
XX IMEKO World Congress 

Metrology for Green Growth 

September 914, 2012, Busan, Republic of Korea 

 

CAPABILITY OF MEASUREMENT PROCESSES  
BASED ON ISO/FDIS 22514-7 AND VDA 5 

 
Dr.-Ing Edgar Dietrich 

 
Q-DAS GmbH & Co. KG, Weinheim, Germany, edgar.dietrich@q-das.de 

 
Abstract: Calculations of capability and performance 

indices are based on measurement results. The uncertainty 

of the measurement process used to generate capability and 

performance indices must be estimated before the indices 

can be meaningful. The actual measurement uncertainty 

needs to be adequately small. 

To demonstrate the suitability of measurement process-

es, were in the industrial production process based on the 

MSA version 4 (AIAG Measurement System Analysis [1]) 

is used.  

Another procedure is based on the ISO 98-3 ISO; Guide 

to the Expression of Uncertainty in Measurement (GUM) 

[2]. But this is not practical in production. Therefore, the 

ISO 22514-7 [3] was published. This document is in the 

FDIS (Final Draft ISO) status and will be official until mid-

2012 as an ISO Standard. The VDA 5; Measurement Pro-

cess Capability [4] is also based on this new standard. 
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1. INTRODUCTION 

The purpose of a measurement process is to produce 

measurement results obtained from defined characteristics 

on parts or processes. The capability of a measurement pro-

cess is derived from the statistical properties of measure-

ments from a measurement process that is operating in a 

predictable manner. 

If the measurement process is used to judge whether a 

characteristic of a product conforms to a specification or not, 

the uncertainty of the measurement process must be com-

pared to the specification itself. If the measurement process 

is used for process control of a characteristic, the uncertainty 

shall be compared with the process variation. Limits of 

acceptability should be stated for both cases. 

The quality of measurement results is given by the un-

certainty of the measurement process. This is defined by the 

statistical properties of multiple measurements, or estimates 

of properties, based on the knowledge of the measurement 

process. 

ISO/FDIS 22514-7 describes methods to define and cal-

culate capability indices for measurement processes based 

on estimated uncertainties. The approach given in ISO 98-3, 

Guide to the expression of uncertainty in measurements 

(GUM) is the basis of this approach. 

 

2.  MEASUREMENT SYSTEM AND PROCESS 

The new ISO 22514-7 divides all influence components 

of a measurement process in two groups. There are the in-

fluence components of the measurement process mainly 

associated with the measuring system and any other influ-

ence components. The influence components of both groups 

put together represent the measurement process. Figure 1 

shows typical influence components displayed in an Ishika-

wa diagram. The influence components displayed at the 

bottom are associated with the measuring system. Together 

with the influence components on top, they describe the 

entire measurement process.  

typical measurement system influence factors
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Figure 1: Definition Measurement System and Process 

Since the measurement process is distinguished from the 

measuring system, the expanded measurement uncertainty is 

specified for both of them separately. This is reasonable in 

order to evaluate the measuring system independently of its 

application in production. This classification helps compa-

nies to choose suitable selection criteria. Thus, for each 

individual measurement process, the capability of the meas-

uring system can be assessed. In addition, the manufacturers 

of measuring systems are able to specify the expanded 

measurement uncertainty of the measuring system without 

knowing its future applications. 

Since not every influence component can be examined 

separately, they were combined into main influence quanti-



ties. A measuring system is affected by the uncertainty from 

the 

 measurement standard 

 mounting device 

 measuring equipment and 

 measurement method. 

The measurement process is influenced by uncertainties 

from the 

 environment 

 evaluation method 

 test part and 

 operator. 

Based on this difference, the expanded measurement un-

certainty is determined for the measuring system UMS and 

for the measurement process UMP together with the corre-

sponding capability ratios QMS or QMP . By comparing the 

capability ratio to a specified limit, the capability of the 

measuring system or measurement process is established. It 

is also advisable to calculate the minimum possible toler-

ance for the measuring system TOLMIN-UMS and the meas-

urement process TOLMIN-UMP as an additional parameter. 

