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Abstract

The EWMA and CUSUM charts have found extensive applications in the
industry as they respond better than Shewhart classic charts in detecting small and
medium successive changes in quality.

The sensitivity of these quality control schemes can be increased using
various tools and variations of the classic chart EWMA, such as technique Fast
Initial Response (FIR) and the application of various sampling techniques. In this
master thesis, we analyze the main extensions of the EWMA diagram, their
mathematical background, compare their performance with the help of
computational tools and finally apply each technique to an example.

At the same time, ways to improve some of these techniques are being
studied. th Chapter 8, a new chart is proposed, showing much better detection ability
than any other that has so far been proposed in the international literature. This
diagram is based on the EWMA method and combines two existing techniques, the
MFIR, in a variation and the ODRSS sampling technique. This chapter also presents
an alternative proposal that improves furtherther this chart, resulting in a control
chart, the New MFIR ODRSS EWMA.

Finally, in Chapter 9, a comparison is made of all techniques that have been
presented in this master thesis.

Comparison of chart performance is based on the average Run Length of the

charts, namely 6 ¥ and o "0 .

Key 1 words: statistical quality control, control charts, average run length, CUSUM,
FIR, EWMA, Head Start, Modified EWMA, MFIR EWMA, CSEWMA, & "YEWMA,
RSS, MRSS, MDRSS, DMRSS, ODRSS EWMA.
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> library(spc);

> xewma.arl(I=0.14,c=2.784641,mu=1,sided="two" limits="fix",r=80,q=30) ;
[1] 9.575347 9.520164 9.477735 9.445894 9.422843 9.406595 9.395317 9.3

87553 9.382232 9.378593 9.376107 9.374410 9.373252 9.372462

[15] 9.371923 9.371555 9.371303 9.371132 9.371015 9.370935 9.370881 9.3

70844 9.370818 9.370801 9.370789 9.370781 9.370776 9.370772

[29] 9.370769 9.370768
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> for (i in 1:30){print(c(i,round(xewma.arl(I=0.14,c=2.782883,mu=1,side
d="two",limits="vacl",r=80,q=i),digits=3)))}
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0 0'Y 0.25 0.5 0.75 1 1.25| 1.5 | 1.75 2 2.25
01 | 2.017113] 370 60.82 | 2455 | 1486 | 1060 | 824 | 6.75| 5.74 | 5.00 | 4.44
02 | 2.233469| 370 64.35| 2547 | 1531 | 1088 | 844 | 6.91 | 5.86 | 510 | 4.53
03 | 2.363788| 370 | 67.02| 2562 | 1522 | 10.76 | 8.33 | 6.81 | 5.77 | 5.02 | 4.46
04 | 2.454496| 370 69.80 | 25.69 | 15.02 | 1055 | 8.13 | 6.64 | 5.62 | 4.89 | 4.34
05 | 2.522615| 370 7276|2581 | 1482 | 1032 | 792 | 6.45| 545 | 474 | 4.20
06 | 2.576279| 370 7587 | 26.03 | 1465| 1011 | 7.73 | 6.27 | 5.29 | 459 | 4.07
07 | 2.619982| 370 79.08| 2635|1454 | 993 | 755|6.11|5.14 | 446 | 3.95
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0.13 | 2.776483| 370 | 9880 |29.81| 1474 | 9.42|6.89|545| 452|388 3.42
0.14 | 2.792883| 370 | 10203 |30.57 | 1488 | 9.41|6.84|5.38|4.46 | 3.82| 3.35
0.15 | 2.807657| 370 | 10523 |3137|1505| 9.42|6.80|5.33|4.40|3.76 | 3.30
0.16 | 2.821035| 370 | 10839 | 3219|1524 | 9.44|6.76|5.28 | 4.34 | 3.71| 3.25
0.17 | 2.833205| 370 | 11152 |3305|1545| 9.47|6.74|5.24| 4.30| 3.66 | 3.20
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2 1.93 8 2.917 0gg 1829 2.967 . ,, 1528 2.497 g7
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2 1.931 3. 065 1.13 2. 3096 3. 225 0.92 4.170 5. 153 0.98

odn n'hJ'h>E/\ylMAh r1<WJ*"‘ 1B<83{h




a3z UobBifFido) s0d Jteimkm19a0pi z U) sebsUsedoUasgladil
Knoth (2007)i Bge "~ Uy a6} ¥ Bg) ¥Yd TUUUseeed

