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Oogail @ bbosw Sz 9 SpiLSS s Sl eas Lkl wlebd I eslaiwl Hlase
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Xp = pliaskd JS Sk R, =MaxXp —minX,

(Rp = oxis SySo31l olabd JS (SogSibos 55)
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2 2

PVZSP *5.15 aS Ry

Ulgigs VU 55 00 auwlzxo PV 5l Ulgicsw solid aS o, L 55 50 |y £9090 ol sl
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95 900 ooub oLl Ol 4 pd cVlaisl 5 bl ple 55 aSy,ghilod .als Sy S,
JS sSaiShy puilens Lo aSiyl Sl ol wlaie gsoxo i> b cowl uby (o) SxSly
wwilos Joe 5 Bub U (sl puiS awlxo | SuSoslul psuw

Pk JS i8> zm:(R,R)

owbl b sabb puwbl @ cuws Ll G puls 5lo wds ol 0ser Joud BB (s Sy Jl>
P VESUWUIR POt

oo ad,S LIS (wlebd VS 5, b Jaud) (sl Sy SuSeslal piwww ol azlis (I
13900 Qwlxo 55 Bub a4 |, %(RR) pasbis (siwnl

(R,R)
USL - LSL

*100

%(R,R) =

ai8)3,1S5 (SPC Jiw) 2uls wlellhs o Julxi 9 4z ep> SxS03lul piuw ol asilis (w
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owl Joud LB jue 5,505l psusw %(R, R) > %30 51 (Y
9 05900 5,455,055 5.15 ;| Ulgicsw Jul,d wlellao Sl %(R,R) dwlxo 55 3wl anils asgi

1 _KlaKZast S w 9"

- =

2




Irmgn.ir

AV sl 9 Olw,ib slass 51 il K, 9 5,05 5,08 EV (sl 9 a,1S5 slass 51 il K, Ol s aS

)05 5,58 PV Sl g wlehd slaw 5l sl K 9 5,05 5,08

PV
GRR

Lo wliub slass nde=1.41*

il 0 Selowo U 5iS,3 S ol ol Bed s gy Joud L6 by

(Within Part Variation) Slasbs ug,> wllwgi -A-)
15835 S5y el Sl slagkd ugys Wllwgr «SHSoslul wudlo @ azgi b gdlso sasy o
OSow (Flow b s 5,805l sled 9 awly ashd cuslo H> aiu, wllwe ¢l g swo
Glizo wleds ;> o> ol 2wl acsl ghow U wwau b Uy aw U o ol
U oos adles cuw il 5l BT poc 9 anwliS LU S,uSojlul Sb,LST Sgyp «SuSoslul
Joc 5 Soel iy @ Uas goi il wlo Shy il B85 Spiuniazi 9 SuiplSi prass

(Yog )+ 90 Shw) . psiloisw awlxo |, Min, max a; bgy,o Slds,y ()

paloicso i VA Sl 53 9 05905 Awlxo | sud o8 55 000 wlxo Sasy uSbo (Y
piloicse Auwlxo sld o8 55 3, Sl 9 abgiro Jsoyd Gy azgi UL EV (Y

(12999 & Slaybw) .psiloicso wlxo |y punsl ashd 18 @ by Sl (£

(15999 & Slahw 31 Ugiw) poloicse awlxo b puyl o JS oSl (0

pslosiso s 19 Hlaw 3 9 05900 Auwlsen b, X e (T

psiloiiso Gwlxo 0 @l Jgoyd @ asgi U, AV (V

(Srbw slas ) puiloioso awl=xo |, RGE (A

RGE

OV L ow) X =z aghd ;o b cwl by aS puloscsw acwlxo |, Xwr (9

(\V).]a_;.u)}T Ugsiw) puwiloiswo dwl=xo Xww s (Ve

X
(olebsd slass =n) X, = 2 X b ol ply @S puiloiose wlxo |, X, (1)
n
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3 Jso,9 @y azgi U WIV awlxe (V2

_ (EVyy )’

at

2
\/(RXWIV * K3)
2

WiV =

+XW1V

eobys TV sl %(R/R) Jsesd ) Vlgicsw sgail 3 (10

TV =NEV? + AV? + PV + WIV>
SO0
b bhwgi aS (alio Hhad aax i Sy (RR) Sl Ubuo sl cp> wousnS S owsnw
oo 9 Wl ,b Jowgi aglhd 0 ¢l coowl 05,5 wlxil | aglhd 0 sguicsw ddgi Lols ailo
8 LSl 9 JBla> 5i0g,Sue WAL, «SHSoslul )b ,d 5 8 03 SHSesll LU T (Ll aw)
WIV slas @, a>gi b %(R,R) awlxo cunglho ccowl 0aui @b 505 Joa> (gilbo also

aald
o 1 2 3 4 5

Sl 9 J8las> Max Min Max Min Max Min Max Min Max Min

0.68 0.58 1.07 0.93 0.87 0.78 0.97 0.83 0.58 0.42

bl 0.67 0.57 1.08 0.92 0.85 0.77 0.96 0.81 0.59 0.40

0.59 0.51 1.08 0.92 0.82 0.73 0.84 0.71 0.49 0.31

"ot 0.60 0.50 1.07 0.93 0.81 0.75 0.85 0.70 0.48 0.32

0.56 0.49 1.10 0.95 0.84 0.77 0.87 0.74 0.56 0.39

T ot 0.55 0.47 1.08 0.94 0.84 0.76 0.88 0.73 0.57 0.38

(Range Method) > yvg, -9-)

