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1. Introduction

The most commonly used control charts (CC) for monitoring
industrial processes are control charts of Shewhart type

Shewhart CC with control limits 0 + 3009/v/n works well only
under the assumptions of independent and normally distributed

data

More realistic situations:

frequent
false alarms!
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outliers unrealistic! j

heavy tails

skewness

heteroscedasticity

correlation between observations
periodicity, seasonal disturbances
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1. Introduction

Measures of efficiency:

Average Run Length (ARL): ARLw (0) = !
Ty (0)
Standard Deviation of Run Length:  SDRLy, (0) = V1-—mw(0)
7Tw(6))
ARLyy (6)
Average Time to Signal (ATS): AT Sw(0) = Z T;
i=1
\ ut
Average Delay (ADEL) I R
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« Rocke, D.M. (1989) Robust control charts, Technometrics, 31, 173-184

* 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

« 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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dependence of observations => use of historical observations

* Montgomery, D.C. (2005) Introduction to Statistical Quality Control, Wiley, New York

* Reynolds, M.R., Stoumbos, Z.G. (2010) Robust CUSUM charts for monitoring the process mean
and variance, Quality and Reliability Engineering International 26, 453-473

* Lee, H.CH., Apley, D.W. (2011) Improved design of robust exponentially weighted moving
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control limits

robust control statistics (W): trimmed mean, median, total
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Rocke, D.M. (1989) Robust control charts, Technometrics, 31, 173-184
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2. Robust control charts

based on robust control statistics together with robust estimates of
control limits

robust control statistics (W): trimmed mean, median, total

median, range, total range, average absolute deviation, inter-quartile
range, median absolute deviation from the sample median, . . .

nonparametric control charts based on : squared rank test, sign
ranks, ...

 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

« Bakir, S.T. (2006) Distribution-Free Quality Control Charts Based on Signed Rank Like
Statistics. Communications in Statistics, Theory and methods, 35, 734-7577




2. Robust control charts

1) Shewhart type X control chart LCL = —3.025,

UCL = 3.025

2) EWMA X control chart Zna1 =X + (1 — v)Zn

3) CUSUMX  CF |

n+1
00

~v=0.1, L =2.827

Imax :O, é,r_Ll_ — (,u() -+ 5()) -+ Xn

max :O, C~',,; + (o + do) — X’n,:
0.15, L =4.344
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In control chart design and implementation, there are two sets of
parameters required to be determined:

* sampling parameters (sample size, sampling interval)

e design parameters (limits, parameters of charting statistics)

Obtaining data in Phase I for estimation of parameters to reach
acceptable level 1s often too costly. Insufficient number of samples
in Phase I can lead to large uncertainties in parameter estimation.

Alternative 1s to improve estimation accuracy by using samples
collected in Phase I  => adaptive control charts
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easily realized as long as SPC
» Tagaras, G. (1998) A schemes are imolemented with iptive control charts,
Journal of Quality Tt p

* Woodall, W.H., Mo the aid of COIIlplltGI'S Jstatistical pProcess
control, Journal of Q
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control chartmg schemes, Internatlonal Journal of Production Research 38, 1997-1992
* Tsung, F., Wang, K. (2010) Adaptive Charting Techniques: Literature Review and Extensions,
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3. Adaptive control charts

Examples of charts with adaptive design parameters:

CUSUM control chart with adaptive reference parameter
(Sparks, 2000):

Ct — INnax [O, Ct—l - (Cl?t — 5t/2)/h(5t)]

where h(d;)is function which maintains a constant control limit
the shift magnitude o;1s on-line updated using an EWMA-type

equation
0¢ = max (wwt 1+ (1 — w)op—1, 5min)

(suggested Omin 1S 0.5 for detecting smaller shifts, 1.0 for
detecting shifts larger than 1.0)




3. Adaptive control charts

Examples of charts with adaptive design parameters:

EWMA adaptive procedure with adaptive smoothing parameter
(Capizzi and Masarotto, 2003):

D= (1 — w(et))Zt—l + w(et)xs

where e; = z; — Z; . For small values of e;, w(e;) becomes
relatively small, while for large €¢ the value of w(e:) enlarges
accordingly.
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Examples of charts with adaptive design parameters:

Zone adaptive procedure with adaptive control limits:
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3. Adaptive control charts

Examples of charts with adaptive design parameters:

Zone adaptive procedure with adaptive control limits:

B

9 A ©@ » o » @ 0O O

r € Z = NextLimit = L,,.1(~Z, L)

where
Lypi1(Z,Ly) =L, —w(4), when Z # (—A, A),
Lypi1(Z,Ly,) = (D,—D) when Z = (-4, A),




3. Adaptive control charts

Examples of charts with adaptive design parameters:

Zone adaptive procedure with adaptive control limits:

An example:

9 A ©@ » o » @ 0O O

LCL,.1 =LCL, +0, UCL, = D,
LCL,.1=LCL, +1/20, UCL, = D,
LCL,.1=LCL, +1/40, UCL, = D,

LCL,.1 =—D, UCL, = D,

LCLp+1 = —D UCL, = UCL, — 1/4o,

LCLp+1 = —-D UCL, = UCL, —1/20,

e
T, € (-D,-C) =
T, € (-C,—B) =
T, € (—B,—A) =
T, € (—A,A) =
T, € (A,B) =
T, € (B,C) =
T, € (C,D) =

LCL,.1 =-DUCL,=UCL, — 0o




3. Adaptive control charts

Examples of charts with adaptive ¢

esign parameters:

Zone adaptive procedure with ac

aptive control limits:

°
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9 A ® » o » @ 0O O

Zones = (0, A, B, C, D)
control limits shrinkage = (0, 1/4, 1/2, 1)

An example: En € (—D,-C) = LCL, = LCL, 4+ 0, UCL, = D,
Z, € (—C,—B) = LCLyi1 = LCL, +1/20,
Fn € (—B,—A) = LCLy.1 = LCL, + 1/40,
Fn € (—AA) = LCL,1 =—-D, UCL, = D,
7n € (A,B) = LCL,+1 = —D UCL, = UCL, — 1/40,
7, € (B,C) = LCL,+1 = —D UCL, = UCL, —1/20,
Z, € (C,D) = LCLy41 =-D UCL, =UCL, — 0

UCL, = D,
UCL, = D,
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Examples of charts with adaptive design parameters:
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4. Robust adaptive (ROAD) control charts

CUSUM X

C’+ L = max

C'_+1 = max

n

O C+ (120

0o )

_07 Cn T (:uO i

X,

- 60) — N

n—




4. Robust adaptive (ROAD) control charts
CUSUMX  Cf | =max[0,CF — (o + &) + X,
Cyryq = max [0,C, + (o + do) — Xy

n

Adaptive-CUSUM X control chart 0o = 0.187
zones (A, B, C)=(2.5, 3.0, 4.34)
CL shrinkage = (0, 0.25, 0.5)
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4. Robust adaptive (ROAD) control charts

CUSUM X

C’++1 = max
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4. Robust adaptive (ROAD) control charts

Numerical results:

Data (simulation): data is from N (4,1), 6 =0, 0.1, 0.3, ....
(each sample size = 5). For contamination 1s used 6% of
N (6,6.25)




4. Robust adaptive (ROAD) control charts

Numerical results:

Data (simulation): data is from N(d,1), 6 =0, 0.1, 0.3, .

(each sample size = 5). For contamination 1s used 6% of
N (6,6.25)

1) Shewhart X control chart with UCL=3.128

2) EWMA X control chart Zpi1 =X, + (1 —~)Z,
v=0.1, L =2827

3) CUSUMX (| = max [0, C)F — (o + &)
~,r:_|_1 — INax O, é,r: -+ (,u() 50) —
do = 0.15, L = 4.344

X,




4. Robust adaptive (ROAD) control charts

Numerical results: ARLs of different charts with data from N(9,1)

shift o
Control Chart | 00 | 01 | 03 | 05 | 07 | 1.0 | 15
Shewhart | 5002|4053 | 128.1| 415 | 163 | 50 | 1.7
X | cuSuM 5012|1300 202 | 99 | 65 | 45 | 29
EWMA |5010][1363| 192 | 85 | 52 | 34 | 24
Shewhart | 500.1 | 4392 | 1753 | 69.6 | 283 | 9.7 | 2.7
X | cuSUM 150201514 262 | 131 | 87 | 57 | 38
EWMA | 4992|1654 | 244 | 103 | 64 | 40 | 27
X |Ad-CUSUM| 504.1 | 124.9 | 245 | 11.7 | 79 | 54 | 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 Vlj’c \V §




4. Robust adaptive (ROAD) control charts

Numerical results: ARLs of charts with contaminated data

shift o
Control Chart | 00 | 01 | 03 | 05 | 07 | 1.0 | 15
Shewhart | 87.1 | 78.0 | 482 | 245 | 138 | 57 | 2.7
X | cuSuUM 2654 974 | 192 | 99 | 66 | 44 | 29
EWMA 186.1 | 852 | 171 | 80 | 50 | 34 | 2.4
Shewhart | 264523681266 486 | 241 | 9.8 | 4.0
X | cUSUM | 4300|1394 268 | 128 | 86 | 58 | 38
EWMA [3439] 1274 233 | 100 | 62 | 40 | 27
X |Ad-CUSUM | 466.2 | 121.5| 241 | 118 | 7.9 | 54 | 3.7

Data: mixture of 94% N(o, 1) and 6% of N(9, 6.25)




4. Robust adaptive (ROAD) control charts

Numerical results: Relative ARLs of charts with contaminated data

shift ¢
ControlChart | oo | 01 | 03 | 05 | 07 | 10 | 15

Shewhart | 500 |447.7|276.7 | 140.6 | 792 | 32.7 | 15.5
X | CUSUM | 500 [1835] 362 | 187 | 124 | 83 | 5.46

EWMA 500 | 2289 | 459 | 215 | 134 | 9.1 | 6.45

Shewhart 500 | 446.1 | 2385 | 91.6 | 454 | 18.5 | 7.54

X CUSUM | 500 |162.1| 31.1 | 149 | 100 | 6.74 | 4.42
EWMA 500 | 1852 | 339 | 145 | 9.01 | 5.82 | 3.93

~

X |Ad-CUSUM| 500 [130.3 | 259 | 12.7 | 8.47 | 5.79 | 3.97

ARL(0)
ARLc(0)

RARLc(é) — kARLc((S), where k =
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4. Robust adaptive (ROAD) control charts

5. Conclusions:

In the case of contaminated data, improved CC using
adaptive detection scheme 1s the best choice!
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