EWMAe U 6y e3saY¥Y gUUUbUaaheUsU
Fioea)yosld zUdHR

a¥s
Steiner  Knoth ¢ Steiner  Knoth ¢ Steiner  Knoth ¢
Vi 0.35 035 2 0.34 034 2 0.19 019 2
L 3 3 : 3 3 : 3 3 :

> - - -
0.00 436570  437.366 gy 440.317 441739 ., 569.818 569140  aa

0.1 362.641 363.474 0.83 363.870 365.215 1.34 414515 414.296 -0.22

0.25 183.937 184.846 0.91 182.120 183.304 1.18 158.381 158.839 0.46

0.5 56.423 57.385 0.96 55.252 56.323 1.07 41.061 41.834 0.77
1 10.961 11.928 0.97 10.733 11.748 1.02 8.913 9.766 0.85
2 2.071 3.010 0.94 1.997 3.000 1.00 2.058 2914 0.86

daszUobBidi Boy a9l0d Y e ®s58hetddddSlemerdhziddhlcg
Steiner (1999) 8 Ukaoth(2007)

g1 68 ( Zydel zydel oy g46 (zydel Knoth = B
Steiner ~ Steiner  Knoth <& 4 Steiner ~ Steiner . 23
— S g=10Q o @
9=40,80, 8B g0 950, S
120  9=50,100, P % 2 100,150 2 ?; Y
150 .o g . =N
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> xewma.crit(I=0.14,370,sided="two", limits="Steiner",r=50)
c

2.888008

> xewma.crit(I=0.14,370,sided="two", limits="vacl",r=50)
c

2.792883
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> xewma.arl(1=0.14,c=2.792883,mu=0,sided="two", limits="vacl",r=50)

[1] 369.9998

> xewma.arl(1=0.14,c=2.888008,mu=0,sided="two",limits="Steiner",r=50)

[1] 369.9995
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> xewma.arl(I=0.14,c=2.792883,mu=1,sided ="two",limits="vacl",r=50)

[1] 8.100764

> xewma.arl(I=0.14,c=2.888008,mu=1,sided="two",limits="Steiner",r=50)

[1] 4.609751
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#######################################################################

> xewma.arl(I=0.14,c=2.792883,mu=1,sided="two",limits="vacl",r=50,q=20)

[1] 9.414313

> xewma.arl(I=0.14,c=2.888008,mu=1,sided="two" limits="Steiner",r=50,q=

20)

[1] 9.925329
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EWMA Control Chart EWMA Control Chart
hs=L12 fNRI2-2)) N(1-(1-2)72)= 0.10523 hs=- L2 f2I2-2)) V(1—(1-1)*2 )=- 0.10523
3=0.14, 1=3,006492, £=0.5 3=0.14, 1=3,006492, {=0.5
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(2017) Us g a6 9 B,(ReCare Belam (2017), U y a3 UUd Usd Usfhaas g
U'h h e6g boay 8gelU HUs bUaUst 30U0Us d Ussc3s!
eO00UR s0d "e6g OGgebUaszUs o63U¥Y GUdap Uws Uy 3
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> xewma.crit(l=.14,370,sid e="two",limits="Steiner",hs=0.73687)
c
3.006492
> xewma.arl(l=.14,c=3.006492,mu=0,side="two",limits="Steiner",hs=0.7368
7)

[1] 370.0002

> xewma.arl(I=.14,c=3.006492,mu=1,side="two",limits="Steiner",hs=0.7368
7,9=20)

[1] 10.64668

> xewma.arl(I=.14,c=3.006492,mu=1,side="two",limits="Steiner",hs=0.7368
7)

[1] 2.168092

> xewma.arl(I=.14,c=3.006492,mu=2.1,side="two" limits="Steiner",hs=0.73
687)

