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Abstract

This research aims to compare the efficiency of the three control charts in detecting of
nonconforming fractional changing: p, PM, and EWMA control charts by using average run length
(ARL) as the criterion. In the research, the Monte Carlo technique simulates data as binomial
distribution with the nonconforming fractions (po) of 0.05, 0.2, and 0.4. The sample sizes (n) are 50,
100, 200, and 500. The shifts of nonconforming fraction (8) are 1.1, 1.2, 1.3, 1.4, and 1.5, and the
smooth parameters (A) for the EWMA control chart are 0.05, 0.2, and 0.4. The results found that the
PM control chart is the best in detecting nonconforming fractional changing for all situations. In case
of the shift of nonconforming fraction increases, it is shown that the EWMA control chart with almost
of As has the same efficiency as the PM control chart. The p control chart tends to increase efficien-
cy when § increases. Moreover, when sample size increases, PM and EWMA control charts provide
better efficiency. However, the efficiency of detecting nonconforming fractional changing of p control
chart is less than the PM and the EWMA control charts for all situations.

Keywords: p control chart; PM control chart; EWMA control chart; Average run length; Noncon-

forming fraction
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Table 1 The ARL of p, pm, EWMA control charts when p, = 0.05 and n =50

ARL
Control chart

§=10 §=11 §=12 §=13 §=14 §=15
P 287.4487 166.9649 103.4896 65.4730 44.6117 | 30.7313
PM 370.2771 111.5608" 41.4471" 17.9123 8.9905" 5.2042"
A =005 369.7749 123.4772 47.4966 22.2180 11.5215 6.8631
EWMA A1=02 369.7463 129.9134 51.5772 24.1844 12.8196 7.6397
A=04 370.1787 146.9446 65.2435 33.2206 18.6038 11.1109

wxn

indicates the best detection.

Table 2 The ARL of p, pm, EWMA control charts when p, = 0.05 and n = 100

ARL
Control chart

§=10 §=11 §=12 §=13 §=14 §=15
p 228.2849 112.6473 60.6803 34.5580 21.2517 14.1133
PM 370.3026 19.4766 2.9893 1.3060 1.0345" 1.0015"
A=005 | 370.2108 91.1113 27.0378 10.4037 4.9761 2.9092
EWMA A=02 369.6629 95.2567 29.2352 11.6286 5.6305 3.2751
A=04 370.3334 106.9242 38.5075 16.0289 8.2004 4.7592

@x9

indicates the best detection.

Table 3 The ARL of p, pm, EWMA control charts when p, = 0.05 and n = 200

ARL
Control chart

§=10 §=11 §=12 §=13 §=14 §=15
P 371.5989 135.8585 55.7126 26.9004 145111 8.6005
PM 369.8389 44.1193 8.2795 2.9149" 1.5624" 1.1635
A=0.05 369.5302 58.8014 12.7279 4.4351 2.2264 1.4578
EWMA =02 370.3828 62.2889 14.1054 5.0434 2.4172 1.5696
A=04 370.3282 73.9519 19.8922 7.2103 3.4936 2.0753

9

indicates the best detection.
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Table 4 The ARL of p, pm, EWMA control charts when p, = 0.05 and n = 500

Control chart ARL

6=10 =11 6=12 =13 =14 6=15

p 309.8292 79.8867 24.1837 9.4982 a.7477 2.7804
PM 370.4880 9.3333" 1.5623" 1.0337" 1.0007" 1.0000"
A =0.05 369.6692 24.4045 3.9228 1.5566 1.0966 1.0126

EWMA A=02 370.1203 27.6760 4.3894 1.6993 1.1407 1.0164
A=04 370.0626 36.2144 6.4113 2.2868 1.3425 1.0792

“*” indicates the best detection.
ARL n =50 ARL n = 100

180
160
140
120
100
80
&0
40
20

ARL

—a—p —+—PM

EWMA (A = 0.05)

Figure 1

® EWMA (A =0.2)

- EWMA (A = 0.4)

ARL for out of control of p, PM and EWMA (A = 0.05, 0.2, 0.4) control charts when P, = 0.05,

n =50, 100, 200, 500 and 0 = 1.1, 1.2, 1.3, 1.4, 1.5
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Table 5 The ARL of p, pm, EWMA control charts when p, =02 and n =50

ARL
Control chart

§=10 §=11 §=12 §=13 §=14 §=15
P 368.5467 132.5075 52.1103 24.0831 12.1963 7.1019
PM 370.1217 6.6251" 1.2636" 1.0042" 1.0000° 1.0000°
A =0.05 370.1263 53.8828 10.7689 3.6238 1.8448 1.2651
EWMA =02 370.0619 58.9161 12.3349 4.0230 1.9950 1.3395
A=04 370.2690 69.2840 16.8231 5.9154 2.8194 1.7078

wxn

indicates the best detection.

