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Abstract

The objective of this research is to compare the efficiency in detection of process mean shift
for normal distribution of three control charts; exponentially weighted moving average control chart
(EWMA), exponentially weighted moving average control chart with fast initial response (FIR- EWMA)
and double exponentially weighted moving average control (DEWMA). Data were simulated with
Monte Carlo technique for 10,000 iterations in each situation under three studied factors that are
sample size (n =3, 5, 10, 15, 20, 50), size of process mean shift (§ =0.2, 0.4, 0.6, 0.8, 1, 2, 5)
and the weighted parameter of three control chart (1 =0.1, 0.2, 0.3, 0.4, 0.5). The out-of-control
average run length (ARL,) is a criterion for efficiency comparison of control charts. The results of
this research show all three control charts are able to detect the quickest abnormality of process
mean shift as 4 =0.1. The DEWMA control chart is likely to be the best control chart in detection
of process mean shift for all situations. In addition, all three control charts tend to be no difference
of efficiency in detection of process abnormality when the process mean change from the target

in term of 2 or 5 times of the process standard deviation (6 =2, § =5) for all sample size.

Keywords: EWMA control chart; FIR-EWMA control chart; DEWMA control chart; process mean;,

average run length
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0.2 10 | 23.70 23.75 1.99 0.2 10 | 25.38 2591 4.93
TL15 | 1212 12.06 1.56 T 15| 13.04 12.99 3.19
20 | 11.68 11.64 1.22 20 | 12.05 12.02 2.35
50 3.84 3.83 1.00 50 3.85 3.85 1.10
3 18.83 19.49 1.97 3 | 21.60 22.32 4.07
5 11.11 11.16 1.17 5 13.05 13.05 2.20
0.4 10 4.05 4.09 1.00 0.4 10 4.26 4.30 1.12
15 2.48 2.48 1.00 15 2.51 2.51 1.02
20 2.24 2.23 1.00 20 2.16 2.16 1.00
50 1.42 1.42 1.00 50 1.36 1.36 1.00
3 6.67 6.86 1.06 3 7.51 7.63 1.53
5 3.89 3.89 1.00 5 4.17 4.16 1.10
06 10 1.91 1.92 1.00 06 10 1.87 1.88 1.00
’ 15 1.51 1.51 1.00 ’ 15 1.45 1.45 1.00
20 1.44 1.44 1.00 20 1.37 1.37 1.00
50 1.20 1.20 1.00 50 1.14 1.14 1.00
3 3.36 3.41 1.00 3 3.55 3.58 1.07
5 2.21 2.21 1.00 5 2.22 2.22 1.00
08 10 1.46 1.46 1.00 08 10 1.40 1.41 1.00
) 1.28 1.28 1.00 ) 1.23 1.23 1.00
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5 1.67 1.67 1.00 5 1.63 1.63 1.00
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50 1.01 1.01 1.00 50 1.00 1.00 1.00
3 1.30 1.30 1.00 3 1.21 1.21 1.00
5 1.20 1.20 1.00 5 1.10 1.10 1.00
5 10 1.00 1.00 1.00 9 10 1.00 1.00 1.00
15 1.00 1.00 1.00 15 1.00 1.00 1.00
20 1.00 1.00 1.00 20 1.00 1.00 1.00
50 1.00 1.00 1.00 50 1.00 1.00 1.00
3 1.00 1.00 1.00 3 1.00 1.00 1.00
5 1.00 1.00 1.00 5 1.00 1.00 1.00
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20 1.00 1.00 1.00 20 1.00 1.00 1.00
50 1.00 1.00 1.00 50 1.00 1.00 1.00
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M519i 3 f1 ARL vesununiiniunu M59ii 4 f1 ARL vesunugiiniunw
EWMA FIR-EWMA e g DEWMA EWMA FIR-EWMA Lag DEWMA
ASUN 4 =0.3 AN A =04
s | n ARL, 83uHU0AIUAY s | » ARL, 103uHu0HIAIUAY
EWMA | FIR-EWMA | DEWMA EWMA | FIR-EWMA | DEWMA
3 | 128.20 128.20 36.10 3 |.144.90 144.90 59.20
5 73.50 73.00 29.20 5 | 100.00 99.00 37.90
0.2 10 | 33.60 33.30 9.30 0.2 10 | 45.20 44.80 14.20
’ 15 | 17.20 17.10 5.20 ’ 15 | 21.10 21.00 7.60
20 | 13.80 13.70 3.70 20 | 15.80 15.80 5.90
50 3.80 3.80 1.40 50 4.50 4.50 1.90
3 25.51 2591 6.95 3 32.57 32.79 11.19
5 1531 1531 3.91 5 18.12 18.12 6.05
0.4 10 4.89 4.89 1.48 0.4 10 6.17 6.17 2.05
15 2.80 2.80 1.12 ) 3.13 3.13 1.32
20 2.18 2.18 1.03 20 2.39 2.39 1.16
50 1.30 1.30 1.00 50 1.27 1.27 1.00
3 8.94 9.06 2.32 3 11.11 11.27 3.53
5 4.62 4.61 1.44 5 5.42 541 1.94
06 10 1.95 1.95 1.02 06 10 2.16 2.16 1.08
’ 15 1.45 1.45 1.00 ’ 15 147 147 1.01
20 1.32 1.32 1.00 20 1.31 1.31 1.00
50 1.08 1.08 1.00 50 1.06 1.06 1.00
3 3.95 4.00 1.30 3 4.82 4.84 1.73
5 2.32 2.32 1.04 5 2.58 2.58 1.16
08 10 1.39 1.39 1.00 08 10 1.40 1.40 1.00
15 1.20 1.20 1.00 15 1.17 1.17 1.00
20 1.14 1.14 1.00 20 1.12 1.12 1.00
50 1.01 1.01 1.00 50 1.00 1.00 1.00
3 2.40 2.40 1.10 3 2.70 2.70 1.20
5 1.60 1.60 1.00 5 1.70 1.70 1.00
1 10 1.20 1.20 1.00 1 10 1.20 1.20 1.00
15 1.10 1.10 1.00 15 1.10 1.10 1.00
20 1.10 1.10 1.00 20 1.00 1.00 1.00
50 1.00 1.00 1.00 50 1.00 1.00 1.00
3 1.20 1.20 1.00 3 1.10 1.10 1.00
5 1.00 1.00 1.00 5 1.00 1.00 1.00
9 10 1.00 1.00 1.00 9 10 1.00 1.00 1.00
15 1.00 1.00 1.00 15 1.00 1.00 1.00
20 1.00 1.00 1.00 20 1.00 1.00 1.00
50 1.00 1.00 1.00 50 1.00 1.00 1.00
3 1.00 1.00 1.00 3 1.00 1.00 1.00
5 1.00 1.00 1.00 5 1.00 1.00 1.00
5 10 1.00 1.00 1.00 5 10 1.00 1.00 1.00
15 1.00 1.00 1.00 15 1.00 1.00 1.00
20 1.00 1.00 1.00 20 1.00 1.00 1.00
50 1.00 1.00 1.00 50 1.00 1.00 1.00
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M5l 5 f1 ARL vesununiiniunu