[1] 1.044932

> xewma.arl(l=.14,c=3.006492,mu=2.29,side="two",limits="Steiner",hs=0.7
3687,0=23)

[1] 3.53787

FdeUs1 30UUs HUs GUe g hyd “~UsayUs 653 g a6ao
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U Ue albpeacliegUas y Ebe g e Knoth (2017).
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BaszUabd Bsocodlivdpd UsYiey Ud Useyd

U¥s "~ Uy UeyUyrvrs oaUs Useit s Usoas
_ TP _ _THOo
n PN p N QT n PN p [N g
0° L : T pl° p L : | p | p
0 cqp @@ 370 |4432 10.077 | 2.87304 370 |4.570 9.931
0.5 2.904413 370 2.368 10.523 2.934248 370 2.697 10.277
0.73687| 3.00371 370 1.765 11.075 [3.004479 370 2.0716 10.703
1 op v p Y| 370 1.360 | 11.959 |3.111002 370 | 1.594 11.390
15 | o® coc| 370 | 1.064 | 14.546 |3.385447 | 370 | 1156 |13.425
_ T®T _ THU
n pl A pln gm n p|ln pln ¢
Q* L . n - py o pl L _J° ml' pl°
0 2.888008 370 4610 9.925 2.901543 370 4.648 9.938
05 | 2943088 | 370 |2.794 10.250 | 2.886858 370 | 2.887 |10.243
0.73687| 3.006492 370 | 2.075 10.715 | 3.008921 370 | 2.262 10.616
1 3.103034 370 1.674 11.289 3.09682 370 1.755 11.22
15 | 3.353533 370 | 1.194 13.196 | 3.326324 370 | 1.236 13.017
_ T® 9 _ T X
n p A p A qm n p | N p A gm
w° L ‘ m p | P L ‘ | p | p
0 | 2913843 370 | 4.686 9.967 | 2.925074 370 | 4.723 10.01 0
05 | 2959171 370 | 2.975 10.256 | 2.966472 370 | 3.060 10.285
0.73687| 3.011614 370 2.334 10.536 3.014463 370 2.334 10.620
1 | 3.091967 370 | 1.836 | 11.179 |3.088182 370 | 1917 [11.162
1.5 3.302935 370 1.282 12.880 3.282684 370 1.331 12.779
_ T® Yy T W
R Pl plA gm n PN pln ¢
o i T o | 1 N IR
0 2.93537 370 | 4.760 10.067 | 2.94484 370 | 4.797 10.137
0,73687| 3.017393 370 | 2.496 10.649 | 3.020348 370 | 2615 10.694
1 | 3.085239 370 | 1.998 11.167 | 3.082968 370 | 2.078 11.190
1.5 3.265035 370 1.382 12.710 3.249565 370 1.437 12.667
_ T® T _ T8 p
R Pl plA gm n PN pln ¢
[N L oom Y plt P L omlt plt P
0 | 2.95358 370 | 4.835 10.218 | 2.961669 370 | 4.873 | 10.310
1 | 3.081235 370 | 2.159 11.230 | 3.079934 370 2239 | 11.285
1.5 | 3.235932 370 | 1.493 12.649 || 3.22386 370 | 1552 12.652
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EWMA Control Chart
hs= L2 fRIQ-A) VA—(1-2)*2)= 0.1524
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eUovyalUl RUseUd eU0UUbGayd. pas3sUs eUoUai UU|
U AUeseUd eUUUUB atGUsd aUs GgsUscit d eUsci g Uz
gU; OUdyei el HUs 6s Uie “UpU Y3y Hypes yca
“1386%¥)3Y¥eU GU UUsoeUUsadWalds WHez B3 Uglepe
Uds UUasoese Usege Usg GUUUsGUseasi, URUU Ue

oUs o0& 9dlUUslbo-ds U UsDUZis, 295U _ Uwi Uedole U
hi1ed OgeelUdpmlacdgpPly Y

g UszUs ey Ui Us Uds Ujcoat
Uds Usee GURece. BUjeglsyYsUs

Ucit d eUscielsad Ggeelspse GO
"¥vd GUasU0P&oa®Us3 BasWaf), 16 UUW; UUdy eaUsd
sleltlUfh 1% " Ujya eg Udd Ujeeseaed Useed Usg.