Ol 20lis0 a8 (S350l o 5l Birw o5y @S cwl o Mol gy Sl Sy Give,
9 SxaplSi 030S i Wlgicsed 9 A0 Cewd SHS 0311 s 5l NS g Lpis Givg,
U9y ol 395080 HLSy GRR Whhpusi cswyr 9 (1w US> Sy Vsaso 930il (Syiyiizs
soUlgs %90 59 035laiwl aeld Vo 51, S| %80 (et 03laiwl Ugos Ulgiss ashd o 5l asili
b bls 1) Jgud LB sue psoanw &b (solwliow
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sk
1
2
3
4
5

Y ol
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0.75
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09 S u505101 S picnsw Judi 9 i 1Y Juad

U pwls aaw Juad ool 55 woudnss linil S S,uS05l3l Sl pimumw Jul=i 9 a3z UL ) Juad s

puilos (89,20 o9 S,S05ll Sld piwaw Jud=i Sy | Gug, A

gblio yug, -1-T

2wl by Buasby 5l csas awlxo 55 sz Ylois] ole o Jbio el 5l oslaiwl b gy ol 5
95 aghd Y& iy 4 «aA=hd 0+ jshio pred A eublise S350l piuw b pac b g
loss bl Joub aghd 11

Part | A-1 | A-2 | A-3 | B-1 | B2 | B3| C1|C2| C3| Reference | RefValue | Code
1 1 1 1 1 1 1 1 1 1 1 0.476901 +
2 1 1 1 1 1 1 1 1 1 1 0.509015 +
3 0 0 0 0 0 0 0 0 0 0 0.576459 -
4 0 0 0 0 0 0 0 0 0 0 0.566152 -
5 0 0 0 0 0 0 0 0 0 0 0.570360 -
6 1 1 0 1 1 0 1 0 0 1 0.544951 *
7 1 1 1 1 1 1 1 0 1 1 0.465454 *
8 1 1 1 1 1 1 1 1 1 1 0.502295 +
9 0 0 0 0 0 0 0 0 0 0 0.437817 -

10 1 1 1 1 1 1 1 1 1 1 0.515573 +
11 1 1 1 1 1 1 1 1 1 1 0.488905 +
12 0 0 0 0 0 0 0 1 0 0 0.559918 *
13 1 1 1 1 1 1 1 1 1 1 0.542704 +
14 1 1 0 1 1 1 1 0 0 1 0.454518 *
15 1 1 1 1 1 1 1 1 1 1 0.517377 +
16 1 1 1 1 1 1 1 1 1 1 0.531939 +
17 1 1 1 1 1 1 1 1 1 1 0.519694 +
18 1 1 1 1 1 1 1 1 1 1 0.484167 +
19 1 1 1 1 1 1 1 1 1 1 0520496 +
20 1 1 1 1 1 1 1 1 1 1 0477236 +
21 1 1 0 1 0 1 0 1 0 1 0452310 *
22 0 0 1 0 1 0 1 1 0 0 0545604 *
23 1 1 1 1 1 1 1 1 1 1 0529065 +
24 1 1 1 1 1 1 1 1 1 1 0.514192 +
25 0 0 0 0 0 0 0 0 0 0 0599581 -
26 0 1 0 0 0 0 0 0 1 0 0547204 *
27 1 1 1 1 1 1 1 1 1 1 0502436 +




Irmgn.ir

28 1 1 1 1 1 1 1 1 1 1 0521642 +
29 1 1 1 1 1 1 1 1 1 1 0523754 +
30 0 0 0 0 0 1 0 0 0 0 0.561457 *
31 1 1 1 1 1 1 1 1 1 1 0503091 +
32 1 1 1 1 1 1 1 1 1 1 0505850 +
33 1 1 1 1 1 1 1 1 1 1 0487613 +
34 0 0 1 0 0 1 0 1 1 0 0.449696 *
35 1 1 1 1 1 1 1 1 1 1 0498698 +
36 1 1 0 1 1 1 1 0 1 1 0.543077 *
37 0 0 0 0 0 0 0 0 0 0 0.409238 -
38 1 1 1 1 1 1 1 1 1 1 0.488184 +
39 0 0 0 0 0 0 0 0 0 0 0.427687 -
40 1 1 1 1 1 1 1 1 1 1 0.501132 +
41 1 1 1 1 1 1 1 1 1 1 0.513779 +
42 0 0 0 0 0 0 0 0 0 0 0.566575 -
43 1 0 1 1 1 1 1 1 0 1 0.462410 *
44 1 1 1 1 1 1 1 1 1 1 0.470832 +
45 0 0 0 0 0 0 0 0 0 0 0.412453 -
46 1 1 1 1 1 1 1 1 1 1 0.493441 +
47 1 1 1 1 1 1 1 1 1 1 0.486379 +
48 0 0 0 0 0 0 0 0 0 0 0.587893 -
49 1 1 1 1 1 1 1 1 1 1 0.483803 +
50 0 0 0 0 0 0 0 0 0 0 0.446697 -