Table 6 The ARL of p, pm, EWMA control charts when p, =02 and n = 100

ARL
Control chart

§=10 §=11 §=12 §=13 §=14 §=15
p 250.4330 74.7295 23.3344 9.3281 4.6993 2.7235
PM 369.9054 8.7543 1.4964" 1.0203" 1.0004" 1.0000"
A=005 | 370.3916 27.9568 4.2713 1.6045 1.1057 1.0113
EWMA A=02 370.0886 30.6082 4.8731 1.7631 1.1452 1.0202
A=04 370.3143 40.5411 7.0704 2.3882 1.3671 1.0797

@9

indicates the best detection.
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Table 7 The ARL of p, pm, EWMA control charts when P, = 0.2 and n = 200

ARL
Control chart

§=10 §=11 §=12 §=13 §=14 §=15

P 281.2284 53.8734 12.2786 4.2988 2.1585 1.4218
PM 369.6357 8.9535" 1.4908" 1.0197 1.0003" 1.0000"
A =0.05 369.3773 11.6227 1.8093 1.0617 1.0017 1.0000"

EWMA A=02 369.6671 12.9597 1.9703 1.0913 1.0037 1.0000
=04 370.3148 18.6684 2.7759 1.2554 1.0215 1.0007

W%

indicates the best detection.

Table 8 The ARL of p, pm, EWMA control charts when p = 0.2 and n = 500

ARL
Control chart
5=10 5=11 §=12 5=13 5-=14 5§=15
P 320.472 25.3564 4.0862 1.5675 1.1001 1.0116
PM 369.8758 1.5864° 1.0002" 1.0000” 1.0000” 1.0000”
A=005 369.7934 3.2041 1.0312 1.0000° 1.0000" 1.0000"
EWMA 1=02 369.9970 3.6393 1.0530 1.0000" 1.0000" 1.0000"
A=04 369.9270 5.4035 1.1684 1.0010 1.0000" 1.0000"
“*” indicates the best detection.
ARL n =50 ARL n = 100

ARL n = 500
60
30
50
o5
40
20
30
15
20 o 10
10 . 5
. ]
[}
1.1 1.2 1.3 1.4 1.5 11 12 13 14 15
o ) - ’ 5
——p ——PM EWMA (A =0.05) ~®EWMA (A =0.2) —B-EWMA (A =0.4)

Figure 2 ARL for out of control of p, PM and EWMA (A = 0.05, 0.2, 0.4) control charts when P, = 0.2,
n = 50, 100, 200, 500 and & = 1.1, 1.2, 1.3, 1.4, 1.5
9
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fuultuanaadilng 1 uddlod § Al uazan A
diud wud i ARL Suwaldudintu

Fethudnsunsdid p, = 04 uaz n = 50,
100, 200, 500 dwmTunNne & WuIUNUIAIUAN
PM anansansradumsiasundasdndiuveade
I¢Aflan WeSeuifsuruununiiaiuaudug us
Slovuesegafintu wuukuniaiunu EWMA
UNAT A Uagluiniuay p a1snsansiagunis
Wasuulasdndruveadelafliunnnsanunugi
AIUAL PM

Table 9 The ARL of p, pm, EWMA control charts when p_ = 0.4 and n = 50

ARL
Control chart
§=10 5=11 §=12 5=13 §=14 | §=15
P 475.0610 | 126.6977 30.5670 10.0105 4.1118 2.2497
PM 370.2961 4.0650" 1.0589" 1.0001" 1.0000° | 1.0000"
A=005 | 370.2084 21.4390 2.9457 1.2437 1.0176 1.0002
EWMA A=02 369.8227 23.8170 3.2987 1.3301 1.0299 1.0013
A=04 370.1845 33.2315 5.0127 1.7017 1.1160 1.0116
“*” indicates the best detection.
Table 10 The ARL of p, pm, EWMA control charts when p, =04 and n = 100
ARL
Control chart

5=10 5=11 5=12 §=13 5=14 §=15
P 334.2119 57.1267 10.2918 3.2777 1.6205 1.1557
PM 370.4412 3.9969" 1.0535 1.0001" 1.0000" 1.0000"
A=005 | 369.6469 8.1804 1.3532 1.0087 1.0000” 1.0000"
EWMA A=02 369.7512 9.0999 1.4587 1.0142 1.0000" 1.0000"
A=04 369.8711 13.5706 1.9509 1.0674 1.0008 1.0000"

“xn

indicates the best detection.
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Table 11 The ARL of p, pm, EWMA control charts when P, = 0.4 and n = 200

ARL

Control chart
§=10 §=11 §=12 §=13 §=14 §=15
P 339.7211 26.2463 3.8057 1.4563 1.0543 1.0027
PM 370.1647 2.9574" 1.0183" 1.0000 1.0000" 1.0000°
A =0.05 369.9294 2.9094 1.0206 1.0000" 1.0000" 1.0000"
EWMA A=02 370.2438 3.3391 1.0301 1.0000" 1.0000" 1.0000"
A=04 370.2659 5.0597 1.1101 1.0004 1.0000" 1.0000

“*” indicates the best detection.

