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58 558 7t BXM 2] FF(1)

+ 1SO 22514-7(Statistical methods in process management - Capability
and performance - Part 7. Capability of measurement processes)

- 2012'F0f ISOO| M Lot HE T2MA 53 B7I B#E Y

- ISO/IEC Guide 98-3, Guide to the expression of the uncertainty in
measurement (GUM) Of| 2|5t £F S &= & 150 58 s Hot

- ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and
general concepts and associated terms (VIM)2| 0| & At

Year Document(related matter) Note(BIFM)
1984 Publication of VIM1
1993 Publication of VIM2 and GUM

1995 Publication of Corrected version of GUM
(GUM:1995)

1997 Set up of JCGM(Joint Committee for Guides in
Metrology) (—ISO/TAG4)

2004 Drafting of VIM3
2007 Publication of VIM3 as ISO/IEC Guide 99:2007 JCGM 200:2008
2008 Publication of GUM:1995 as ISO/IEC Guide 98-3:2008 JCGM 100:2008

Publication of Version with minor corrections of . 5
2010 | jeGM 100:2008 JCGM 100:2008

2012 Publication of Corrected version of VIM3 JCGM 200:2012

58 558 E7I BXM 2 FF(2)

* VDA 5(Capability of Measuring Systems)
— Verband der Automobilindustrie(=  AtE XY 23])0| A 2011
Of Saiet S~ e 5o Bot BRI A H2HOIL,
— O] XtML 2008 0] EHsisH ISO/WD 22514-70 2H3}0] 58
ENAE Botstn ULk

I=]

EH:1S0°| BF 7Y HX}

@ ISO/WD: EF = 2F (WD: Working Draft)

@ ISO/DIS: =X EZ= Xt (DIS: Draft International Standard)

@ ISO/FDIS: | Z=H BEZ=Z2t (FDIS: Final Draft International Standard)
@ 1SO: = X &® = (IS: International Standard)
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58 58 Y7L XML 3F(3)

- MSA4

— Automotive Industry Action Group(AIAG)0{| A 2010 0|
Htai S QS-90002| Reference ManualQl Measurement
Systems Analysis 7{{ 4 %t0| C}.

— 1990 A 0| Z=EH0| HAHE|AOH, Xl B2 7| B O A At
&5t = SEALE =42 thaEX ¢l Z2XHAMO|C.

| .

=8 55 871 80{(1)
+ 1SO 22514-7 & VDA 5

[Measuring System]

L]

set of one or more measuring instruments and often other devices, including
any reagent and supply, assembled and adapted to give information used to

generate measured quantity values within specified intervals for quantities of
specified kinds

NOTE A measuring system may consist of only one measuring instrument.
[VIM3, 3.2]

[Measurement Process]

set of operations to determine the value of a quantity
[ISO 9000, 3.10.2]
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=8 55 871 80{(2)
. MSA 4

[Gage]
+ any device used to obtain measurements; frequently used to refer specifically
to the devices used on the shop floor; includes go/no-go devices

[Measurement System]

+ the collection of instruments or gages, standards, operations, methods,
fixtures, software, personnel, environment and assumptions used to quantify a
unit of measure or fix assessment to the feature characteristic being
measured; the complete process used to obtain measurements.

Measuremant
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Figure: Measuring system capability analysis in ISO 22514-7
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Figure: Measurement process capability analysis in ISO 22514-7
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Figure: Measuring system capability analysis in VDA 5
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Figure: Measurement process capability analysis in VDA 5
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l
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l
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Figure: Measurement uncertainty evaluation using the GUM uncertainty framework(JCGM 101:2008)
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Standard measurement uncertainty @ ulzr,)

@ Type A evaluation of measurement uncertainty:

evaluation of a component of measurement uncertainty by a statistical analysis of
measured quantity values obtained under defined measurement conditions

@ Type B evaluation of measurement uncertainty:

evaluation of a component of measurement uncertainty determined by means other
than a Type A evaluation of measurement uncertainty

Combined standard measurement uncertainty:

uly) = \/cfuz{r, )+t (x,) + it (o) +- (e, .

