Journal of the Korean Data & g o] 8 4 B 3}3] 7]
Information Science Society
2011, 22(4), 679-690

FRBADNA 2HASY QPASS
J

29
S A=A FdFe] (statistical process control; SPC)2} 2584 #2] (automatic process con-

trol; APC)+ 3739 F4& 4717 skl 713 g ARgshe Wit o] & $R/e] #g
Aake MR FPH0E A8 A7HA SAW, Aoy At 342 4 AA7E SRt £
T FFE UER ] w2l F FEEAE Bt ARgeEN HE|BTE SAZ - A 9
t}. o]} o] AT} FAE FAN ARt FHS £ Ul E8F 02 Agstu} s AAE B
FA4&e] (integrated process control; IPC)glxl bt} IPCE] 7|2 A= 320 UAlsh= &34
sl SAHARAE Ao, oyt £3E8F T FH ojdddo] TR AE=E FI oE
GA3= Zlojth. APCEZ 2AH FHS T 4% dubzoz ZHWULE AFAFoE A
St o), dEWSE HEFAFLE AR AT AHER th o] =RoA e FHolFET
(integrated moving average; IMA) (1,1) 52337} HAHFAF LA} (minimum mean square
error; MMSE) 248 /4% 49, 904, 8%, 201 #9059 Jeuse 4ug v
ol &3, & 299 YN Ao|HTE AR s EAke] E&S vlwstal Stk

ot

d)

E

Fagol: #eE, 4fus, AesAde, YU, $AH FAwE, LA,

1. A&

Aol AL FAAF 7] 8t dtF oz A2 FAHAE (statistical process control; SPC) <2}t
A58 @2] (automatic process control; APC)E @] ARSI Utk (RHsaAddeE e 84 &
A #&e] (engineering process control; EPC)2lal £g]7|% 3it}) SPCE FAARES] Qo] o)Al
(special cause)©] WA 9|3 A0 M 0|8 BAST AAFO N FHHES Foli Bgolm,
FE AEE I EFE AR Qi

3}sHik] (chemical industry) o]y} XA (process industry) 59 FA4oAE AZ3HE0] A=
AdEo] Qa1 Awd 2% gl AF FATE] BRGCERYH HoAe AF%E /AN Y= A
7F Bk o]Y FAoAE A dUdE WA IS (noise)ol] &Jg Z1oE By AwiH o R I

=) ZEEH (feedback controller)E ARGl FAFFo]l Hxghol 7 FARES 3 3
o
A

of¥

& 1o

adjustment) S 314 Gt} o]9} o] BASRL 3 FARE AAE APCeI ). o] F
B A= FAX FA 7ol g 3t A E A"ste] 342 dElee AR A gou,
o] =2e 20109 AR (28FTAER)0 AR FZATADY QS Wol 23 2 ATALY

(2010-0009571).
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680 Jaeheon Lee

o] A AL TR AT Bt £ e vEhl Y] w2l 7 S
22X #eE2dE SHAIZ 5 A Aok S, ddiY] A 3L SRR AN F= 4,
i 4 Q7] oRol, B4 A8 Fol #7140 TAFAL FUA ol4Udls] WAL FA0) B
= Zﬂol Hpgrg sttt ot o] £A3 GAE Al AMEEte] S £ U 8o dejstaat
3= AAE 53 FE] (integrated process control; IPC) gkl st} o] tsh 2 A+ Pan
Del Castillo (2003), Jiang (2004), Runger 5 (2006), Nembhard £} Chen (2007), Park (2007), Park>}
Lee (2008, 2009), Park3} Reynolds (2008), Lee2} Kim (2010), 221 Reynolds2} Park (2010) 5]
ek,

IPCe| 7|28 2= z‘% | WAsks &7l tiste] FAsEe] Faghol 71 -rrx]?f} =5 5
A A, AT A 5 T4 o142 WA AVE BAIE 59 £E ABeI] BAT
A ATk IPCAA owu lo] WAT o] Fe] BAL oA E3rh £ B EFE ] B
S FE7E He A7 dubsolnt. o] Zlo] o]l ©AE ofPA vEH, wekA IPColA 284
QI SPC EApe] AHgo] T3 AFFAZE H AL et

APCE zAH F7olA SPCO AMEeh= HE|EY FAFS dntgos WS (output vari-
able) & AME-StaL YA, S oo AT F FHLFOR Qsto] I gEe] WA oA