+ 3ac 9 Ud,S Jgud Slimoy ) dac . lodg0s S,:S05101 U aiw laS 8 1) aghd 0+ ul Gwyslw

olase 9 VLwyl G osubpd pac o, aghd Guniy pac > Vlwyl aed sl pd ellw ashd

Uwlxo 55 20w 4 b Olwyb G Jolas B8 Joa> Hlase @ axgi L > aibisw >0

.00 1.00 Total
A .00 Count 44 6 50
Expected Count 15.7 34.3 50.0
1.00 Count 3 97 100
Expected Count 31.3 68.7 100.0
Total Count 47 103 150
Expected Count 47.0 103.0 150.0
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C
Total
.00 1.00
B .00 Count 42 5 47
Expected Count 16.0 31.0 47.0
1.00 Count 9 94 103
Expected Count 35.0 68.0 103.0
Total Count 51 99 150
Expected Count 51.0 99.0 150.0
C
.00 1.00 Total
A .00 Count 43 7 50
Expected Count 17.0 33.0 50.0
1.00 Count 8 92 100
Expected Count 34.0 66.0 100.0
Total Count 51 99 150
Expected Count 51.0 99.0 150.0

L, Kappa LS pasla jshio Guod @ .abbosw Olwysb g @Olgi pus Jslax ol 51 Bos
By pac sadUlin Heo dac g Ulw,L w JolS 89lgi sl ) sace owloicso awlxo
Al il

 _p H>bd sladglw > 0w oadliiwe S Egoxo

0.75 | yiinw azli> Ol Hlodo 9 o b U cowl S,uS05lul el i LS aS cils asgi b

Kappa =

faviiav

Ailosw wanes (39lgi o ulias ol 0.40 5l LS Sl g sJle (88lgi onudulin b

Kappa A B C
A - .86 78
B .86 - .79
C .78 .79 -

Sapaslo a3l 58 Shy il g,y ool 4 S,S0;l6l piwuw 2l 3,60 53 S)S puouai Sy

03 a8y 5, wiehd wleds slass

oluuwl &, =Miss Rate=
>, wlehd us,S law Juwlw
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0w > pllw wishd wleds slass

ol wMel &5 =False Alarm Rate=
plw wlehd ws,S 1oy gwle

Suxo ok wlehd Lok as wleds slas

iy il =Effectiveness=
wlehd sulwlow S, JS

SxSpaouti 55 Jod> 4 azgi b 9 gyl 58 Shy onel viwny slie 4 axgi b wypgail 5

xS paond o il olil &5 olail oMel &5
ol Joud LB 5,805l i > %90 < %2 < %5
T sz b plos 5Ly o] oS0 o
i S > %80 < %5 < %10
b Joud L8 bl
1§ olos Ly Jod LB e oz
oo L plod by oS LB a8 i < %80 > %5 > %10
>ls gMoal @ 5L 9 0595 ULw;L 5l

Si gugy -T-T
5 9 plluw wlebd Lkl @S cowl gul W3S Ulgicsw gbliioe g, @ aS Sloaosc whshul 5l Sy
Azl b wgamo wlehd Slds,s cowl HSow Adgi 53 9 Joc 55 g . aibswo bo oxpss Baigos >

(b Jbio 55 Lgumo askd % ot Jbio Olgiss) Lils iy pulosges wlssl baiges 55 o as

208 s olinl 25 Jleasl il HieS ax 8 (Buguwe) Cuww l amilix a5 cowl ol

a8y Wlawl=o Ulgicsw puil awls Oz 9 pdlw wishd Cuuws 1 uuos aswlis >q) Adlg>

5 Ol 428 as 5 Gy ply gy 5l sshio puod 4 s 4l Be8 Slapaslu 5l Sy (sBly o
puslodswo 03laiiwl Cowl 03 03,9] Ao

False Alarm Rate= P (G|Called bad)

Miss Rate= P (B|Called good)
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:Jlo

FAg MRwslhD P, =P, =1.33 Uo,9 L /o..\_.le awls |))._JJ' thJ.>_- Bu.u))'b LSbJJ.uS w29

P(bad)=27%10"
P(good)=9973*10~*

P(Cbad | g)P(g)

FA=P(g|Chad) =

(0.02)(0.9973) s
(0.02)(0.9973) + (0.938)0.0027

P(Cg | b)P(b) _
P(Cg |b)P(D)+ P(Cg | 2)P(g)

(0.063)(0.0027)
(0.063)(0.0027) + (0.98)(0.9973)

