Archive of SID.ir
g3y 4llis

Sy (Sime 4,5 0 pitesir Iy Hloges 5kl (21)b

ool i yuai g0l
sh_nasrollahzadeh@azad.ac.ir .| ! .l 65 < Lol 05,5 «hlihion 5 pgle amly o oMol 05T olEils (5 555 (gl

bamenimoghadam@atu.ac.ir. )|l ) a5 « Sl adle olKiils (b, pole (goaSiisls Lol 05,5 ol o Jgtume 0dinun 5)

S Jlogad gojlol oS oo (B yme 4l (RS loged )l (b sl 1y (shey wSao e 0,50, 3l eoliil L iounSy
21 sl 35bimn o) ! s gt Jome by 555 o35 5 5has Fyane el 55305 Ll 5 nd] sl sl
Al J5S logai obsl sl (emmbin slme L g Sl Sl a4y dlgz (I 55 0 il Blil b g waie &35 6l
Sl (P 5 lansgi 5 35000 45 oS o0 oolil Sy (e 3,505, b (IS slaylogal s ilel (b (b, 5l alnle
S 2 S s ol b oo s i 3 slolainl b ol Jsb () ol ols )5 b el Sl
s e 1 a8 555 5 sl s 5 olyds e 3] it 555 o szl g st ol Gl 5 ipchse e
S ] o Lyt 8,50, bl 5 S 5 55525, b A5 logad a2 gm i s lartands o
i bt S s S S oged sl w8 sl ol ! s sgalS oIS

alsis dy GualS S co Gl | o psiesss sloosls a5 YL
bakaly jo o)lo cae Sledsl oy csd 351 g ¢S 9> b doddo —)

oo a4 LIS 5 550 sloojlail .l oo &1l lu_ta

o 0Ly ol 4y bgy e Plo 10, I:Qob‘o ol Sl ol lages (MSPCY) ey el anld S
105 sy st edons® S SRR ) S0 il 5 U sl Gl et s 3] S
M7 e slochay L e s afm L 5 b ol ottty S sla fogel aallas e
Jly 42,8 ar 55l aS doools (saulild 5 (g el )Llio paie 13 6500 sls Simghy e [V] 0 plol (VAFY) Kikia
Gt Caliz wblailoosls slal 69, 508 &2 5 O3 s S sl fagad LY ]isls alowl Slllae ine) ol

0355 Iy @l g oy aud b ol s 8l3l ol Lo g ods 4zs 5

S sl loges blayl ol jo ol caS sle s
Al S o il gl 00 i S jebay Sl -TT
09 0 piiadiz Jlo g sladns ) L&bdi o as g o0 solal

SSosladl (saly » ar 1alS (sl Loodls (sld5 (sloSiSs
g ) 0 pilonizr ovaldie Sy (Folidligo b o35 e o5
L CosS e Sl (o S5 dnalar b @8 4 S (o
GSolasl Laosls pl jo Jlai oje0 atads S Soludljge e il 5 | (kS sl ey el ol pice
ol Sl S W e 50 0 piioniy Jlo i g Sl
a5 a5 la 05 5 YL olal b pleesls gl y o loges
0 paiedi> slaosls Jdow slaSoss x iz, MSPC
sl by slagts; g ol o pitosiz Jloy ad b el
(b 5o 3ezg o peitoniz Jlog s dliase 4y (iBN0

oy ol b odzy sloasyl b lpas sl 05l 0 e

et S ds bgy e laal s 09,5 Loosls pl 4T g o

Oa & 35 e s (rlple Sl o pitenin Solas
g ploil osls (o835 4y a5l oolawl b wlgs oo ool bl
9 Al bl dan (sl old)) polie ST o1 5l 4
350 Gl obml crge baosly (5185 il ool alie

O 4 55 o s 5l g8 (nl 99 oo wiged LA (19 4

Corresponding author: bamenimoghadam@atu.ac.ir VENAYY i b VB e o8) el g b
) e L

Multivariate Statistical Process Control Y oo)lais VY 0590

VF-) Clrao

1F+) 5L - oylels VY 0l S Cy 3330 § (w0 dy

Archive of SID.ir


mailto:sh_nasrollahzadeh@azad.ac.ir
mailto:bamenimoghadam@atu.ac.ir
mailto:bamenimoghadam@atu.ac.ir

Archive of SID.ir

v Sao p e alld)5 o ppiteniz SRS oged s )bl (b

5 230,5 eolai il cl o yitionis SuaS sleoslail Jl i
o D)o Jss gl cnay aosls (65 psgie bl 5 oloo Lol
JLo b a8 Ll imgd ol 5l slaodls (Y+18) ol 1en
&yl LU 0 prioniz ‘-gl)».&S sl loges sl 6‘)-.’ Ye\F
plardl gyl 5 ool S slo fogas (55 ol 3555 by as
a8 3,5 sles e (Vo VA) 5,58 Sl [V Jass 57wl eas
ool aS 05l eslaiwl glo psienis (JaS slologal )
5 2o dlgs st (VA90) 5 Lawgs a5 aisin oloosls 5133
doosls L5 aly o pstienis J S loges Jo—ol g ouul
Sl O3l 5 955 (Byme |y (858 09,5 e 5 (LS sy
ool (sadgs 8 i G o anlyd 6kl (6l <L)
0 S S iS sl (Vo) S gl [V Y]s s
503 ool 5l eolai—wl L o piioni a3 lSe syl
S 5 S et Wy g bWy 5 (Vo) 5 5 J b T
S sl l3ged i Laosls 5,5 Lull a8 (Y+)Y)
szl walize loges sl 5 wis,S sl 1) sl bl
Lgo)"..&.'xl )" oolawl L |) R R le)....f sl ,loges
oSl arazy b [Aais s ) 2l Jsb (Sile
GOgdr0 dlasd o psieni> ainld S Ll ol slp
o9y ool wl lias aijle ogg aalild 5 J S slojlogal
o sl Jloyipé sloodls gl cslio (52 (y30)]
sloSis sl bloged al 5l (S (JS ool 5 o sl
565 Pt 9 M (225590051 Ul (8 (o5l ailo (gllas
sl olym lul s alie el 5o wiyls YU Shoslre wx>
Sloisy o oo sl bLs | 5l olaiul b B35 alss
e 7S Nsged i (n3] dlieme 5 S 3503
(S wsllan oolgs 45 255 g0 Sed sy a5 £33 5 7lL
slaggesl s03, 5l o IS Hloges cpl lw slp oyl
abii 9ol plil Lo T 9 )l a5 355 o eslionl laslls )
2 Jg> o psiesiz ()l &g (O el ) o)l
2 el plasl @Bly o U F P ek S )8 Jlie
i {HO: n=pn
o Ha: Il ¢ Il‘
&bl b o ojlaibinl g conal b is S Ks B)b
ot sl Ly (LS Jlogat o lb o LS (slafogad
oo szl Jsb onSiboe ol T1 56 o olgsds (1C2) J s
g5 aSST 51 L3 ol diged Lagie slass ((ARL.3) s
I, s CoeS L alal, o piyolonl cle G laia J s

