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[Abstract]

Most process date such as semiconductor and petrochemical processes, autocorrelation often exists
between observed data, but when the existing SPC(Statistical process control) is applied to these
processes, it is not possible to effectively detect the average change of the process.

In this paper, when the average change of a certain size occurs in the process data following a
specific time series model, the average of the residuals changes according to the passage of time, and
the change pattern of the average is introduced around the ARMA(1,1) process. Based on this result,
the reference value required in the design process of the CUSUM (Cumulative sum) control chart is
appropriately considered by considering the type of the time series model of the process data of the
CUSUM control chart that can detect small mean changes in the process and the width of the process

mean change of interest. It was confirmed through simulation that it should be selected and used.
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1.1. If the model is knowledgeable
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2. Process control performance comparison

A7t A2 2900 39, A312E Beleg Hed o)
e MIB0R(0) B TRIF BelEle] Ha-A-2
o](in-control Average Run Length; ARL,)= T}
o] Aejgirt.

ARL, =

710N, a=PrlZ & (LOCL,UCL) | u= ]

glo} Bejgo] MEE ARt YEEg
Mgstin, B £30,2

O
=

2]o]=H(out-of-control) /o] LAYt

ARL,= 93] 7}x] 2] =o] 45 vlwsl 2t wej=
of BjEbiE B4 Bao] WP} gle 290 thslo] 7}
Hsto] ARL,7F B 252 HAster H89 4 gl
Eﬂ, —f—}f—i}ﬂ —T":}'EIEJ 75]TE‘ _I_LE:]f—S}O:] O.:l_hf]_ﬁgi Q}:

370 =7} =t
2]z o] Ao ZXo] oAt Yolo] YIS mj, 2e]

Oow O O

= Aol Hoft we) ZE & YA 5ol vlasp

Eed, H2jold Al Bat--Zol(out of control
Average Run Length, )& E3| 8|2sH =t ddbxlo
2 ARLE thgi} Zo| el

1

ARL1 = T

=@

oA7|N, B=Pr|[LCL< Z, < UCL | = iy + o]
2 U= Al 2% 2F & 38 Bl oA
iy (= po + 60,6 = 0) 02 WAL S o, H2|gAE o]
ol Ol 7R A Q&= #19] ZolE Qufgtth 9ief,
1— 37} 19] 7Wk9) Ak ARL, -2 19] 77k Zro] Ue
Al El=8l, o742 30 o] dglo] WAYSHA| =W Bt

o2 1 thg AP Helwd] BejojRz ASHC)

III. Average change in autocorrelation
process

1. Mean change in time series model
Azt 22 ARMA(p,.q) = T2 54 A=
S490lo Qg 34 Wshl wARCI, Yol 37
g Z,= %’\O 019] g3Fo g QA= (contaminated)
FHle 34 RF N2 chga 2o nygoz nywch

N, =f(t)+Z, (4)
= wé(B)L(T)+ Z,

A sfo] 7ol é(B)L(T)% 4u910] o)) 23
ol% Al SolAl Bl ul3l Wkl Fejg ojojgict
AZNN £(B) = 1+ B+&B%+0| 1 1,(T)=

_J1 fort=1T
It(T)i{O fort=T

, %1} HoHmean shift)7} &
2 BAT 4 Q3]
Oﬂ /\P‘* of| A “( Juy

oJ-E'i



A Study of The reference value of the CUSUM control chart that can detect small average changes in the process 77

A(6) 20 PR} st AlE o= B W
alo] oJafo] wurZo] At W Wale e Ha
N T h(E—1,2, <)ol w(i—Ym)e] 27]

i=1

2 Firte] Wago] WakA ek,

1.1. Process change in AR(1) process
YRR 7,7} AR(D) 3 mee 7, et 2

S

h:l"

o]

Z,=¢Z,_,+a, t=1,2, -, (6)
o71M, a,= Bwto] 00]iL 74ho]
HBARZEO(white noise)u}/dolct.
AN ¢ A B4 okiw, A tolAe
MMSE £ QA= )&} Zo] B3 4 9ict

29 Az =0l

e =2~ ZAf (7)

A7) 7], MMSEF: Z,= ¢Z,_,0l1, e, =aq,
7} "eh &, ZRRRE= E@go] 00]y BE HAP} o9l H=
Mz =5l WARZIgo] H.