9] FAZ w2 A Eole+ A7 It} (Vander Wiel, 1996). I3 Y& W< (input variable)¥& ]
Ao JEs AJsAF]7) —?4‘3}04 o]/ le] WAy o] o] H]Ble] G % gol 4L AL 3L 5

= Q7] W2, ISR B 3 o dddY FEf Sl e dHHsE AR o] EEdY
T AoE A3 23x Yt (Tsungi} Tsui, 2003). Tsung¥} Tsui (2003)% 2718 A o) 5H (au-
toregressive moving average; ARMA) (1,1) 22383} o]Adeloz &7l g W3l (sustained
mean shift)E 7FA S wl, FFHZ ] (average run length; ARL) £43 F3lo] S84} ¢5A
L T LCETINEERE

o] =R A= 3] 5H T (integrated moving average; IMA) (1,1) 223 ]-01]/\1 APCE %%
£ 599 B0, TL, Te 3 USRS OE L3 AL DA Dok v 8
. oIS Rl 82 Bast el A% W3 (sustained shift), o 2] 497
= (linear drift) =} BAe] 2|42 W3} A= zhzh nesigict

[of rﬂ

2. B SR A B AT £

IPC AAE +33= FAA o] lo] w3y o]A¢l Fe|atele] ¥4 23 (in-control pro-
cess model) S v#e] HA)

WA Ve A1 toll Ao d5gkolet & of, Hejd 34 HRe 002 v AF Vit SRR
Heje] FZHA} (observed deviation from target)”7} €t} 0|3 &2 ¥ Bxgh
X AR X9 895 3, g AISREAY (system gain) B FAA
Nes AR tolAe] e grolet 2w, 4 e eRRges

Yi=gXe1+ Ny (2.1)

S 2e% 4 Uk o) Bee 449 BT ke g ARoln BE 9%E 2 A4S 4EeT Aok

2 3eS ARMA(LDZ IMA(L1) ool 2 250l Feidl o), A% 2E A7l
o] F B¥S PR3t k. ARMA(L,1) 23S 7143 A7 2= Hugl Roan (1996), Jiang3} Tsui
(2002), Tsung?} Tsui (2003), 12T Leeg} Kim (2010) S0] 911, IMA(L,1) R&L 7443 A7z
+ Box$} Kramer (1992), Vander Wiel (1996), Runger 5 (2006), Park (2007), Park¥} Lee (2008,
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2009), Park3} Reynolds (2008), 28] 321 Reynolds®} Park (2010) 5-©] It} o] =woA+= 549
22 % o BRel ABATGT LeA, A2 AToIA ol A5k 9t ¥44 (nonstationary) Al
Ad 289 IMA(1,1)S 18372 3}
IMA(1,1) 23&

Ny = ! __05 €t (2.2)
2 yehd 4= glen, 9j7]4 BE BN; = N;_1 9 TR AR} (backshift operator) o]l A]7 tollA]
o 39 et B0 0511 2ol o2 RELE BRC FEUSE YA FR 0L 0 <
0 < 191 o]5 ¥+ (moving average)?] EE UERATH ¢ < 09 A N, = 03 ¢, = 0 7HH 51,
A28 gBek ohiz) R e B4l 09} o2& el A SIA, Phase L ehAlol A 23k} 3ol 7}
BE 5 T 2+ S U

r.QH

& T8
IMA(1,1) R8-S 7T 4%, A 21)Y #4232
1-6B
Yi=9gXi—1+ 1-B €t

2 2389y, HA2HFAF LA (minimum mean square error; MMSE) =73 d 2=
1-06 1-6
— Y= RE (2.3)

Hol d2A ok (Box 5, 1994). °] B¢ %E“?‘J—’F YVie 3824 ek T 4s) Xk
o] EwolAE ol 2ol £4d TS Ak W RolAM ARgske SAFCR tad 37HAE

Y;

It gXt

1-—
(3) ERass A AXM%

, 7IM XJ = X/ VS vebdth
p, = Yzl
V2

JF L9} 2ol Dol A RS A7) o]fE MBI F 3714 SAZ] e B
g BF N(0,02)22 53 w7 fsiAeltt. o] AMdE A el Vo] RE7L MR 572
N(0,02)E WEoAN 4A G2 4 Ach F, 4 (23)228E X;9 B2+ N(0,(1-0)*ta? / g*)ol
B3, Y - L19 BZE N(0,202)0] 5 7] wj&o|c}.