2. g8 _ ©,’
a3Us alied ¢U
igs

(@)

3UaGUgoscU

A= Y

B ToU&8hBed U eUUaesi3 eUsa Uds Usee Usg U &
UsaUeby¥3ea3UUs tUsUlGey) UUsa¥Y, HFHyP dd ¥ cllB3 Wia 3t
UgaUsheUsllls Gbe®s Ust d eUsci eUsd Usee, (00U
"Uya  Uxyxad 30U 0s0Udy UaUGa UG GBdiWsfe qU el el U W <
8  ae e¢UUUbYaae3UUs Uas3UUUs GUU EeceeUUU 5.

GoU 30U 2a3U0s d UsUsead Ue d Gge WasdsEyly Uy
g eacoallUdeaUs 3UcyysaUY s Uy Usd UgUsca Ay s
2.2 o8aUs UsU UysitUyddeaUs o3 UlGsay UU U sUUa
UoYoy UeeU Usg EFeeeslUUsd 5. 1. mBw Ug pAad€ wdlc 6 C

"h WxwyYeoglleg FKFeee Whaddd s5iU136ge U HUs d Use:
sUeay Gt 300Us oaU0UY oi ) sce9pfhpomgdl  f elyd se Uy
"hUceUd e00PUeUebd&sd), vd UsUlGyy ddalU ~ Uy U’
"3 8oUseysd " Ujya Uxad) A ¥do@0dfd@g20We 43R
zyl1ed, “e8g eU0UU;YUs Usd ~} eoUsy@ Uy Wie diydo
"Up 00d); UaUUs €50 UYGd Uiadadd Udd Useed U
Usg eyteg Uesg GUUUsGUseaesi aUUY ecalU e83YuUU
ey ) 8 JEWMA@GSo Use Bm)

pdn pn'hi A SEBWMAD n<wi . 18<126h
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baszUallg3¥agld Uesg QUOHGaIEd sy U Uy 3ull tilkeeg

U OuUaoeUUsg 2.2
AL
AIA = (1 ;_L ey % é § 9?: I]EWMaA:h (Uz 2 0:; Moiigled
10 0 10 10 0 10
1 9.45 2.363 7.500 9.863 -0.550 9.313
2 7.99 3.769 5.625 9.394 -1.873 7.522
3 9.29 6.183 4.219 10.402 -0.104 9.264
4 11.66 6.777 3.164 9.941 2.292 12.233
5 12.16 8.123 2.373 10.496 2.219 12.715
6 10.18 8.637 1.780 10.417 -0.316 10.101
7 8.04 8.488 1.335 9.823 -2.377 7.446
8 11.46 9.231 1.001 10.232 1.637 11.869
9 9.20 9.223 0.751 9.974 -1.032 8.942
10 10.34 9.502 0.563 10.066 0.366 10.431
11 9.03 9.384 0.422 9.807 -1.036 8.771
12 11.47 9.906 0.317 10.222 1.663 11.886
13 10.51 10.057 0.238 10.294 0.288 10.582
14 9.40 9.893 0.178 10.071 -0.894 9.176
15 10.08 9.939 0.134 10.073 0.009 10.082
16 9.37 9.797 0.100 9.897 -0.703 9.194
17 10.62 10.003 0.075 10.078 0.723 10.801
18 10.31 10.080 0.056 10.136 0.232 10.368
19 8.52 9.690 0.042 9.732 -1.616 8.116
20 10.84 9.977 0.032 10.009 1.108 11.117
21 10.90 10.208 0.024 10.232 0.891 11.123
22 9.33 9.988 0.018 10.006 -0.902 9.105
23 12.29 10.564 0.013 10.577 2.284 12.861
24 11.50 10.798 0.010 10.808 0.923 11.731
25 10.60 10.748 0.008 10.756 -0.208 10.548
26 11.08 10.831 0.006 10.837 0.324 11.161
27 10.38 10.718 0.004 10.723 -0.457 10.266
28 11.62 10.944 0.003 10.947 0.897 11.844
29 11.31 11.035 0.002 11.038 0.363 11.401
30 10.52 10.907 0.002 10.908 -0.518 10.391
gU UsyUyy; v U egUUayGelUUU UsU UjU0GUYddaUs
pQ)n n hJ'h>E5\N‘|\/|Ah r1<WJ*V 15<125h