3 In-control average run length
wWww.pqpre.ir

EL PR DV SRR S OF-P FUNERUPCON CE-P 3 Y P P WES SR
slagts) (VA1) (hlSen 5 0 (gm0 35 0 (souas,
o yial )y Julos (sl 1 ilises ((5,1090) (55— 5 o945
5 Nz (olibe (LS 9l o piienir slamy Gl
M 5 T Glagl @ 03] 0 [¥]0i0 5 (8yme S a5
2 opitediz slagmliie 5 LaglSe (50,5 oy5e5l slp 4l
Slgiiom (Voo F) o 5 J laugi ooy sL8,5 ol
65 o Ses Lo plS 1 (59,0 (V1)) Sllamg [Flain
ol 6Lmo)5Tﬁ deoolidlygo o5 )lS_.i;—l Jel_i a4 ools
oleio DS sy (sl y slagysesl lgial g 3l (sl 5k
sl > sl 4ll,5 lhosisS goail g o ypaioniz
W, sl ygesl (YY) e o S [0]s 5 @il ) s
[5)sss 8 (G5 yme bals 5 slacddus| Wbl 1) 4b-W 5wl
sbaggesl jledlgls asz (VA (Glogyun b g oliss
Fell) W sabal 5 555 0 o) sl alhlé ) sl Ll
&gl g o8l sloysb a5 gl slao Lol 5 o putianizr (16
o 3o sl (il sl IVTaio 8 Sliin 1) st n
Wl T lapsesl (7S slajlogas ool 58 azlye

TN 3y (Vo1 2) Sty g )b Lags w0b-W
0258 3o sl Glyieds wlg o (LS loges slabs,
b 4l b laygesl cnl jo o) 4l 00,5 1,8 asllas 550
slasses polie ol Glate (JyuS loges 3 J52S5
S s, gl Hlade 5 ley ar 4z Laddss anl$ slao Ll
LaS JysS slologes (sogame olowi Lol .aigd oo sy Hloges
by e sloodls (gly cuilin (258 (15051 (g 3l ol
oloul saie) yo oladslllas .05 )ls 3929wl ouls olgs yion
P ssba o5 ol (28 seil ulasl (IS sl loges
Sy S i pladl e alld )3 LT (a1 o Ll
sloosls (wain sla Sy 58,5 Sl 0 )5 mly culie
i (58] (g0 5l )5 wilgs ST (85 5l o pitoniz
@235005] o ymiianiz (JyuS sl loged sl (1490) 5
Sy Sles—d g5 Jlosad) T (gl Ll slo logas Jol—i
Ol bl (G)log—3 g5 o900 Q (3,800 slaojlu]
Ll (oo oz &5 P9e) S5 (258 sl adged sl
sloojladl ol 3 iuly jslaie ay Ldj500ls pogae 5l oolas il
OSen 5 glégl LIS 50l L] 5,8 iy ya3 w0 iiie wiz coiS
oS old JpS @lp 5 Q S sle g (V-

2 In-Control

CaaS S0 00 9 (owkided 4 puiad

Archive of SID.ir



Archive of SID.ir

pode giwl desno g ooljall ai ol Y

Cllr o (JyuS jloges Soas (g ol gl oS cdly o
omils s 0 B il sas >l MRL = Yor L J s
T diged ol YOF 5l amy ol 3l Jlaie G aS o)ls 042
Ol 4 pealss oo adlio ol o (asi L) 535 ) wmad
Sl Jle &5 625 sl OlFor 4552 &5 w3l 5290
ool € 51 b ol ot oS oyiils Luils P+ -7 L
b g rle S (b (J5uS jlage il axils 1) diges
3 0aali (PL) Sio r (e (oo ( J55 Jlages
ez U1, asin RL. o J S Jloges sl PL 1)L
S o 5 Sl 4 A g S 0 ets 1B
Gl 55,5 e0d eolo RL. Sucs a5 (g ysbay (J S loges
Jsb L1y 5)l5 a5 (g ylogas mhob cprimman il olysds e
e it 3l Jleil Lelgls (RLy) Jss 5l g s o2
SIS e o PL g, (6 iy cillassl culls i8S axlge suss
sloSa—o bl » (J5uS sl loges aiilysy ()5 a8
L ARL bl (2l xS (b 2 Jsb @5 calisee
35 5k 0 PL ol 5l ol 090 S plgreas Ol
oob—l » &b LPL Sgas 2l oL adlis ol 5o
b i o,Lal 33 oS 5 elailen 09 o duylio ARL
slo>hb 4 o ol 2l g 035 S seges PL (g0
e PL b prizmas Eeasl 5 pdycillans! MRL g ARL
So S Sl gl s IS cos el gl 5ol
b aly (JrS slologes PLIpl ass oo (J 58S Jloges
5 e olass galisy Jlaia O il a5 WS o b
s ARL (sloojlad ( Julae o 05— (ase i ailg oo lodiges
I Jlaie b bdiges sl dibes 5 2Kle i 5 40 lads MRL

SIS oo o2l b
2,5 a5l slooylol (IS sleslatul L allde ol )o
laglaS Y VA) Glogyus b g lans lawgs ool (8 yne
PL I gl «cd S gealss S po Js sloolol lgicas
alio (J0S slajloges (b o S—MSARL 5L 1,
Jsb sleSa—o aS PL 5l sespde soaslé 590 15 5 03,5
S Mg g0 (e 00 (st (155 Jleim L 12|
Cool s S5 3550 salls)5 (IS sl Lol oS oo
e 8l ()3l (S e misishil 5 bl (lo sl
9 4l Slaide gl & (JUS g 3 Slos o5 0S5 (o0