d
2

3. o] A gelol Ao THRP I A FAFS] 2=

WA o] FUAL A A ek A 79} 74 1 AtolollA] e, g N o B B4R W3}
71tk 7} 5hA) ?___]\ﬂ}lq,gi 75 A2 HSIAAE (process change point) o]} -2} o st
oddAY B AEA W3t e AYA 558 13k, B4t it o]l & Ao
2 gro] W ¥sHE 243 HIvke 13372 St

B} B4kl H3LE S o]dle] AT Fof FHFRFL2 4] (2.2)8) thulste] k > 19 thatod]

1-¢B
T 1B

2 Uehd 5 Stk o714 k <09 Afolls e = 07} o = 12 3Tk
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bAoA e FHRY S

YT+I€ = gXT-Hc—l + NT+k:

— 0B
=9 Xrqh-1+ ——5 Ok €rqk + [k Oc

1-B

—__1-9 4 1-08 n

= 1_B T+k—1 1_B Ok €Er+k Mk Oc

= - —— . .1

0k6+k+1_0BﬂkU (3.1)

o] "t} of7]A o] dcle] &A= /\W oMol A2 EFE-2 v JA T o] & LA R3] w7,
A3 4 (2.3)F T2 FARAE S5k S Fsty] vietth weba] Fe|AEfe) o] dAdE] ol A
o FARY, & Y 44 f)r%ﬂ} Zol A 4 ok

Y =€, t<T

1-B
Yotk —Uk€7+k+mﬂk0'67 k>1

4] (3.1) TRAAMAE AR a1 Eojx s

Y1 =01 €r41 + 1 0
1
i 3.2
YT+k:Uk€T+k+ Mk—(l—e)zez 1'Ll,k_i O¢, kzz ( )
i=1

o] =k,
3.1. W@ Bare) 2147 ws)

WA ol el avte Fudt 2kl A&A WEke 1) BAh o] AE k> 1o tisto] puy =
0%t o =2 Yl B9, 4 (3.2)9] 2HWF Yrne

Yrtk =Y€rsr + 0" 5o,

o] Hi, FoF} B4 A7t E(Yryy) = 0" 603 Var(Yeqx) =77 020l B2 € 4 ok

E—ﬂv]ﬂ—r‘ I‘r-Hct'

_ QX:+1€
Ik = 1—0 <2€J+VZ€T+J — >
J
T+

o
to
N
N
lo
o
ox
o
(o, -
1o
of
o
o
2
>
o

1 1= 6%
\/T+ 1-6

ol 531, JET BAE 247 B(l,4x) =

HpAuke 2 Aol 4el D,y

60—6‘1’} VG/I“( ‘r+k) 520] %E]’

+k

Yook = Irik—s

V2

_ 1 k-1 1 11—kt
_\/5{’767-&-1@"‘9 5Ue+m(261+7267+3 1-0 S0

D7+k =
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ool o gAY Efz Fre AFH SEF B ALH UNE wes v o] F9E
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1— 0"
Y7+k:767+k+(1_9> ﬂo.e

__pk
o] Hi1, B k2 A E(Yrix) = (11 09 ) Boedt Var(Yrik) =72 ol0l B8 & 5 Atk
o] B¢ WS Ik
% T k k
9Xi 1 1 0(1 —6%)
J— - _ . -y _ 3
v DOLRED DL AN A Ui e S
_ 1 1 0(1 — 6%)
o 1, Fgy BEare Zhzd - — — gy - —
| =i, B AL Zr E(Irqk) m1—0{k T Bo Var(lrik)
T+’Y2k 20 5
L | Aok

1 1-¢" 1 . =
= E |:’Y€7—+k + (ﬁ) Boe+ m {jgl €+ jE:l Ertj
1 9(1 — 61
g (’“‘“ﬁ Bo

1 [1-6% 1 1 0(1 — 0%
E(DTM)——L?N Tk_llfe{’“‘l‘ilfe Hﬁae,

)
1 2k—1
Var(Deys) = 5 (72 N L()) o2
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(

o

4. o] Z9dE EA Ao vl

b

o] Follx= o]/dle FaFe] B ALA W3l e AP4 557 24 X540 w4
$ A¢7150]5HH (exponentially weighted moving average; EWMA) ¥ =9} Shewhart &2 %
2 hgstel ol ARAS BAHE AR HES BAWL Boko] AW H it BTt BRY B ¥
512 A8k EWMA Bl 23k A7 ¢(> DolA B

of

Et = )\Tt + (1 _)\)Tt—l

= A F, |E| > b A o)AEY ASE S Aotk oA By = 0& 7HEsi, BA
Tie 29958 AT ARole Y, 98UTE AT Afde I, 281 Xo|HsE AT F¢
A+ D 7FEth A= 0 < A <19 7A (weight)o]az, A = 191 7(,‘-,—01]“ Shewhart &&= 7} Ht}.
st FejstAl he 4Rt oz FejdelolAY Fwdde], & ARLo7F Foi3 ghs UEIES 44
A S 25 WA 7] wlEol Eake] HIlE "X 5