MR = P(b| Cgood) =

=0.000173

P(Cbad | g)P(g)+ P(Cbad | b)P(b) -

REF
Total
.00 1.00
B .00 Count 45 2 47
%Within REF 93.8% 2.0% 31.3%
1.00 Count 3 100 103
%Within REF 6.3% 98.0% 68.7%
Total Count 48 102 150
%Within REF 100.0% 100.0% 100.0%
>

o o yo,9 4 axgi b

renwls pudlgs Ly

dbf.a.w U.us) -Y-Y
sohio ol Shy awbiesw JUSow Gvgy S5S05ll psuw 55 Uas OVleis| Gusi Sy Gug, <l

PiScso 2 [ s padlaoe (A adlgs 051> auogi Tawy) 2uS sSloc (sixio pgpto U a>gi b

A =15l05,5 5, Ll w3l aod aS LSL 5,0 5,5 aghd (08,5
B = 1lo3,S Jgud |, il yw,il aod aS Jgud ashd (i8S
C =l05,S Jgud Ll w3l aod aS Jgub aghd (08,5

D = 1l65,S 5, Ll Wyw,3b aed aS USL 550 5 aslad (,i8>gS
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E:% d,=B-4 , d,=D-C
O9aml 53 Gy
GRR = R *5.15
2
Al awlseo JLSw s, U |, GRR ghbléio g, Jlio s tdlio
Ref Value Code Ref Value Code
0.599581 - 0.503091 +
0.587893 - 0.502436 +
0.576459 - 0.502295 +
0.570360 - 0.501132 +
0.566575 - 0.498698 +
0.566152 = 0.493441 +
0.561457 & 0.488905 +
0.559918 & 0.488184 +
0.547204 s 0.487613 +
0.545604 * 0.486379 +
0.544951 * 0.484167 +
0.543077 * 0.483803 +
0.542704 + 0.477236 +
0.531939 + 0.476901 +
0.529065 + 0.470832 +
0.523754 + 0.465454 *
0.521642 + 0.462410 *
0.520496 + 0.454518 *
0.519694 + 0.452310 *
0.517377 + 0.449696 *
0.515573 + 0.446697 -
0.514192 + 0.437817 -
0.513779 + 0.427687 -
0.509015 + 0.412453 -
0.505850 + 0.409238 -

rouwls pudlgs> 999 Jga> @y a>gi L J>
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d,, =0.470832 —0.446697 = 0.024135
dyg, =0.566152 —0.542704 = 0.023448

a_ 0.024135;0.023448 0.0237915
GRR =R 2 VOB o5 15 0.00577
d, 127931

Ml gvg) -&-Y

9 05,5 Jgud 1ibiswo USL g LSL o ol o510l aS |, (silebd bhsd (Jlosyl S,.505101 s <
aLwly d9>9 wowl (Sow Joe 5> wswiww Gui lewlio . uloiswo 395,00 | wikhd i Lw
53,5 (55) Joud 0391 (Ugu8) 35 e 0> ol oS puibli @ elsy wlehd ylw o il
USL + LSL

@ by blas s askd wad Jlousl aS puls 5 5w uldpiwsw U b Joc s

PO Ui Sio blas By @ ax 18 S0y wbe Ldibosoe S blas ulw Sl VU b
s Giwlzsl o g, Jlassl @ 5 9 oasb oS azhd Joud Jlois]

9 Az ol s oslaiwl i Sldaaxiiw S,uS0;lul SoaS allbo Sl Yg8 pgpin
U Qs 98 Jul=i 9 s 5900 05laswl 0yghaio el g 09k 95 SoauS Shy Vlsicswo | Jul=
598> Lo Jlio Vlgisy ayloicso s agbd (yiS=9S 9 ashd S5 usi kid 9 0391 B
patloiiso 2wy |, LSL 059a%0 oSy S ey Jul=i 9 a3

s> Jo> ashd (yin) ashd ,iS29S Ngabese SxSoslul LU 20 wlekd ol Sl plaS ,a
owigd) ashd (8,5 9 Al 0w 3 LU 20 Gaulesl LU 20 Gl > (il (il 03910

Syob |, ;55 ashd 6 ol 0sud Joud LU 20 GiwlosT 5b 20 col 5> winaly w (asks

Jlois] &ygail 53 08U 18 51 o GiwlosT b o ol 53 il (sJoud slasi a8 oS o wlssl

[

a+0.5 Ky

m

a-0.5
m

<0.5,a#0

SHES

S £505,a+20

3 [=

< 0.5 31 L=05

m
askd (sJgsd Jlousl Pla = 0 Sl a=0 (askd ¢uiS=sS)
131 a=20 (ashd 0,:8,5)
0025 a=0 aghd o1uS>9S ;> @
\ 0975  a=20 ashd 1,8, 3>
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(ashsd lass) X, ,a Sy aS wsS Ulgicse wygail >

Jlei =B=X,(P'a=0.5)— ol 05930

X,('P. =0.995)~ X, ('P, = 0.005
1.08
L 7 slaso ous b cowl i y00 5l SladasMo LB jelay puiun 9 pwi d=o | Julod aSil sl
Slaa>Vo wygo 4 Julod 5,5 Lesl Ulgicsw 1ol jiiw 2,093 51 Bgd lade ;31 05,5 avwlxo
31|
S ST
2.093 =¢(0.025*19)