7 Percentile-based design
# Out-of-control run length

o) 4l - oyleis VY >

35-““5" L.S}‘f°)“'\" U" Ja_..uy g_n.LCl J)....S Cou 6|)_‘>l g9 d&d
! Job cnSiln w5l S 5l @5 anl b o i
o Jlote lasl ie o wgie slass (ARLY) 5 5l 2,5
JLis a2l o (Jaexs jabay coul cawyo Jlacin jgo0
CobS 4 by e pduolinl cle § oS puiwd J 708 jloges
aS w20 laie S S 5l gl Jsb L) s
Sl sl dsb (xSle 2 il it (6 eSG Jroos oo
ST X Slagt (JS Jloge sl gy nl ol S8
L.:).o.: sl (saengus g ool ColilB Lo 4 09 pel aylis aS
Sylel anlyd JuS glp af oz e oo loges (5 gere
Jol5 Dloeogi b ) Sen g 51,8 allie o cigis oo oolaiul
sl Jitae Jlgie sladiges STV il oo ools las
IS e anlyd af gl .ol —woain >l Job a5e5
5 Sl ol il laza 5l L8 balges slows > Job coib
S sy J S 51 )5 50, saiges S S (T Lo
w5 &S Lol aeal (Usl g5 sl &) @ il Lids
ojladl SGARL cul Sowo a5 0l azrgine )lgi o0 Sy
Las Lee cpl avaals J,u8 Jlages lz! ol culio
8l JisS s lzl Job oyl Sl s Jlois]
S5 opl @l 5o a ol S Jod Ll 2 5k (RL.P)
S5 olsieas ARL l oolinul 4y a8 [VF] (6 065590 la gy
WS oo ol Jyus sl loges f‘).lo &lp Lzl gojlas]
JRRE JEPPERTRINUUS ) J BSOS CHSNCHIN PRU.) e
‘J?‘ .A.'S‘sa c)L.ﬁ':‘ |).>| Lgo)"d.}l Y ‘.)'9“"4" ARL )‘ sl !
5 Sl 53 0 lailisl Bzl b o wwiin x| Jobo a0 595 a1
Ol aS L] 5l el gz aisas Ll Jobo &9 a5yl pgo
5 ear il 0aiiSol o8 ARL ojlasl ulil o b yuds o lo
= . 7. . e . N
6‘)?‘ Lgﬁfo)".b‘ LQ‘)-:‘ (MRL ) ‘)?l J?“o sl )'l O‘/.K_ubs}g:
Dal DAL DT ve] dyolasles 5 soliwl J S loges
MRL 45 ol oo, azes ol as oyl awa [YV] 5[]
56 Cos a8 5 Sl Jloges sl 6l 6 mbin o5l]
ST 4z Liogzg ool bl 12l Job je8 (Ko
B0 oyl el caul Lzl Job a5 So—o ol 0+ MRL
el Gloj 5l 6l alamde B o s a8) OByl 5l oo o
Wl oa; f‘).lc Py L;’L") )‘| $99) |) ol Lgl.m)‘..&..i‘..m Q‘)J.)Lf

* Out-of-control average run length
5 In-control run length
¢ Median run length

CaaS S0 00 9 (owkided 4 puiad

Archive of SID.ir



Archive of SID.ir

¥ Sao p e alld)5 o ppiteniz J5uS oged s )bl (b

0 ahaii & Coni G gj55 51135 30 58 092 (2 Pl (PY)

2 (sl 0 pitlaniz 0,85 alio 51 (SO jglate) a il )l
el o mpa ;SO 0 D(X,G) & yg0 oy

D(6,G) = Sup D(x,G) x e RP

@l ST iadali (9 ) B drCa—id (39 B935S (PY)

D(0,G) =D(x,G) .xeRP»

€[, \] XxERP ,» gl o5yl
DO+ a(x— 0),6) 2D(x,G)
Lol ellxll = 00 31 iculodas 5o Gy yuo 4 (PY)
D(x,G) — -.
4 Comd X ERP gabais (MD1) LngiVlale (slb )5 1y 25
Syge G g9
\

MD (5, 6) = G

o le 5 eNhee Yo i i Ak S AS 05 Do iy S
orgYlale (b5 Gliges (gadend s G gje5 (ST
St Lol (slaiges los,gln LB 5 (538 3l b
P oasslis aSwsls las (Ve v o) Sads, g 55 [YY] 0T
2 agYlale 55 26 sl G a8 @b o) ek

IVY]asS o 50oP ¥ 5 PY S5 k>

a5 IS oylol -¥-¥

Slaalie a8l p 5 b Bl (Vo VA) Slogyas )8 9 lins
Slasges Solidlygo ol coul blas  Folidl g 51 glojlasl a5
[, o0] sojls o ol Jlade a5 oo ax [, X € RP (gabaisi o
Ojpe a il
\ \
D(x,G3) a
U Gy 4SS o3 Ll sae ($)V] D(,Gr) e, a]

0(x, Cns) =

9 ol Xy, £y go0b )l s8se (225 &85
w5 G

Xi
p9d 42y Sygo B o 1) soleitn Gge3l sloojlel (s03,
Cpo i =Ny b Qy olel

Tn = nQnT(n_\ ?:\ QniQniT)_\an (\)

! Mahalanobis Depth

wWww.pqpre.ir

PL 15l 0asld o fpizman 0 )l SKis (60505l sl uliio
Jyss C)L"“ | EO T IO K- R PR v AW
. . ... a

Sl olaza b le; a8 alize ooy bl o (TS,)
(TS ") JiS e clla o i i i ooy polie
IL 56 o shb aS canl o] (28 reud )0 pudd oo (Lt
oo anzlid Lol ol 3 G oyl )b oS by
Szl ol daallas I 5L o #8ly 10 000 0 ) i
o sl b sl oo plonil oyl b ol Low 5 oyl b
DO C) M‘}’(_?A 45 ).:AJQL._M:‘ JJYQ ((;)J") o)‘.\;‘ 9 &9.) »

WS e Yo

40465 S o5l (300 -

Lé)j éeu —\—Y
las g, dolas Yo S X = (X, o, Xp)T S U558
2Pl o)l b blie w555 b G 5 (2, F, P) Jlais|
alh); LdRP s, G 98 iy » oL RP glLa8
Bleie X bl 5l g5 40 55 10 (G045 (o555 & (5)9—2
S8 e dgdion iy pad S 03], G @i 4 cend RP 4,
G() &5 ab @ azg b oo ool Slaaliw Sobilse b
4..\).‘41 )‘ oola il L> ..\;‘y‘sn X= (X\, ...,Xn) Lgl.bo.)‘b );‘ L>
Ol X €RP galasi 6l8,5 095 (5505l Lasols L3
LG() a9 i 5855,k )0 LIy X (galall oS po [ Goe
Wil 3585 )5 lade dzj2 0,8 o0 ojlad X slaosls )l
X sloools b G() mos95 @ azgi b blite onnl i Gas
pold bl Sl gy 4 55 e o S nlple ol i
Ao 0 prlodi k5‘)L<J LsLasJ.:l:r.? 6‘)’. wlysa aS Sl oo
gsF 88 ks o b XERPX gabais jo sbs)5 a5l