HelE AAE Hst] AT A B8S SUMEZ 5 QAL o] =RAAAE 37HA] A vl
7F FEAo|a B3 FAAE Y S A Rt o R wol ARt e B W3lE Ao

EWMA #2] =2} Shewhart @8] =92 18519t}

AWMAS A ¥ 0? = 1& 7H3 3} 4%} 0.8, A = 0.1, 0.4, 1.09] th3t] 2JAH
3t EWMA #2]% 9 Shewhart &8 % ol —?—)8] T8 dolHr} e rnE 7
thate] 1,000,000 AAISH, FA9 HMSAE-E 7 = 100 AMESEHATE F AR ¢ = 1007HA]
2dElo]al AlF ¢ = 101FEl= oA EHIE 71 S Aot o] 19 3 BYAF Aol AY IF
A Gk AoR delA ok =S FejshA h ARLo = 370.4 7PA AA s

WA oo g Hyt #ake] A&A Wzl tisf 374 BAF Vi, L, 183 DiE AR
EWMA #2]%= % Shewhart 2= 235 & 413 & 4.29] 340k & 412 0 = 049 73
Solx, E 425 0= 089 Agolth. 7} FolA § = 003} 4 = 1.09] S ARLe gh2 Liehf, 1}
WA folle ol 3/dH 1/\1-/] ARL gk vehdch

£ 419 A3 AuRy, BEH 2Ae] A4H 452 9A5] A 29
A9 7§ & 4 e B9 WAL O A AP (1< 12) AIFBAL 9
& A2 ¢4 gon, 58 AAUS L9} AolNS Do) LS ofF B AL & 4 Utk Bl
W 4% (4 = L0) S1A¥el ARL gro] 448 ARLy & 50} 8 2 et
Asleh. ol 3714 BAT B WFo] oA B4 o)F WA 02% 75 1,9} D=

7143 (autocorrelation) o] EAj3H=t], o] Zo] &L IA Wolmel = ﬂ
o} 715 Aol disiAE Aukd oz A =1.09 4, & Shewhart #2|52] T&°] 714
St} o]+ Shewhart] 7f¥Fe]= (individuals control chart T+ z-chart)”7} -’"q_f«]
%1—7(]?‘531— _/,: 9}_L =3} \:l/\]._/] tﬂg]____ o]l_. ;QI: E]-;qtﬂ— 2 015}__ A].A];_[_Ei c:‘”/\l—‘al-
0 =0.891 3 4200 A 235 = 5 AUTH

Ho 479 413 36 ool A4 Wl FY B 5 40} £ 4] SAA

oVAS) FAIA & 452 0 = 048 BLOL, 5 14 0 = 059 FEoIT. 2 4s) DA o
, kel §skrh gl (7 =1.0) F79 J484 sFUH ST 4% S L9 Ao/ DE A
*9“3} HA2xo] Bgo] EHHT VI E AT A Hoh AvtH o R o 55 ¢ 5 Atk v A ¢
AX = ol XS} mRTIA R Vi E ARR Sk 29 B8] § £2 ZoE Uyt ViE AT A £
2] ®isrt & Aol A = 1.09 Shewhart @] =2 B&o] AvtHec g Fow, 249 W37t 22

Aol Fe AT A8 EWMA Telee] gl AMAoz $88 ¢ 4 drh 0 - 08¢ &

oﬂ,

rr S ru]o

o L = o
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Hu o
ftlo e o
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Monitoring the output and the input variable in IPC

4.1 60 =042 B9 A7 249 A& A WSS FA 3=
EWMA #g%= (A = 0.1, 0.4)8} Shewhart #2]= (A = 1.0)9] ARL %