S35

i wsiaeo Hlase 5l CUNLC owlo el bwgi oo adgi Slawadn 1hd asiul 5l Uluobl wp>
5.00 aghd ol gwlli aSiul 058 U .sgisw oslaiwl No GO Slalgiwl 23 b 5l xws
) e |y (e ,hd) X, lade 50 9 P(AQ) 9 @ usléo 9 05905 Lkl | a=kd Y+ 2Ll 0.01

2> b ol Joud LB hles lase ol bl aSiul o Juled «55030,bS5 csngliao pulos ol cannn
[ a=0 pla=0 X, =4.9837

a=0 P'a=0.025 X, =4.9840

a=1 P'a=0.075 X, =4.9850

a=3 P'a=0.175 X, =4.9860

a=>5 P'a=0.275 X, =4.9870

P'(a) <
a=8  Pa=0425 X, =49880
a=16  Pa=0775 X, =49890
a=18  Pa=0875 X, =49895
a=20 Pa=0975 X, =49900
\ a=20 Pa=10 X, =4.9920

pwilos awlso |, X, (P'a=0.005), X, (P'a=0.5),X,(Pa=0.995) il J>
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X, =4.9880 — P'a =0.425
— X, (P'a=0.5)=4.98821
X, =4.9890 - P'a =0.775

Bias =4.99 —(4.9882) =0.0018

X, =49837 > Pa=0
— X, (P'a =0.005) = 4.9838
X, =4.9840 = P'a =0.025

X, =4.9900 — P'a =0.975
— X, (P'a=0.995)=4.9916
X, =4.9920 > P'a=1.0

Re peatability = 492 ee B 0.00726

1.08

__31.3*0.0018 _
0.00726

7.717

Jao U slabsMo LB @Misl Jlos aS 3900 Lesl Olgino vl i 2.093 5 7 ,ladoe vex
Aibeso Jgud LB ,uc g 551>
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3,10 39>9 (s bli)l axiliz 9 cowl puyiws 5> aaxiw HUaul 5550 0wsS JS Shy
03,5 2uzai 9 puaii Csiaanl Bosls

tad=s g, °

¥+) awles pasine b auld Saioilgi 9 JS wllwgs ashd (7230) S)uSoslul aows 4 -
S5l oy Jobs il puized (silerso asllhe ol (S:S005lul LUS, ashd
Aol S gosei 2l sl olaks