In order to evaluate the impact of the combined influ-

ence component on the total uncertainty, a standard uncer-

tainty is calculated for each main influence quantity. Ac-

cording to GUM, the standard uncertainty is estimated by 

means of the Type A evaluation (performing experiments) 

or the Type B evaluation (available information). 

3.  PROCEDURE  

The ISO 22514-7 offers a well-structured procedure in 

order to determine the expanded measurement uncertainty. 

The same applies to the definition of the capability ratios of 

the measuring system or measurement process.  

 First, check whether the resolution of the measuring in-

strument is lower than 5 % of the specification. If the 

resolution is inadequate, the variation will be estimated 

too low (it often approaches zero). In this case, a reasona-

ble evaluation is not possible. 

 If the MPE (maximum permissible error) of a measuring 

instrument is known from a continuous calibration or an-

other inspection, it may be used in order to calculate the 

expanded measurement uncertainty. This usually applies 

to standard measuring equipment. However, the MPE 

must be documented and traceable. (Only apply this pro-

cedure in exceptional cases.) 

 If the MPE is unknown, the expanded measurement uncer-

tainty of the measuring system UMS shall be based on 

available or new inspections according to the Type 1 study 

(repeated measurements on a reference standard in order 

to assess the variation of the measuring instrument or the 

systematic measurement error). By including the uncer-

tainty of the measurement standard, and, if known, the 

linearity deviation, UMS and the capability ratio QMS are 

calculated. The capability ratio is compared to a specified 

limit (VDA Volume 5 recommends 15 %). 

 As soon as the measuring system meets this requirement, 

the expanded measurement uncertainty of the measure-

ment process UMP and/or the corresponding capability ra-

tio QMP shall be determined. Inspections according to the 

Type 2 study (repeated measurements on test parts taken 

by several operators) lead to the GRR value (see MSA 

manual). In order to determine the expanded measurement 

uncertainty of the measurement process UMP, this value 

can be used exactly as it is. The GRR value and the ex-

panded measurement uncertainty both require the same 

formulas. In a final step, the uncertainty from test part in-

homogeneity, temperature, reproducibility over time and, 

if required, even other influence components must be con-

sidered in order to determine UMP. A comparison between 

the capability ratio QMP and the limit (VDA Volume 5 

recommends 30 %) determines whether the measurement 

process is capable. 

 If the measurement process meets all requirements, its 

capability is established. The stability of the measuring 

instrument must be proved and established in the running 

process. In case of significant changes, the measurement 

process shall be re-evaluated immediately. 

For both, the measuring system and the measurement 

process, the statistical value of the minimum tolerance has 

turned out to be most useful in practice. Even though the 

calculation of the capability ratio of the measuring system 

QMS includes a certain tolerance TOL, it can be changed to a 

minimum tolerance. Based on an accepted limit of x percent 

(VDA Volume 5 proposes 15 %), the formula can be rear-

ranged to solve it for the minimum tolerance TOLMIN-UMS  

required to establish the capability of the measuring system. 

The same applies to the measurement process. For the 

measurement process, the recommended limit amounts to 

30%. This leads to the minimum tolerance TOLMIN-UMP re-

quired establishing the capability of the measurement pro-

cess. 

These statistical values for the measuring system and the 

measurement process allow for a clustering in such a way as 

to transfer the results to similar or the same measuring sys-

tems and measurement processes. Unnecessary and time-

consuming inspections are not required any longer. 

4.  CALCULATION OF CAPABILITY INDICES 

Table 1 shows how to determine the expanded measure-

ment uncertainties and the capability ratios for the measur-

ing system and the measurement process. The mathematical 

effort is reduced to the calculation of the standard uncertain-

ty components corresponding to the respective main influ-

ence quantity. Table 2 and Table 3 outline the calculation 

methods for the measuring system and the measurement 

process. 