2ot A TN 578 Batol oM py = py w2
HotA =¥ AA 38 2 Z,7t obd N 7F 2AdstaL,

Tebd AL ke 2ol Wl ek
ep=Npy—Zp_ (1)
=(w+¢Zr_+ap)—¢Zr_,
=w+tar

NN, Zp=Zp (1) AF (T—1)olA 3t 1
AV F MMFE oZR12A Zp (1) = ¢Zy- oItk Al
B T+19 AL, oS0 HEEl= AH T BA

e Npoloz mapy,

€r+1 :NT+1_ZT(1)
= (w+¢ZT+aT+1_¢NT)
=(w+¢Zr+ap,,—dw+Z7)

:w(1_¢)+aT+1

o710 Zp(1) = 6Ny = dlw+ Zp) ol
glo] Aukg aorste Al®) 2k

e =a, t<T (8)
=wta t=1T
=w(l+¢)+ay, t>T+k k=1,2,

o)z B, Y 39 2,0 AR TN v 3

@ weph Wt W}OﬂHL A7 TN E wol
o5 AIRE Tk k=1,2, - 0HE RE AR 2
2 3719 w(i- >D+34 B0l el B

1.2. Process changes in the ARMA(1,1) process
THAE 2,7} ARMA(L]) B2 tecd 7,9 v
& kg3t o] A(9)0 2 BFHCE
(1-¢B)Z, = (1—0B)aq 9)
oA7IM, ae Hgol 0017, ERBAI: ol WARLS
pgolct,
ARMA(l 1) IS M2 3y Z, oA A tolAf
A (t+1)oMe 34 3 Z, 4 ol Oigh 1A &
A5 7,(1)& tha} o] B
Z, (1)= ¢Z, — Oa,
o471A, a, = A tollxQ] QAto|Tt.
ol2EE] AW toAe] 1-AH F MMSE o|59xt
e, (1) (t+1)A189] ZRt= ohgat Zo] SLaefxlct.
Loy~

e =e(1)= Z,(1)

P

wjabA] ARMA(L, 1) I8 o2 Ao Al TolA
w(=00)0] HAHEP WA= 9ol TAFe] Bt
AR R okt o] HERE 4 Qi



78 Journal of The Korea Society of Computer and Information

t< T
Ble,) = {0 fort <

w fort=1T
aela, > THk k=1,2,---9 AQo=
m=1+¢—0, 1,=(1-0)0—¢)0" ", i=2
olm g
. __pk
E(et):w- 1_W (10)

7t "ot o714, we AR TOoA A8 2 7dollA
o] F+ et 370l

wgol Walgt A To|5o] St ARlo] 527
H k—+ 00| Bo], ¢, Fd2 Uit 22 FHiz 9
st =t

Ele,)=w » [1— (dl):z)} (11)

ofebAl, A(LL)o] ofskd ARMA(L 1) 2PgS ofzt
A A2o] Bg Weph LAt MMSE o5 0] Rixjo)
Be vhd wet Ws 37le dept ek =i

34 B3O W 2] w2 3 BEA 2,9 DAY
A 0.9 BIAR w=c0.2 BIISI9HE, ARMA(LD)
e maE 7,9 0.5 N(0,0°)S TR st
A A|(13)9 o] Tt

o

_ 2

1—¢°

© =wollME ARMA(L ) 29| B4, 0)3} v
3710 mg AR vt Hel YRS HESHL ol2iet
TAHE CUSUM #2j=of A& mfe] 55 RofddS
5ol dmur|= oft

2. Variety of residual mean change

07t G0l | ¢ > 691 Holl= THARe] Hato] Al
TolM= 2717 wl 32 2RI 21 o2 AlRoA Al
751% 71:: o}O:] }\1(12)4 71’& /\Eﬂo}‘_—‘ EAQ EO]
o} ol 97 Faol i [ o] < 091 Aol Atxte] B
o] 2717k wl ZLo.2 AlRRste] 1 o]% AolA Al
qoz z7lelol Al(12)0] gL ok YEIS LieR)
Al 9t} B3, 67} S50 9ol Abxle] Ho] s

(oscillation)sh= TjH o2 Ueht= 718 & 4 Qloh
olXM™ Aol EAllsk= sl dish Hel=g A
25 7320 MMSE of&0]] 40} Kbcp} il JgL

%)%]o] 0]0 o g]-o]oT- /\ o) q %Oﬂ iides ‘?_}Z‘ﬁ(—a}h
Aol A9 g7 Aol e 7le) W wats 7%‘}
Zo] Felw H8o| e 2RI, x|l 9