&Bla> wigos &y 5l 1) aghd xix b &y slawi s 070 = 0 hporess + O beasuremen S0l -
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n t.995 t.99 t975 tu95 t90 t.80 t475 tA70 t0460 tOASS
1 63.66 31.82 12.71 6.31 3.08 1.376 1.000 .727 .825 .158
2 9.92 6.96 4.30 2.92 1.89 1.061 .816 .617 .289 .142
3 5.84 4.54 3.18 2.35 1.64 978 .765 .584 277 137
4 4.60 3.75 2.78 2.13 1.53 941 741 .569 271 134
5 4.03 3.36 2.57 2.02 1.48 920 727 .559 .267 132
6 3.71 3.14 2.45 1.94 1.44 906 .718 .553 .265 131
7 3.50 3.00 2.36 1.90 142 .896 711 .549 .263 .130
8 3.36 2.90 2.31 1.86 1.40 .889 .706 .546 .262 .130
9 3.25 2.82 2.26 1.83 1.38 .883 .703 .543 .261 .129
10 3.17 2.76 2.23 1.81 1.37 .879 .700 .542 .260 .129
11 3.11 2.72 2.20 1.80 1.36 .876 .697 .540 .260 .129
12 3.06 2.68 2.18 1.78 1.36 .873 .695 .539 .259 .128
13 3.01 2.65 2.16 1.77 1.35 .870 .694 .538 .259 .128
14 2.98 2.62 2.14 1.76 1.34 .868 .692 .537 .258 .128
15 2.95 2.60 2.13 1.75 1.34 .866 .691 .536 .258 .128
16 2.92 2.58 2.12 1.75 1.34 .865 .690 .535 .258 .128
17 2.90 2.57 2.11 1.74 1.33 .863 .689 .534 .257 .128
18 2.88 2.55 2.10 1.73 1.33 .862 .688 .534 .257 127
19 2.86 2.54 2.09 1.73 1.33 .861 .688 .533 .257 127
20 2.84 2.53 2.09 1.72 1.32 .860 .687 .533 .257 127
21 2.83 2.52 2.08 1.72 1.32 .859 .686 .532 .257 127
22 2.82 2.51 2.07 1.72 1.32 .858 .686 .532 .256 127
23 2.81 2.50 2.07 1.71 132 .858 .685 .532 .256 127
24 2.80 2.49 2.06 1.71 1.32 .857 .685 .531 .256 127
25 2.79 248 2.06 1.71 1.32 .856 .684 .531 .256 127
26 2.78 2.48 2.06 1.71 1.32 .856 .684 .531 .256 127
27 2.77 2.47 2.05 1.70 1.31 .855 .684 .531 .256 127
28 2.76 2.47 2.05 1.70 1.31 .855 .683 .530 .256 127
29 2.76 2.46 2.04 1.70 1.31 .854 .683 .530 .256 127
30 2.75 2.46 2.04 1.70 1.31 .854 .683 .530 .256 127
40 2.70 2.42 2.02 1.68 1.30 .851 .681 .529 .255 .126
60 2.66 2.39 2.00 1.67 1.30 .848 .679 .527 .254 .126
120 2.62 2.36 1.98 1.66 1.29 .845 .677 .526 .254 .126
00 2.58 2.33 1.96 1.645 1.29 .842 .674 .524 .258 .126
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Table Of Constants and Formulas for Control Charts
X and R Charts” X and S Charts”
Chart for Chart for
Chart for
Averages Chart for Rages ( R) Averages Standard Deviati )
Subgroup — — andard Deviations
- (X) (X)
Size
Divisors for Factors Divisors for
Factors for
Control Estimate of Factors for for Estimate of Factors for
ontrol
Limit Standard Control Limits Control Standard Control Limits
imits
Deviation Limits Deviation
n Az dz D3 D4 A3 C4 B3 B4
2 1.880 1.128 - 3.267 2.659 0.7979 - 3.267
3 1.023 1.693 - 2.574 1.954 0.8862 - 2.568
4 0.729 2.059 - 2.282 1.628 0.9213 - 2.266
5 0.577 2.326 - 2.114 1.427 0.9400 - 2.086
6 0.483 2.534 - 2.004 1.287 0.9515 0.030 1.970
7 0.419 2.704 0.076 1.924 1.182 0.9594 0.118 1.882
8 0.373 2.847 0.136 1.864 1.099 0.9650 0.185 1.815
9 0.337 2.970 0.184 1.816 1.032 0.9693 0.239 1.761
10 0.308 3.078 0.223 1.777 0.975 0.9727 0.284 1.716
11 0.285 3.173 0.256 1.744 0.927 0.9754 0.321 1.679
12 0.266 3.258 0.283 1.717 0.886 0.9776 0.354 1.646
13 0.249 3.336 0.307 1.693 0.850 0.9794 0.382 1.618
14 0.235 3.407 0.328 1.672 0.817 0.9810 0.406 1.594
15 0.223 3.472 0.347 1.653 0.789 0.9823 0.428 1.572
16 0.212 3.532 0.363 1.637 0.763 0.9835 0.448 1.552
17 0.203 3.588 0.373 1.622 0.739 0.9845 0.466 1.534
18 0.194 3.640 0.391 1.608 0.718 0.9854 0.482 1.518
19 0.187 3.689 0.403 1.597 0.698 0.9862 0.497 1.503
20 0.180 3.735 0.415 1.585 0.680 0.9869 0.510 1.490
21 0.173 3.778 0.425 1.575 0.663 0.9876 0.523 1.477
22 0.167 3.819 0.434 1.566 0.647 0.9882 0.534 1.466
23 0.162 3.858 0.443 1.557 0.633 0.9887 0.545 1.455
24 0.157 3.895 0.451 1.548 0.619 0.9892 0.555 1.445
25 0.153 3.931 0.459 1.541 0.606 0.9896 0.565 1.435
UCLLCL. = X + 4,R UCL_LCL. = X + A;s
1 1
UCL, = D,R UCL, = B,s
UCL, = D,R LCL, = B,s
6=R/d, 6=slc,

* From ASTM publication STP-15D, Manual on the Presentation of Data and Control Chart Analysis, 1976; pp
134-136. Copyright ASTM, 1916 Race Street, Philadelphia, Pennsylvania 19103. Reprinted, with permission.
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Median Charts ™ Charts for Individuals”
Chart
Chart for for
Medians Chart for Ranges (R) Individ Chart for Ranges (R)
(X) uals
X)
Subgrou Divisors Divisors
p Size Factors for Factors for
for Estimate Factors for for Estimate Factors for
Control of Control Limits | Control of Control Limits
Limits Standard Limits Standard
Deviation Deviation
Zz D, D3 D, E. D, D; D,
2 1.880 1.128 - 3.267 | 2.660 1.128 - 3.267
3 1.187 1.693 - 2.574 | 1.772 1.693 - 2.574
4 0.796 2.059 = 2.282 | 1.457 2.059 - 2.282
5 0.691 2.326 - 2.114 | 1.290 2.326 - 2.114
6 0.548 2.534 - 2.004 | 1.184 2.534 - 2.004
7 0.508 2.704 0.076 1.924 | 1.109 2.704 0.076 1.924
8 0.433 2.847 0.136 1.864 | 1.054 2.847 0.136 1.864
9 0.412 2.970 0.184 1.816 | 1.010 2.970 0.184 1.816
10 0.362 3.078 0.223 1.777 | 0.975 3.078 0.223 1.777
UCL_LCL. =X * 4R UCL, LCL, = X + E,R
UCL, = D,R UCL,=D,R
LCL, =D,R LCL, =D,R
&=R/d, &=R/d,

* From ASTM publication STP-15D, Manual on the Presentation of Data and Control Chart
Analysis, 1976; pp 134-136. Copyright ASTM, 1916 Race Street, Philadelphia,

Pennsylvania 19103. Reprinted, with permission.