Uncertainty compo-

nents 
Symbol Test / model 

Resolution of the 

measuring system 
uRE 

%RE must be lower/equal than 5% of the specification 

1 1

23 12
RE

RE
u RE   where RE is the resolution 

Calibration uncertain-

ty 
uCAL 

Obtained from the calibration certificate of measurement standards. 

In cases where the uncertainty in protocol is given as an expanded uncertainty, it should be 

divided by the corresponding coverage factor: 

uCAL = UCAL / kCAL 

Repeatability on 

reference standard 
uEVR 

Depending on the measuring system, repeated measurements are taken on one, two or three 

standards. 

On one measurement standard, at least 25 repeated measurements are taken whereby their 

spread uEVR =sg can be estimated. 

On each of two standards, at least 15 repeated measurements are taken whereby their spread 

uEVR can be estimated. The greatest one of the results is used. 

On each of three standards, at least 10 repeated measurements are taken whereby their spread 

uEVR can be estimated. The greatest one of the results is used. 

Uncertainty from bias uBI 

From the measured values on a reference standard taken during a repeatability analysis, the 

standard uncertainty uBI can be calculated based on the systematic measurement error from: 

 
-

3
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x x
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In case of two or three measurement standards, the greatest one of the results is used. 

Uncertainty from 

linearity  
uLIN 

In the calculation of linearity, uLIN is determined by the method of ANOVA (lack-of-fit devia-

tion). For measuring systems with linear material measure, the uncertainty from linearity is 

determined based on the results from the manufacturer’s or calibration certificate. 

Uncertainty from 

other influence com-

ponents 

uMS_REST 
Any further influences on the measuring system, supposed or substantial, must be estimated 

separately by experiments or from tables and manufacturer’s specifications. 

Table 1 Typical uncertainty components of a measuring system 

Table 2 Typical uncertainty components of a measuring process 

Uncertainty components Symbol Test / model 

Repeatability on test parts uEVO Minimum sample size: 30 

Always a minimum of 2 repeated measurements on a minimum of 3 test parts 

measured by a minimum of 2 operators (if relevant), 

measured by a minimum of 2 different measuring systems (if relevant) 

see  “Type 2 study” MSA Estimation of uncertainty components by the method 

of ANOVA. 

Reproducibility of operators uAV 

Reproducibility of measuring 

systems (place of measure-

ment) 

uGV 

Reproducibility over time uSTAB 

Uncertainty from interaction(s) uIAi 

Uncertainty from test part 

inhomogeneity 
uOBJ 

3

OBJ
OBJ

a
u  where aOBJ is the maximum form deviation

 

Uncertainty from temperature uT 

The influence from temperature can be calculated using different methods: 

 ISO 14253-2 

 Uncertainty with correction of the different linear expansions 

 Uncertainty without correction of the different linear expansions 

Uncertainty from other influ-

ence components 
uREST 

Any further influences of the measurement process must be estimated separate-

ly. 



Table 3 Calculation of expanded measurement uncertainty  

5.  COMPARISON BETWEEN THE MSA MANUAL 

VOLUME 4 AND ISO 22514-7 

The MSA manual assesses capability by comparing the 

calculated Gage Repeatability & Reproducibility value to 

the specified limit. Prior to its calculation, the MSA manual 

only observes whether the systematic measurement error (or 

the linearity, if available) is sufficiently small. Moreover, 

the number of data categories ndc is evaluated. The number 

must be greater than 5. This requirement is similar in its 

purpose compared ISO 22514-7 where the resolution must 

be lower than 5 % of the specification. If the %GR&R value 

exceeds the specified limit, the value itself will not indicate 

why the limit is violated. In order to find the reason for this 

exceeding, intermediate results must be consulted and, if 

necessary, further inspections are needed. This is a major 

disadvantage of the evaluation in accordance with the MSA 

manual. 

ISO 22514-7 evaluates each component of the measure-

ment process affecting the measurement uncertainty sepa-

rately. The standard uncertainty ui is calculated for each 

influence component. This uncertainty provides the basis for 

the calculation of the expanded measurement uncertainty  

 

and the capability ratios of the measuring system and the 

measurement process. 

