FRERTPELR AT P E S REL

e B EWA FHIRLm L (¥ 28)
FPE s (RER)

e T B Y

% % % NSC 96-2118-M-004-001-MY2

«ﬁ F OB 1972087 01 px98& 07" 3R
#oFHE o Wse s B

PR AL AT

o2 B ARREERFLEREEF LG

o B ? L S N ERE .E;‘f f—'l’“ﬂ"'%?ﬁﬁ’fg QELT OB A

PooE R R 98#09% 23F



‘ﬁ' i+ -

FRRATFELR R BUE LV E g o e

e iepdFEd

SreflAeT & 4 EWMA ¢ 4R 2 7~ 3

FEAY M BHARE O FEIAE
3 e NSC 96-2118-M-004-001-MY2 —

HeEHEF 9 £ 8§ 2 1 p o2 98 & T ¢ 31 P

FRAIFA YR SRR
HladEA o
VERFEAR D MR A¥% HRecd R FRE OE 4w

S EFLFA(REF PG ERTR) [ HFEE BREFES

ARSI R RER 2R

(AR DN LAY o FHIEEL - >

(A A e R LAY CFERL -

W ARFERERCERLZFL2H2 -6
BEEER TS R e T

RSP AR IR R AR CARTE L
]IJ%%‘J-%Z»’F]IJF’-I FI7]~ » B WO E
(W2 B H s rEMAE |- fB- 27 2R 439

PFH



. ~® 2R 2 B4R (keywords)
1. #» = a‘%ﬁé % M 423 (keywords)
G FHpartiae oo SRANTF G MRy AKE, = 5
SCIL# ], = B#h= @ 4 SCI gL, - Kok, oA
2R EZERHT UEF FHOLIELL Y %” 616 B
TRz WARR PR TR R R BALT A 2 I B
D HIR ¢ 54 EHA 2 EWMA F 1@ o &I’E/Hfr RS Mu =T a‘%
S A B A AW R4 R R B e, T A
P aE R 1
2. ® i & 2 B 4o (keywords)

In the two years’ project, | have finished all related topics. Two papers have published in
journals, two are accepted, one is under-reviewing and some are going to write. All the papers
propose the adaptive scheme to monitor the shifts in means and variances in the dependent
process steps including the situations of correct adjustments and the incorrect adjustment
situations. A single control chart to monitor mean and variance on a single process are also
proposed. The control charts including the Shewhart-type charts and EWMA charts.

The detection ability of the proposed adaptive monitoring schemes performs the fixed
monitoring schemes based on the results of some data analyses. Hence, the adaptive control
charts are recommended.

Keywords: Control charts; adaptive control scheme; Dependent process steps; Incorrect
adjustment; Markov chain

II. FLp7F:

Some papers of the project have been published or accepted in journals. Some reports are
writing, some results will be summarized. Those will be submitted to SCI journals in the near

future.

Journals:

1.Yang, S. and Yu,Y. (2009),”Monitoring cascade processes using VS| EWMA control charts,”
Journal of Chemometrics, accepted.

2.Yang, S and Yu,Y. (2009).”Using VSI EWMA charts to monitor dependent process steps
with incorrect adjustment,” Expert Systems with Applications 36 (2009) 442-454.



3.Yang, S. and Chen, W. (2009),” Controlling over-adjusted process means and variances using
VSI cause selecting control charts,” Expert Systems with Applications 36 (2009) 7170-7182.

4.Yang, S. (2009),”Variable control scheme in the cascade processes”. Expert Systems with
Applications. Accepted.

5.Yang, S. and Chen, W. (2009),”0On-Line Monitoring Using VSI Cause Selecting Control Charts”,

Submit to Journal of Statistical Planning and Inference.

Conference

1. Yang, S and Lin, J. (2009), “Variable Parameters Loss Function Control Chart,” SSS2009, Cape town,
South Africa.

2. Yang, S., Chen, Y and Yang, C., 2009,” Controlling Means and Variances Using VSSI Cause Selecting
Control Charts,” ISI, Durban, South Africa.