*k » Factors Derived from ASTM-STP-15D Data and Efficiency Tables Contained in W.].
Dixon and F.J. Massey, J .r, Introduction to Statistical Analysis, Third Edition, 1969; Page
488; McGraw-Hill Book Company, New York.
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0.91621

0.91774

1.4

0.91924

0.92073

0.92220

0.92364

0.92507

0.92647

0.92785

0.92922

0.93056

0.93189

1.5

0.93319

0.93448

0.93574

0.93699

0.93822

0.93943

0.94062

0.94179

0.94295

0.94408

1.6

0.94520

0.94630

0.94738

0.94845

0.94950

0.95053

0.95154

0.95254

0.95352

0.95449

1.7

0.95543

0.95637

0.95728

0.95818

0.95907

0.95994

0.96080

0.96164

0.96246

0.96327

1.8

0.96407

0.96485

0.96562

0.96638

0.96712

0.96784

0.96856

0.96926

0.96995

0.97062

1.9

0.97128

0.97193

0.97257

0.97320

0.97381

0.97441

0.97500

0.97558

0.97615

0.97670

2.0

0.97725

0.97778

0.97831

0.97882

0.97932

0.97982

0.98030

0.98077

0.98124

0.98169

2.1

0.98214

0.98257

0.98300

0.98341

0.98382

0.98422

0.98461

0.98500

0.98537

0.98574

2.2

0.98610

0.98645

0.98679

0.98713

0.98745

0.98778

0.98809

0.98840

0.98870

0.98899

2.3

0.98928

0.98956

0.98983

0.99010

0.99036

0.99061

0.99086

0.99111

0.99134

0.99158

24

0.99180

0.99202

0.99224

0.99245

0.99266

0.99286

0.99305

0.99324

0.99343

0.99361

2.5

0.99379

0.99396

0.99413

0.99430

0.99446

0.99461

0.99477

0.99482

0.99506

0.99520

2.6

0.99534

0.99547

0.99560

0.99573

0.99585

0.99598

0.99609

0.99621

0.99632

0.99643

2.7

0.99653

0.99664

0.99674

0.99683

0.99693

0.99702

0.99711

0.99720

0.99728

0.99736

2.8

0.99744

0.99752

0.99760

0.99767

0.99774

0.99781

0.99788

0.99795

0.99801

0.99807

2.9

0.99813

0.99819

0.99825

0.99831

0.99836

0.99841

0.99846

0.99851

0.99856

0.99861

3.0

0.99865

0.99869

0.99874

0.99878

0.99882

0.99886

0.99889

0.99893

0.99896

0.99900

3.1

0.99903

0.99906

0.99910

0.99913

0.99916

0.99918

0.99921

0.99924

0.99926

0.99929

3.2

0.99931

0.99934

0.99936

0.99938

0.99940

0.99942

0.99944

0.99946

0.99948

0.99950

3.3

0.99952

0.99953

0.99955

0.99957

0.99958

0.99960

0.99961

0.99962

0.99964

0.99965

3.4

0.99966

0.99968

0.99969

0.99970

0.99971

0.99972

0.99973

0.99974

0.99975

0.99976

3.5

0.99977

0.99978

0.99978

0.99979

0.99980

0.99981

0.99981

0.99982

0.99983

0.99983

3.6

0.99984

0.99985

0.99985

0.99986

0.99986

0.99987

0.99987

0.99988

0.99988

0.99989

3.7

0.99989

0.99990

0.99990

0.99990

0.99991

0.99991

0.99992

0.99992

0.99992

0.99992

3.8

0.99993

0.99993

0.99993

0.99994

0.99994

0.99994

0.99994

0.99995

0.99995

0.99995

3.9

0.99995

0.99995

0.99996

0.99996

0.99996

0.99996

0.99996

0.99996

0.99997

0.99997

4.0

0.99997

0.99997

0.99997

0.99997

0.99997

0.99997

0.99998

0.99998

0.99998

0.99998

4.1

0.99998

0.99998

0.99998

0.99998

0.99998

0.99998

0.99998

0.99998

0.99999

0.99999

4.2

0.99998

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

4.3

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

0.99999

4.4

0.99999

0.99999

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000

1.00000




Irmgn.ir

APPRAISER/T
PART AVERAGE
RIAL#
1 2 3 4 5 6 7 8 9 | 10
1.A 1
2. 2
3. 3
4. Average X, =
5 Range R. =
6.B 1
7. 2
8 3
9. Average X, =
10. Range Ry =
11.C 1
12, 2
13. 3
14. Average }c =
15. Range ﬁc =
16. Part X =
Average(}p) R, =
17. (R. = |[+[ro = |+[R. = |J[roF aPPRAISERS = |- R =
18. |Max X = J—[Min X = J:}DIFF
19/ R=  [*[p,= ]=UsL,
20." [E: J*[D3 = ]=LcL,
*D, = 3.27 for 2 trials and 2.58 for 3 trials; D;=0 for up to 7 trials. UCLy represents the
limit of individual R’s Circle those that are beyond this limit. Identify the cause and
correct. Repeat these readings using the same appraiser and unit as originally used or
discard values and re-average and recomputed R and the limiting value from the
remaining observations.
Notes: ========semecccmmeee e e e ————