¢;= 0 y/ d x; (sensitivity coefficient)

Expanded measurement uncertainty:
Uly) = k- uly)

* k. coverage factor
» k=t(1-2/as vyy)
* v,4r+ Wlech-Satterthwaite formula

Coverage interval:
interval containing the set of true quantity values of a measurand with a stated

probability, based on the information available

Y=y+Uy) = ytkuly)

* Probability density function assignment for some common circumstances

Distribution Mean & variance

Rectangular: _a+bh _ [(b=a)®
R(a, b) B =222, nx =210
Curvilinear trapezoid: o ath ,_ (b=a)? i
CTrap(a, b, d) BX)= 7 X = I
]J'_rap{ezoidbalij_ .

rapla, o, ) with \a
a=a,+a, x)=2Th - lb=a)® o oy
bbb BX 7 HXx) T (1+5F
3=1(b,~a,)— (b,—a,)l/ (b—a)
TriaJ}guIari] . )
;ﬁ;agl E'a.h. with BX) = a+b X = |b;4a1
b=b +b ?
Arc sine (U-shaped): _atd e (b—a)®
Ula, b) ! : Ex) =422, X =220

u\::s?aT BX)=pu WX)=¢*
Exponential: _ .
Exl®) BXI=0, MXl=¢
g??“j—a.l_ 1) EBX)=g+1, VX =¢g+1
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Uncertainty components Symbol Test/model

Resolution of the measuring system 1 R R
g sys! YRE uge =—-E =NE

V32

where Rg is the resolution and is assumed to follow a
rectangular distribution.

If analogue scales are used, the actual distribution can be
another e.g. normal distribution.

(e.g.) RE=0.1
Test item : 0.05~0.15 = 0.1
V(x) = (b-a)2/ 12 = (RE)2/ 12
SD(x) = u(x) = REN12

Uncertainty components Symbol Testimodel

Calibration HCAL Standard deviation of uncertainty due
to calibration (from certificate).

In cases where the uncertainty

in protocol is given as expanded
uncertainty, it should be divided by
the corresponding coverage factor:

ucaL = UcaL / kcaL

Uncertainty components Symbol Testimodel
Uncertainty arising from linearity HLIN Instance 1: uyy =0

o
Instance 2: N = '—E
W

where a is half width of the range of a uniform distribution or
the known MPE-value.

Instance 3: up N is determined experimentally together with
ugyR (see instance 2 below)

Instance 4: uy is determined based on the results from the
calibration certificate

Uncertainty arising from bias uBi From the measurements on a reference standard, ug can be
calculated based on the distance between the standard and
the average of the measured values.

u = -
BI 7
Repeatability using reference MEVR Instance 1: minimum 30 repeated measurements on a
standards reference standard, whereby ugyr can be estimated

Instance 2: X repeated measurements on each of the ¥ (22)
different reference standards with N*K = 30.

Estimate from the linear regression function

Estimate both vgvr and upin by the ANOVA method.

Other uncertainty components not UMS-REST E.g. scale shift (use of different measuring faces)
included in the above
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Resolution(£38l5, siAHE)0 CH3 7|2 2 AL

(1) 1SO 22514-7:

@ YRS 3

=

XHtolerance)2| 1/20 0|5}

@ 3328 TE BE2l 1/5 0[5}
(ISO 22514-7, p.11)

(2) VDA 5:

ZX} CiH| 5% 0|8}, & %RE=

(3) MSA 4:

RE
U-1

%100 = 5%

-SAHZS 3 #E)2| 1/10 03} (MSA4, p.41)
-number of distinct categories(ndc)?t 5 O| & (MSA 4, p.47)

(VDA 5, p.53)