3. Yang, C. and Yang, S., 2009,” Adaptive Control Scheme for a Process with Incorrect Adjustment”,1st
Proceeding of Asian Conference on Intelligent Information and Database Systems, 404-409. Published by
IEEE Computer Society. (EI)

4.Yang, S and Yu, Y., 2008, “Monitoring Process Steps Using VSSI EWMA Control Charts, *

International conference on Engineering Optimization, Rio, Brasil. ISBN 978-85-7650-152-7.

5.Yang, S and Yu, Y., 2008, “Monitoring Cascade Process Using VSI EWMA Control Charts, “ISBIS 7,
Prague, Czech.

6. Yang, S. and Yeh, J.,2008,” Using Cause Selecting Control Charts to Monitor Dependent Process Stages
with Attribute Data,” ISBIS 7, Prague, Czech.

7. Yang, S. and Chen, Y., 2008,” Design of VSI Cause Selecting Control Charts for Monitoring process m

and Variances,” ISBIS 7, Prague, Czech.

8. Yang, S. and Chen, W. ,2007, “Controlling Incorrect Adjustment Processes Using Optimum VSI
Control Charts”, ISI 56, Lisbon, Portugal.

9. Yang, S. ,2007, “Controlling a Process with Incorrect Adjustment Using VSI Control Charts”, ISBIS 6,
Azores, Portugal.

10. Yang, S. and Chen, W. ,2007, “Variable sampling interval control charts,” International Conference
Multiple Decision Theory , Taiwan. (in honor of Prof. Der-Yun Hwang)
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Abstract

This article considers an adaptive process
control scheme for a process with incorrect
adjustment. Incorrect adjustment of a process may
result in shifts in both the process mean and variance,
ultimately affecting the quality of products. We
construct control charts with adaptive sampling
intervals (ASI) to control the quality variable
produced by the process with incorrect adjustment.
The performance of the proposed control charts is
measured by the adjusted average time to signal
derived by a Markov chain approach. An example of
process control for automobile braking system shows
the application and the performance of the proposed
control charts in detecting small and medium shifts in
mean and variance. Furthermore, some numerical
analysis results show that the performance of the ASI
control charts is much better than the FSI control
charts in detecting small and medium shifis in mean
and variance.

1. Introduction

Control charts are important tools in statistical
quality control.  They are used to effectively
monitor and determine whether a process is
in-control or out-of-control. A common problem in
statistical process control is unnecessary adjustment
of a process (or over-adjustment of a process) (see
Deming, 1982) due to incorrect use of control charts
by the operator or since the only information about
the state of the process is available through sampling.
A process requires adjustment, when a control chart
indicates that it is out of control. However, the
process may be adjusted unnecessarily, when a false
alarm occurs. Woodall (1986) noted that the effect of
incorrect adjustment is a quite significant increase in
variability of the quality characteristic. It is thus
important to effectively control the significant
increase in variability of a process with incorrect
adjustment. Collani and Saniga (1994) proposed an

economic adjustment model for the X control chart
with a single special cause that considers the effects
of a process with incorrect adjustment.  Their model
determines the optimal design parameters of the x
control chart which maximize the profitability of the
process with incorrect adjustment. Yang and Yang
(2004) derived economic adjustment model for the
X control chart with multiple special causes.

However, the above papers, even Shewhart x
control charts, always monitor a process by taking
equal samples of size at a fixed sampling interval
(FSI), they are usually slow in signaling small to
medium shifts in the process mean. Consequently,
several alternatives have been developed to improve
the performance of x~ control charts in recent years.
One of the useful approaches to improve the detecting
ability is to use a control chart with ASIs (Adaptive
Sampling Intervals) instead of the traditional FSI.
Whenever there is some indication that a process
parameter may have changed, the next sampling
interval should be shorter. On the other hand, if there
is no indication of a parameter change, then the next
sampling interval should be longer.