A 0.1 0.4 1.0
J 2 Y Iy Dy Y Iy Dy Y: I Dy
0.0 1.0 | 370.83 371.86 371.19 | 370.55 371.14 370.60 | 370.23 369.45 370.27
0.5 1.0 | 361.22 988.87 695.85 | 366.46 2481.74 671.85 | 368.73 5902.69 485.66
1.0 1.0 | 354.38 1004.10 685.67 | 358.89 2073.62 661.03 | 362.02 5639.94 477.93
1.5 1.0 | 342.86 977.29 672.23 | 340.97 2197.68 645.63 | 344.54 6346.54 462.92
2.0 1.0 323.90 987.05 650.32 | 309.88 1750.58 619.41 | 308.57 6338.18 435.02
2.5 1.0 298.64 878.61 630.08 | 262.91 1841.38 587.82 | 250.92 5814.27 390.11
3.0 1.0 266.41 901.52 604.35 | 203.39 1581.64 541.65 | 178.54 5165.62 328.35
4.0 1.0 | 186.76 812.76 539.92 | 86.35 1470.22 431.35 | 54.15 3375.06 175.33
0.0 1.2 ] 121.66 307.47 258.23 | 89.60 323.40 186.30 | 80.57 391.67 121.59
0.5 1.2|120.54 311.41 255.56 | 88.67 337.90 184.54 | 79.79 406.73  120.83
1.0 1.2 | 117.85 300.48 253.98 | 85.50 305.67 181.09 | 77.14 417.48 118.20
1.5 1.2 | 112.73 297.61 247.53 | 79.88 308.10 176.15 | 72.01 381.29 113.16
2.0 1.2 ] 105.80 284.72 242.77 | 71.03 299.60 168.91 | 63.59 367.54 105.18
2.5 1.2 ] 96.55 287.35 233.16 | 59.65 286.95 159.59 | 51.91 381.17 93.73
3.0 1.2 | 85.52 266.43 223.89 | 46.70 272.94 146.16 | 38.55 440.40 78.88
4.0 1.2 | 60.09 242.16 201.45 | 21.89 244.85 115.17 | 15.17 314.70 45.13
0.0 1.5 | 46.82 143.30 113.49 | 27.23 114.37 61.85 21.99 116.29 34.83
0.5 1.5 | 46.42 142.45 113.22 | 26.84 114.19 61.45 21.67 111.63 34.45
1.0 1.5 | 44.99 140.84 112.40 | 25.61 112.39 59.97 20.69 111.66 33.41
1.5 1.5 | 43.00 137.36  110.05 | 23.68 110.36 58.25 19.06 110.76 31.73
2.0 1.5 | 40.05 134.40 107.47 | 20.94 106.55 55.19 16.84 106.54 29.17
2.5 1.5 | 36.48 130.25 104.19 | 17.71 102.35 51.51 14.06 100.68 25.80
3.0 1.5 | 3243 125.31 99.73 14.28 97.40 47.26 11.01 95.69 21.95
4.0 1.5| 23.33 115.48 90.36 7.84 85.36 37.05 5.73 82.67 13.79
0.0 2.0 19.48 75.43 52.76 9.91 51.84 21.61 7.49 45.26 10.97
0.5 2.0 19.31 75.23 52.65 9.77 51.85 21.43 7.38 44.74 10.82
1.0 2.0| 18.78 74.67 52.25 9.35 51.52 20.93 7.08 44.31 10.46
1.5 2.0 18.02 73.80 51.28 8.71 50.13 20.17 6.59 43.39 9.91
2.0 20| 16.87 71.91 50.22 7.87 48.98 19.17 5.94 42.21 9.16
2.5 20| 15.53 70.18 48.86 6.91 47.56 17.79 5.20 40.70 8.25
3.0 2.0 14.03 68.30 47.14 5.87 45.46 16.35 4.43 38.63 7.22
4.0 2.0| 10.70 63.47 42.94 3.97 40.93 12.98 3.00 34.05 5.09
0.0 3.0 8.02 40.29 22.85 4.06 24.13 7.49 3.15 18.13 4.00
0.5 3.0 8.00 40.40 22.77 4.03 23.93 7.46 3.13 18.01 3.98
1.0 3.0 7.83 39.85 22.61 3.93 23.75 7.32 3.06 17.90 3.90
1.5 3.0 7.58 39.57 22.38 3.78 23.46 7.08 2.95 17.59 3.76
2.0 3.0 7.27 39.15 21.91 3.58 22.82 6.82 2.81 17.10 3.58
25 3.0 6.86 38.39 21.39 3.35 22.38 6.45 2.64 16.75 3.37
3.0 3.0 6.40 37.76 20.83 3.09 21.73 6.04 2.44 16.00 3.13
4.0 3.0 5.41 36.12 19.33 2.55 20.07 5.13 2.05 14.63 2.62

h | 0.6199 0.9087 0.9391 | 1.4795 1.0050 1.5278 | 3.000 1.0865 2.4992
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£ 4.2 0=089 3% 7 $29 A%H WS FAtE
EWMA #g%= (A = 0.1, 0.4)8} Shewhart #2]= (A = 1.0)9] ARL %
A 0.1 0.4 1.0
J 2 Y Iy Dy Y Iy Dy Y: I Dy