Repeatability and bias analysis
based on one reference standard

IS0 22514-7 VDA 5 MSA 4
Repeatability and Guidelines for
Procedure bias based on one Type 1 Study Bigermlnc;ngt Piaz
narne reference standard epende
Sample Method)
Measurement | at least 30 at least 25 at least 10
experiment measurements measurements measurements
ups = Vs + ul+ Ugy+ Uiss- rest T
Calculations ~Ups— pggp- Other uncertainty components / 2(1.’_ —7)?
(measuring system) =4 g
Upe = kuyge (Kt coverage factor)
Qus= 225 100 6
- I7 MS T /0 :
Q= - .{"”SY-' 100% s UL REV = TSI,V.IOG
Performance 2 U—L P 02-(U—1L)
measures Con= 03-(—L) 9 4s t-test
% 6uys _ 01- TOL—Bi (H, : Bias=0)
G = 2s
Acceptance Qus = 15% Qus = 15% %EV = 30%
criteria Cus 2 1.33 Cg‘ Cg}c = 1.33 Do not reject H,
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Linearity Analysis

IS0 22514-7 VDA § MSA 4
Procedure Linearity analysis based | Linearity Analysis with i dali
on a minimum of three Correction on Measuring g:i:?;?:isnéeiineaﬁly
rname reference standards Instrument
-at least 3 reference -at least 3 reference -at least 5 reference
Measurement | Standards standards standards
) -at least 3 repeated -at least 10 repeated -at least 10 repeated
experiment measurements : measurements measurements
-minimum sample size: 30 | -minimum sample size: 30
vy =Gt Gizyt+ey vy =B+ Bz e
Regression ! 5 i ] : ! ’ . ! e ’
rnsie] -~z reference value ~zy;* reference value
-i; - measured value -yy' bias average
— 7 TR |
Ups = \ff“c:u T Uy T UinT Uns- REST
—ugy=max{u3m. Ugm
1
“upiy = MSpackof pu peoioy
i =,/
Calculations ‘“EEVR SN 7 - 5=/ MSg
~Upps— gsT ©Other uncertainty components
(measuring system)
Uprs = kuygs (k* coverage factor)
5 it REV=22x100
Que=——2 % 100% .
Performance Rl ¥ ¥ 2 Uy t-test
Q= A 100% tes
measures 03-(U-L) L - . &
CW:T (Hy : slope =0,
s
Hy : intercept =0)
Acceptance Qups = 15% Que < 15% %EV = 30%
. " = 1970 s
criteria Cus = 1.33 M Do not reject Hj

Measurement process capability analysis(1)

ISO 22514-7 VDA 5 MSA 4
Measurement Guidelines for
Procedure Measurement process | process capability Determining
name capability analysis analysis Repeatability and
(Type 2 Study) Reproducibility
brrﬁnimum of ? évorkpieces
D minimum of 3 cperators | _pini
with a minimum ofDZ _gigﬁggﬁ g; % L%S;rapfg:: -minimum of 10 parts
Measurement repeated measurements =i 5 -minimum of 2 operators
it minimum of 2 repeated it 5
experiment @ minimum of 2 operators | poasurements minimum of 2 repeated
with a2 minimum of 3 gt lo size: 30 measurements
repeated measurements -minimum sample size:
-minimum sample size: 30
Analysis
y Two-way ANOVA (random effect model)
model
Estimation of
| -y MS,—MS, ., MS—MS5, ., MsS,,—MS, -,
variance o, = o= § o, = y Og =.‘I,d'5'g
ar pr r
components
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Measurement process capability analysis(2)

IS0 22514-7 | VDA 5 MSA 4

“ugy
Calculations
~ugp:

T -1 2 2 ., .2 2
Upp = Uggp T upvt Upr T Ugy T Uys- gEsT
2 .2 2 L2 .2
TUgy T Uy T UsTap T UT T UggsT

“ugyvp = 0.

