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A Study on the Application of CUSUM

Control Charts under Non—-normal Process
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Abstract

Control chart is most widely used in SPC(Statistical Process Control), Recently it
is a critical issue that the standard control chart is not suitable to non-normal
process with very small percent defective. Especially, this problem causes serious
errors In the reliability procurement, such as semiconductor, high-precision
machining and chemical process etc. Procuring process control technique for
non-normal process with very small percent defective and perturbation is becoming
urgent. Control chart technique in non—normal distribution become very important issue.

In this paper, we investigate on research trend of control charts under
non-normal distribution with very small percent defective and perturbation, and
propose some variable—-transformation methods applicable to CUSUM control charts
in non-normal process.

Keywords : CUSUM Control Charts, Johnson Transformation, Non-normal
process
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4.1 TAS BYES o4 WA

1954 Page= Walde] SPRT9| ofeojtolE 722 FAF #Axe MEsS AHY
St THSE] A B oy A BXo BREE UFL oy FE AGEE
oJAY AFEEY AFE HAAR AFHo $vh FAF HEEY BEEFE FE
ok 4k, Ao & (Failure rate) 5o Jow ExHES o] &3 w43 A= £
of et X &Aoo AFHAGTH] A =wdA A dE=E MAsta Hot
371 93 AbE3E 7]Foluv HZ=v -84 (Utilization), & &/3 &4 (Efficiency), 7471
A (Robustness), 2-&/%3}4d (Adaptivity) So] 9ot A 2= g3k 38t IT 5 thok
gk FofolA FAF] o]2S AL, S8 =5l WHE FHa Qo o] Fofe =

= 2 =2l oEs} A ol FFALA A&t

Hn

o

42 T BYPE HYo) @

e

AT

(
—

#elE Wge BHe b ARE 2R+ k.

43

1. W17 =/3 & (Sensitivity/Efficiency) ] 7§41

2. o]’ A (outlier)oll W& 7714 (Robustification) &x

3. FAYE #E = AedEd gR

4. A2 3E7F old b2 X (Other Distribution)ol AF&-¥ 9 24 (Extension)
421 AE/5&9 AA

FAY B UAE/EES VA AE g HEC] AFEHe gov o
EAQ HHE 7HA A=E 2ol ot

1. #89 = F#¥(Combined Charts)

b T 34 22 Wgle] diste] WlIFsItE ol doy SEhA
< A9 Z Wt i es 2 WFHdo] AA S "ol o]& Hekst] ffs
WHalol] WA g Shewhart #elX=ebe] &3 wWete]l gk A7F Westgard(1977) 2}
Lucas(1982)l ¢Jsled A3 =ity Westgard(1977)2 43} 8H(Clinical Chemistry)ell
A WHE-A =32 (Internal Quality Contro)E 98] 243 @l =9} Shewhart #gl %=
o] B3 Weote AASFITE Lucas(1982) T3t Westgard(1977)9] AlEd oA A=

e &2

Az st Y Belwsl Shewhart ¥we] BF AN HHe) ARL FH&
F= ATFE 9 oH24]041].
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2. 983" V-Mask(Modified V-Mask)

V-Masks 723 #g|=9 Al F 7 WHE T shrtolnt o] Fgk 349
Z Wsle welA] EsiveE ©dS 7FR 2 9tk Lucas(1973, 1976)9F Bissell(1979)
= V-Maske] @3S ®etalr] 98] Parabolic V-MaskZ A ¢+&} S tH221[231(74].

3. FIR-CUSUM

Lucas, Crosier(1982)¢} Kenett, Pollack(1983)= &4 ¢ H] g4 8 (Out of Control)
e
g

W) whE 3 WA BES(First Initial Response)& B9 % Q= $WS ATt ol
e Aol & BYATL e W 1 wAs} viEaHw FHo] & BH A
2 wolx 2 Tt Aokn 9] =Rl A Fdararhoe]

& L e

4.2.2 o]’ (outlier)dl W3t 774 (Robustification) 1.

dloJEje] FAH A o] Ao digh A SRl FoAALS AL AgHo o
gAES 1 el AAAom daAo] Tkl digk gFAE Fol gtk
Rocke(1982, 1983)+= Z W ~E ZF7%(Robust Estimators)oll tal] 7|£e dEZQ F3
I Aol v s AA A, AA AA #3H(physical science)itoFe] H o] H
o} #4 3}sH(analytical-chemistry)®oFe] dHlolE o] H&sle] 1 HeA
[12][14]. o] 9] WA o2 Rocke(1989)%= AAFH T (Trimmed means)e] 73S Al
&3}o] Robust ¥#] =5 A o+3lA vh13].

ojukell o] gAeo] tigt FAF #AYL] A FHE ] AT Al Uy
20 2 Lucas, Crosier(1982)e] FIR CUSUM¥ Lucas(1985)¢] Counted data CUSUM
o] glom, o4y, Hef&(1999)2 A4S 2t FAHAA EH2AE 74 A=
of tigt AFE s H21[25][26].

