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cusuMw: W,=W,_1+ X, — E(X,)

érr_;:_l — 07 éfr_y,l_ o (MO + 50) T X’n/

Cr\ = 0,C,; + (1o + 60) — X

EWMA (Exponentially Weighted Moving Averages):

W, = (1 — )\)Wn—l + A X,
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Pravdéepodobnost
Miry efektivity RD: _ falesneho signalu

1
Average Run Length (ARL): ARLw (0) = Eyg(v |7 X—

ARLw () = E1(v|T7=0) =

Standard Deviation of Run Length:

Y

7Tw((9)

SDRLy (0) = V1= mw (0)

-

\_

0 - kontrolovany parametr
mw (60) - silofunkce
W-diagramu
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Miry efektivity RD:

Average Time to Signal (ATS): ATSw(0) = E1(T |7 =0)
ARLyy ()
AT Sw(0) =
Average Extra Quadratic Loss (AEQL): .
AEQL =

Hmax
/ 02 ATS(0)d0
0

Omax

A

Average Delay (ADEL)
CL
ADEL = %E(T —7|T > 7)

LCL

Median Run Length (MRL), Median Time to signal (MTS), ...
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0.

Regulacni diagramy

Dodatecna pravidla (Western Electric Company):

Pravidlo 1: je vyslan signal, jestlize néjaky bod padne
mimo meze 1+30.

Pravidlo 2: je vyslan signal, jestlize dva ze tri po sobé
jdoucich bodu padnou na stejnou stranu CL do vzdalenosti
vetSi nez 20 a ne vetsSi nez 3o.

Pravidlo 3: je vyslan signal, jestlize Ctyri z péti po sobé
jdoucich bodu padnou na stejnou stranu CL do vzdalenosti
mezi o a 20.

Pravidlo 4: je vyslan signal, jestlize osm po sobé jdoucich
bodu padne na stejnou stranu CL do vzdalenosti o.
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Shewhartdv RD s regula¢nimi mezemi ug & 309/+/n funguje

dobre za predpokladu nezavislych a normalneé rozdélenych

dat
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nenormalita => korekce regulacnich mezi,
velké rozsahy vybéru pri inspekcich,

e Rocke, D.M. (1989) Robust control charts, Technometrics, 31, 173-184

e Quesenberry, D.C. (1993) The effect of sample size on estimated limits for X-bar and X
control charts, J. Quality Technology 25, 206-247

e Amin, RW, Lee, S.J. (1999) The effects of autocorrelation and outliers on two-sided
tolerance limits, J. Quality Technology 31, 286-300

e Jensen, W.A,, Jones-Farmer, L.A., Champ C.H., Woodall, W.H. (2006) Effects of parameter

estimation on a control chart properties: a literature review, J. Quality Technology 38,
349-364

e Figueiredo, F., Gomes, M.I. (2009) Monitoring industrial processes with robust control
charts, REVSTAT - Statistical Journal 7, 151-170
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e Montgomery, D.C. (2005) Introduction to Statistical Quality Control, Wiley, New York
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2. Robustni regulacni diagramy

jsou zalozene na robustnich regulovanych statistikach a
robustnich odhadech regulacnich mezi

robustni regulované statistiky (W): useknuty prumer, ruzné
druhy medianu, rozpéti (v ruznych modifikacich), stredni
absolutni odchylka, mezikvartilové rozpeéti, median
absolutni odchylky od vybéroveho medianu, ...

e Rocke, D.M. (1989) Robust control charts, Technometrics, 31, 173-184

e Quesenberry, D.C. (1993) The effect of sample size on estimated limits for X-bar and X
control charts, . Quality Technology 25, 206-247

e Amin, RW, Lee, S.J. (1999) The effects of autocorrelation and outliers on two-sided
tolerance limits, J. Quality Technology 31, 286-300

e Jensen, W.A,, Jones-Farmer, L.A., Champ C.H., Woodall, W.H. (2006) Effects of parameter
estimation on a control chart properties: a literature review, J. Quality Technology 38,
349-364
Figueiredo, F., Gomes, M.I. (2009) Monitoring industrial processes with robust control
charts, REVSTAT - Statistical Journal 7, 151-170
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absolutni odchylka, mezikvartilové rozpeéeti, median
absolutni odchylky od vybéroveho medianu, ...

neparametricke regulacni diagramy zalozené na
poradovych testech, znaménkovych testech a podobne ...
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neparametricke regulacni diagramy zalozené na
poradovych testech, znaménkovych testech a podobne ...

e Lehman, E.L. (1975) Nonparametrics: Statistical Methods based on Ranks. Holden-Day. San
Francisco, California

e Chakraborti, S., Van der Laan, P., Van de Wiel, M.A. (2001) Nonparametric Control Charts:
An Overview and Some Results. Journal of Quality Technology 33, 304-315

e Bakir, S.T. (2006) Distribution-Free Quality Control Charts Based on Signed Rank Like
Statistics. Communications in Statistics, Theory and methods, 35, 734-757
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1) regula¢ni diagram Shewhart X  LCL = —3.025,
UCL = 3.025