Table 12 The ARL of p, pm, EWMA control charts when P, = 0.4 and n = 500

ARL
Control chart

§=10 =11 5=12 5=13 5=14 5=15

p 340.6353 7.5999 1.3317 1.0068 1.0000" 1.0000"
PM 370.3764 1.1686" 1.0000" 1.0000° 1.0000° 1.0000°
A =005 369.7998 1.1810 1.0000° 1.0000° 1.0000" 1.0000”

EWMA A=02 369.5250 1.2268 1.0000" 1.0000” 1.0000” 1.0000”
A=04 369.5362 1.5441 1.0001 1.0000" 1.0000" 1.0000"

“*” indicates the best detection.
ARL n =50 ARL n = 100

ARL ARL n = 500

L. Q
< &
11 1.2 1.3 1.4 1.5

&

—A—p ——PM EWMA (A = 0.05) —®—EWMA (A =0.2) —B-EWMA (A =0.4)

Figure 3  ARL for out of control of p, PM and EWMA (A = 0.05, 0.2, 0.4) control charts when P, = 0.4,
n = 50, 100, 200, 500 and 8 = 1.1, 1.2, 1.3, 1.4, 1.5
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nanFIFenudn evuwianisiudsunlag
dndruvendeifiutu @1 ARL vesununinIuam
p UNUHAIUAN PM Uazurufiialuny EWMA i
wilidlulumasiendu fie Suwlduanas dwsu
uHugiinuAL p amsansaadunisiuAsuLlag
Fnduveadsldnty loen P, Wity wazauwn
fhegelngiu Feaonadesiusiideves Rod-o
[3] Snitaunugfinauan PM ansonsiadunis
Wasuuasdadueadelifniuunimuedue
nnanun1snl Ssdenadesiuauideues Abbas
[6] duusuniiauan EWMA Wevuindegiaiia
Fu A1 ARL Suualtianaadnlng 1 waneiunugl
AIUAN EWMA annsanTdunnUdsuntag
dndruoudslditu saonndostunansfin ves

Dewun Way Khemavuk [4]

5. a3U

NNHaNSITeTaUSeufisuunugiaauas
3 wuu WouA ukugiinauan p wnugiaaual PM
WaZUHUYNAIUAN EWMA wudtlnugialIuay
PM fiuszavsanlunisasadunisivdsuntas
dndrvoundeldffianlunnnsd usillovunnis
WasuuUasdndrureadoiuty wwugiinaunu
EMWA tiauyne A Tusgansanlunisnsiadunis
Wasuulasdndruveadelanlsiunnsinsanunugl
munax PM Tuvagiusugiiauau p Sussdvsnm
Tunsnsadunsivasuulasdaduveadslsifivi
wHuQiAIUAN PM uazununiiauan EWMA lu
ynnsdl uiilevunaiegtafingy UNuNIAIUAN
PM uagunugiiniuny EWMA a11150a5393Un13
Wasuwaswesdndruvondsldfitu dsamnse
agUnmTmvesuHUnTinUANTsiUszAvE AWy
nsnTadunsasunlasdndiuvendsldfiian
luusazaniunsel (Table 13)

Table 13 The best efficiency of control charts for p = 0.05, 0.2, 0.4, n = 50, 100, 200, 50 and

0=11121314,15

Po n s

1.1 1.2 1.3 1.4 1.5
0.05 | 50 PM PM PM PM PM
100 PM PM PM PM PM
200 PM PM PM PM PM
500 PM PM PM PM PM
0.2 | 50 PM PM PM PM PM
100 PM PM PM PM PM

200 PM PM PM PM PM, EWMA

(A =0.05,0.2)
500 PM PM PM, EWMA PM, EWMA PM, EWMA
(A4 =0.05,0.2) (A=0.050204) | (1=0.05,0.20.4)

12




Uil 31 aUuil 1 unTIAN-NUNIUS 2566

5a15mermansiasimalulad

Table 13 The best efficiency of control charts for P, = 0.05, 0.2, 0.4, n = 50, 100, 200, 50 and
0=1.1,1213 1.4, 1.5 (Conts)

Po n s
1.1 1.2 1.3 1.4 1.5
0.4 | 50 PM PM PM PM PM
100 PM PM PM PM, EWMA PM, EWMA
(1 =0.05,02) (A =0.050204)
200 PM PM PM, EWMA PM, EWMA PM, EWMA
(A =0.05,02) (A=0.050204) | (A=0.050.2 0.4
500 PM PM, EWMA PM, EWMA p, PM, EWMA All control charts
(A=0.0502) | (1=0.050.204) | (1=0.05,0.2,0.4)

6. UDLAUDLUY

6.1 Tun1sideasetnld e19azAnwUSeu

Wgudseansamunugiimuaudmiudadiuves

GERNIGIL

6.2 lunsideasednll envaglunueilunig

WiguwieuUsednsnmaue) wu Andseguainuen?

$u (Median Run Length) Wusu
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