The properties of the x chart with adaptive
sampling intervals were studied by Reynolds et al.
(1988). Their paper has been extended by several
others: Reynolds and Arnold (1989); Runger and
Pignatiello (1991); Saccucci, Amin, and Lucas (1992);
Runger and Montgomery (1993); Amin and Miller
(1993); Baxley (1996); Reynolds, and Arnold, and
Baik (1996). Tagaras (1998) reviewed the literature
on adaptive control charts. Very little work has been
down on ASI control charts for monitoring process
mean and variance simultaneously. Chengular,
Arnold and Reynolds (1989) detected process mean
and variance using ASI x and r control charts.
Reynolds and Stoumbos (2001) discussed the
properties of ASI X and MR control charts. These
papers show that most work on developing ASI
control charts has been down for the problem of
monitoring process mean without considering the



effects of a process with incorrect adjustment. The
ASI control charts used to control the mean and
variance of a process with incorrect adjustment has
not yet been addressed. Therefore, to study the
performance of the ASI control charts on the whole
process with incorrect adjustment has arisen. In this
paper, the ASI Z and Z, control charts are

proposed to control the whole process with incorrect
adjustment. In next section, the performance of the
proposed - and Z, control charts is measured

by the Adjusted Average Time to Signal (AATS),
which is derived by a Markov chain approach. Finally,
we illustrate the application of the proposed control
charts using a real example and compare the
performance between the ASI z_ and z, control

chartsand FSI z_ and z, control charts.

2. Description of the ASI 7z _ and
Z ., Charts for Controlling a Process
with Incorrect Adjustment

Consider a process controlled by the ASI 7_

X

and 7 control charts. Let X be the measurable
52

quality variable on the process. Assume further that
this process starts in a state of statistical control,
that is, X follows a normal distribution with the

mean at its target value, 4, and the standard
deviation at its target value oy
In our study rational samples of size (, ) are

taken from the process; the standardized sample
mean and variance, z_and 7 are
X 5?2

Xi—p and
7 =—-"X~NO1
=
2
z :(n-l)Sl. ~ 4 (n-1) (2-1)
sf qf
X.
where + %% " and
' n
Z(Xzf_yi)z
SZ _ A ) i:1,2,3,....
! n-1

Also assume that a special cause or incorrect
adjustment may occur in the in-control process. The
process is subject to the special cause or incorrect
adjustment such that the mean of X shifts from iy

to 4, *60, (5, #0) and the variance shifts
from o t0 g5 (s5,>1)  The out-of-control

distribution of X will be corrected to in-control state,
once at least one true signal is obtained from the
proposed control charts. Let T, be the time until the

occurrence of a special cause, and follow an
exponential distribution of the form

f@t)=Aexp(=Ar) >0 (2-2)
where 1/, is the mean time that the process remains

in a state of statistical control.
An in-control state analysis for the ASI Z and

Z, control charts is performed since the shifts in the

process mean and variance do not occur when the
process is just starting, but occur at some time in the

future. The samples Z andzs2 are plotted on
the ASI Z. and Z control charts with warning
limits of the form +w, and w, and control limits

of the form +k andk,, respectively, where0<w; <k

and O<w, <k,
The search for the special cause and adjustment
in the process is undertaken when the sample Z+

falls outside the interval (_kl’kl) and/or when the

sample zg, falls outside the interval (0, k), that is

when the 7 and/or 7 _ charts produce a signal. For
X S

a discontinuous process, the process is stopped to
search for and eliminate the special cause and
correction after a signal is obtained from a control
chart. The process adjustment may be incorrect when
the signal is false, but the adjustment may be
corrected when the signal is true and then the process
is brought back to an in-control state.

The positions of the current samples in the joint
Z and/or z, charts define the sampling interval of

the next sample.

We divide the proposed ASI Z. and/or
Z, control charts into the following three regions
(2-3), respectively.
I, :[_ Wle] (central region)
(warning region)
(control region)

(central region) (2-3)
(warning region)
I%‘Z =(0,k,) (control region)

MThree ASls are adopted,0<¢t, <, <t; <. If
both the samples, g and Zgo fall within the

central regions, I, and 7, , then the next



sampling interval should be long (¢,). If any one of

the samples fall within the central region but the
other falls within the warning region, then the next
sampling interval should be medium (z,). If both

the samples fall within the warning regions, then the
next sampling interval should be short (£,).