2) regula¢ni diagram EWMA X

3) CUSUMX C;f , = max|

C’_+1 = max |

n

0g = 0.15, L—4344
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3. Adaptivita

Pri navrhu a implementaci regulacnich diagramu rozliSujeme
dva typy parametru:

e parametry vybéru (rozsah vybéru, interval mezi vybéry)

e parametry navrhu (meze, parametry sledovane statistiky)
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Pri navrhu a implementaci regulacnich diagramu rozliSujeme
dva typy parametru:

e parametry vybéru (rozsah vybéru, interval mezi vybéry)

e parametry navrhu (meze, parametry sledovane statistiky)

Data pro odhady téchto parametru ziskavame obvykle ve fazi I.
K dosaZeni uspokojiveé spolehlivosti odhadu je treba velky
pocCet pozorovani a to muze byt velmi drahé. NedostateCny
pocCet méreni ve fazi I muze vést k vysokym nejistotam odhadu.
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Alternativou je zlepsovat odhady prubézné, s vyuzitim dat
ziskanych ve fazi I
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Pri navrhu a implementaci regulacnich diagramu rozliSujeme
dva typy parametru:

e parametry vybéru (rozsah vybéru, interval mezi vybéry)
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Alternativou je zlepsovat odhady prubézné, s vyuzitim dat
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1. Robustness 2. Robust CC 3. Adaptiveness 4. Adaptive CC 5. Robust adaptive CC

4. Adaptivni regulacni diagramy

Adaptivni regulacni diagramy s adaptivnimi

e parametry vybéru (rozsah vyberu, interval mezi vybeéry)
e parametry navrhu (meze, parametry sledované statistiky)
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Priklady diagramu s adaptivnimi parametry navrhu:

regulacni diagram CUSUM s adaptivnim referencnim
parametrem (Sparks, 2000):

C:; = max [O, Ci—1+ (z — 5t/2)/h(5t)]

kde h(d;) je funkce, ktera zajistuje konstantni regulacni mez;
velikost pripustného posunu 9; je on-line adaptovana
pomoci exponencialniho vazeni s parametrem w

0t = max (’wa?t 1+ (1 — w)di—1, 5min)

(pro omin je v literature navrhovana hodnota 0.5 pro detekci
malych posunuti, hodnota 1.0 pro detekci posunu vétsSich nez
1.0)
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Priklady diagramu s adaptivnimi parametry navrhu:

adaptivni procedura EWMA s adaptivnim vyrovnavacim
parametrem (Capizzi and Masarotto, 2003):

Zt — (]. — ’U}(et))Zt—l + ’U)(Bt).’L't

kde e; = z; — Z;. Pro malé hodnoty €:, w(e;) je relativné
malé, zatimco pro velké hodnoty €: roste sou¢snéi w(e;).
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Priklady diagramu s adaptivnimi parametry navrhu:

Zonovy adaptivni postup se zuZenim regulacnich mezi:

D
C
B
A
0
A
B
-C
D
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Priklady diagramu s adaptivnimi parametry navrhu:

Zonovy adaptivni postup se zuZenim regulacnich mezi:

8

when 7 # (—A, A),
when Z = (—A, A),
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Priklady diagramu s adaptivnimi parametry navrhu:

Zonovy adaptivni postup se zuZenim regulacnich mezi:

o
-

Priklad: LCLyi1 =LCL, +0, UCL, = D,
LCL,+1 = LCL, +1/20, UCL,, = D,

LCL,+1 = LCL, + 1/40, UCL,, = D,

LCL,41 = —D, UCL, = D,

LCLy41 = —D UCL, = UCL, — 1/40,

LCLy4+1 = —D UCL, = UCL, —1/20,

LCLy.1 =—-DUCL, =UCL, — 0o
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Priklady diagramu s adaptivnimi parametry navrhu:

Zonovy adaptivni postup se zuZenim regulacnich mezi:

o
-

D
C
B
A
0
A

Zény — (O; A; B; C) D)
koeficient zazeni = (0,1/4,1/2, 1)

-C
D

= LCLyi1 =LCL, +0, UCL, = D,
= LCLyi1 = LCL, +1/20, UCL, = D,
= LCLyi1 = LCL, +1/40, UCL, = D,
LCL,+1 = —D, UCL, = D,

LCL,+1 =D UCL, = UCL, — 1/40,

LCL,+1 =D UCL, =UCL, —1/20,
LCL,.1=—-DUCL, =UCL, — ¢

Priklad:
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Priklady diagramu s adaptivnimi parametry navrhu:

Zonovy adaptivni postup se zuZenim regulacnich mezi:

3

0 10 20 30 40 >0 60 70 a0
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

5. Robustni adaptivni regulacni diagram
CUSUM X  C.., =max [0,C; — (uo + o) + X
C,, =max [0,C; + (uo + o) —

n
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

5. Robustni adaptivni regulacni diagram
CUSUM X Cr | =max [0,CF — (o + do) + X
,;H:maXOC —|—(,U()—|—50)

Adaptivni-CUSUMX pro dp = 0.187
zony (A, B, C) = (2.5, 3.0,4.34)
koeficient zuzeni = (0, 0.25, 0.5)
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