0.0 1.0 370.83 371.86 371.19 | 370.55 371.14 370.60 | 370.23 369.45 370.27
0.5 1.0 | 350.07 1012.58 673.00 | 359.93 1901.54 653.82 | 366.66 5273.48 477.29
1.0 1.0 | 306.96 918.26 615.75 | 325.83 1769.87 594.91 | 352.92 3983.41 444.98
1.5 1.0 233.23 742.63 531.06 | 256.12 1287.57 505.12 | 321.19 4491.16 395.05
2.0 1.0 | 144.84 591.45 423.24 | 161.82 1034.01 398.63 | 263.23 3375.90 325.14
25 1.0 71.23  435.88 317.87 | 75.88  823.21 285.27 | 182.66 2251.33 250.14
3.0 1.0| 27.10 282.89 221.05| 25.70 406.91 182.72 | 100.42 1149.69 174.50
4.0 1.0| 3.45 109.35 80.91 2.13 72.07 48.22 12.55 147.24  56.33
0.0 1.2 | 121.57 317.08 257.00 | 89.64 332.13 185.72 | 80.53  462.28 121.48
0.5 1.2 |115.79 295.49 251.70 | 86.08 304.09 180.05 | 78.81 436.88 118.12
1.0 1.2| 99.22  279.47 228.62 | 74.32 276.61 163.41 | 73.35 377.58 108.90
1.5 1.2 | 74.80 23149 197.71 | 56.27 220.16 137.81 | 63.54 309.16 94.62
2.0 1.2 | 48.02 186.77 161.93 | 35.73  170.68 108.52 | 49.83 272.71 76.76
2.5 1.2| 26.08 147.00 124.45 | 18.48 144.34 77.03 33.92 167.13  57.32
3.0 1.2 | 12,54 103.98 89.44 8.11 89.98 50.03 19.55 191.27  39.08
4.0 1.2] 3.15 45.10 37.03 1.85 24.77 14.97 3.98 30.53 13.35
0.0 1.5| 46.82 141.42 113.78 | 27.22 115.15 61.87 | 22.01 115.07  34.85
0.5 1.5| 44.57 137.68 110.98 | 25.89 111.92  59.95 21.35 110.08  33.84
1.0 1.5| 38.29 127.94 102.54 | 22.18 100.44 54.13 19.31 97.62 31.01
1.5 1.5| 29.66 113.30 90.52 16.99 84.43 46.00 16.31 86.63 26.62
2.0 1.5 | 20.66 95.09 75.48 11.61 68.75 36.18 12.66 67.38 21.46
2.5 1.5 | 13.09 76.33 60.12 7.23 52.22 26.43 8.98 48.55 16.25
3.0 1.5 7.81 58.93 45.30 4.27 36.90 18.03 5.86 34.41 11.44
4.0 15| 3.12 31.07 22.07 1.83 15.92 6.92 2.23 14.32 4.74
0.0 2.0 19.51 75.48 52.81 9.90 52.37 21.63 7.49 45.67 10.99
0.5 2.0 18.78 74.11 51.86 9.54 50.93 21.05 7.28 43.99 10.69
1.0 2.0| 16.80 69.59 48.79 8.51 47.47 19.34 6.72 41.06 9.93
1.5 2.0 14.01 63.56 44.19 7.14 41.96 16.80 5.87 36.23 8.79
2.0 2.0 10.96 55.82 38.08 5.62 35.35 13.89 4.89 29.79 7.42
25 20| 815 47.62 31.72 4.27 28.78 10.94 3.92 24.19 6.00
3.0 2.0 5.92 39.36 25.48 3.17 22.57 8.22 3.05 18.46 4.70
4.0 2.0 3.22 25.03 14.90 1.90 12.71 4.38 1.85 9.78 2.72
0.0 3.0| 8.04 40.34 22.82 4.06 24.07 7.49 3.15 18.19 4.00
0.5 3.0 7.88 39.88 22.55 4.01 23.65 7.39 3.12 17.74 3.96
1.0 3.0 7.48 38.45 21.66 3.82 22.74 7.03 3.01 17.07 3.82
1.5 3.0| 6.86 36.31 20.27 3.56 21.01 6.54 2.84 15.85 3.60
20 3.0 6.11 33.73 18.57 3.24 19.13 5.91 2.63 14.27 3.32
25 3.0 5.30 30.62 16.52 2.89 17.04 5.21 2.40 12.60 3.02
3.0 3.0| 4.53 27.35 14.43 2.55 14.62 4.52 2.17 10.78 2.69
4.0 3.0 3.24 20.69 10.43 1.97 10.43 3.29 1.75 7.56 2.11
h | 0.6199 0.9087 0.9391 | 1.4795 1.0050 1.5278 | 3.000 1.0865 2.4992
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£ 4.30=049 39 BT NP7 st} B A5 WIE GA T
EWMA #g= (A = 0.1, 0.4)8} Shewhart #2]= (A = 1.0)9] ARL %

