CHAPTER 3 METHODOLOGY

3.1 Univariate control chart

3.1.1 Establishment of control chart for mean using simple random sam-
pling
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when X; is the samples mean of the j** cycle which can be calculated from
1 ¢ ,
= _ZXij’ J= 1,2,...,7‘ (32)
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when Xj; is the i*" observed value in the j%* cycle which is chosen by using simple
random sampling. B
Step 2 estimate for S

e
j=1
when S; is the samples variance of the j** cycle which can be calculated from
200 1/2
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S; = {n — > (X - X;) } (3.4)
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is an biased estimate for o. We can use S/c4 as the unbiased estimate for o where
¢4 is calculated from
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Step 3 estimate the control limit before establishing control chart for the case
that out of control will occur when there is at least one value that X > UCL or
X; < LCL as following;

Step 3.1 estimate the control limit
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UCL = X+3—=
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OL = X-3—= (3.6)

Step 3.2 compare X with the estimated UCL and LCL
if X > UCL or X < LC’L at least one value, then out of control.
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3.1.2 Establishment of control chart for mean using ranked set sampling

Step 1 calculate X,

=1

Xrss = = ZX r88,j (37)

ﬁ

when X, ; is the samples mean of the j* cycle which can be calculated from

rss,J Zx(zn)p g = ] 2 i (38)

when X ;..); is the i*® observed value in the j** cycle which is chosen by using ranked
set sampling.
Step 2 estimate for oy,

1/2
&ir.qa e n rss - Tl2 Z X(z) rss (39)
when 1.
Urss = Z Z X(z m)j -rss) (310)
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Xa = 'T'Z;X(i:n)j, N=RT2 N (3.11)
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where X (i) is the estimate for population mean of the i** order statistic.
Step 3 estimate the control limit before establishing control chart for the case

that out of control will occur when there is at least one value that X, ; 3 > UCL or
X j < LCL as following;

Step 3.1 estimate the control limit
UCL = X, + 363
CL - )_(rss
LCL = X,s — 363, (3.12)

Step 3.2 compare b , with the estimated UCL and LCL
if X 4 >UCL or X, j < LCL at least one value, then out of control.

3.1.3 Establishment of control chart for mean using median ranked set
sampling

Step 1 calculate Xrss
_ 1
erss &= ; z; erss,j (313)
J:

when X7 is the samples mean of the jt* cycle which can be calculated from

mrasg == ZX(zm)p .7 =1,2,..,r (314)
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when X ;.m); is the i** observed value in the j** cycle which is chosen by using median
ranked set sampling.
Step 2 estimate for o, .,

r AN 1/2

&,—;mm = — 1 ZZ X(1 m)j —'mrss)2 (315)
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Step 3 estimate the control limit before establishing control chart for the case
that out of control will occur when there is at least one value that Xmpss; > UCL
or Xmm,J < LCL as following;

Step 3.1 estimate the control limit

UCL = Xumrss + 302
CL = erss
o X — 352 * (3.16)

Step 3.2 compare {(mm,j with the estimated UCL and LCL
if }-(mm,j > UCL or Xpss; < LCL at least one value, then out of control.

3.1.4 Establishment of control chart for mean using ranked set sampling
for multiple characteristics

In general, for ranked set sampling only one criterion will be used in sampling ranking
in which errors can occur easily. Thus more than one criterion should be taken into
the account in order to reduce the errors which have several steps in selection.

For this study, the number of criteria was increased into f =1, f =2,...,f =p, in
which new values was estimated from V4, V4, ..., V,, which were the value of each set
sample. The minimum value of V = Vj + V3 + ... + V, was then chosen, and random
choosing was carried out when there was more than one value.

Step 1 calculate X ssme

Xrssme = Z ersmc,] (317)

when X gsme,; is the samples mean of the j** cycle which can be calculated from
rssmcy == _ZX(zmc)J’ Jj= B ., T (318)

when X(ime); is the i*" observed value in the j* cycle which is chosen by using
median ranked set sampling.

Step 2 estimate for og,, .

n 1/2

. e i
OZrasme — ’I‘L(T—l) Z Z X(t mme)j rssmc) (319)

J=1 i=1

Step 3 estimate the control limit before establishing control chart for the case
that out of control will occur when there is at least one value that )_{rssmc‘j >UCL
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or Xyssmej < LCL as following;
Step 3.1 estimate the control limit

UCL = )?rssmc + 35’5;,,_"“
CL = ersmc
o) A T (3.20)

_Step 3.2 compare X:rssmc)j with the estimated UCL and LCL
if Xpssme,j > UCL or Xrssme,j < LCL at least one value, then out of control.