AvdAuon Twv GUCTATIKWY TOU GTATLOTIKOU TOU
Tpornonownpévou Alaypappatog EWMA
MNapdadeypa 2.2 yua A=0.25, L=1.83295
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Agwypatodnpieg
===Zi(1o pépog) ——Apxwr m0 (30 pépog) = AmAS6 EWMA ===Zi andtopes (20 pépog) —#=Tpomonoinpévo Zi

Feceell:B®. Uy Usd GfhpedlUlayd WBHUAG BS scdBmslE ¥ 3 6
UU tlueeywaWlollcg .y
qdURGe, "~ UpU00dyeicel esUtiVUjmbprd U0eghldpoOu
2.2, aUditd es U fRUeseUd €U alUsof 3UG80US
hoUd Usd UUsoegUUsadyald GUsd UaURd Ueayoc
e ¥

beddyUs GUds “~eae;d aUUUs3G U¥s ositosegUeUx:s
Golldsa oaUei UUyd oaUUUzfRdadd Ueg Uye 6 @8sdeys
GUleeysU Uesg YasUsalU 5. 2.
a3z Uos BgpUBiseysU
V1)~ 1 /] i 1 1) bt |
1| 975 11 9.4 21 10.4
2 | 9.95 12 10.4 22 10.6
3 10.1 13 10.3 23 10.93
4 | 985 14 10.1 24 10.7
5 | 1015 15 10 25 10.9
6 | 10.25 16 10.1 26 11.2
7 9.6 17 9.9 27 10.9
8 9.7 18 10.14 28 11.6
9 10.2 19 10.01 29 11.22
10 | 10.11 20 9.99 30 11.55
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qdURGe, o) UUeddaU UUgURecye3U aUs esaje d
slidocgi eUGUU U goaaUslGUsayY U Usd U HUeeUd
UaUfhd Ueayocaed. UgWler; dditad d20s@@WUhH stdq Usg ¢
ee3YuUU eyd)0; Wdwsy gidd .

AUy eheaeasUUd, @269 f3, GUU UsyUyy v tGUOUceys!l
)

UoUoy YeeUUsd, "~ Uaysegel Us Ushoasgdse UsYoy l

Modified FIR EWMA Control Chart
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Fcee @B AGI.U) ccoe ¢ 6 68 69de yMFiRg otps Ud)) W8 gd
YasUaU 5. 2

g Uje 68 8sdeysas UsYo, UeelU acd®bphz, obds W4
UaUfhd GUdly UBR); did. YyealUseysasag 3U UsUsac
GUUUsUsoaei UGgsyulPlelolbppltiafddUPssUscet 3 (
yo93U d UsYeagld Uesg GUUUsGUsaskis3, GUU Uy alU
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a3z UoaBg Boaegoslehd Ujosit3 e WMFIR3sUesg WyBtlldie &
Usg YasUaU 2.1
AJA 1 AL jjeokE | " ah | . %U ¢ o Modified
E (loey) 6| (30 ey EWMA (26 6% L
10 0 10 10 0 10