S il le ol onl IYYIAS o iy o S o als
2y AelD X P Gl o sl il (2109W(PY)
‘b G p )b)..v

D(AX + b, GAX+b) = D(X, G)
<~wlAX + b éo@ )‘\)).3 @)55 (v:vli GAX+b45

Out-of-control time to signal
1% In-control time to signal

CaaS S0 00 9 (owkided 4 puiad

Archive of SID.ir



Archive of SID.ir

pode giwl desno g ooljall ai ol A

TSP RN PRt JUR BN I P SRV VEL S-S T [ DU 1
42w Pp Lo s ol me sl Ty Ho 0,8 cos
el (g0l5]
d

T, = Xp-
NVARE sS..\..o)“Tn ‘_ga)LoT elf).aséf.xba@ olis aad oyl
P2 S jelas Hpa sl sarso P Lo i oY
REIRVS FERR

Sauo 3 guwo Pl UT IS Jlogei 2l yb-¥

L Jley &8 hls af coieS ga—ad i 50 b gunl b
P Bb B uillssS e ile g B 7S o oS3l
Slalogei (b jo Jseme Jlnl )lse cnl )00 S ks
a5 sl 35 sl £ 15 45 ol ) 5 g 5
S (o0 dmmilore |) (JSS 3900 (e g a3 )5 L 15 01
S g asile i Jgene (FilasD £53 (JSUS Hloged s
loojlel mo555 ol aS cols JyuS sgas 5l Sadia-T7
S sl loges 4y a4 B 0g b o ooliwl diwe J S
S a Sy i Ty S foges wihe ojuitatin
il 595 Ll Ho (o8 e Ty o)l aS LT 510l
&l Vb s s alpli el ol az o p Lo go >
Gl az o p Lgo B aujes oYL Vo0 Sas Ty logel
Alolé 5l gl prons (ax Lt Ty (903l 0)lel (52 5
sl i o l50m JL5 850 S loga ol 0 1) el
LCL =0 ; UCL = x",(p) ™

J o Candy S oleiiiny (JAS gl coad i cnl &
ol b 55,5 Ty so,lel Jlode 51 0as ol |y J s
4 Sao p e S8 sl jloges b oo sl UCL
olys Sao sl S (glaloges ARL. olsl sl
S lasml O ol sl IYlads—s o >1b RLL w59
C bl 9o Lolgsds s e glizl 0590 50 05ls zlisl
55655 o P, Lozl mla s g (RL. sl olgids Jlaia)
Py as aig s olals (555 b (J5uS jlogel ol oplpls
C olgzds Jlade 3l 55,5 b (g5lie RL.p) RL. Sows
RL.p =CLPr(RL. <C) =P 5 g ol 4 il
OelPy &Sl by lis el wssn RLL x93 a5 l?Q—l 5

Ml}u RL,P‘ = ln(‘_P‘)) 64.1.._.‘454.) ..\.1‘5.)‘5;0 RL S

In(\—a

o) 4l = oyleis VY >

Qx =%Zn:Qm‘-

sloyloy Job as aisls Lz (Y-VA) Slog,an,d 5 lans
ae 51 sl bl (5,99 olin 0 Qi solei—iag 4L )3
| adsl bl G5 o & 459 b candle) g 5 (S 5o 51y
‘U"‘)" 05)1.{: 05—'\#‘56 Lo 4...!5‘ 6&5&‘0 64.{:5.0.‘7:& Lrw..\.-.{b
Glge 40 a8 wiie 335 saie adsl sleooly & cus @y
)L:_..u. C;Lmala LQ:QT s 4S C)'.S‘;—“"l"‘b (_gL@és)y sile
S 2990 55 Tn 099 g38olil 5 bl oyl slace ol

IVlacis o)Ll opl Gollas

oo b o oaile 398 )Y

$ed, $lp o pp e Ty (Sloe @i Gi5e (ol 5o
Pgdier (Byre 35 0 o)l slag s
ol o o

X;

JI+0X, 6)

o> Qi 9GS LG o 3K LV a5 cl ool Gy

s o o8litasl 135 o) 5l el 0
Ol gje 5l (Solal slaisei Xy, Xy 08 (5,8 o
5979 Xi slaoadlse pgo slajgliiS 9 ail yio Jo> 35
G5l Lo 45 cliged g5 b 5T sl alite 5 4l
S,

lim Sup|D(x,G,) - D(x,G)| = -, x € RP
o5 T il 5185 65 ol sl (PV) (S 9 S oo
V@, - V) =0, Q)
V,=iym v, s

n 1=\

\ - \ -
Ez QniQniT _EZ ViViT = OP(\)
i=\ i=)

omplale GB35 &b sl CB 18 6,5l byt (e

el g

CaaS S0 00 9 (owkided 4 puiad

Archive of SID.ir



Archive of SID.ir

s Sao p stiee whle5 epeitonis S5 foges sl (b

S ogai b 4y (S i Shat 30 45ty
oAid Sl (58 o jlas g o)l bLS,IPL o S0, L
bsgie jlaiie PLoSog) 50 (cm e la o (J5S7 log0s
ARL 5,555, oy ¥V Lois ARL, J,uS oo sl Job
Sl (8 cws 5l ey ARL. lade o8l ol 5 il
lol Fhb s s oo plti Jlie cnl a8 jsblen
@ Caad PL 0 S5, 51 IS8T o go S o J S sl loged
AS il Al s ol SlsS b oyl 0525 ARL 5,55,
L e JrsS e 28 PL Il » (e (S8 Jloged
Sl &y ;0 9 0,8 ARL I3l 5 i jloged 4y S
al) et ol aiS QUlg wnl)d Sl o s polusl
oS (el 9gzgan Julie jo a8ly )5 .o ls ARL Il sojludl
oo ARL 5 cine jlosed (o3 (22l ] b oSk o

S oo wol B G (L S8 ced 6l

PrICRL=100}=10%

[ 1~ —
2 f—— o

L=

‘‘‘‘‘
PRICRL<100)=15%

[~ e
2 coas
A

o 500 1000 500 000

IoRI

PL clas S5, b Ty S logas sl RL. (slavaz Slogei =) JSid
P, Jloiol mlans ilia oo s = 8+ (ol ARL

Pr{ICRL<100)=10%

OCRL.