A 0.1 0.4 1.0
B Yi It Dy Yi It D Yi It D
0.0 1.0 | 370.83 371.86 371.19 | 370.55 371.14 370.60 | 370.23 369.45 370.27
0.1 1.0 | 152.45 87.62 96.41 249.01 82.78 107.30 | 325.19 85.04 124.45
0.2 1.0 | 55.46 44.39 45.98 | 118.87 39.82 49.95 | 235.20 39.96 61.38
0.3 1.0 | 28.20 30.93 30.06 58.70 26.37 31.57 | 156.30 26.07 39.68
0.6 1.0| 10.24 18.32 15.02 13.41 13.68 13.76 45.10 12.99 17.83
1.0 1.0 5.74 13.14 9.34 5.30 8.97 7.18 12.35 8.09 9.10
0.0 1.2| 121.58 316.26 257.17 | 89.59 324.47 186.21 | 80.47 459.66 121.48
0.1 1.2 | 79.59 85.51 88.52 74.34 77.33 82.57 75.31 77.48 75.57
0.2 1.2 | 41.31 45.22 44.99 49.22 39.80 43.60 63.19 39.21 45.48
0.3 1.2 | 24.56 31.52 29.92 31.27 26.63 28.62 49.58 26.03 31.48
0.6 1.2 10.10 18.48 15.10 10.91 13.84 13.05 21.63 13.08 15.22
1.0 1.2 5.78 13.21 9.39 5.10 9.03 7.03 8.62 8.11 8.12
0.0 1.5 | 46.83 141.35 114.01 | 27.35 114.08 61.81 22.02 115.76 34.81
0.1 1.5 | 39.99 77.84 71.64 25.42 65.09 48.57 21.41 62.65 31.49
0.2 1.5 | 28.57 45.77 42.45 21.35 38.44 33.16 19.80 36.60 25.59
0.3 1.5 | 20.28 32.32 29.30 16.97 26.60 23.77 17.59 25.33 20.51
0.6 1.5 9.80 18.78 15.16 8.71 14.05 12.00 11.10 13.14 11.77
1.0 1.5 5.81 13.30 9.46 4.83 9.16 6.79 6.12 8.17 6.88
0.0 2.0| 19.52 75.40 53.04 9.91 51.57 21.63 7.48 45.42 10.97
0.1 2.0 | 1871 61.26 46.29 9.73 44.30 20.67 7.41 38.97 10.81
0.2 2.0 16.70 43.71 35.22 9.24 33.29 18.39 7.24 29.60 10.33
0.3 2.0 14.33 32.94 26.94 8.57 25.50 15.77 6.95 22.97 9.67
0.6 2.0 9.01 19.33 15.05 6.35 14.40 10.04 5.79 13.01 7.48
1.0 2.0 5.77 13.54 9.53 4.35 9.34 6.32 4.29 8.28 5.29
0.0 3.0 8.03 40.44 22.85 4.06 24.05 7.49 3.16 18.09 4.01
0.1 3.0 7.98 38.55 22.31 4.04 23.32 7.44 3.15 17.77 4.00
0.2 3.0 7.80 34.60 20.93 4.02 21.68 7.32 3.13 16.72 3.97
0.3 3.0 7.56 29.89 18.95 3.95 19.56 7.11 3.11 15.33 3.93
0.6 3.0 6.52 20.06 13.63 3.70 13.92 6.24 2.98 11.32 3.72
1.0 3.0 5.15 14.05 9.36 3.26 9.63 5.02 2.74 8.03 3.33

h 0.6199 0.9087 0.9391 | 1.4795 1.0050 1.5278 | 3.000 1.0865 2.4992
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£4.40=089 3% F7e) AYA Azt o) A% WHE PASE
EWMA #g= (A = 0.1, 0.4)8} Shewhart #2]= (A = 1.0)9] ARL %
A 0.1 0.4 1.0
B 2l Yi It Dy Yi It D Yi It D