423 TAY A= AZEIY FE

TAY #elEe A vAWEdd sttt Al glou Had o 2AAR
e eE A, &&= o¥wol Utk Munford(1980)= °old @3S HE stz
1= A 3]

243 #Y X Scoring Systemes A&% FAHF ¥ =(Cumulative Scores
Control Chart)& Al ALl FAHF HE s F =5
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424 AT EE7} ofd & E X ALHS T4 (Extension)
o] FAA AR E AMEEE JHEstel 1 A7F Hal vk AR we
X does ofyn ASd HelHe BEe REAEEYE obd A5, Fokd B
T UE XS olF= 497t Brh James M. Lucas(1985)%= olfl Aol F43 #
s 2 &st7] 98 FIR 748 #eeet 2w 2E w43 e =E &8k vH25]

43 7R #Y=E A7 % H=WE
FAY BYEE AAST] dd A wHE 7 OHHE E5T 5 drh
1. &A% A (Statistical Design)
2. AAA

A Al (Economic Design)

4.3.1 B A3A A (Statistical Design)

FAA AA= A BExE9 ARLY digh At & ¢ Y. ARLE #E
7 A2 ¥ s BHsta dETtel tid AHEo|th ARLew ¥l ¥l A
J AdHE Bt Fgo] ool dvkal Al & wizpA o] HAolm URkA S
2 9k 370 o] HH¥olgtx &l drh ARL; & & ool AS w FAHo] o]
o] lttar Al & wj7pA e kAol IukH o @ of 1~2%0] HAolgta LA 9l
th A4 AAlE o3 2ol 37HA A7 el A

. A2 ¥ (Aproach Method)°ﬂ o 3t ﬂ

ZSEL W] gk A= ® oA 37kA W o= -Er%" a4 QT

(1) Method of SPRT : SPRT o]|Z°o = %jL 5} AA #H L Siegmund(1985)

9] Sequential Analysis ©| < HlI®o 2 Woodall, Adams(1993)7} I WHs AYs
gom 1 oldEE Page(1959), Ewan, Kemp(1960), Goel, Wu(1971), Kemp(1971)%
¥ o] o] $oH91[29]1[361(401[441(16].

(2) Method of Markov Chain : Brook, Evans(1972)= #] A e]SE H &g A
A o] 4SS EF Markov Chain WS A&3te] HZstg o, Woodall(1984) 5
3t Two-Sided ®2]ollA4] Markov Chain WS AF&3] ARL AAWeHs A13H9
[11][43].

(3) Method of Hawkins : Hawkins(1992)= +43% #E]= AAld dojA thih &
et AaE £ o A4A §h7] A =9€S stk adeE Egeta 1 Ade A4
sHAl FAIEH] A1 w8S shdlow, 19 =l osti AAl ARLIS] AW 9=
1~3% Ax=ga 3cH20].
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2. Test Types°l W& ARL 9
T4 B == 2 Test Typesol wWElt One-Sided ¢ Two-Sided W] o2 bd
T Qom zZhzte] Ao mE ARL AA g A7 o 2ol e 9l

(1) One-Sided : WH&° F43 #&E= Two-Sided o ZHeo] wHA At s}
ARk Edg A8 dE W FASAA WdSEE E=e dASEdd A
One-Sided ®24& Two-Sided WA Xt} F8&3A 20t} o] Eofo] that A=
Ewan, kemp(1960), Reynolds(1975), Kahn(1978), Woodall(1983)°] 2J&jA A= Q)
oH[281[321[401(42].

(2) Two-Sided : WAl FA3 #e=e] FFPolth o] Fofoll tigh A4+
Kemp(1971), Nadler, Robins(1971), Lucas, Crosier(1982), Woodall(1984)o] <JsjA <

T2 AoH211[26](29][43].

w3 ol %a@ Bene eden ATEEE Agen A7Hn Auh A
4 E4AE MEA FEERE gEAE gouw e $¥e U@ ARL 977}

(1) A5 BZ(Normal Dist) : AL 48 #axo] 7]9e Page(1954,1961)0] <]
M A7t olFo] Hew FAH 7 gAs AirwxEs 7HE st A7t
A 2HE] QL TH 17861,

r
Y
ol o
rlo

(2) A4~ E3E(Exponential Dist.) : 2 SAXE WA AFEELE WEaX= g
o aglste] Hole A E7E obd BHAEE digk A FEEHI Y 1
o AFEEXE AHFEE tgLor F2 AFEHE EXojt} o] Eoko thdt A4+
Lorden, Eisenberger(1973), Vardeman, Ray(1985)o] ¢]&}lo] A% 2 1 t}H19][38]