The relationship between the next sampling
interval (¢, ,m=123) and the position of the current
samples is expressed as equation (2-4).

t, it Z.el, N Z,e I,

t, f(Z.el, N Z,e I,,)or (2-4)
" (Z,el, N Z,e I, )

n it Zoel, N Z.e I,

Assume that the first sampling interval taken
from the process when it is just starting is chosen
randomly. When the process is in control, all
sampling intervals, including the first one, should
have a probability of , = of being long, a probability

of p,,0f being medium, a probability of ,  of being

3 -
short, where Sp=1 Pu P and p,. are given
=
by
Por = P(Z} e12;1 Z

2
el, |XN(pn )75 |<k 0<Z <k;)
n

2
s 2

_[220n)ALF: (w)]
[22(k,)-1LF . (k)]

pUZ:P(Z} eIZE ,Z,€el,

s?

2
YN ) |Z5 |<ky 0<Z <ky)+
, .

522

P(Z;e[z;Z Z,el

2
B ZSQL

2
YN (7). |25 |<ky 0<Z <ky)
n

_ [2@(14/1)—1][1712 (kz)'Flz (w,)] [2@(k1)—2l15(w1)][F12 (w,)]
[2®(k,)-1LF . (k,)] [2®(k,)-1LF . ()]

2
— o
Pu=PZiel,_, Z,el, X~N(ﬂ,7), \z} |<k 0<Z, <k,)
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[22(ky)-2@(wW)IIF - (k)-F 2 (w,)]
=1-py— Py =
[20(ky)-UIF - (k)]
o(yand F,(-)are the cumulative probabilities of the
x

standard  normal  and Z(Zn-l) distributions,

respectively.
If both w:o, w, =0 and L= ==y, then
the ASI _ and/or 7 chartsreduceto z_ and/or
X s X

z, charts with FSI ¢, .

3. Control Charts Comparison

Sampling schemes should be compared under
equal conditions; that is, ASI and FSI schemes should
demand the same average sampling interval under the

in-control period. That is,
B}, =00, =112 < k,0< Z,, <k, |=1,» M1, 2, 3.

OF pots + Poty + Pogt = 1o 31
Based on the equation (3-1), the warning limit

w; of the ASI Z. control chart is derived as follows.

o Ol 62k () () +2¢(1q)(to—a)]} (3-2)

h AF, ()] l-2, +1)+2F , (k)1 -1)

However, to obtain w; and let O<y<k , the

constraints 0 <w,<k, and 0<¢<t,<t,<co are

required. Thus, the warning limit, w;, can be obtained

by using equation (3-2) and choosing a combination

of the ASlIs, (7,,¢,,t,), the fixed sampling interval,

t,» and the constraint o <y, <k,

In this paper, the ASI scheme is compared with
the FSI scheme and sampling scheme was
considered to be better than another when it allowed
the Z. and Z, charts to detect changes in the

process mean and variance faster.

4. Measurement of Performance

The speed with which a control chart detects
process shifts measures its statistical efficiency. For
a ASI, the detection speed is measured by the
average time from either mean or variance or both
shifting until eitherzy orz, chart or both signals,

which is known as the Adjusted Average Time to
Signal (AATS). That is, the AATS is the mean
time that the process remains out of control without
signaling.

Since 7, ~exp(-At), ¢>0, the occurrence
time until the special cause occurs.
Hence,
AATS = ATC—% (4-1)
The average time of the cycle (ATC) is the average
time from the start of a process until a true signal
obtained from one of the proposed charts (see
Duncan (1956)). The ATC is the sum of the average
in-control time and average out-of-control time
(AATS). The Markov chain approach is allowed to
compute the ATC due to the memory-less property of
the exponential distribution. Thus, at each sampling,
one of the 14 states is assigned based on whether the
process step is in or out of control and the position of
samples. The status of the process when the; +1)"

sample is taken, and the position of the i" sample
on the joint - and Z, charts define the transition

states of the Markov chain. The joint ASI
Z. and Z, charts produce a signal when at least one

of the samples falls outside the control limits. If the



current state is any one of the States 1, 2, 4, 5, 10~13,
then there is no signal. If the current state is State 3, it
indicates one false signal comes from the Z, chart

then the process is adjusted unnecessarily and State 3
instantly becomes any one of the States 10~13 with

.. 13
probabllltypszj,and 21’3:/ ~1,j=10~13" Any one of
j=10

the States 10~13 thus transits to any other state after a
sampling time interval. States 6, 7, 8 and 9 are same
to State 3. If the current state is any one of the States
1~13, then it may transit to any other state, hence
States 1~13 are transient states. The absorbing state
(State 14) is reached when at least one true signal
occurs.

