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One Sided Upper EWMA Charts (U/5)

The traditional EWMA chart : # #SEWMA

o NiLtE 10, =(1-/)0_ +X,

-1=d —2)*]e

o %I ik “Q—

P
! -

" | A
o HHFUinEL o
o | ’E? AR h=“€'+L\,-"ﬁlai;J

« EWMARGZFE 2 740 EF K TLa P HRETQy=r -

o AFTFFE ANOA<LIZF o § A EABITHR) B0 B R K
LTI ie’/2-0) 0

R i’ f—E’ HfEFE~F1 $£1 48
4 LY RR 7 % % System Rellab|l|ty Lab




One Sided Upper EWMA Charts (2/5)

m Reset the traditional EWMA chart : i #=REWMA
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One Sided Upper EWMA Charts (3/5)
m The upper-sided IEWMA Chart : i #IEWMA
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One-Sided Upper EWMA Charts s
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One Slded Upper EWI\/IA Charts (5/5)

Signal-to-Noise Ratio
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Figure 1. Signal-to-noise ratios of X, and X
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Table 1
An example of the one-sided upper EWMA charts gy
iz =)
X, SEWMA  REWMA  IEWMA I"" <5 rol ARL 500
h = 0.584 0.629 0685 . cONtrol/ L o
— w10 I pHIf PEES FLEFE
0 - 0.0 0.0 0.0 " DN
l 1.0 0.100 0.100 0.103 {694 1 E » 6=15{c 2 LB E
2 —05 0.040 0.040 0.024  ggpor
3 0.0 0.036 0.036 —0.046
4 _08 _0.048 0.0 —5TT0 SEWA REWI\/IA{PIEWMA Ay
5> =08 —0.123 0.0 —0.167 501> Lix A 52545~ 2.7414-2.986
6 —12 —0.231 0.0 —0.219
7 1.5 —0.058 0.150 —0.009
8  —06  —0.112 0.075 —0.076
9 1.0 —0.001 0.168 0.035
10 —0.9 —0.091 0.061 —40.037
11 1.7 0.089 0.225 0.189
12 1.0 0.180 0.302 0273 f|e FmuEXi% i ap, Hu2rdyg
13 31 0.472 0,582 P“%EHUT o / :FE;‘ AR
14 1.2 0.644% 0.775 BEs > 5 5 ERF > R i 3 4
15 16 .6509 s 0.903 K HX G4 LA
16 2.5 0.835 0.915 1.173
17 1.9 0.942 1.014 1.313 T 4 b 4n ok
18 24 1.087 1.153 Loa |0 W EAE i G S IEWMA
19 1.3 1.109 1.167 1.526 S E AR RERE B - —gﬂi o

Note. * indicates out-of-control signals.
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Design of IEWMA Charts @)
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Table 2
Optimal parameters of IEWMA charts
Zero-state m-control ARL

Shift  Parameter 100 200 300 SO0 1000

0.5 (4 L) (004, 1.298) (04, 1LB08) (0.4, 2.086) (0.04, 2.409)  (0.04, 2.810)
ARL 1231 17.51 20.74 25.24 31.57

1.0 (4, L) (004, 1.298) (0012, 2545y (0011, 2.746) (011, 3.046) (0.09, 3.298)
ARL ;. 5.36 6.98 7.84 8.96 10.52

1.5 (4 L) (0.24, 2.543) ((L25, 3.022) (021, 3.158) (020, 3.414) (0018, 3.722)
ARL i 323 3.87 4.25 4.73 5.41

2.0 (4, L) (043, 2.918) (.38, 3.282) (036, 3.490) (034, 3.741) (0.30, 4.030)
ARL o 2.18 2.54 2.76 3.04 3.41

2.5 (4 L) (0.59, 3.103) (L35, 3.498) (051, 3.692) (047, 3.928) (043, 4.239)
ARL i 1.62 .54 [.98 217 2.41

3.0 (4. L) (0,72, 3.204) (0,68, 3.608) (0.64, 3.814) (0.59, 4.053) (0.58, 4.403)
ARL o 1.3 .44 1.52 [.64 1.82