—Ugrqp- uncertainty caused by stability
: uncertainty caused by temperature
~Ugpgsy  other uncertainty components

Upp = kuygp (ki coverage factor)

TUAY = 0, “Ura T Oop

= max{ Ugyr: Ugyp: Hﬂg}

(measurement process)

Performance
measures

Cur=

Cyp=

: _ Boggg
%GRR= TV > 100

% 100% -

aﬂ
ndc=141x —
9 ¢rr

2« Uyp
U-L
03 (U~-L)
By

> 100%
5 2- Uyp
Qup= U—L

Acceptance
criteria

Cip

Qup < 30%
=1.33

% GRR < 30%

Qur = 30%
e b nde= 5

Capability analysis of

attribute measurement processes

IS0 22514-7 VDA § MSA 4
Procedure Capability ojt attribute g{at?‘?t::ttjll];y A Attribute Measurement
name mr%:_.?;si?en Measurement Systems Study
p Processes
(1) without using reference values
-at least 40 different test parns =
(At least a proportion(e.g. 40 %) of the test parts U1 using reference values
Measurement | Should be in the uncertainty range) —25% of the parts at or
= -3 repeated measurements close to LSL
experiment -minimum of 2 different operators -25% of the parts at or
(2) using reference values elosnito IS,
-MSA 4
(1) without using reference values 0] Hypothesis Test
. -Bowker Test of symmetry @ Calculation method of
Analysis (interrater agreement) Effectiveness, Miss Rate,
methods False Alarm Rate
(2) using reference values @ Signal Detection Theory
-Signal Detection Theory
@ Kappa Statistics
-interrater agreement
1) v Statistics -corTectness
it M x " (@ Effectiveness, Miss Rate,
erformance \ _ 2 _ d False Alarm Rate
measures 2) Qure = Tt 0= g N1 60 gap
% = — 1
-d=(dgey +dysg)/2 e T
d
= * 100
U—L
@ Kappa = 0.75
Acceptance (1) Do not reject A @ Effectiveness = 90%
= Miss Rate = 2%
criteria (2) Q. = 30% False Alarm Rate = 5%
@ RGRR = 30%
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4=

[ -

MSA 4= 1990 R E T2 7[Q 7|GO|M AFESt U= SEAAE
A KA QY

ISO 22514-72} VDA 5= ISO/IEC Guide 98-3(GUM 1995, JCGM 100)
o 2|50 =3 £% = (measurement uncertainty) S AE3H0] SHA|A
ool % T2 AS HIKOY, S| K8 AHEA M Ze|At X HE3
Al TS| A}, ISO/IEC 17025(General requirements for the
competence of testing and calibration laboratories)E QI HE 2 2|AF &
O A AFESIL Q= HXIM Y

2 ALY M= ISO 22514-7, MSA 4, VDA 59| EM XA XIO| L £ & X}10|
2 i MRS

AnE SEY HES 023 S5 BIL WAHE 1SO 22514-79
VDA 50| M= &4 AX7L FOH JA2Lt, MSA= 180 28K | = 2
M =X JAALLL STHRE = O] HALZL AN E|IAS

A

Hnes

| L

ISO 22514-7:2012, Statistical methods in process management - Capability and
performance - Part 7: Capability of measurement processes

Automotive Industry Action Group(AIAG)(2010). Measurement Systems Analysis
(MSA), 4\ Edition.

Verband der Automobilindustrie(VDA) (2011). VDA Volume 5 — Capability of
Measurement Processes. 2nd Edition.

ISO/IEC Guide 98-3:2008, Guide to the expression of the uncertainty in
measurement (GUM)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and
general concepts and associated terms (VIM)

ISO/IEC 17025:2005, General requirements for the competence of testing and
calibration laboratories

JCGM 100:2008, Evaluation of measurement data — Guide to the expression of
uncertainty in measurement (GUM 1995 with minor corrections)

JCGM 101:2008, Evaluation of measurement data — Supplement 1 to the "Guide to
the expression of uncertainty in measurement" — Propagation of distributions using
a Monte Carlo method

JCGM 200:2012, International Vocabulag of_Metrologé— Basic and General
Concepts and Associated Terms (VIM 3rd edition) (JCGM 200:2008 with minor
corrections)
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