5. Robustni adaptivni regulacni diagram
CUSUM X  C.., =max [0,C; — (uo + o) + X
C,, =max [0,C; + (uo + o) —

n

Adaptivni-CUSUMX pro dp = 0.187
zony (A, B, C) = (2.5, 3.0,4.34)
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

5. Robustni adaptivni regulacni diagram
CUSUM X  Cf,, =max|[0,C; — (o + o) + Xy
CN’,,;rl = max |0, Cy + (po + 00) — X

Adaptivni-CUSUMX pro dp = 0.187
zony (A, B, C) = (2.5, 3.0,4.34)
koeficient zuzeni = (0, 0.25, 0.5)
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Numericke vysledKky:

Data: simulace z rozdéleni N(4,1), 6 =0, 0.1, 0.3, ....
(rozsahy vybéru = 5)
Pro kontamianci jsme pouzili 6% datz N (6,6.25) .

1) Shewhart X LCL=3.1280% UCL=3.1280x%

~ ~ ~

2) EWMA X Tt =X + (1 =) Z,
v=0.1, L=2.827
3) CUSUMX  Cf |, =max [0,C;F — (uo + o) +
é;+1 — max O,én —|—( ()—|—50)
5o = 0.15, L = 4.344




ROBUST 2012, NEMCICKY, 9. -14.9. 2012
2. Robustni RD 4. Adaptivni RD 5. Robustni adaptivni RD

1. Robustnost 3. Adaptivita

ARL ruznych diagramu pro data z N(6,1)

Regulacni

posun 0

diagram

0.0

0.1

0.3

0.5

0.7

1.0

1.5

Shewhart

500.2

405.3

128.1

41.5

5.0

1.7

CUSUM

501.2

130.0

20.2

9.9

4.5

2.9

EWMA

501.0

136.3

19.2

8.5

3.4

2.4

Shewhart

500.1

439.2

175.3

69.6

9.7

2.7

CUSUM

502.0

151.4

26.2

13.1

8.7

5.7

3.8

EWMA

499.2

165.4

24.4

10.3

6.4

4.0

2.7

Ad-CUSUM

504.1

124.9

24.5

11.7

7.9

5.4

3.7

Yang, L, Pai, S, Wang Y.R.: A novel CUSUM Median Control Chart. Proceedings of the International MultiConference
of Engineers and Computer Scientists 2010 Vol. III, IMECS 2010, March 17 - 19, 2010, Hong Kong
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2. Robustni RD 4. Adaptivni RD 5. Robustni adaptivni RD

1. Robustnost 3. Adaptivita

ARL ruznych diagramu pro kontaminovana data

Regulacni

posun 0

diagram

0.0

0.1

0.3

0.5

0.7

1.0

Shewhart

87.1

78.0

48.2

24.5

5.7

CUSUM

265.4

97.4

19.2

9.9

4.4

EWMA

186.1

85.2

17.1

8.0

3.4

Shewhart

264.5

236.8

126.6

48.6

9.8

CUSUM

430.0

139.4

26.8

12.8

8.6

5.8

EWMA

343.9

127.4

23.3

10.0

6.2

4.0

Ad-CUSUM

466.2

121.5

24.1

11.8

7.9

5.4

Data: smés 94% z N(6, 1) a 6% z N(06, 6.25)
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Relativni ARL ruznych diagramu pro kontaminovana data

Regulacni posun &
diagram 00 | 01 | 03 | 05 | 07

Shewhart | 500 |447.7|276.7 | 140.6
CUSUM 500 | 183.5| 36.2 | 18.7
EWMA 500 |2289 | 459 | 21.5
Shewhart | 500 |446.1|238.5| 91.6
CUSUM 500 |162.1| 31.1 | 14.9
EWMA 500 |185.2 | 33.9 | 14.5
Ad-CUSUM | 500 |130.3| 25.9 | 12.7

RARLc(6) = k.ARLc(6), kde k =
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1. Robustnost 2. Robustni RD 3. Adaptivita 4. Adaptivni RD 5. Robustni adaptivni RD

Relativni ARL ruznych diagramu pro kontaminovana data

Regulacni posun &
diagram

Zaver:
Robustnost regulacnich diagramu sama

0 sobe zhorsuje jejich vlastnosti.
Teprve ve spojeni s adaptivhim
pristupem dostaneme dobré vysledky.

EWMA 500 | 185.2 | 339 | 145 | 9.01 | 5.82

Ad-CUSUM | 500 [130.3| 25.9 | 12.7 | 8.47 | 5.79

ARL(0)
ARLc(0)

RARLc(é) = ]CARLc(5), kde k£ =




ROBUST 2012, NEMCICKY, 9.-14.9. 2012

De.

/

Gejza Do
Centrum pro jakost a spolehlivost vyroby

T
Gl

:

. ; !
.Q'!l'
"\l. ¢ "Io

oA .

U]

1za Vasl pozornost

hnal, CVUT v Praze, fakulta strojni