Irmgn.ir

Part No. & Name: Gage Name: Date: Performed by:
Characteristics: Gage No:
Specifications: Gage Type:
Form data sheet: ? = }DIFF = R, =
Measurement Unit Analysis % Total Variation (TV)
Repeatability- Equipment Variation (EV)
. _RK, Trals | K. | %EV  =100[EV /TV]
=100/ ]
= _* L 4.56 )
_ 3.05 = %
Repeatability- Appraiser Variation (AV)
pu— 0 —
AV =Ko *K,)* —(EV? | nr) oAy =100[4V/TV]
i : =100/ ]
— % _ *
= =) . o
- n= number of parts
Appraisers 2 3 r=number of trials
K> 3.65 2.70
Repeatability & Reproducibility (R&R)
P K 9 ==
R&R _ /—(EV2+AV2) arts 3 %oR & R 100[R& R/TV ]
. : 2 3.65 — 100[_/_]
= L T ) 3 2.70 “ %
_ 4 2.30 -
5 2.08
Part Variation (PV) 6 1.93
PV =R p *K 3 7 1.82
— * 8 1.74
- ° | Y7 L opy =100[PV /TV]
— 10 1.62
Total Variation (TV) =100/ ]
= %

vV  =JR&R>+PV?
=y H+(CD)

All calculations are based upon predicting 5.15 sigma (99.0% of the area under the normal distribution curve).

K is 5.15/ d," where d," is dependent on the number of trials (m) and the number of parts times the number of

appraisers (g) which is assumed to be greater than 15. d," values are form Table 2, p. 29.

AV-If a negative value is calculated under the square root sign, the appraiser variation (AV) defaults to zero (0).

K, is 5.15/ d," where d," is dependent on the number of appraisers (m) and (g) is 1, since there is only one range

calculation.

K; is 5.15/ d," where d," is dependent on the number of parts (m) and (g) is 1, since there is only one range

calculation.

d," is obtained form Table D; “Quality Control and industrial Statistics,” A.J Duncan. (See Reference List, 4.)




Irmgn.ir

PART

APPRAISER
TRIAL #

MAX
MIN
RGE
MAX
MIN
RGE

MAX

MIN
RGE
MAX
MIN
RGE
MAX
MIN
RGE

APPRAISER
AVG

1.A 1

2. 2

3. 3

4. Average
(AII)

5. Range

6.B 1

7. 2

8. 3

9. Average
(AlI)

10. Range

11.C 1

12. 2

13. 3

14. Average
(AII)

15. Range

16.Part

Average X ,

17. AVE OF

WIN (}WIN )

> RANGE(LINESS,10,&15)

R repeat = = =(MAX/MIN RANGES ONLY)
#RANGEREADINGS

18.

19. Max } = J— [Ml'n } = J= }DIFF

2:R=  [[p,= ]=UsL,

2 E: J*[D3 = ]=rLcL,

*D, = 3.27 for 2 trials and 2.58 for 3 trials; D;=0 for up to 7 trials. UCLg represents the limit of individual R’s

Circle those that are beyond this limit. Identify the cause and correct. Repeat these readings using the same

appraiser and unit as originally used or discard values and re-average and recomputed R and the limiting

value from the remaining observations.

Notes:




Irmgn.ir

Part No. & Name: Gage Name: Date:
Characteristics: Gage No: Performed by:
Specifications: Gage Type:
Form data sheet: E = X pirr = R, =
Measurement Unit Analysis % Total Variation (TV)
Repeatability- Equipment Variation (EV)
v Rk Tias T K| %EV  =100[EV/TV]
= * 2 4.56 B 100[—/—]
- 3.05 =__ "
Repeatability- Appraiser Variation (AV)
AV _ \/(}DIFF *K )2 —(EV?/nr) %AV =100[4V /TV]
So -, - 100[7/_]
=
e n= number of parts
Appraisers 2 3 r=number of trials
K> 3.65 2.70
Repeatability &Reproducibility (R&R)
5 2 Parts Ks %R &R =100R&R/TV]
R&R =A\(EV-+A4V") 5 Tes _1000 /]
=+ ) 3 2.70 _ o
_ 4 2.30 -
i 5 2.08
Part Variation (PV) 6 1.93
PV =R *K. p sy | PV =100[PV/TV]
s 8 1.74 =100[__/_ ]
- T 9 1.67 = %
— 10 1.62
Within- Part Variation (WIV)
WIV=
(k. v - BV ) ) (*)2
WHERE X, + . at |- | S %WV =100[WIV /TV]
=100/ ]
= %

Y Xww(LINE 17)
" % X, READINGS —
WIN =# APPRAISERS ,r =#TRIALS &
ZRRGE(L]NESS.IO,&IS)]*KI

EVyy =
" ( # Ry READINGS

— *

Total Variation (TV)

TV =\(R,R*)+ PV +WIV>
VOO +( )+