3.5 (4. L) (081, 3.254) (0079, 3.675) (0,74, 3.882) (0L70, 4.139) (0,72, 4.512)
ARL i 1.13 1.2 .25 .33 1.44

4.0 (4. L) (0.91 ~ 1, 3289 ~3.299) (LT, 3.707) (0.85, 3.935) (0.81. 4.201) (081, 4.563)
ARL o 1.05 [.08 [.11 [.14 1.21
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Performance Comparisons iz
® Run Length Distribution Comparisons
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Figure 2. In-control run length PMF of the one-sided EWMA charts (4 =0.1).
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Figure 3. Out-of-control run length PMF of the one-sided EWMA charts when the process
has shifted two standard deviations (4 = 0.1).
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Performance Comparisons (2

m Average Run Length Comparisons

500

- — —SEWMA

100

" .
(a) (b)
Figure 4. Zero-state ARL comparisons of the one-sided upper EWMA charts for

(a) 2=0.05, (b) 2=0.2, (c) 2=0.5, and (d) 2 = 1.0.(§)

o ¥ AEH 40 = fAupper EWMAE B A T 4 P A B g2
A% | gg:g o

Qo RE ZHA A F 1 Fa ek gl

WA 4 527 4B 9 % % System Reliability Lab.

P W




T

A

..‘gt;mf_ 3 . _.- L w :‘-.'_"?;-.___.._-._‘ .- .-_..—:'_:;__. -:_' .'_":__I_ = _-.‘. -'::-._:—.:,_;_-—_— __ —

Performance Comparisons iz

Figure 4.

== REWMA |

IEWMA |-

Zero-state ARL comparisons of the one-sided upper EWMA charts for
(a) A=0.05,(b) 2=0.2, (¢c) A =0.5, and (d) 4 = 1.0.
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Performance Comparisons (2

m Steady-state ARL : f;;f{ P ] 47T 3
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Performance Comparisons 2

Table 3

T

ARL comparisons of the one-sided upper EWMA charts

Shift

Zero-state

SEWMA

Steady-state

Worst-case

REWMA IEWMA SEWMA REWMA IEWMA SEWMA REWMA IEWMA
0.0 499.7 500.6 S500.2 498.0 495.7 494.6 S08.0 S00.6 506.2
0.25 108.7 123.1 108.6 105.4 119.2 104.5 115.3 123.1 112.7
0.5 315.47 40,73 1542 32.46 37.38 32.06 41.00 40.73 38.48
1.0 9.41 10.35 9.43 7.37 8.05 7.39 13.60 10.35 11.29
1.5 4.79 5.15 4.73 3.51 3.72 3.50 8.19 515 6.01
2.0 3.21 3.42 3.12 2.37 248 2.34 6.08 342 4.07
2.5 2.45 2.61 2.35 1.87 1.95 1.83 4.94 2.61 .11
3.0 2.03 2.15 1.92 .61 1.66 1.57 422 2.15 2.54
3.5 1.74 1.85 1.62 1.45 1.50 1.41 3.70 1.85 2.19
4.0 1.51 1.62 1.39 1.34 1.39 1.29 3.31 1.62 1.97
J—- J—«- 222 2= Ke :' A} [ We o
. FRABARER A BT 4 L RARF T H 4 o P 4 d7steady-
state ARL ¥ zero-state ARLz_ 34 75c 4 F3]E 5 4p g %* o
i e A . A T L5 P A K15 = N v
c BT ARKEY o HEE—pHIBaEEAREE L IR —
B3 Tae 4 o
Q/%E?]:.i-’ PMLEAF1 E1 R gy
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Performance Comparisons (12
Comparison with Optimal CUSUM Charts

Table 4
Comparisons between the optimal IEWMA and upper CUSUM charts

”apr E -hapr m

[EWMA: A =011, L = 3.046 IEWMA]A =059, L =4.053
CUSUM: k=050 % = 42390 CUSUM: [k
Zero-state Steady-state Worst-case Zero-state Steady-state Worst-case

Shift  I[EWMA  CUSUM [EWMA  CUSUM IEW M A IEWMA  CUSUM  IEWMA  CUSUM IEWMA
0 003 S00.4 497.7 495.5 514.3 S00.4 4499 4 S00.9 449491 501.3

