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1. Introductlon and Ilterature review
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m In this research, a recursive equation is first

defined to update a statistic (called belief) In
each iteration of the data gathering process.

Then, similar to the well-known CUSUM and
EWMA methods, thresholds are derived for
the updated values of the beliefs.

When the updated belief is out of the derived
threshold range, an out-of-control signal is

Issued.
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b % kip iteration > £ O =(X(,X5,...,X)
LR EX,
B(x,,0,.,) define the belief in the process to
be in an in-control state.

m In this iteration, our aim is to improve this
belief based on the observation vector O, ,

and the new observation x,
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BRSO AERIEE & 0 B ¢ mean y, and
variance o?

m B(O, ,)=B(X,,,0,.) be the prior belief in an
In-control state, in order to update the
posterior belief B(x,,0, ;)

B (Ok_ 1 ) e"k{;#o

Xk Ho

B(Oy_1)e o + (1 — B(Ok_1))
(1)

B(Xk, Ox-1) = B(Ok) =
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m Then, by defining the statistic
B(Xk,Or-1) B(Ox)

L

" 1-B(X.0 1) 1-B(0y) )

m the recursive equation(:L & 4] = 425¢) will be
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m Hence,

k
Xk —Ho Xk Mo | X1 Mo Zi:ﬁf_k‘”ﬂ
Zk — € %o Zk—] — € %0 a0 Zk—z — ... =P a0

m |In other words,

k S k P —
Ln(zk) _ Ziz] Xi kau[] _ Z (XI O-Uau{]) ~ N(O. k)
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m &P g4 s (UCL and LCL) for Ln(Zk)
UCLLH(ZR) = C\/E and LCLLH(ZR) = —C\/E (6)

m 2 ¢ cH - i multiple of the standard
deviation

m o Ln(Zk)2 7K E A
P(—cVk < Ln(z,) < cVk) =1 —« (7)
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m O FITiE 1S
) p—C k ec\/E ]
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_ (11)
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3 Slmulatlon experlments
R BT AN S

1. - L REY A

2. = H_p #p K AR(1) observations
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Bk s 2 B ® W & pF > pairs of
iIndependent uniform random variates
(Ri,Riy1); i=2k—1; k=1,2.3,...)

are first generated and then

Xy = /—2Ln(R;) cos(2mR;, 1)
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m &% ¢ * EQ. (1) the belief (B(O,)) is updated
In that iteration
m ;A2 WUCL&LCL % 4 £ -8k
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B A EEEE & EWMAZE CUSUM
(reference value) = 1

m I * g 0 v g7 GEWMA control charts -
optimal EWMA -~ Shewhart EWMA -~ GLR -
and CUSUM
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SD= standard deviations of the run lengths

21 T
] -lj— 7 % Ao
Table 1. The results of AFELG and AH.I’_1 study for [ID MO, 1) observations.
i Proposed Optimal Shewhart

Shifts method sD EWMA 5D EWMA SsD GEWMA SD GLR SD CUSUM SD
0.00 54800 21.370437.00 4.34 430.00 428 43300 424 43900435 43400 436
0.10 63.50 0.880 297.00 430 294.00 2.85|304.00 2.75|295.00267 32600 323
0.25 23.01 0.230 110.00 1.02 109.00 1.021105.00 0.791108.000.80 132.00 123
0.50 8.55 0.070132.40 0.25132.40 0.25] 34.90 0.23 3620 023 3720 0.30
0.75 4 66 0.030 |15.70 0.10115.70 0.10]17.40 0.10 18.10 0.11] 16.70 0.11
1.00 315 0.020 |9.95 0.0519.92 0.05|10.70 0.06 11.10 0.04 10.30 0.05
1.25 251 0.010 LL.24 0.03L719 003736 004 7658 00 0.03
1.50 1.93 0.015 5.37 0.02 567 002 541 0.03 559 0.03 570 0.02
2.00 1.40 0.009 403 0.01 391 0.01 3.41 0.02 354 002 398 0.01
3.00 1.04 0.007 263 0.01 229 0.01 1.85 0.01 191 0.01 255 0.01

A=0.128
Parametersc=1.5 A=0.128 Cc=2382 L=329 £=3.45 H=494
I=0 [=2 82 [=39
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3 2 Auto correlated AR(l) process

mOBEGKBLRIE A RRFETIC R T & T O
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o A process {yk}is said to be AR(1) if it Is
generated by Yy — to = @Y1 — o) + &k (13)

m H ¢ @isthe autocorrelation coefficient - #
Flo(-1,1)

m &k IS a sequence of [ID normal error term
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m a2t 42 5 ¢ > the variance of the

o
1-¢p?

