Motivation and Design of the A-MCUSUM

The choice of smoothing parameter r Comparison with other control charts

Abstract

This method is based on the multivariate CUSUM
control chart proposed by Pignatiello and Runger in
1990. We used the exponentially moving weighted
average (EMWA) statistic to estimate the current
process mean shift and change the reference value
adaptively in each run. By specifying the minimal

» Reference Value k determine the efficiency of
MCUSUM, small k for small size shift, large k for

large size shift.

» T he smoothing parameter r is only used in the
multivariate EWMA statistic for the estimation of
current shift, the A,y = 0.5 and
):0 = A\min = 0.5

Shift r=0.05 r=0.10 r=0.20 r=0.30 r=0.50

» we will compare the adaptive Pignatiellos CUSUM in
this work with the non-adaptive Pignatiellos

CUSUM, Crosiers MCUSUM and the adaptive
Crosiers CUSUM proposed in (Dai 2010).

» Detection large range shifts (0.5, 4.0)

» When detecting a Range of shift size, no unique k
value. Propose the adaptive MCUSUM.

> To detect a range of shift size [Aminy Amax]; 000 20026 20218 | 20049  201.86 | 20292 » r = 0.20 for Adaptive Crosiers and Adaptive

magnitude of the mean shift through the t 050 2539 2547 2558 | 2690 @ 3054 Pignatellos CUSUM
non-cen_trality parameter, our proposed control chart C:. = Z (X; — o) 100 971 945 907 906 940 > Xg = Amaﬁz—)\max; for the non-adaptive MCUSUM
can ac.hleve an overall good performance .for i=t—n+1 150 566 535 501 489 480 (Crosiers and Pignatellos) , we use different
gains e o st 2 g e el - ez e

. | late  max{||Cyl|—kene,0} 250 1302 278 250 238 224 MC2 are adaptive Pignatiello's MCUSUM and
method Wlth.another ada.ptlve multivariate as well > we ust yy = h(k,) 300 246 223 200 188 177 adaptive Crosier's MCUSUM; MC1 — MC4 are
as non-adaptive (conventional) control charts. > We have k, = % and ny = ng_1 + 1. if 350 210 190 167 156  14% Pignatiello's MCUSUM (k = 0.25), Pignatiello’s

MC;_1 > 0; otherwise n;y = 1; the process signals 400 183 163 1 49 133 125 MCUSUM (k = 2), Crosier's MCUSUM

We consider the multivariate sum
t
Ci = 2 ict_n+1(Xi — o), where n¢ can be

when y; > H, where H is the control limit to

maintain a described ARLg and its value is close to
1.

(k = 0.25), Crosier's MCUSUM (k = 2)seperately.

Shift AMC1 MC1 MC2 AMC2 MC3  MC4

Ao choice

interpreted as the number of subgroups since the T £\ 0.00  200.09 202.16 202.48 200.00 200.00 200.00
most recent renewal (i.e. zero values) of the » The range of shift size is from 0.50 to 4, the 050 2503 2b5.71 |110.36 30.45 26.50 |99.86
CUSUM. > First, we use a vector-type EWMA statistic to smoothmg parameter.r = 0.20. 1.00 8.73 10.31 35.02 1156 11.44 @ 30.36
MC, = max{||C|| — kn;, 0} cumulate the information from the sample readings > we have ditferent choices of 150 4./0 650 11.72 575 730  10.32
o . | Ao = 0.00,0.50,1.375,2.25, 3.125,4.00 200 303 480 495 355 541 457
which is derived as
" 1 250 221 385 274 252 433 264
where — (1 — _
= et 41 fMCot > 0 otherwise me = 1 Ze= (1 =1)Ze1 + (X — po) Shift 000 050 1375 225  3.125 300 174 325 186 196 363 184
b= et el — T t Where Zg = 0 and r € (0, 1)is a smoothing 0.00 201.86 202.70 199.99 200.09 199.04 19921/ 3.50 1.43 2.01 143 161 316 143
The Pignatiellos MCUSUM scheme signals a shift in
. parameter 0.50 25.60 2553 25.17 25.03 '25.86 | 27.29 400 124 183 119 137 282 121
mean when MC; > H.. H. depends on the choice . 1
. » Then we use the quadratic form E(Z,X7"Z;) to get 1.00 9.15 9.07 883 873 931 | 10.27
of reference value k and the in-control ARL ,
, {zx1'Z, — [1 — (1 —r)*"]52} 1.50 5.02 503 478 470 498  5.63
Pignatiellos MCUSUM charts Ap = 1 — (1— ) 200 339 336 317 303 315 343 Concluss
. . 250 253 251 235 221 222 23
» Another EWMA operator is used to estimate the
0 e \D - . 3.00 203 200 187 174 |1.71 1.75 _
true mean shift A7 with the restriction of only 350 170 168 155 143 130 140 he Shewhart Control Chart can only be good to
detecting shifts larger than Amin, that is ' ' ' ' ' ' ' detect the large shifts
. . 400 143 | 1.42 1.31 1.24 | 1.20 1.19 _
- A2 = Max{)‘?nin’ (1—r)A2, + r)\f} » The EWMA control chart and the CUSUM control
© The reason to be larger than Ay, is to increase the Guidelines for A-MCUSUM ch.arts are good to detect the small and moderate
5 . .. . shifts when choose the smaller reference value 77.
2 detection efficiency for the shifts larger than Amin. > The adantive Crosiers CUSUM and the adaptive
; e _ _ » Set up the in-control average run length ARLg in o ”p CUSUM. th ve th ¥ P )
=2 Estimation of h(k.) the process, select the detecting range of shifts gnatelios , they solve t c .pro erns when
= Monins Arman] we want to detect a range of shift size which
= > ki = % we want to fit the model h(k, ARLy) as » Choose the smoothing parameter 0.05 < r < 0.30 including large shifts and small shifts,
i h(k, ARLy) = Exp(a(k) + Log(ARLg)b(k)) » Choose the initial value, we may use the mean value g Thr?c '?r:apt;: Tgnn?;:e:fj CbUftUlr\/ltI:/vi Thopozed .
» when p = 2, the a(k) = 1.4659888 — of the Amin and the Amax as a good choice Eero;erss(?UScL)JSMu(;focoque emuech baetteretljar?l?d:\e/e
2.8142070k + 1.9093863k? — 0.53392594k3 » Select an appropriate control limit H to achieve other non—adapti\./e CUSUMs<
Eh and b(k) = 0.2095112 + 0.0479559k — desired in-control ARLg |

0.1288563k” + 0.05086997k>

» We signal the process when y; > h.




