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The Average Run Length Evaluation for Cumulative Sum Control Chart with Integral
Equation Approach when Observations are Weibull Distribution
Suparat Tangsombun*, Yupaporn Areepong, Saowanit Sukparungsee
King Mongkut's University of Technology North Bangkok, Bangkok, 10800, Thailand
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Yszuawe daiulunmsiivaietitaverinane It aun1st/sHuS (Integral Equation: 1E) lagld
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Abstract

The objective of this research is to study Statistical Quality Control (SQC) with Cumulative
Sum chart when observations are Weibull Distribution Magnitudes of parameter changes are
investigated by comparison performance of control chart with Average Run Length (ARL). ARL, and
ARL, are denoted when a process is in-control and out-of-control, respectively. A common method
for evaluation ARL is Monte Carlo simulation (MC). Although, the Monte Carlo simulation is widely
used for evaluation ARL, it is very time consuming. Consequently, we proposed an Integral Equation
(IE) by approximation with Gauss quadrature for determining ARL; and ARL,. The results from IE
method are accuracy as good as MC but the former takes CPU times much less than the latter method.
Furthermore, a comparison of the performance of CUSUM and Exponentially Weighted Moving
Average (EWMA) charts is addressed. The EWMA performance is superior than CUSUM for the

case of the small sizes of parameter changes, otherwise, CUSUM performs better than EWMA.

Keywords: Average run length, Cumulative sum control chart, Gauss quadrature, Integral equations,

Weibull distribution
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3.3 Amuaszaumsulacuutasenmniiwes midy a = 1.01, 1.03, 1.05, 1.07, 1.09 uaz 1.1
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U =Max{0,U,_, +x, ~k]
=) 1 e o
($ V]3] X, A9 ATAANANNLUN

k ﬁ ® 9 reference value

t 4
av AR

Tunudiefinuuamenigiinugumaden Ssidasiiauuveaunugil (Upper control
limitt UCL) axdAmualisiidy b dauiuer 1ddeulvvesmiiamidusneenuoniasiia
AIUAW (Stopping times) &aft

7, =inf {t>0:U, > h}
4.2 F8aumsi3Wus (Integral Equations Method: IE) §15uusugii CUSUM
mstlizauat ARL Tao33 IE veunugd cusuM Tavsmualde ARL miduileddu

L(u) Aatl

k+h—
L(u) = 1-P[x—kzh—u]+(ﬁ1+L(0))P(x—k).<_—u+ | ¢ (+L(u+x-k)) f(x)dx
' k—u
= 1-P(xsk+h—-u)+P(x<k—u)+L(0)P(x<k—u)+F (k+h—-u)
k+h—u
~F(k—uw)+ [ Lu+x—k)f(x)dx
k—u
= 1-F(k--h—u)+F(k—u)+L(0)F (k—u)+F (k+h—u)-F (k-u)
h
+ [ L(x) f(x+k—u)dx
0
h
= +L(O)F(k—u)+ [ L(x) f (x+k—u)dx
0
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' a o v o o ot
ATWITTIURDT r = 2 LAY H = 2.81 ﬂ'lﬂifgllﬂ15ﬂ3ﬂﬂ11‘11w15111£ﬁ@5 o, =1 IﬂﬂumuTﬂﬂlﬂQﬂ’]i

= ' a ¢ o o 9 1
nasuasmwininesiu a = 1.01, 1.03, 1.05, 1.07, 1.09 tag 1.1 Tasfmualdnl ARL, = 200
uaaawadnif 18 luased 5.1 TassznlSoudioust ARL, uag ARL, uaznain 1 lumsdnnn

¥ . v aga 1 g A ~
71 (CPU Times) 511“&9]?13'351]1’”435”‘1"“'31417]

o = 1 ay ¥ ° 19y asy A o ¥
MINTY 5.1 L’IJ?U‘]JLTIEJ‘?JﬂFU?N ARL 182 ARL, Y]Ulﬂi)'1ﬂ<ﬂ1u’3mﬂ'lﬂ’lﬂ’)ﬁ MC uag IE L‘lJ‘Bﬂ'l‘H‘NﬂTH

r=2,H=2.81,n=10" uaz ARL, = 200

Monte Carlo Simulations Integral Equations Method
A ARL CPU Times (sec.) | ARL CPU Times
(sec.)
1 200.401+0.608* 1124.100 199.270 42.167
1.01 169.567+0.515* 953.509 169.274 42.167
1.03 125.345+0.375* 712.707 125.368 41.980
1.05 95.654+0.282* 542.852 95.857 19.906
1.07 75.600+£0.217% 429.705 75.416 19.740
1.09 60.946+0.170* 343.748 60.856 8.424
1.1 55.252+0.152* 311.534 55.137 4.750

*

drmudleannniai g

1NMTIN 5.1 wudullenfSeuisunmn 19 lumsiszuiana (CPU Times) aga1 ARL,
v k4 ] 1
2y 9 a0 w =) ! @ o a, 1 <t
wagARL, 114210733 1= fiugndeuiivuniifumadni i 1491035 Mc udldnafannndieysoy

WeuR1AT MC
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' H <% 1 d' ° VY acy o
man 5.2 Wivuisusues ARL, uag ARL, 7 Id9ind1uiaA w2875 IE ¥0dunugi CUSUM

taz MC vounud EWMA iiefmuals n = 10’ uaz ARL, = 500
CUSUM EWMA
Q) Integral Equations Method Monte Carlo Simulations
=2, H=3.6695 A=0.01,H=0.9351
(2,1.0) 499.574 499.577+0.504*
(2,1.05) 187.654 136.815+0.178*
(2,‘14.1) 91.809 69.386+0.051*
(2,1.2) 37.044 33.198+0.091*
(2,1.3) 21.746 21.686+0.011*
2,1.4) 15.247 16.142+0.008*
(2,1.5) 11.753 12.89€+0.005*
(2,1.6) 9.590 10.765+0.004*
2,1.7) 8.126 9.2684:0.003*
(2,1.8) 7.070 8.1534:0.003*
(2,1.9) 6.273 7.2934:0.003*
(2,2.0) 5.650 6.6094:0.003*

* H
mwﬁuqmummgw

1INA13197 5.2 WenlSeuifleunl ARL veuwugl CUSUM /2673 IE uazunugil EWMA
3/ ad o 1 1 d 1 . =Y ° v a
A287% MC fmualial ARL=500 wuiule & <1.3 fi1 ARL, ¥09unugil EWMA A1nTunugil

CUSUM iaziilo o >1.3 fi1 ARL, ¥Bunug il CUSUM fndlwugil EWMA
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MIANaMIIeNY Midszanas ARL, waz ARL, 10835 IE #9675 Gauss quadrature
dmfuurugd cusuM dedeyaiinsusnuaauylyadiusy Idmszinagndesiouiiy
wadni1891n%8 Mc udnaiildlumsdnaauandufuinn Faamildnnis E Hnaly
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