4] 73 Ooﬂ IR AL F7 ]4 J A5} wAys

l

fr

%” 2 5 74%01]/‘1 AHol7} Q % ES

o] #e|xo] 450 Afolg BY ,i&i quaq, o|aJ5t
HigollA 2 Aol hgst ZHx

7120 AAIE 2] gio] AH5-g vlwstal Ab7]Aao]
FEAlshs 3780 ¥ fagt Heeo] HEE 9t 71
AIAISFLA} St

IV. CUSUM chart design

1. Proposal background

AR BelEo] Mgshe ojEdel del wyos
SCC(special cause charts)’l AFRE=0], SCCo ©A
< A2 34 deto] Estthe Aol old ©g S
Asp] Qs CUSUM 2l=rt w2jg 4 qlovt 339
ARMA(1,1) 29} ofjoflA] Hojx|Zo] 2y F7Jo] 24
27 =it} steete 2AE RYezdE =&5H R}
off Aol et Fato] ¥k E/do] YEhr] miEol
CUSUM ]zl MA w4s E3|) Ao 799
iid3730 ERge Atngrol, ARt Aol Efsiche
B Qit}. mebA, ZIAFE CUSUM #e] o &85 of
A1 ogA ARt Aol L Aloj thet =ol7t 1
Qs oM ol2fst A9 siEE sl CUSUM
e eo] gt 24 WS v, dESkLA} qit.

-

0

2. CUSUM chart design

CUSUM 2|t 3749 34 5/47] Al2S ARMAR
ol s stel 73t ARl MG 4 9t BUE W

08, #312E Y2lwo] ujsto] CUSUM H=t 37
of xte BT Wale of aeNoR AFY 4 ttn &
24 QJct. CUSUM et 7|EAXO0 2 jid 370 of
o ste W@l Wakg 22| YT WHo IIA
ChE ARMA(L1) 347} 22| APl Exfete 37
oA BRI WY 27| AAH B Aaprl 1y

- w1



A Study of The reference value of the CUSUM control chart that can detect small average changes in the process

79
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37 At Z ol tisll 20, 0)E 25t Atas A3
Gh— ZJ EFHAE ATsto] A[(14)9] k,°F A1(13)9]
a] ARL,y7} 3700] &+
o] We} F7]of met
ARL, 0] o2 L‘TE}L}tKIE lla}o:] CUSUM 2| =
9] /452 Hlusttt. o] off, ¥ojx]= CUSUMY| sAIZ
< o2 Zoh
S =max[0,5" , +e, — k]
S, =max|0,5,_; —e, — k]

Jﬂ‘ﬂ °P7ﬂ( )%

in k.and k

ARL, for 6 inw=4§+ o,
(¢,0) k. h. :
0.5 1.0 15 2.0 3.0
—0.4 0.4554 5.022 12.3 5.9 4.1 3.2 2.3
g): 07 0.5050 4.644 12.2 5.7 3.9 3.1 2.2
Y 0.5565 4.303 12.6 5.7 3.9 3.0 2.1
ARL, for 6 inw=4§+ o,
(¢,0) koo heo :
0.5 1.0 15 2.0 3.0
—0.4 0.9818 2.565 16.2 5.6 35 2.6 1.7
g): 07 1.0318 2.439 17.1 5.6 34 2.5 1.7
Y 1.0818 2.320 17.8 5.8 35 2.5 1.7
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oA71A, e, AR tollA9] Zixfoln} 5 =o00]n
Sy =092 MR,

DojAde 7k7k 50008 £8Y5tgion, K9] AMEL
ARLy7} 3700] &]&=% Hawkins & Owellof|A] K]%?_P o
232 o]gsto] 25T 12].

1. Simulation results

ARUAL 1) 338 et 3 2 33 Habl
ugeh A%0l, £59 ARte] Bao] 27 Al 71l 53
02 Wole Ag ¢ 4 9tk 2 g3el thEH £°é0ﬂ
chsto} Al(13)2 A(14)2) ke 2Rt ¥ 3
70| 0.50. 94 3.00.71A] THISIA W= 7390 o
sto] wOlUEe S8 ARL, & ot CUSUM 22]0)
vlask At g,

Ao
oo =2
(1) ¥t gwtol F7tstke FEH(O > 0,161 < 0)

Axte] Bao] F7IShs 9ol <m1>} 2ol Aeli
ol Aol 34 e, )olA 1.0 ol5te] 34 Hdt wish
(1 < pp+10. )7 WIRS o= k.S olet
CUSUM 2] =9] ARL,0| k, & 0|83t 74ut} ZH
UERITE o2 So0], 0.50,°] B4 Hsl} ahgst 7490

£ 0|85t ARL, 2 17.10|A|%F k.2 o|8%t ARL,
& 12.22 A7 Uehych &, fHxte] Hto] Sutske §
BlolA] AHe A wislol o] TAlo] 9= AHOo=
(k.,h.)?] CUSUM T2|z AARAZ ARRSH= 70|
L)el Aedrt miZte s & ¢ = 4 9188 st

=

(keos
?_6 olq

(2) Ztxpo] ato] ashs FEO > 0,191 > 0)