The advantages of the MSA manual are its high interna-

tional recognition and the versatile application of the proce-

dures it describes. The detailed observation of the influence 

components affecting the measurement process and their 

impacts on the expanded measurement uncertainty argue for 

ISO 22514-7. In addition, this document is an ISO standard, 

which might lead to a greater recognition of this approach. 

Time will tell which procedure will become more important 

in the future. 

6. EXAMPLE 

An instrument measuring boltholes requires that the ca-

pability of the measurement process for inside diameters 

should be established and documented. Uncertainties from 

test part or the temperature are regarded as negligible and 

are not considered in the evaluation. 

Uncertainty components Symbol Combined measurement           

uncertainties 

Expanded meas-

urement uncer-

tainties 

Capability ratio 

minimum tolerance 

Calibration uncertainty on 

standard 
u

CAL
 

2

2 2

2 2 2

_

max ,
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CAL

EVR RE
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u

u

u u

u u u

 

or 

2

3

MPE  

or 
2 2

1 2

3 3

MPE MPE  

MS MS
U k u

 
where k=2 

(P=95%)
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Uncertainty from bias uBI 

Uncertainty from linearity uLIN 

Repeatability on standards uEVR 

Uncertainty from other influ-

ence components (measuring 

system) 

uMS_REST 

Maximum permissible error MPE 

Repeatability on test part uEVO 

2

2 2 2

2 2

2 2 2 2

2 2 2

max , ,

i

MP
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u
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U k u

 
where k=2 

(P=95%)

 

2
100%MP

MP

U
Q
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MIN UMP

MP_max

2 U
T 100%
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Reproducibility of operators  uAV 

Reproducibility of measuring 

systems 
uGV 

Reproducibility over time uSTAB 

Uncertainty from interac-

tion(s) 
uIAi 

Uncertainty from test part 

inhomogeneity 
uOBJ 

Resolution of the measuring 

system 
uRE 

Uncertainty from temperature uT 

Uncertainty from other influ-

ence components 
uREST 



In order to determine the standard uncertainties from re-

peatability on standards and from measurement bias, an 

experiment was conducted performing 10 repeated meas-

urements on each of 3 reference standards. 

The information 

about the measuring 

system and the meas-

ured quantity values 

gained in the experi-

ment leads to the 

following uncertainty 

budget and overview 

of results. 

 

 

 

Due to a percentage resolution %RE of 2,00 % and a ca-

pability ratio QMS of 7,86 %, the capability of the measur-

ing system of the instrument measuring boltholes is estab-

lished. 

After the capability of the measuring system is estab-

lished, the measurement process is analyzed. The operator 

influence, the repeatability on test parts and their interac-

tions are determined experimentally under operational con-

ditions. In this experiment, 2 repeated measurements are 

performed on each of 10 test parts by 3 operators.  

Based on the recorded measured quantity values, the in-

dividual standard uncertainties can be determined and allo-

cated by using the method of ANOVA. This leads to the 

following uncertainty budget and overview of results for the 

measurement process. 

Due to a capability ratio QMP of 14,98 % in case of a 

process capability ratio limit QMP_max of 30 %, the capa-

bility of the measurement process of the instrument measur-

ing boltholes is established. 
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Information about measuring system and measurement process 

Nominal dimension 30,000 mm 

Upper specification limit U 30,008 mm 

Lower specification limit L 30,003 mm 

Resolution of the measuring system RE  

(1 digit = 0,0001mm) 
0,1 μm 

Calibration uncertainty UCAL 0,026 μm 

Coverage factor kCAL 2 

Linearity 0 

Reference quantity value of the standard at 

the upper specification limit xmu 
30,0076 mm 

Reference quantity value of the standard in 

the centre of the specification xmm 
30,0050 mm 

Reference quantity value of the standard at 

the lower specification limit xml 
30,0025 mm 

Capability ratio limit measuring system 

QMS_max 
15% 

Capability ratio limit measurement process 

QMP_max 
30% 