Let P be the transition probability matrix,
and P is a square matrix of order 14. Let P (t,) 1o
be the transition probability from prior state i to the
current state j with sampling interval ¢, , where ¢,
is determined by the prior state
i,i=1.2,.,14j=1,2,..14, m=1,2,3. The transition
probability, for example, from state 1 to state 4 with
sampling interval 7, and fixed sample size n is
calculated as
P, (t;)=P(T, > ts)P(Z} 6123’ Z, € 12),21 |6,=0,0, =1)

= (e7)20(k) - 20(w)ILF . (w,)]

The calculation of all transition probabilities can thus
be obtained

From the elementary properties of Markov

chains (see, Cinlar (1975)) and following Yang
(1993), the ATC is derived as

ATC=B(1-Q 1+b(1-Q M, +b(1-Q) *(4)T, (4-2)

where 5 =(p,, P20, P, ,,,00,0,0,0,0,0,0)
2 2
is a (1x13) is the vector of starting probabilities for
state 1, 2, 3,...,13, and the first sampling interval has
probability , ~ of being long (state 1 with

probability , ) , the probability , ~ of being
medium (state 2 or stat 4 with probability 2.2 ), and
2

the probability , . of being short (state 5 with
probability .. ); | is the identity matrix of order 13;

Q is the transition probability matrix where each
element represents the transition probability, P(1,)
from transient state i to transient state j with sampling
interval ¢, , where i=1,...,13, j=1,...,13, m=1, 2, 3;
t = (15,0, 1%, 1, 1,, 15,05, 1%, 15,1, ,1,,1,,1,) 1S the vector
of the sampling intervals for State 1~State 13, ¢* is

the average sampling interval for State 3, 6, 7, 8, and
9; and M,‘=(0 o r, 00 7, T T,

ad

T, 0 0 0 O0)is the vector of the time of
incorrect adjustment for States 1, 2, ... and 13, T,

is the time interval for making an incorrect
adjustment in the process for States 3, 6, 7, 8 and 9.
A is the vector of transition probability, P,(t,)

form transient state i, i=1,...,13, to an absorbing state
J, J=14; T is the time interval for making a

correction in the process.

5. An Example

An example of process control for automobile
braking system is presented, and the data of the
process are measurements of bake weight. Let X =
bake weight be measured from the end of the second
process step. One machine could fail in the process,
and shift the mean and variance on bake weight.
Presently, the FSI Z, and Z, control charts are used
to monitor the process per hour (;,=1h). Information
about the state of the process is available only
through sampling. When the proposed control charts
indicate that the process is out of control, it requires
correction. Sometimes, the process may be corrected
unnecessarily when at least one false signal occurs.
To construct the control charts, thirty samples of size
five are collected from historical data under the stable
process. The estimated mean and standard deviation

of X are (x=2101, ¢ =1.23).

One machine could fail in the process. From
historical data, the estimated failure frequency for the
machine is 2 times per hour. The failure machine or
the incorrect adjustment of a process would shift the
mean and variance of X to (;,+51<;,522 o?), where
5=05and §5,=20 are estimated from previous
out-of-control process. Hence, for out-of-control

2
ProCess, 7y _ N(210.1+1.23¢0.5, 4(@)) . The FSI

N3

Z and Z, charts have control limits placed at +3

and 16.25, respectively. Thus, approximately 5.4
false alarms are expected per 1,000 samples have
in-control average run length (ARL) of 185 hours and
AATS=19.482 hours calculated from equation (4-1)
and (4-2) by letting s =¢,=¢=¢=1. The slowness

with which the FSI Z, and Z, charts detect shifts in
the process (5,=0.5 and &, =2.0) has led the quality
manager to propose building the Z. and Z, charts
with ASIs, (¢ ,¢ ., ). The construction and
application of the proposed ASI Z. and Z, charts is

illustrated. The following are the guidelines for using
the proposed control charts:



Step 1. Let the control limitsx, = 3 and k, =16.25,

to maintain the average false alarm rate at
around 2.7 per 1000 samples for
Z and Z, charts, respectively. The

reciprocal of 2.7 false alarms is also the ARL,
but for the in-control case of &, =0,5, =1.