EWMA FIR-EWMA ua¢ DEWMA

NS A=05

ARL; V8360 UIAUAY

o|mn EWMA | FIR-EWMA | DEWMA
3 | 151.50 158.70 76.90
5 | 111.10 111.10 48.80
0.2 10 | 63.70 62.90 21.10
15 | 27.90 27.80 9.80
20 | 18.90 18.90 7.70
50 5.50 5.50 2.40
3 40.98 42.02 15.63
5 21.69 21.69 8.56
0.4 10 8.12 8.12 2.84
' 15 3.90 3.90 1.60
20 2.73 2.73 1.34
50 1.29 1.29 1.00
3 14.08 14.33 4.95
5 6.71 6.71 2.59
06 10 2.55 2.55 1.23
15 1.58 1.58 1.03
20 1.33 1.33 1.01
50 1.04 1.04 1.00
3 597 6.09 2.29
5 3.02 3.02 1.39
0.8 10 1.47 1.47 1.02
' 15 1.17 1.17 1.00
20 1.10 1.10 1.00
50 1.00 1.00 1.00
3 3.20 3.20 1.40
5 1.80 1.80 1.10
1 10 1.20 1.20 1.00
15 1.10 1.10 1.00
20 1.00 1.00 1.00
50 1.00 1.00 1.00
3 1.10 1.10 1.00
5 1.00 1.00 1.00
5 10 1.00 1.00 1.00
15 1.00 1.00 1.00
20 1.00 1.00 1.00
50 1.00 1.00 1.00
3 1.00 1.00 1.00
5 1.00 1.00 1.00
5 10 1.00 1.00 1.00
15 1.00 1.00 1.00
20 1.00 1.00 1.00
50 1.00 1.00 1.00
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nszvaunisiianinsdld 4 1Huddu uas
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n