0.0 1.0 370.83 371.86 371.19 | 370.55 371.14 370.60 | 370.23 369.45 370.27
0.1 1.0| 31.85 33.94 33.20 62.91 29.42 3491 | 159.17 29.29 43.01
0.2 1.0 | 13.66 21.18 18.13 17.88 16.66 17.17 | 49.96 16.07  21.29
0.3 1.0 9.43 16.78 13.22 10.08 12.54 11.50 21.51 11.78 14.04
0.6 1.0 5.60 11.74 8.13 5.01 8.21 6.18 6.96 7.30 6.96
1.0 1.0 4.01 9.24 5.88 3.35 6.23 4.15 3.93 5.27 4.28
0.0 1.2 |121.43 308.74 256.78 | 89.77 322.75 186.06 | 80.48 457.86 121.22
0.1 1.2 | 27.65 3446 32.85 34.20 29.42  31.54 51.37 28.85  34.05
0.2 1.2 13.29 21.31 18.12 14.50 16.78 16.22 25.07  16.05 18.30
0.3 1.2 9.33 16.84 13.23 9.19 12.61 11.12 14.47  11.75 12.51
0.6 1.2 5.59 11.77 8.14 4.90 8.23 6.12 6.18 7.29 6.54
1.0 1.2 4.02 9.25 5.89 3.33 6.24 4.15 3.72 5.28 4.13
0.0 1.5 | 46.78 141.58 113.79 | 27.32 114.39 61.77 21.97 115.30 34.81
0.1 1.5 | 22,52 34.96 31.87 18.48  29.25 25.89 18.43  27.95 21.92
0.2 1.5 | 12.57 21.59 18.00 11.21 16.89 14.71 13.03 15.84 14.05
0.3 1.5 9.10 16.94 13.21 8.01 12.64 10.44 9.53 11.68 10.31
0.6 1.5 5.58 11.81 8.16 4.69 8.24 5.99 5.25 7.30 5.90
1.0 1.5 4.02 9.26 5.90 3.29 6.26 4.12 3.45 5.31 3.90
0.0 2.0 19.50 75.53 52.81 9.92 51.85 21.64 7.49 45.15 10.95
0.1 2.0 15.39 3497 28.63 9.02 27.11 16.65 7.17 24.48 10.04
0.2 2.0 1091 21.93 17.48 7.49 16.79 11.77 6.47 15.37 8.44
0.3 2.0 8.48 17.17  13.03 6.24 12.77 9.07 5.71 11.49 7.13
0.6 2.0 5.47 11.88 8.14 4.27 8.31 5.66 4.12 7.25 4.87
1.0 2.0 4.01 9.29 5.91 3.17 6.28 4.04 3.07 5.30 3.52
0.0 3.0 8.02 40.36  22.91 4.06 24.08 7.49 3.15 18.05 4.00
0.1 3.0 7.75 31.06 19.63 4.02 20.23 7.25 3.14 15.77 3.98
0.2 3.0 7.11 22.07 15.02 3.91 15.41 6.73 3.09 12.58 3.88
0.3 3.0 6.41 17.50 12.05 3.75 12.36 6.11 3.02 10.36 3.75
0.6 3.0 4.90 12.04 7.95 3.26 8.34 4.72 2.77 6.99 3.31
1.0 3.0 3.84 9.38 5.86 2.76 6.33 3.70 2.44 5.21 2.82
h | 0.6199 0.9087 0.9391 | 1.4795 1.0050 1.5278 | 3.000 1.0865 2.4992
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Abstract

Two widely used approaches for improving the quality of the output of a process
are statistical process control (SPC) and automatic process control (APC). In recent
hybrid processes that combine aspects of the process and parts industries, process
variations due to both the inherent wandering and special causes occur commonly,
and thus simultaneous application of APC and SPC schemes is needed to effectively
keep such processes close to target. The simultaneous implementation of APC and
SPC schemes is called integrated process control (IPC). In the IPC procedure, the
output variables are monitored during the process where adjustments are repeatedly
done by its controller. For monitoring the APC-controlled process, control charts can
be generally applied to the output variable. However, as an alternative, some authors
suggested that monitoring the input variable may improve the chance of detection. In
this paper, we evaluate the performance of several monitoring statistics, such as the
output variable, the input variable, and the difference variable, for efficiently monitoring
the APC-controlled process when we assume IMA(1,1) noise model with a minimum

mean squared error adjustment policy.

Keywords: Automatic process control, control chart, input variable, integrated process

control, output variable, statistical process control.
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