3ixle] Wpo] Zast Fehel Aol <m2-e} 2ol
370l 1.50. ol’ge] BF Wabh AR 0, k.2 ol§
g CUSUM B2 =7} k., & 0|3t 280t ARL 0] AP
Uetth o2 Sol, 2.00. o W Wabt wAE 2
k & o]&3t ARL, 0] 5.79It] v|oiA] k., & ARL,0l&
A0l 7.12 ekt weiA] Atate) Bato] Zasts
FefoIAT= Ahe 37 B@o) walo] o] Tlo] Qi %S
ol k.. o183 CUSUM H2l= 4AS, 2 374 B39
wiajol] ohsh o] 9l Aol k.2 olg5te] CUSUM
o2 WPt 2ol 2 Ao Uehdeh

r&l‘ ?‘0

r

(3) Ixte] Fwtol A-ssh= FEN(O < 0)

Atxo] go] AEsh FelolAis 34 x12o) Beol
2.00, o]}o2 u|wA 2 Zo| TAEHo| Blsk= Q0=
k.2 o]83st CUSUM #2] w9 ARL,0] WA UeRict

SHRIRH 100, olate] ke 374 ol wgjolre 4
o2 k, 2 o] &3t CUSUM #2|=9] ARL, I}
<EO|AN B A o] Aol tmA| Lehgrh

2. Performance comparison with other control
charts

oro] wolAge =5, ARMA(L 1) IS 2= 3A
o thsto] AR CUSUM #a]wo] ALsh= 7Aoo
ARMA(L1) Z19] 256, 0)2t T4 ke g Wslo)

37)(6)2 neiste] AnZEe AR GH= Zio] vlAlsichs
A2 & 2 QT <EAOA B A AT g2
At S Rpol2 HolErh

CUSUM #2|=5 o] &oh APt &7 Hwte] wslo
WAQlo] T2 Be|e & B} ARL O] A U HS &

Table 2. (¢:0.7,9:0.3) in ARMA(1,1), ARL, using in k.and k.

ARL, for 6 inw=4+ o,
(¢,0) k. h. !
0.5 1.0 15 20 3.0
=0.7 0.4840 4903 87.2 224 10.1 58 3.0
Z): 03 0.5340 4518 92.8 235 10.1 5.7 2.9
Y 0.5840 4185 97.5 248 10.2 5.6 2.7
ARL, for 6 inw=4+ o,
(¢,0) koo he, !
0.5 1.0 15 20 3.0
¢ —0.7 0.2551 7.904 61.1 20.7 11.6 7.7 45
9 B 0'3 0.3051 6.981 66.0 20.2 10.9 7.1 40
Y 0.3551 6.249 70.0 20.3 104 6.6 3.6
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Table 3. (¢=10.6,0=—0.8) in ARMA(1,1), ARL, using in k,and k.

ARL| for 6 inw=4§ * o,
(¢3 9) kz hZ !
0.5 1.0 15 2.0 3.0
—06 0.9578 2.629 209.9 72.0 20.2 43 1.0
g’: .08 1.0078 2.496 2219 76.6 21.4 4.4 1.0
- 1.0578 2.374 219.6 80.4 22.2 43 1.0
ARL| for 6 inw=4§ * o,
(¢, 0) Koo R !
0.5 1.0 15 2.0 3.0
—06 0.1740 10.062 88.5 328 18.3 125 6.9
g): .08 0.2240 8.608 93.2 323 17.1 1.2 5.8
- Y 0.2740 7.526 100.2 326 16.5 10.2 48
Table 4. Control chart performance comparison
¢=—0.45 CUSUM CUSUM
0 =0.44 scc X EWMA
(0) (0,)
Shift
0.0 370 392 392 369. 366.
0.5 8.7 152.2 5.9 3.0 3.02
1.0 2.6 441 2.9 3.0 2.72
1.5 1.8 452 2.0 1.12 1.18
2.0 15 6.2 1.8 1.00 1.00
25 1.2 2.6 1.3 1.00 1.00
3.0 1.1 1.4 1.2 1.00 1.00
2 9t whehd, 9 mge] HooE Algmol Ex & 30 Wt wisks sk Ao] st o=
she 340 24 S4AIZ AAY 2ao] MYstel 73 &k Ao EHoH CUSUM Z2|£5 A gate 32 9L
ks RUEY she @ FolM CUSUM BR=S A ojre 37 Alast 2k AIAY 2ol deje o) gle
8ot Zo] 7V WEs} 292 EelE 4 gk 27 W wslo] 2 nejsto CUSUM Telwol A7)
gols "ast Fuglo] Ads] Meglo] AbgEojop
ge BoUYS 5o aAlsty
VI. Conclusions
7} Walter A. Shewhartof 2J5}] Ajotel Ha] e &}
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