Step 2. The incorrect adjustment time of the process
is 0.5 hours (7, =0.5).

Step 3. The constraint 0<y <y, < =1<; <00 s
required for obtaining a better performance,
but the combination (7 =5, ;=0.1 hours,
t, =0.5 hours,  =2) is adopted by
engineers.

Step 4. Letting f =0.1, =05, , =2, n =5,
T,=05, k=3, k=1625, A=2 and
0<w, <16.25 in the equation (3-2) leads
to w,=8500 and ., =0.483 with

calculated AATS=3.450 using equations
(4-1) and (4-2).
Consequently, the structures of the proposed
ASlZ and Z, charts are as follows.

ucL, =3
UWL,_ =0.483
cL, =0
LWL, =-0.483
LCL, =-3
UCL,, =1625
UWIL,, =85
LCL,, =0

With the design parameters determined, the ASI
z.andz , control charts can be used for controlling

the bake weight of the automobile braking system
with incorrect adjustment. According to the ASI

scheme, if all samples, (z,z . ), fall within warning

limits, then the long sampling interval ¢, =2.0h

should be taken. If one of the samples fall within
warning limits but another falls between warning and
control limits, then a sampling interval ;, =0.5h

should be taken. If both the samples fall between
warning and control limits, then a sampling interval
t,=0.1h should be taken. If at least one signal is
obtained from the control charts, then the process is
stopped and corrected.

An example using the ASI is introduced. When
the process starts, a random procedure decides the
first sampling interval ,=2.0h with sample of size

five. The first sample mean and variance are
(x1=210,s* =0.625) and the standardized values

are (z} =0.182, Zg, = 1.652). Since both the

samples fall within warning limits, the second
samples will be observed adopting a sample of size
five after ¢, =2.0h. The second sample,

(z}, Zgs ), is (1.64, 10.576). Since both samples

fall within warning and control limits, the third
sample will be observed after ¢ =0.1h. The process

is stopped and corrected when one signal is obtained.
The AATS is used to measure the performance
of the proposed ASI Z}and Z, control charts. The

proposed Markov chain approach is used to obtain
the ATC and calculate the AATS. There are 14
possible process states, as presented in Section 4.
Hence, the AATS is 3.450h according to equations
(4-1) and (4-2).

The ASI scheme improves the sensitivity of the
FSI Z and Z, charts. From the example, in order

to detect a shift in the mean and variance of the
process, the AATS for the ASI Z, and Z, charts has

been reduced from 19.482 hours to only 3.450 hours,
and the saving rate of detecting time is 82.291%.

6. Performance Comparison Between
ASI and FSI Schemes

Twelve AATSs of ASI and FSI schemes, which
are obtained under twelve combinations of
parameters based on orthogonal array ,,(2") table
with ;-2040, 6,=0515, 6,=10,20, £,=0.010.1,
[2 20.1,0.5 ’ t3 :20,40 ’ IO :1.0 ’ Tad:0-511-01
k, =3, k,=16.25,and n=5.

The results show that the performance of the
ASI Z. and Z, control charts is much better for
detecting small and medium shifts (0.5 < 5,,5, < 2.0)
in process mean and variance. The ASI
Z and Z, control charts save detection time from

20.336% to 82.291% compared to the
FSi Z and Z, control charts. To examine the

effects of various parameters on the ASI AATS, the
main effects plots show the significant parameters are
t,, t,,6, ands,. The proposed ASI control scheme

is thus recommended.

7. Conclusions

The proposed ASI scheme controlling a process
with incorrect adjustment substantially improves the
performance of the FSI scheme by increasing the
speed with which small and medium shifts in the
mean and variance of a process are detected. We have



found that the ASI Z, and Z, control charts always

work better (in the cases examined) than the FSI
z_and z_, control charts for small and medium s,

and s,values.

This paper considers a process with incorrect
adjustment.  However, a study of the adaptive
sample size (ASS), adaptive sample size and
sampling interval (ASSI) or adaptive parameters (AP)
Z and z, control charts under a process with

incorrect adjustment is an interesting topic for future
research. Other important extensions of the proposed
model can also be developed. The extension of the
proposed model to study AP control charts on
multiple process steps or other control charts, such as
attributes charts, CUSUM charts or multivariate cases,
is straightforward.
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