 | 4.3 |182.48| -7.98 |-3.54 4| 9 ]1.85/0.94[1.12|2.03[3.57| 500.0 | 4.0 [181.58|-3.61|-1.15
5| 8 |1.62]0.63[1.08]3.40(501.2| 3.6 |135.92|-16.10|-6.91 5| 9 [1.73|0.76(1.13|2.043.65( 500.3 | 3.2 [134.87|-6.89|-1.17
6 | 3 |0.53]0.63|1.28|3.63500.0| 1.1 |153.79|-13.18|-5.12 6| 4 0.58|0.96]1.36|2.24|3.74| 500.0 | 0.9 |152.86|-4.70|-0.86
7| 4 {1.45/0.94|1.21|3.15500.0| 1.7 |208.03| -4.85 |-3.84 7 | 4 [1.46]1.01|1.27|2.02|3.48| 500.0 | 1.6 |207.55|-3.48|-0.23
8 | 7 10.50]0.43[1.27|4.02]500.0| 1.9 |230.92|-31.92|-5.53 8 | 7 10.52|0.45(1.29|2.39[4.21| 500.1 | 1.8 |230.03|-6.21|-2.35
9 | 5(2.80|1.07|2.77|2.77|500.0| 2.7 |108.65| -1.79 |-1.70 9 | 4 (2.361.08[1.22|1.92(3.32| 517.3 | 2.5 [108.02|-1.98|-0.06
10| 8 |1.02]0.59|1.15]3.58|500.0| 2.6 |128.26|-13.83|-3.97 10| 8 |1.02]0.65|1.19]2.19|3.85]500.0 | 2.5 |127.54|-4.03|-1.48
1111 |4.64]{0.91]1.06]3.05(855.7| 7.4 |198.46| -3.12 |-1.93 11|11 [4.71[0.96[1.12]1.92]3.43] 928.6 | 7.0 [198.11|-1.80|-0.22
12| 4 [0.96]1.05]1.26]3.29/500.0| 1.4 |173.60| -2.99 |-1.82 12| 4 |0.96]1.14|1.31]2.13|3.55]500.0 | 1.3 |173.22|-1.67|-0.25
13| 4 0.94]0.81|1.34(3.60|1153.9| 1.3 |120.08| -5.26 |-3.25 13| 4 |0.94]0.88]1.39]2.30|3.91(1135.2| 1.2 |119.64|-3.00|-0.41
14| 6 0.66]0.40/1.23(3.99|500.0| 2.5 |186.52|-41.78|-10.16 14| 7 |0.76]0.49]1.23]2.28|4.03| 500.1 | 2.2 |185.37 _1§'9 -2.78
15[ 9 |1.41]0.66]1.11]3.40{500.8 | 2.9 |217.32|-11.40|-4.62 15| 9 [1.42]0.71]1.16]2.09|3.72| 500.0 | 2.7 [216.67|-4.56| -0.75
16| 3 |0.71]0.73|1.24(3.52|500.0 | 1.4 |221.58|-11.79|-5.74 16| 3 |0.71]0.80|1.28]2.22|3.80| 500.1 | 1.3 |220.43|-5.33|-1.01
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<E 13> C VSI-RR #2[ze| MA (h,=0.1)

No Ny hQ wq Wo Ws k A ]S) A 725:5 Cost FSSI RR
1 10 1.89 0.76 0.76 1.83 3.44 500.0 3.2 109.93 -6.12 -2.83
2 3 0.90 0.81 0.87 2.01 3.65 531.2 1.6 112.91 -6.36 -3.21
3 6 3.36 1.31 1.31 2.08 3.56 3007.9 2.9 192.53 -1.01 -0.86
4 9 2.10 0.78 0.78 1.87 3.47 645.8 4.3 182.52 -7.93 -3.48
5 10 1.92 0.76 0.76 1.82 3.44 500.0 3.2 135.61 -16.41 -7.47
6 4 0.60 0.91 0.97 2.08 3.66 500.0 0.9 153.42 -13.56 -5.19
7 4 1.52 0.95 0.95 1.86 3.37 500.0 1.7 207.70 -5.18 -3.57
8 7 0.54 0.41 0.89 2.18 4.03 500.1 1.9 231.38 -31.46 -7.08
9 5 2.66 1.21 1.21 1.76 3.11 517.2 2.4 108.08 -2.36 -1.91
10 9 1.11 0.69 0.79 1.97 3.64 500.0 2.5 128.40 -13.69 -4.29
11 12 5.00 0.94 0.94 1.70 3.20 880.4 6.7 198.29 -3.29 -1.73
12 4 1.05 1.01 1.01 1.95 3.43 500.0 1.4 173.38 -3.21 -1.71
13 0.97 0.85 0.98 2.10 3.74 948.7 1.3 119.90 -5.45 -3.09
14 0.81 0.44 0.82 2.07 3.84 500.0 2.3 187.08 -41.23 -12.77
15 10 1.52 0.74 0.77 1.89 3.53 500.0 2.7 217.18 -11.53 -5.07
16 4 0.85 0.98 0.98 2.00 3.52 500.0 1.2 221.10 -12.27 -5.69
FSSI &a2|x=o| 7|chu| o Chet Ao ™ 28
0.20
0.18
0.16 —o—V8lI
0.14 —m—VSS
0.12 ——VSS|
0.10 —e—V13
0.08
—*— V123
0.06
—a—\/1234
0.04
0.02
0.00
17
<# 14> FSS| #zZ|xofl tht 7|cHe| 82| AU 248 gt
Cl12|V12|C13|V13|Cl14 | V14 |C15|V15|C16 | V16 [C123|V123|C124|V124|C134| V134 |C156 | V156 |C1234|V1234|C1456|V1456
27141133 (53 1841 |24|41]25]51/,, | 5 a0 - .
wlalalalaelaelalalalae 3.8% [ 5.9% | 3.3% | 5.9% | 3.6% | 5.9% | 3.4% | 5.9% | 4.1% | 6.3% | 3.6% | 6.0%
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