H

OCRL

PL (gles,S5, b T S Jlogei 61y RLy glagar Jlogei ¥ Sl
Py Jlaio) ghans cilies yolia 5 = Y g = B+ ol ARL

wWww.pqpre.ir

sl 1y elgzdo [ egi gllas &35l oo g ol ol 055

o oyle s RLip = C a5 285 Las po
=1 —exp (220 o
(P =7) amarin g0 Lanlp G aSuS (08 Jle sl
oS aiL B =T o =« slayual b b Jboy a5 )l
Sladiges 2> b (S)lag—d (S5 slajlages merlysn
Slo—meys Ar aS oS (Ab )5k ool JE—wen =0
(plpls Pr(RL, >v.) = - /A- L RL. > 7. ol
RL. 6l Ys Sa v as o5 8 (2lb wly Jyus Jlose
$o Joges s s (ol 5 05l Ye i (RL. )
g aizlow (7) )0 cad oalo I g5 gl Jlada b J s

ln(\—~/\'~)) _ /.. .
) =N

K=xa0) = &j5—0 a0 G)las—5 Ty (J5uS jlages sV
IS oged sl Il g slla> 55wl s cy VY/AND
4 anld 5Sle jo JUl 5 il 2iS jglateay Gl 050
s e cny P55 3l ol 51l o3l
5,55 2t e Tn (IS Jloged S8 cod 25 51,210
Ty, Jyu8 e Ll,a=+/--0 gn=0- 4|y ARL
99 50 «f) gatul, 0 g m =0+ L PL oShs, 5 (i
Pr(RL. >\--) =-/A0 Pr(RL. >)V-+)=-/a. o>
IS oylel ilome 95 a5 LT 5 a8 o 4 lis

az plpln =0 —exp(

T J755 jloges lal el g0 5 Jao (08 Cod Jlais jee
Jol o 6l el lyieas (el sacs plil 1 = YO (sl
A (1) sakd, jlesliz Wl Lo olies (P, = +/Y)

ol 90 g ales =1 —exp(ln("%')) = /N0
A PLosSes, LTy oges (Jy08 a0 cap b oy o
sl g5 e auloee K= 17 (Y) = /Vavay
S ‘5\)..>| J}b d.al...o 9 J)...S S 6‘)?‘ JjJa ‘IQ_MJ}:A

ey {a=-/-+0) ARL 5,4y, Ly J,ius

_ log(-/8) _ S VI
MRL, = Toe(lea) — \WA/YA 5 ARL. =-=Y
MRL, =289 _ cpq/va ,  ARL. =~ = asv/vA

- log(\—a) a
Seue |y S cmw oS PL o Sog, a0 ol
53 695 sl S8y Ol 9,509y (nl b 5 a0
YIS 0 g] oty S slo fogas S Cox o Slas
o35 5T sl |, Ty (J5S Jloges J5u8 5l )15 o Slhee
5 PL gARL 0,505, o Lid =Y ojladl i (1.Sile yo JLad!
A ls dz g5 b S o i Jlois| mla s Cilisee polie

CaaS S0 00 9 (owkided 4 puiad

Archive of SID.ir



Archive of SID.ir

pode giwl desno g ooljall ai ol Y

O 0,l90 LS s pdy el s gl Aok 1050

g
adsl aselz Glsie 4 (1, h) (Boloai pgjgms 5 ) adgi =Y
lel (b sl piaplSal Jo S @8ly ) psi509,5 5o

JrS cov szl Jsb sl Sl 050 jlade (28,5 a5 o -F
.C=T,/haky, jl

o 5 o) adolae oS @ 00 148,91 s £ pilo b -0
el o Sa o) (p) & k=), (p) ool )12
bzl Jsb s ol 4ol goliT a2 0 P L go 5 w95
O (1 = R) Jlazal b loged po sl elgsds ]85 cos
D o

oLzl b pg5905,5 5 sl (Br, ) 1T £33 sl (stmmslons -#
oS Sige (53l A

30 loie B ley Sos el Voo (0 = P) (gtwlxe =Y
2 Sl TSip, = T x b g J 25 5l g5 s
2l Ess () 50 oo iy pas (Sl @i b pgjee9,5
Lol B = P, ki 550 alai

S5l Jladie gly ams > plseas (S soe i -A
TS\p, > T oS (2lopgions,S @ bgye

b=t Sl Jladie (bl 2 Lapsgeg S (05 e -4
apigessS o slp Sl Jlosl jlade a4 lze (TS, p)
) it ol a5 Ll (Sadjly ke oo
A3 o0 g (SNl ke b (olapg)gag,S

Bl sl sl ol adlsi jo 5y pojses,S ol =)
2 s sl O 09,5 (o5 5 bl 43S Gely (e
s

Olsie ay uilss 4390 )5 5l oolaiwl b pgj90g,5 90 bl -V
e Ol Olye a saaz poiees)S 99 slaml sl nadly
Wi pgigeg,S N wdi U adose ool 1SS g gom 0l
Ol &5 Wg-B 0 3bml it 5 @bl b, Mhoe L 558
el 00l i Qo y0 B0 >l yo i g abliis

5 GOt g S0 A gloy Ve L ol IS5 VY
925 (Jlgte s Vo o0 )3 pg5909,5 (n e (S5l p slade
MW APLRARY

o) g -1 oylous VY il

2o )l pl by (IS Hloges cS)L‘J >l -¥f
S

S wold ) 6 PL ylel (oLl mopson oz Jos 5o
ol o D¥lwie s (e RLy g RL. tme oVlas! b aS
500, by |y sl (oS aigns galold &5 B sl ol
Jros oo 5l oleasls au 1) Lal Jsb b5l eolas ol L
o gysb Lk gh m slayel b (Ko o)l 4y UL g
LS sla)le s Jrss e a—da i gloj o oS oo

WDl delore ) g0 A g el (o sl

TS. =RL. *h; RL. ~ Ge(a)
TS, =RL, *h; RL, ~ Ge(\ — )
GTS, TS 3 1wl b (mwiin pj95 ,S5lis Ge (1) a5
b oo b gloy g JyuS cov oo b by o s
sl odal aalsl jo a8 gm0 5kl (b o LS
sl aS ysb 4 el TS p, J5 5l g, laia b ol
A TS g TS olgsds polie ol Sa

MinTS,p; 6 = {k,n; h}
L adaly o
Pr(TS.2T,)=\—P,
Pr(TS, <T,)=\—-P
k> TS >TS, )
nefy, ¥, ., Nnaxt
he{hmin, Yhmin, Yhaniny «» Te}

ol 55, o2 |)h < Ty by g P R “SO] &y
oS o0 )13 M (6 S aiges

sbany a5 (GA™) Ly wiysS Iyl 5l eadlie ol o
a8 3 IS oaum (jlwaingy Sl > )0 (el
9 M“SLSA ooLé;:_J (f) Lg)Lwdu.‘.Qa Al J> 6')" ad}_«fb‘s‘o
LR I8 e, 5o 1, Sy o8l e o 80
B ]a._».w &)UD‘ 6‘).1 M.Sso 6)‘.).?..5 ga() éJL) )‘ ool !
J= Gl os—i go2, [Vf] i (GA) s o5l 5 00
el 15 O ygody S5 ays3! (F) (o5loaige alins
.T,,T,,P, R, d anlyd g Lol slo el polie pudas -)
Loyl 5 adged g (sl by 5 Vb SloplS eni-Y
A o db pdgnSal (b blad slaslila] S (6 S aise
el Gloj a=lg hmin o 50 Algel Mypgy Slosd ax (5 S diges