observations is Var(y,) =

R
ek =Y — Mo — Qi1 — Mo): k=
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B(yk’ Ok_l) - 2k o VMo~ Pk _1—HMg)
B(Ok—l)eag + (] - B(Ok—l)) B(Ok_l)e Te -+ (1 — B(Ok_l))
(15)
m Fpt ¥ iF 11100(1-a)% confidence interval
i E—C\/k_‘l—f EC\/R—-I-I ]
P < By, 0r-1) < =1-u
(e-cvki 4 1) Y Ci1) (1 + ecvie)
] ) (16)
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m % gk 0 v 3k residual-based EWMA
chart [15], residual-based CUSUM chart [16]
and one-sided CUSCORE chart [25] for
selected auto-correlation coefficients of 0.1,
0.5and 0.9
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Table 2. The results of AFELG and ARL1 study for AR(1) with $=0.5.

. Proposed Residual-based Residual-based
Shifts method sD EWMA SD CUSCORE SD CUSUM 5D
0.00 451.00 17.37421.00 417 420.00 435 430.00 4.26
0.10 93.50 1.24 257.00 2.59 295.00 2.67 301.00 2.83
0.25 32.01 0.28 134.47 1.22 144 532 1.30 185201 1.73
0.50 15.55 01 67.328 0.55 67.282 0.5 89979 0.80
0.75 10.66 0.06 36.8727 0.30 36.677 0.26 48.2835 0.41
1.00 727 0.03 23.682 0.16 26.22 0.15 29.3704 0.23
1.25 551 0.02 17.4242 0.11 17.944 0.1 19.8704 0.14
1.50 4.93 0.01513.1241 0.07 14.493 0.07 14.2967 0.09
2.00 3.60 0.0084.93 004 3.9 0.04 8.98 0.05
3.00 2.4 0.0053.32 0.02]1.8 0.02 4.05 0.02
A=0.1 1=35
Parametersc=1.2 1=251 k=0.25 H=4 25
=20 r=0.5 k=05
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Table 3. The results of ARLD and AHL1 study for AR(1) with $=0.9.

. Proposed Residual-based Residual-based
Shifts method SD EWMA SD CUSCORE SD CUSUM sD
0.00 451.00 17.37418.00 425 44300 4.05 426.00 419
0.10 394 63 11.24386.00 3.97 393.00 3.5 391.00 3.83
0.25 29124 6.77 33035 3.34 28502 3.22 35811 3.48
0.50 178.13 3.34 268.02 2.69 201438 255 30127 3.01
0.75 127.09 190 211.28 212 14679 2.09 256.89 2 49
1.00 01.84 122 177.96 1.69 115.40 1.70 217.42 2.09
1.25 7214 0.85 144 45 1.31 88.62 1.35 183.75 1.79
1.60 60.18 063 116.64 111 7297 1.10 160.25 1.52
2.00 381 0.41 8593 0.72 829 0.47 11898 1.13
3.00 282 023 51.32 0.39 55.8 0.26 63.05 0.63
=145
Parametersc=1.2 A=01 Kk=0.05 H=425
=20 =251 =01 k=05
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Table 4. The results of ARLD and AHL1 study for AR(1) with $=0.1.

. Proposed Residual-based Residual-based
Shifts method sD EWMA SD CUSCORE SD CUSUM 5D
0.00 451.00 17.37425.00 4. 37 44500 405 428500 417
0.10 103.63 1.54 189.4.00 1.87 232.00 2.22 391.00 3.83
0.25 40.04 0.36 69.01 0.62 100.30 0.40 101.25 0.97
0.50 17.68 011 27.51 0.21 33.63 0.14 3533 0.30
0.75 10.87 0.05 15.83 0.08 16.584 0.08 17.22 0.12
1.00 829 0.04 10.57 0.05 10.54 0.05 10.44 0.06
1.25 6.30 0.03 7.70 0.03 764 0.03 7.49 0.04
1.50 525 0.02 6.43 0.03 5.93 0.03 574 0.03
2.00 4 0.01 439 0.01 415 0.01 3.98 0.01
3.00 2.67 0.01 2.84 0.01 267 0.01 2.54 0.01
=472
Parametersc=1.2 A=01 Kk=0.45 H=425
=20 1=251 —=0.9 k=05
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| - case study

m process shifts to the mean y,=0.1

m 55200 iR &
g standard Shewhart, CUSUM, and
EWMA charts

Table 5. The process data.
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Obs. No. Obs.
1 —-0.403711 —-0.9202
2 16336 12 04118
3 —0.223813 0.7242
4 07271 14 16376
5 -1.375615  1.8857
6 -0.773516 0.6630
K 1.8541 17 04673
a8 05053 18 1.8906
9 -0.122419 -2 5656
10 055932 20 -05820
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Fig. 1. The control charts of the case study.
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future research
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