0.25 s6.4 08.3 B0.7 b3l 5.5 179.9 204.0 179.0 203.6 | 8.6

0.5 258.62 30.86 2382 26.24 34.9% 72.20 &l G T1.20 BT 2,79
1.0 B.96 9.16 644 6.45 |2.69 16.82 2021 15.96 19,56 17.22
1.5 4.91 314 346 3.50 7.43 6.27 6,91 5.61 6,30 6.57
2.0 3.37 3,60 242 2.51 Tt 3.32 J44 287 3010 3.55
2.5 2.59 2 \I 1.93 2.01 4.06 2.19 2.2) 1.92 1.95 2.38
1.0 2.5 2.34 I.66 1.75 3.3 1.64 | .64 1.50 1.50 150
3.5 1.6 2.05 [.50 1.5% 2.87 .34 1.33 1.28 1.28 |.46
4.0 .63 .85 L.40 1.4% 2.50 l.16 [.16 1.14 1.14 .24

¥ 8V CUSUM S 41 Bl 2% 5 © Go=max[0.X, —k+G,]
CUSUM;*: #] 8] ¥ worst- casef ARL#B % *t H zero-statez. ARL




Performance Comparisons sz

m dAe gl FER TR R RSE
H IEWMA 3 %FU%H P> CUSUMH 4] Blde b 2 5+
% (@)

Example - i3k actual mean shift = 3 ¢ ; specified shift = 1 ¢ ; in zero-state ™
ploptimal ARL at =30
CUSUM(% k=057) % {7(2.34-1.64)/1.64x100%=42.7%
IEWMA(% 2 1 =0.117 )3+ & {¥(2.15-1.64)/1.64x100%=31.1%
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Performance Comparisons (2

With and Without Head Start
B R AT ESE S E D A EW,S0 0
% BWAR—gcd T Lo )b pF > Lucas and Crosier(1982)
dp A e~ pesg %wlz F J&(fast initial response ; FIR) &
7; BRI R R L LR EARTE o
B N
e Lucas and Crosier(1982)7%§ d 3 7 - 22% 2 _head
start(HS) value¢ +| Bl P > ¥ 2Z :zHS value /7 >+ %
2P 2w 4R 2 Fie, 50% HS -
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Performance Comparisons (orz)

e MacGregor and Harris(1990)f T ¥ A4S 5 D H
B Ev it g rE R IEWI\/IA O A
BRHREAGEREH T 56% ;¢ (time-varying expression)
¥ & iFE AT ol

o2, = %‘2[1 —(1=2)%

W,

—

P OARC P SRR S % R Bic(time-varying
variance)-] *+#riT % £ #c(asymptotic variance) -
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Performance Comparisons (u2)

Table 5
FIR ARL values for IEWMA charts with A = 0.1
9HS (L = 2.991) Time-varying limit
Shift { 25 S0 75 L =3.002
0.0 4997 498.4 476.9 426.1 499.7
.5 28.05 25.05 21.20 16.16 24.44
1.0 8.99 7.64 5.94 4.13 6.70
1.5 4.98 4.12 3.22 2.21 3.20
2.0 3.42 2.84 2.17 1.54 2.01
2.5 2.64 2.19 1.67 1.24 1.49
3.0 2.19 [.80 1.37 1.10 1.22
3.5 1.90 1.52 1.19 1.04 1.10
4.0 1.67 31 1.08 1.01 1.03
o HS=04p ¥ ** ¥ 31 zero-state2_ IEWMArg 4B o
° g;gyfgfy%@?ﬁ;d;}m\ﬁg ?';H .‘.Lﬁ,‘ , 'llgift”"‘
frxt 2 B 5 FIRME & 4182 ? #J P ARL
N B2 2R Fa e g mer
WA 4 527 4B 9 % % System Reliability Lab.
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Performance Comparisons (2s2)
m  Comparison with Conventional EWMA Charts

Table 6
ARL comparison between two-sided IEWMA and
EWMA charts

Zero-state Steady-state

Shift IEWMA EWMA IEWMA EWMA

0.0 499.6 499.5 499.6 499.5
0.5 37.16 360.14 30.59 30.09
1.0 10.57 10.24 7.39 7.07
1.5 5.66 5.69 3.84 3.78
2.0 3.84 3.96 2.67 2.69
2.5 2.92 3.09 2.11 2.17
3.0 2.40 2.56 1.79 [.856
3.5 2.08 2.22 1.60 [.66
4.0 1.86 2.01 .49 [.54

LT
two-sided IEWMA: A =0.1, L=3.374: traditional EWMA: A =0.15, L=2.909
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Concluding Remarks @)

m P27 om0 IEWMARE 4B

| B] &7 = zero-state ~ steady-
state 2v worst-casez_ At T 0 H 3 (T ar A AP HIT B AL
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Concludlng Remarks (2/2)
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