12 Genetic Algorithm
oS Cag 200 g (oo 4yl

Archive of SID.ir



Archive of SID.ir

a8 8 o S e oy sl gas Dls )8 oyl
T, Sloged (gl g dige k5‘)L,<J u’.'>-|l..|c> FUY sl gus slouis
T, olgzds Jyus cow Jlaa U by LPL 0,S5s, L o )logs
Glge oS 5 @In Tr iS5l g)ls ot U les 5
P =P = '/'Av ’/\v ’/\0, '/Y Max = 0+

s h="-/0,0,V/0,.., Ty 5oy 5l oty Ty = V-

T, =\,Y,%¥,0

S d=YY) @l JLatl aw gy ole; 5l alg

Gl Jgaz ;0 sdal Cansy gl ol 00 00l dgs (uSileo
SIS s pehas gla yuel by sate slojlade F L)
5 (n) ahges gojladl (k) JuS sgo ca,—o om Iy

s o ol 1) (h) (s pSaiges salols

Pr(TS.>\V:-)=Pr(TS, <T,) =+ /30 sNpgy =

Sao p e alld)5 o ppiteniz J5uS oged s )bl (b

Goue Judow —F-)

SrSdiges glaal old (60,5 o Jos 550 Sy Olgean

obey gleaxly & g0 ) (See

h=-/0,\,\/s, .., Ty

G oles 95 S iges abols iSTaz gim oS (o0 e
2 ebsS 5 6O i Ko el S8l )l ot
azly /0 58 50 Ranin = < /0 (Sas (5 S aiged galold
P2 1S g0 (2,8 ooy Sl ou b a8 I A o o)l
9 (Mupax = 0°) 0+ b oyloy amly <10 0 10 Ko (Gdiges
o oyle an oS To ply Jilaar jlade cpl 6l ar s

5 obej 3l asly /0 ;2 ;53,50 B0 (s pFatged E5 ST
il oley slazlg Ty o 30 0,50 YO (6 S diges &, Jilox

o« PL o).ig's)Lng ‘;)1.‘5)10543 dl)gd.i.f_.e).d)l.ei u’)l).!a :) Jg&

T, k n h k n h k n h
\ ATAATA oy /- ATAATA oy Ve VOND oy /e
Y A7AR o) VO VEIXY oy Vb VOND oy /.
Y AR A VO AA7AR Of A AAZART oy VIO
¥ AR ¥ /- AR AT Vo AARE fa VIO
N ATAATA A VO \YIVY fa Y/ AAZART O VIO
Pr(TS. >1--) =Pr(TS, £ T\) = - /8- sNypax = 0+ PL oS5, LTy J5S loges slp ainge 5,1 (2ol ¥ Jgaor
d ) ¥ ¥
T, k n h k n h k n h
) VYV £V V- VYIVA o) V- VIV 080 Ve
i VY- 4 VIO \YA- oy VIO VY- 00 Vo
¥ VYIYY 4 \E VYIVA o) V- VYA oy VO
f VYV £A V- VYA of Vo VIV i Ve
o S0A A V- VYT oy \E VY- 00 Vo
wWww.pqpre.ir CardnS Sy gy o § (oo A il

Archive of SID.ir



Archive of SID.ir

pode giwl desno g ooljall ai ol

Pr(TS. >\-+) =Pr(TS, < Ty) = - /Ad gNypax = 0+ PL 5,5, LTy IS Jogei sl ane )bl (>b ¥ Jguo

d \ Y Y

T, k n h k n h k n h
\ YY/AO IAYA \/e YY/AO O¥ /- YY/AG Of \/e
Y YY/AO A \/e YY/AO AR /- YY/AG oY \/ e
Y \Y/- ¥ fa VO \Y/- ¥ oY AN YY/AD of Ve
¥ YYIAD A \/e \Y/- ¥ NS AN \Y/-f of Vo
IN \Y/- O) Vo YY/IAD oY \/e \Y/-f oy Vo

Pr(TS. > \V--) =Pr(TS, <Ty) = /A sNypap = 0+ PL 5,505, L Ty IS Jloges sl i )bl (b :F Jgu

d \ Y Y

T, k n h k n h k n h
) VYV o Ve IMAR of Ve VYV oY Ve
Y ARTAR 4 V- VV/E. oy A ARZAR AT /e
Y VV/F- \itd VO RIAR Of \/0 ARZAR O¥ /e
¥ ARIARA Al Y VYYD o) /. ARZAR o) /e
0 ARIARA Y Y/ \AAR 0 \/o AR N /e

3 SRS i sl Jsb 5,5 5 oy slocpsgims 45
s s i ) sla ez L, S 51 2l ! o
Sy (I8 ylogad saliles IS g0l a8 oo 35l
Oyl 156l (Fhag 0,00 81 s sl Cosls cu
Sl ity S e 3,Shae 45 055
0,505, 5l wleaigad ojlad Sy (6,505l slo wlise
G Joged sl (PL) Lzl Jsb slaSoao (s
Moged hlS gawolio v azg Lo b ad)T saubld);
LARL) 21 o rfilos (s 505, o Ty 55
5 ot it (PL) 1) o a5 e s S,
2! sk locSm 3,Sas) 7t oine Ty L5 loged oIS
bagie 5,804, » (K J5S Jlages nl S 5 (PL)
SRlr el iy 5 5 ey ige (ARL) 1zl Jsb
sl b 3 ARL S5 5,55, sl ol
wWhsy ol )2 a8 gl 5l izmen ol (S slaloged
3 S5t o ot s i 3 csla Lz L Ll oo
A5l ateen i we Clle 2] Jsb me8 5l Mes
B9—b oo wy—ie ARL S g, 5l 59920 (o5t
o5 U5 (PL) 1 o oo e 55,
5 (MRL) 1,21 Job sailao 5 tive (slos,Sas, 5l cglasily

o) 4l = oyleis VY >

A0 51 laedol mhas a5 ylzea odel Cowsds ol bl 5
g (S 390 Slgy hlioo Rl o3 A 4 ao
$alolb a5 ol dzgie wogdleds 0g i o 35S0, (K) Ty
T Gl Lmoasl o ali8l Ty iolidl b A (g 5 abges
L gillae o v jUal 590 zulis den a5 0uly o ialS
5 e 23l g ) lawgs 0B i C g A polie
e oo asia (UCL) Ty Jloges oYU (J5uS o o Jgo
e szl Job by (S8 slejloses >k g5 cnl o
Soged Ay Sl g Sl 00y (el S 5l 2l g S
g b Ll o bogia ol 5 o8 STy JiS
Soges i o, Sles el alis (ad aS o4l (6 i 6l
1 (@) elisl Join IS5 ,| ez o ypizman 39 oo o S
a0 6V ol a8 gl 5l g 0l e mls a b @
4 5 slasel wjls il adly Con by xS0 ulas

Ogd oo b ‘51)*\5 6La>)|.>5.oj
S 25 Az -0
Jsb sloSas  piie 0505, wlal (g, alas ol )0

o @) Ty asllsys JS Joged >b sl o((PL) 12!