1 | 975 2.363 7.500 9.938 -0.250 9.688
2 | 9.95 3.769 5.625 9.941 0.012 9.953
3 | 101 6.183 4.219 11.047 0.159 10.140
4 | o985 6.777 3.164 9.948 -0.130 9.817
5 | 1015 8.123 2.373 9.998 0.202 10.201
6 | 10.25 8.637 1.780 10.061 0.252 10.313
7 9.6 8.488 1.335 9.946 -0.461 9.485
8 9.7 9.231 1.001 9.884 -0.246 9.639
9 | 102 9.223 0.751 9.963 0.316 10.279
10 | 10.11 9.502 0.563 10.000 0.147 10.147
11 | 94 9.384 0.422 9.850 -0.600 9.250
12 | 104 9.906 0.317 9.988 0.550 10.537
13 | 10.3 10.057 0.238 10.066 0.312 10.378
14 | 101 9.893 0.178 10.074 0.034 10.109
15 10 9.939 0.134 10.056 -0.074 9.981
16 | 10.1 9.797 0.100 10.067 0.044 10.111
17 | 9.9 10.003 0.075 10.025 -0.167 9.858
18 | 10.14 | 10.080 0.056 10.054 0.115 10.169
19 | 10.01 9.690 0.042 10.043 -0.044 9.999
20 | 9.99 9.977 0.032 10.030 -0.053 9.977
21 | 104 10.208 0.024 10.122 0.370 10.493
22 | 106 9.988 0.018 10.242 0.478 10.719
23 | 10.93 | 10.564 0.013 10.414 0.688 11.102
24 | 107 10.798 0.010 10.485 0.286 10.772
25 | 10.9 10.748 0.008 10.589 0.415 11.004
26 | 11.2 10.831 0.006 10.742 0.611 11.353
27 | 109 10.718 0.004 10.781 0.158 10.940
28 | 11.6 10.944 0.003 10.986 0.819 11.805
29 | 11.22 | 11.042 0.002 11.044 0.234 11.279
30 | 1155 | 11.169 0.002 11.171 0.506 11.676

zU Ud beedUsU Ueg UsyUyy v YaszUsaU g easoall
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AvAAUON TwY CUCTATLKWY TOU OTATLOTIKOU TOU
Tpononownpévou Alaypappatog EWMA
Mapddeypa 5.2 yia A=0.25, L=1.83295
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MFIR EWMA Control Chart, 3=0.3, 1L~1.8885

MFIR EWMA Control Chart, 3=0.4, 1.=2.048
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Modified FIR EWMA Control Chart
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Modified FIR EWMA Control Chart Modified FIR EWMA Control Chart
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MFIR EWMA Control Chart, 2=0.25, 1~1.83326
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Modified FIR EWMA Control Chart
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1 | 880 | 905 | 975 | 1020 | 9.45 | 0.412 9.923 | 0.9176333
2 | 799 | 880 | 715 | 800 | 7.99 | 0454 9.652 | 0.8527107
3 | 10.00 | 9.00 | 1000 | 814 | 929 | 0.805 9.600 | 0.8460172
4 | 1040 | 1268 | 1150 | 12.14 | 11.68 | 0.961 9.891 | 0.8620868
5 | 12.90 | 11.40 | 12.00 | 12.32 | 12.16 | 0.392 | 10.208 | 0.7962886
6 | 11.50 | 10.00 | 950 | 9.70 | 10.18 | 0.823 | 10.204 | 0.7999582
7 | 710 | 920 | 845 | 740 | 804 | 0936 9.900 | 0.8189516
8 | 1079 | 11.40 | 12.00 | 11.65 | 11.46 | 0.260 | 10.119 | 0.7407077
9 | 891 | 1013 | 870 | 905 | 920 | 0.407 9.990 | 0.6940108
10 | 11.32 | 10.10 | 9.70 | 10.25 | 10.34 | 0479 | 10.039 | 0.6638474
11 | 849 | 800 | 10.00 | 964 | 9.03 | 0.888 9.898 | 0.6952976
12 | 11.89 | 11.00 | 12.40 | 1059 | 11.47 | 0.679 | 10.118 | 0.6929973
13 | 1043 | 11.20 | 945 | 10.95 | 1051 | 0.600 | 10.173 | 0.6799625
14 | 950 | 1065 | 9.00 | 845 | 9.40 | 0878 | 10.065 | 0.7077344
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16 | 860 | 826 | 11.30 | 930 | 937 | 1.852 9.968 | 1.0239614
17 | 1150 | 1250 | 894 | 955 | 10.62 | 2.759 | 10.060 | 1.2668236
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21 | 910 | 1220 | 11.35 | 10.95 | 10.90 | 1.712 | 10.133 | 1.6889101
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28 | 1245 | 953 | 12,70 | 11.80 | 11.62 | 2.085 | 10.710 | 1.6219839
29 | 1152 | 9.65 | 11.55 | 12.50 | 11.31 | 1.424 | 10.794 | 1.5943268
30 | 1130 | 956 | 1210 | 9.10 | 1052 | 2.014 | 10.755 | 1.6531137
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Yas Us IBJpTluaeeysU