4.3.2 AA A A (Economic Design)

FAG A Ee] AAA AAle T2 oH 8dS nHste AANS =d AUV
of sl A= o] sk}

Duncan(1956)& X 2] =o] 4 o] A& 9l(Assignable cause)S 72 A 20w A7
9] &l

AR dup} 2 A=

EA4, o9A ME T

AR, 2w o5 A
of ek How AAA AAE A sATH6]

Goel, Wu(1968) Duncan(1956)¢] A& 7|Hto 2 X@g oA A& Alo]= 3
Y-S AdAsr] 9% 8¢, MEY A4S nEE &4 HES =
A AAE =R THS] Ettﬂ Goel, Wu(1973) o] 79 o= +
ol AAH AARE Atetd=H Pattern-Search 7S AHESIM H Ao A& A
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oz, AEY 14, B NS AR AT ATAAY. ER ARG AA ) G2
N4 24 pAseld #aae0g s e strHIol,

Taylor(1968)= +24§ #e =& AM&steE w4 v #AEdHd o FZ5H &,
28] g, FARES uHS AAH HAAE AFSHTH3B1] Taylor(1968)2] 179
ol6] Duncan(1971)& 7]&e] A& Aste] X gelmg 7oz st 304

7 = [7] Chiu(1973)= Duncan(1956,1971)
of =FeA B A FHE F 2 A #e RS E 24she
A+E st HaE FI EdAS AAEATh46] A AR Taylor(1968),
Duncan(1956,1971), Chiu(1973) ¢ A% AAE ®vro = Chiu(1974)+ A olA 3
o HEEE AFEE o BAA AA Hks ATskth47]

ol a.qle] oz s

r O lo &

B =R tFod T4 #el: dd =S AR A% #edA F
2 gRadehs g 08 FRe FFE ¢ 4 At FAE dewe ATl
A FE OFAAXE BEEFE P, A4 Ay 1] g9 3 Aol wjul2 Ayt
Eobopdl ThE REY A%l Bl wae] hE ATE Rob ¥ 5 A
4.5 B F(multivariate) ¥ #FF o] digt A+

tha g rAE BelEd fE A7 wok F WEAS 9L 37447 9
Al (Time-Series) : Alwan, Roberts(1988)+= thH & do]Elo] )3t Shewhart
A% B =, AF7ts Aol FHA(EWMA) dE|Ee AAZS 93te] AAL
2 % ARIMA Models& A& 3} TH301.
(2) T A3 #el= : Woodall, Ncube(1985)% Hotelling’s®] 77 ¥
oq 1

o,
>
H
J

o%
1>,
o
N
BN

,d
Au)
k1
el

3

Wl

o w23 BelEe ARLS A &3 tH45].
2 =9 WE (Vector) : Crosier(1986,1988)+= Two-Sided gy
NA dWFy R B oidh vla A5 FI el v A= o
f gieto 2 mgo tiaiA Wy o /Mds Abgstdth ~
WE A3 A S vluste AT A

)
)

¥
M1 o
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>

oL

< A A8 HH341[35].
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) X—e¢ n,A>0

Sp X—’7+n1n(m) — 00 {y< oo e<X<et+A
¢ —o0<e< oo

, n>0
S X =~+nn(X—e¢) —o0 <y< o0 X>e

—ooe< o0
) N n,A>0

Sy X—’y+nsinh1( 3 ) oo <y<®™ o< X<
—oo g0

Feuge deol weid 3744 waew TAso] glojA, T Wy )
d Agd WRL T 4 Qo grrel MAFEINN A& e el WE
e gtk el Atk v BE AT ANEE WMEMBA ARAEe]
et

<¥% 5-2> W3y
7Nk =} H 312
Tukey (1959) y=X"
A
Box & Cox (1964) y= XA A=0
=logX A=0
Draper & Cox (1969) y= X208
Taylor (1985) Y= X 0-2654
Nelson (1994) y= X021
Rodriguez (1992) #<=(Johnson) A gt
Kittlitz (1999) y= X"

19994 ol Kittlitz7F 7H&gt M2 2 A FE 2 E m2es FAA A Eo] 7l 3
otk VRIRA R EEWHAS AT U MRS A nFFREAA A
S7bse AW ELWEe A BE WAFEE 48Y F k. BEUB
A& H2+= QR(quantile ratio) A4 18] E¥XE Aol wpx|gto g W3l ol A4 (f

olgWizh) oz AsET),
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