CaaS S0 00 9 (owkided 4 puiad

Archive of SID.ir



Archive of SID.ir

) oy stiee bl epeitonis S5 foges sl (oL

[12] Czabak-Gorska, 1. D. (2018). Multivariate
Control Charts Based on Data Depth for Subgroup
Location and Scale. CBU International Conference
on Innovations in Science and Education, 1042-1049.
[13] Faraz, A., Saniga, E., & Montgomery, D. (2019).
Percentile-Based Control Chart Design with an
Application to Shewhart X and S? Control Charts.
Quality and Reliability Engineering International,
35(1), 116-126.

[14] Montgomery, D. C. (2013). Introduction to
statistical quality control. 7" ed. Hoboken, NJ: John
Wiley & Sons.

[15] Gan, E. F. (2013). An Optimal Design of EWMA
Control Charts Based on Median Run Length.
Journal of Statistical Computation and Simulation,

45, 169-184.

[16] Gan, F. F. (1994). An Optimal Design of
Cumulative Sum Control Chart Based on Median
Run Length. Communication in Statistics- Simulation
and Computation, 23(2), 485-503.

[17] Chakraborti, S. (2007). Run Length Distribution
and Percentiles: The Shewhart X Chart with
Unknown Parameters. Quality Engineering, 19(2),
119-127.

[18] Golosnoy, V., & Schmid, W. (2007). EWMA
Control Charts for Monitoring Optimal Portfolio
Weights. Sequential Analysis (Design Methods and
Applications), 26(2), 195-224.

[19] Das, N. (2009). A Comparison Study of Three
Non-parametric Control Charts to Detect Shift in
Location Parameters. The International Journal of
Advanced Manufacturing Technology, 41(7-8), 799-
807.

[20] Khoo, M. B. C., Wong, V. H., Wu, Z., &
Castagliola, P. (2012). Optimal Design of the
Synthetic Chart for the Process Mean Based on
Median Run Length. IIE Transactions, 44(9), 765-
779.

[21] Khoo, M. B. C., Wong, V. H., Wu, Z., &
Castagliola, P. (2011). Optimal Design of the
Multivariate Synthetic Chart for Monitoring the
Process Mean Vector Based on Median Run Length.
Quality and Reliability Engineering International,
27(8), 979-1234.

[22] Zuo, Y., Serfling, R. J. (2000). General Notions
of Statistical Depth Function. Annals of Statistics,
28(2), 461-482.

[23] Liu, R.Y., Singh, K. (1993). 4 Quality Index
Based on Data Depth and Multivariate Rank Tests.
Journal of the American Statistical Association,
88(421), 252-260.

[24] Haupt, R. L., Haupt, S. E., Haupt S. E. (1998).
Practical Genetic Algorithms. 2 New york, Wiley.

wWww.pqpre.ir

S J3sei el (b s (ARL) 2] Jsb (Sils
Sgamme |zl Jobo uSilos 5 a0+ So 4y a5 Lins ol &y e

&zl =%

[17 Hotelling, H. (1947). Multivariate quality
control. In: Techniques of statistical analysis.
McGraw-Hill, New York.

[2] Montgomery, D. C. (1996). Introduction to
statistical quality control. John Wiley & Sons Inc.,
USA.

[3] Liu, R. Y., Parelius, J., & Singh, K. (1999).
Multivariate Analysis by Data Depth: Descriptive
Statistics, Graphics and Inference (with discussion).
Annals of Statistics, 27, 783-858.

[4] Li, J., & Liu, R. Y. (2004). New Nonparametric
Tests of Multivariate Locations and Scales Using
Data Depth. Statistical Science, 19(4), 686-696.

[5] Vencalek, O. (2011). Concept of Data Depth and
its Applications. Acta Universitatis Palackianae
Olomucensis, Facultas  Rerum  Naturalium,
Mathematica, 50, 111-119.

[6] Shirke, D., & Khorate, S. (2017). Power
Comparison of Data Depth-Based Nonparametric
Tests for Testing Equality of Locations. Journal of
Statistical Computation and Simulation, 87(8), 1489-
1497.

[7] Dehghan, S., & Faridrohani, M. R. (2018). Affine
Invariant Depth-Based Tests for the Multivariate
One-Sample Location Problem. TEST, 28(3), 671-
693.

[8] Barale, M. S., & Shirke, D. T. (2019).
Nonparametric Control Charts Based on Data Depth
for Location Parameter. Journal of Statistical Theory
and Practice, 13(3), 41.

[9] Liu, R. Y. (1995). Control Charts for Multivariate
Processes. Journal of the American Statistical
Association, 90, 1380-1387.

[10] Hamurkaroglu, C., Mert, M., & Saykan, Y.
(2004). Nonparametric Control Charts Based on
Mahalanobis  Depth.  Hacettepe Journal — of
Mathematics and Statistics, 33, 57-67.

[11] Bae, S.J., Do, G., & Kvam, P. (2016). On Data
Depth and the Application of Nonparametric
Multivariate Statistical Process Control Charts.
Applied Stochastic Models in Business and Industry,
32(5), 660-676.

CaaS S0 00 9 (owkided 4 puiad

Archive of SID.ir



Archive of SID.ir

Statistical Design of the Percentile-Based Depth-Based
Multivariate Control Chart
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Abstract: We introduce a method for the statistical design of a depth-based control chart, using the
percentile-based approach. The proposed control chart is affine invariant and is asymptotically
distribution-free. Generally, the performance of a control chart is evaluated with the average run length
metric. The average run length metric has a geometric distribution skewed to the right with a large
standard deviation and may not be a proper measure for evaluating the control chart. Therefore, we use
the statistical design method of control charts with the PL approach, which is an improvement and
development on classical statistical design. By employing constraints on average run length, the length
of in-control and out-of-control performances are guaranteed with predetermined probabilities and we
can ensure that the in-control run length exceeds the desired value and the out-of-control run length is
less than the desired value. Simulation studies show that the proposed control chart is more efficient than
the average run length approach.