B K| xLDr x2(2)r x3(3)r X4(4)r Xi:n
1 9,24 10,1 10,9 11,76 11
2 9,24 10,1 10,9 11,76 11
3 9,24 10,1 10,9 11,76 11
4 9,24 10,1 10,9 11,76 11
15 9,24 10,1 10,9 11,76 11

728po Yo} UEWMA ¢ U) UUag U3z 93 fheqlliado e UUg aRSHa Ud
(Imperfect Rank Set Sampling i IRSS)

ZUg 3 "} o eddfdpeaa | UUss3shedld e63YUTY
aUebyY3zesUUd g hyd y3U aUOpdo@dps s schd 30U alhad
Uidosollm UsliycUUUs 30U eudoUa aU oY 85U GGY
e U0UbasbYee3UUs Y.0Udg GROUdDDeagWeU U8 dnpéfesed U
Ranking). s U Ue @ahoe HUs d UUszsshedld & pgUoe Ul
UsjyabUsU Udd usUtsalUGalUd UzU03¥eWea O0GE, Ud
GUsd Uslisoeayd "~ Ups ULGUsd UyalUsUd UUszsshedrl
vsegel UsUapd@s aU,

OtUvg f)) Udet3Us y3U uUs¥YsgueU es5U0Ud UgeUa
UoelUOUUbadqUed oaUs g sdy Us e Walkplealad o QUikesesstio)eh
g o Uidy 09W ptiBhe o U plkiBH Ua s Ub' ebUs e y dgoo Uy
UsUaGUsos@ U, jilde ¢ UQ Ugyoi aaacag. &RHUU Ue aUU
U eUUaUa Us o3 9Ueyss e¢U Us 6 cae oMutlakUUs (
(1998):

h egh h aUs UaszUs 85 eylieas oUs comdgd soyd
Usalli UeaBUs d GgleyUbada-c VOBED Brfjyed GGYs
eyle 0 oUs AUpUei ecUsld
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¢ UeUyhoad Ud UaUseelUysU 995U Us eyl go jUsdlife jeo

o, s~

UUssshedlidd “"6g bUOaescUYWyg qioqs dmapeedidhbea
Ranked Set Samplingi IRSS) a3 UUUs U K Ud Geyid:

h eg UaszUs d tsU0G 6y Y Udd eUBUmsdOadUas s

V!
UoUsi e UdQqd,sbysdd aUUUstUsoaasi .

7.29A0 Bs Uo ) Ue ¢RSE ¥ EWMA

¢ UsscaUgUsoese 90U3hUqUU Uxs g Hyd utsUo.
Abujiya @ Ulee (2013)a Us tGa3 UUUs ~ Uy Usa¥YU~x:

HBas UoUgd YlioUo ) YeRSBBWNMAototU ¢,_ 1™ & & v

#

0.00 | 371.9| 959 | 295 | 149 | 96 5.6 4.0 3.2 2.6 2.1

0.25|371.2| 949 | 29.2 | 146 | 9.5 5.5 4.0 3.1 2.6 2.0

0.50 | 372.7| 89.8 | 27.6 | 140 | 9.1 5.3 3.8 3.0 2.5 2.0

0.75 | 372.7| 826 | 248 | 128 | 84 5.0 3.6 2.9 2.4 1.9

1.00370.1| 708 | 21.3 | 111 | 7.4 4.5 3.3 2.6 2.2 1.8

rB,h<vf‘§h"h1r'ﬁEA/\)ﬁM|A>_Bh _h v AT > >W AL n5'11>m§1’gg_<hY’5'