o

3 5 10 15 20 50
0.2 DEWMA DEWMA DEWMA DEWMA DEWMA DEWMA
0.4 DEWMA DEWMA DEWMA DEWMA DEWMA ALL
0.6 DEWMA DEWMA DEWMA DEWMA ALL ALL
0.8 DEWMA DEWMA ALL ALL ALL ALL
1 DEWMA DEWMA ALL ALL ALL ALL
2 ALL ALL ALL ALL ALL ALL
5 ALL ALL ALL ALL ALL ALL

ALL Ao uWuiiauny DEWMA wxuginiuau FIR-EWMA wagunuginiuau EW

6. Uaiauauuy
annsalddeyanunmiinisuanuasuuy

3uqmmaauﬂix§w%mwmaqLLmuQﬁmU@uﬁq 3

wila d lneni1sirdeyaluudasAineounaiiai

o
v o

YogatuNIadeuUsEANSNIN uenniiaasd
nsAneUIgulieuUsednsninveunugl
aruausdadu 9 dely Ifun unugfinauaw
RUNSUM [2] #3aunugiinuAs DCUSUM [12]

Wudu

7. AnANSsUUSZAA

VYBVOUAN AMLINGIAANS UN1INEIFY

nuasAEns Nadvayuaildanglun1sinideassl

g

916

8. $18N1991984
[1]  Montgomery, D.C., 2009, Statistical Quality
Control: A Modern Introduction, 6th Ed.,
John Wiley & Sons, Inc., New York.
Champ, C.W. and Rigdon, S.E., 1997, An
analysis of RUNSUM control chart, J. Qual.
Technol. 29: 407-417.

w1 LnnYR, 2554, n15LUTg UL
UszAnSnInseninaunugilaiunudigisu
X uazunugiaivauliddanisidines
EWMA filfiadesnneg, dymfaususaan
713, UMTINEIRUTIN, Vays.

[4] fmgnns 8MI19YT M4 BY5EN, 2544, MILUTEU



71 25 avvil 6 waadniey - sua1AY 2560

215815 memansiazinalulad

Lﬁ&l‘ummLLﬂi'qiwanLLNuQﬁﬂ’;UQuﬁhLag&J
fastndniendlmuudsainensnuasdum
antunsdlideyalifinisuanuasdsnd,
IednusUTygly, uninerdumalulad
WITDUNENTEUATINT, NTANNAI.
Hr3gnsal naansng, 2548, MaUseuiiisy
Uszansamveannugiiniunu 1iedeyadl
msuanuaslidiluun®, InefinusuSygiln,
TN ITENBATATERS, NTHNNL.

Robert, SW., 1959, Control chart tests
based on geometric moving averages,
Technometrics 42(1): 97-102.

Hou wigavlan, 2554, n1siSeuiiiey
LHUgiAUANAIMTUNTEUIUNITATANS
Wasuuladluaads, nendnususyaiin,
JRIANTUUNTINGITY, NFANNA.

Shamma, S.E. and Shamma, AK, 1992,
Development and evaluation of control
charts double

using exponentially

917

[12]

weighted moving averages, Int. J. Qual.
Reliability Manage. 9(6): 18-25.

Alkahtani, S.S., 2013, Robustness
DEWMA versus EWMA control charts to

of

non-normal processes, J. Modern Appl.
Stat. Methods 12(1): 148-163.

Steiner, S.H., 1999, EWMA control chart
with time-varying control limit and fast
initial response, J. Qual. Technol. 31(1):
75-86.

Khoo, M. and Sim, S., 2006, A robust
exponentially weighted moving average
control chart for the process mean, J.
Modern Appl. Stat. Methods 2: 464-474.
Zhao, Q., Tsung, F. and Wang, Z., 2005,
Dual CUSUM control schemes for
detecting a range of mean shifts, IIE

Transact. 37: 1047-1057.