Keywords: run length, statistical design, statistical process control, percentile-based control chart,
multivariate location

1- Aim and Introduction

In multivariate statistical process control (MSPC) and multivariate quality control, control charts are a
very important tool for monitoring and/or controlling production processes. In this regard, Hotelling’s T2
control charts are widely used to monitor process location vectors in which the multivariate normality
assumptions of response variables (quality characteristics) are required [1]. While in practice, multivariate
normality justification is often difficult and these charts are inapplicable to high-dimensional data. In the
field of MSPC, most multivariate data analysis techniques are based on the multivariate normality
assumption, and there are not many methods for the multivariate non-normality problem. On the other
hand, the most effective strategy for managers of complex high-dimensional processes that monitor
multivariate data is to reduce the dimension of the problem as much as possible, without losing significant
information, in relation to the incoming signal. The effective and efficient measurements that provide
sufficient data reduction for a large number of variables in a completely nonparametric way are based on
data depth. For this reason, recently, data depth-based non-parametric multivariate analysis techniques,
which do not require normality and have no constraints on data dimensions, have become more attractive.
In this research, focusing on the known nonparametric multivariate control chart techniques, we introduce
a method for the statistical design of a depth-based control chart, using the percentile-based approach.

Control chart procedures can be studied as the testing of hypothesis problems. Thus a control chart at any
Ho:p = pyo
Hy:p # po
region in these tests corresponds to the out-of-control region in the control chart. Sample values of
statistics of the production process are recorded with respect to time and their values are plotted on a
chart. However, it is worth noting that for monitoring the multivariate process location parameter, there
are few proposed depth-based control charts using the testing of hypothesis method for non-normal data.
In addition, some of their charting statistics have not desirable features such as affine invariance and/or
distribution-free properties and some have high computational performances. A suitable feature of depth

point drawn is a representation of an a-level test of the following hypotheses: { The rejection
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functions is to consider the geometric properties of multivariate data and also, most of the depth functions
are affine invariant.

On the other hand, designing a control chart with desired in-control performance is of great importance
in phase II and is a standard part of the classical statistical design. The in-control performance is most
often measured by the in-control average run length which is the average number of samples before the
control chart signals an assignable cause of poor quality even though no cause exists. Given that the
successive samples are independent, the run length is geometrically distributed. When the process is in
control, the run length is the number of samples before a false signal and the probability of an individual
sample plotting out of control is exactly equal to a or the type I error rate.

It is well known that the geometric distribution is skewed to the right with a large standard variation.
Thus, the ARL metric may not be an adequate measure of control chart performance [2]. Since the
interpretation based on the ARL measure can be misleading, some authors have used the median run
length (MRL) to measure a control chart’s performance [3], [4], [5], [6].[7], [8] and [9]. All of them
concluded that the MRL is a more suitable measure for a chart’s performance because it is less affected
by the skewness of the run length distribution. However, the MRL is still the 50" percentile of the run
length distribution, in the sense that 50% of time, users may still get false alarms sooner than what is
planned.

In this paper, we have dealt with the matter that how to design a multivariate depth-based control chart
for a user that there is only 100P;% chance of having a false alarm before the C** sample. The control
chart designs of this type are called, percentile-based designs (PL). A PL design ensures that the control
chart has a particular in-control run length (RL,) that is guaranteed with a predetermined probability. One
would also wish to design the chart such that a desired out-of-control run length (RL;) would be met with
a predetermined probability. The flexibility of the PL method ensures that users can design control charts
based on the different percentiles of the run length distribution. We can consider the ARL-based design
as a special case of the PL design, and we show the efficacy of this method when compared to the ARL
design. In this paper, by using the PL-based method, we aim to propose a nonparametric multivariate
control chart that has more desirable properties.

2- Methodology

To construct the proposed PL-based control chart, a class of depth-based test statistics is used, based on
the desirable properties of depth functions [10].
We consider the function of outlyingness of x € RP, such that is normalized to take values in [0, o) as

O(x, (;ns) — ﬁ — i, where D(. , GAﬁ)e [0, a] with a € (0,1] and Gf; is the sample distribution function
Xi

of £Xj, ..., +X,, and defined Q,; = ————.
/1+0(Xi,5.fl)

. . . — T -1~
Then, we use the test statistic, T,,, in a quadratic form T,, = nQ,, (n_1 . Qm-Qm-T) Q,,, where
n

Gu== ) Q.
i=1

The affine invariance and conditionally distribution-free are the desirable properties of T,,. Under Hy, T,

d
has an asymptotic distribution of chi-square random variable with p degrees of freedom, T, — x7.
Therefore,
LCL =0 and UCL = x?,(p).

The control chart constants should be adjusted such that Pr (RL, > C) = 1 — P;, so we determine the
In(1-Py)

- )[11].

desired type I error rate as a« = 1 — exp (
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3- Findings

The in-control and out-of-control performances of the ARL T,, chart are compared with the PL T,, chart
in two different cases by box plots. The results indicate that the PL approach provides just as good
performance against the shifts as an ARL chart, and better in-control performance.

Pr(ICRL<100)=10%

=

T T
0 1000 2000 3000

ICRL

Pr(ICRL<100)=15%

ARL
I
8

T T T T
o 500 1000 1500 2000

ICRL

Figure 1- The box plot of the ICRL (RL,) for the T;, control chart with PL and ARL approaches for n =
50 and different values of probability level P;.
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Figure 2- The box plot of the OCRL (RL,) for the T,, control chart with PL and ARL approaches for
n = 50, d = 3 and different values of probability level P;.

Statistical design of T, chart with the percentile-based approach is also provided by solving an
optimization problem [11] and [12]. We apply the genetic algorithm (GA) approach to solve the
optimization problem such that desired constraints on in-control and out-of-control run lengths are met
with prespecified probabilities and we can ensure that the in-control run length exceeds the desired value
and the out-of-control run length is less than the desired value.

4- Discussion and Conclusion

By comparing the performance of T, control chart under the ARL approach with the PL approach, it was
found that the performance of the T;, control chart based on the PL approach is better than the performance
of this control chart based on the ARL approach, and in the worst case, is a suitable alternative to the
classical ARL approach in statistical design but always an improvement of the classical ARL approach
since conceptually, the run lengths are now guaranteed with prespecified probabilities, and are dominant
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in terms of run length distributions. Additionally, the PL approach we provide is a generalized form of
the MRL and the ARL approaches in the sense that one is not limited to the 50" percentile and the
average of run length and thus is more flexible than the MRL and ARL approaches.
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