Bas3Uoalbgd YlioUoy) YeRSSBWMAotatU o,_ ™ & v

#

y4 8 8 8 8 8 8 8 8 8 8

0.00 | 371.9| 96.3 | 295 | 149 | 9.6 5.6 4.0 3.2 2.6 2.1

0.25|371.0| 941 | 288 | 145 | 94 5.5 3.9 3.1 2.6 2.0

0.50 | 372.7| 87.1 | 26,5 | 13.5 | 8.8 5.2 3.7 3.0 2.5 2.0

0.75 3726 | 753 | 226 | 11.7 | 7.7 4.6 3.4 2.7 2.3 1.9

1.00 | 369.2 | 56.4 | 17.0 | 9.1 6.2 3.8 2.8 2.3 2.0 1.6

HBas Uoalbgd YlioUo) YeRSBBWNMAototU 1, 1™ & & U

#

0.00 | 371.9| 96.2 | 295 | 149 | 9.6 5.6 4.0 3.2 2.6 2.1

0.25(3729| 935 | 286 | 145 | 94 5.5 3.9 3.1 2.6 2.0

0.50 | 371.5| 852 | 259 | 13.2 | 8.6 5.1 3.7 2.9 2.4 2.0

0.75|371.8| 705 | 21.1 | 110 | 7.3 4.4 3.2 2.6 2.2 1.8

1.00 | 3698 | 474 | 144 | 7.9 5.5 3.4 2.6 2.1 1.9 14

Has Ua D7igd YlioUo) YeRSBBWNMAototU v,_ 1™ € & v

#

0.00 | 370.6 | 96.1 | 29.7 | 149 | 9.6 5.6 4.0 3.2 2.6 2.1

0.25|371.4| 93.0 | 285 | 144 | 93 5.5 3.9 3.1 2.6 2.0

0.50 | 371.0| 83.6 | 25.3 | 13.0 | 8.5 5.0 3.6 2.9 2.4 2.0

0.75 3729 | 67.2 | 20.2 | 106 | 7.1 4.3 3.2 2.5 2.2 1.8

1.00 3694 | 409 | 12.7 | 7.1 5.0 3.2 2.4 2.0 1.8 1.2

[ 5, h<fch"hr WEWMASS hv' A°>' >was &' o< ORh




BasUoalBJd YlioUoy) YeRSSBWMAotatU o, _ ™ & X

#

Z 38 3 3 3 38 38 3 8 8 8
0.00 | 372.0| 96.0 | 29.6 | 14.9 9.6 5.6 4.0 3.2 2.6 2.1
0.25 | 373.2| 929 | 284 | 14.3 9.3 55 3.9 3.1 2.6 2.0
0.50 | 372.6 | 829 | 25.1 | 12.9 8.4 5.0 3.6 2.9 2.4 2.0
0.75 | 372.3| 64.9 | 194 | 10.3 6.9 4.2 3.1 2.5 2.1 1.8
1.00 | 3699 | 36.1 | 114 6.5 4.6 2.9 2.2 1.9 1.7 1.1
7.3 ¢ Uc 3 BIRSS (Ranked Set Sampling)

g3 MRSS ¢ UaUOUedda U Muitlag ( UBBS8) 290 30 Ua
agddleoasUafd eylaoad oaUs ¢ " dly Wm YUl :bgeseadyiela UL
bee U 1 :U gogpaslbaeU U3 hd U Uéaole hUelgs 3¢ U osydddaeggiice h
UstsUliyy Us.
beelU 2 : jyjolefhRiIlaspgblleddyddd.cDOydaegd
dbeeU 3 : gUsssheddd Uxs eae3yYurs UsUhd o¥Yd
ey aY 695 GdUdhitmsegardedd bYad Ud €UU0UbadUe @
dbeeU 4 : 3 Us g elis3egae U sUUaUalUUs U f ¢
Ud usyYeUGe U oa¥YdU UUszs3a6¢edelegs aglii @Biomaga
UasUs ¥y Used Uysdefhd URUU s vyl efgedy b i
dbeeU 5 gU beeUUU ¢ @mlesijsy gz Uy U sU 3t Wil d3sU :
y3U 0Ua8&de IYHUWRISUGU 6 ey 3 U.
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