3.2 Multivariate control chart
3.2.1 Establishment of bivariate control chart for simple random sam-

pling

Step 1 calculate sz using the steps as following;
Step 1.1 estimate the vector of the sample means by given

7. = | Xu =
Xj = |: X2J ] y ] = 1,2,...,7‘ (321)

when X;; is the samples mean of the it" criterion for the j** cycle which can be
calculated from

s 1< . :
X = ﬁk\éxm, i=1,2%7=12..,r (3.22)
when Xj;, is the value of the k" observed value on the i** criterion in the j* cycle.

Step 1.2 estimate sample variance of the it* criterion in the i** cycle by given

1 < .
Sh=—7> (Xun - X)) i=1,2=12.,r (3.23)
‘ k=1

for covariance between criteria ¢ and h of the j** cycle, it can be calculated from
1 < A
Sinj = - Z;(Xijk = Xij) (Xnjk — Xnj) e h: ] =1,2,...,7 (3.24)

n
k=1

vector of X for target means of individual criterion in r cycles is estimated by
= j R
X = ;leij, i=1,2 (3.25)
]:

Step 1.3 estimate the member of the variance-covariance matrix S from the mean
of r cycles

] & . 1¢
= ;ZS?J" i=1,2 and S; = ;Zsih,j, i#Fh (3.26)
i=1 i=1
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finally, the vector X is estimated by using the member ()__( i), and the matrix S is
calculated as following;

Sefanm
= [ . ] (3.27)
Step 1.4 calculate T? from statistic value T*
g e, _ W e
T = o [ (B %) 8 (- Ba) =280 (- Ba) (- %)

(3.28)
Step 2 estimate the upper control limit before establishing control chart for the
case that out of control will occur when there is at least one value that sz > UCL,
as following;
Step 2.1 estimate the upper control limit from the calculation of Ta2,2,(n-1)

UCL=x3, (3.29)

Step 2.2 compare T7 with the estimated UCL
if Tf >UCL, 4 =1,2,...,r at least one value, then out of control.

3.2.2 Establishment of bivariate control chart for ranked set sampling
with multiple characteristics

Step 1 calculate Tﬁmmc using the steps as following;
Step 1.1 estimate the vector of the sample means by given

Ve X jir .
}*j:rssmc = [ X;;;r::::‘: ] ) i=12,.,7 (330)

when Xj..seme is the samples mean of the " criterion for the j™ cycle which can
be calculated from

. 1 « , ;
Xij:rssmc = ; ; Xijk:rssmc, i=1, 2;.7 =1,2,..,7 (331)

when Xjjx.rssme is the value of the k** observed value on the it criterion in the j*
cycle.

Step 1.2 estimate sample variance of the i** criterion in the i** cycle by given

1 < > . :
Sl?jlrﬂ-?mc = B s Z (Xijk:rssmc = Xij:rssmc)2 ) i=1, 2).7 =1,2,..,7 (332)
k=1

for covariance between criteria ¢ and h of the j®* cycle, it can be calculated from

1 « ) =
=1 Z (Xijk:rssmc i Xij:rssmc) (thk:r.ssmc - th:rssmc) )

k=1

i AR =1,2,.T (3.33)

Sihj ‘rssme
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vector of X resme fOr target means of individual criterion in 7 cycles is estimated by
- Taes

Xi:rssmc — ;"’ Zl Xij:rasmcy 1= 1, 2 (334)
J=

Step 1.3 estimate the member of the variance-covariance matrix S from the mean

1 r
2 = 2 e
Si:rssmc = ; E :Sij:rssmc’ i=1,2
Jj=1

1 T
and Sih:'rssmc = ;Z Sihj:rssmm i ?é h (335)
‘ j=1

finally, the vector X »ssme 18 estimated by using the member (X i;mmc), and the
matrix S is calculated as following;

St S12:
S = lirssmc irgsme 3.36
I: Sl2:'rssmc S%;rssmc ( )
Step 1.4 calculate T4 from statistic value T
n = = 2
T2 X (Sl‘z Sg E sz ) [ngrasmc (Xl:rssmc & Xl:rssmc)
‘rssmece ‘rssmc ‘rssmc

+5% 1 some <X2:rssmc -X 2:rssmc)2
—28143:rssme (X Lrsome = X 1:rs.9mc> (XQ:rssmc -X 2:1'ssmc) ] (3.37)

Step 2 estimate the upper control limit before establishing control chart for the
case that out of control will occur when there is at least one value that T7,.. >
UCL, as following;

Step 2.1 estimate the upper control limit from the calculation of T3,2,<n_1)

UCL =12, (3.38)
Step 2.2 compare Tﬁmmc with the estimated UCL
if T2 geme > UCL,  j=1,2,..,r at least one value, then out of control.

3.3 Calculation of average run length of production line

Average run length (ARL) is the average sample number that is required to be

investigated until the production is out of control, where ARL can be calculated
from;

1 M
ARL = — ; R; (3.39)

when M is the number of experiment in estimating the average run length and R;

is the number of samples that is investigated until the production is out of control
in the experiment 7.





