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Outline 

1. Introduction  
 

2. Introduction into OIML G19 
 

3. Some brief introduction how to calculate  
measurement uncertainties 
 

4. Some information about useful software 
to calculate measurement uncertainties 
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Before we start: 

3 

You can get this presentation after the seminar!  
(about 150 pages)  
 
Will be made available on coomet.net 
 
But of course you may take your own notes. 
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Before we start: 

4 

There is a huge interest in this seminar! 
 
We expected about 15 partipants (from COOMET TC 2), 
but now there are almost 100 participants … 

Why?  
Is there some magic in there? 
  Am I doing anything wrong? 
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Some introductory remarks: 

5 

What is the reason for this seminar?  
 

There was interest of the members of COOMET TC 2 „Legal metrology“, 
because we deal with conformity assessment in legal metrology,  
i. e. type approval, verification and market surveillance.  
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Some introductory remarks: 

6 

What do we do normally?  
 
The classical approach is to check, whether a measured value is within  
the Maximum Permissible Errors (MPE) given by legislation:  

Measurement 
scale 

Indicated value 
from the device under test 

Value of a 
measurement standard 

-MPE +MPE 
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But in principle we know this can be wrong!!! 

7 

Here OIML G 19 comes in!  
 

We need to deal with measurement uncertainties! 

But the knowledge within the auditorium may be totally different! 

Most of the colleagues in legal metrology 
don‘t deal with measurement uncertainties on a daily basis. 

So the intention is to hold this seminar  
on a more „basic level“! 
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What could you „take home“ after this seminar? 

8 

• Overview about OIML G 19 
 

• Some basic information about measurement uncertainty 
 

• Some information about calculating the risk to make  
a wrong decision in conformity assessment 
 

• Some information about useful commercial and free software 
to calculate measurement uncertainties 
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1. Some background information on OIML G-19 

9 
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Responsibility of OIML TC 3/SC 5 
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This publication – reference OIML G 19, edition 2017 (E) –  
 
was developed by 
 
TC 3: Metrological Control 
SC 5: Conformity Assessment 
Project Group 2: Task for a Guide 
“Expression of uncertainty in measurement in  
  legal metrology applications.” 
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COOMET members contributing: 
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From the chapter „1 Scope and objectives“ 

12 

It is assumed that the reader has at least a general familiarity with 
the concepts presented in the Guide to the Expression of Uncertainty in 
Measurement [1] (hereafter denoted by GUM), and possibly also with the 
concepts in its Supplements [2][3][4][5].  
 
It is anticipated that this Guide will eventually become an OIML 
Document; as such, its contents will need to be incorporated, as 
appropriate, in OIML Recommendations and Documents.  
However, this initial version is presented as an OIML Guide  
in order to give OIML Technical Committees, Subcommittees 
and Project Groups additional time to consider the contents  
and how they can be incorporated into the Recommendations and 
Documents for which they are responsible. 

G 
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From the chapter „1 Scope and objectives“ 

The main objective of this OIML Guide is to provide guidance … 
how to take measurement uncertainty into account in conformity 
assessment in legal metrology, 
 
that is, when determining whether an entity (product, process, 
system, person or body) meets relevant standards or fulfils  
specified requirements.  
 
A particular focus is on conformity assessment of measuring  
instruments (or systems), especially when using measured 
values, obtained during the testing or verification of the  
measuring instruments or systems, as the basis for making pass-fail 
decisions in legal metrology. (Not for prepackages!) 
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The proposals include providing and referencing information on how to 
assess the possible “risks” of erroneous conformity decisions.  
 
Such risks arise unavoidably from the measurement uncertainty 
associated with the measured values obtained during testing or 
verification of a measuring instrument or system.  
 
That is, measurement uncertainty in a test result … can be a concern 
in conformity assessment by inspection since if it is not accounted for  
it can lead to incorrect estimates of the consequences of entity error and 
increase the risk of making incorrect decisions,  
such as failing a conforming entity or passing a nonconforming entity  
when the test result is close to a tolerance limit. 

From the chapter „1 Scope and objectives“ 
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From the chapter „2 Terms and definitions“ 
„VIM“ „VIML“ „GUM“ 

Everything can be downloaded free of charge from the OIML webpage! 
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From the chapter „3 Introduction“ 

Measured (indicated) value and measurement uncertainty 

In case of  
repeated  
measurements! 
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From the chapter „3 Introduction“ 

„Calibration“         The conventional use of the concept of measurement uncertainty. 

Measurement standard (giving traceability) 
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Measurement standard (giving traceability) 

Important: Probability is never zero! 
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Important: Probability is never zero! 
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Measurement uncertainty in case of verification:  

20 

Measurement standard (used for verification) 

+MPE -MPE* 

*MPE = Maximum permissible error 
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Questions arise: 

21 

 Is a measuring instrument under test really conform? 
 

 What situation is acceptable? What is non-acceptable? 
 

 What is the risk for passing the test, when it is 
non-conform? 
 

 What is the risk for failing the test, when it is  
conform? 
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Risks:  Example 1 = small risk 

22 

+MPE -MPE 
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Risks:  Example 2 = higher risk 

23 

+MPE -MPE 

Mean value within the MPEs          Instrument is considered to be conform! 
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Risks:  Example 3 = big risk = approx. 50% 
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+MPE -MPE 

Conform or not conform? That‘s the question! 
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Risks:  Example 4 = very big risk = >50% 

25 

+MPE -MPE 

The area under the curve 
is somehow proportional 

to the risk! 

Mean value outside the MPEs          Instrument is considered to be non-conform! 
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Risk calculation: „Instrument is conform“ 
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Aout,1 

Ain 

Aout,2 

Risk of a conform instrument being non-conform  
resp. of a conform instrument failing the test:   

Risk = 
Aout,1 + Aout,2 

Aout,1 + Aout,2 + Ain 

         = 
Aout 

Atotal 

Definition: 
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Risk of a non-conform instrument being conform  
resp. of a non-conform instrument passing the test:   

Risk = 
Ain 

Aout,1 + Aout,2 + Ain 

         = 
Ain 

Atotal 

Risk calculation: „Instrument is non-conform“ 

Ain 
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Risk calculation: 

During the revision of the ISO/IEC 17025  
standard in 2017, the following new  
requirement to include decision rules  
in test reports was added:  
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And a very practical question: 

29 

How big should the measurement uncertainty of your 
measurement standard (e. g. used for verification) be  

compared with the maximum permissible error? 

1/3          or           1/4              or        1/5         or      1/10      or….?    

(       We will come back to this topic a little bit later!) 

The uncertainty of the measurement standard  
has an impact on the risk! 
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Annex A: Error and measurement uncertainty  
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The concept of measurement uncertainty can be described as a measure of 
how well the ‘true’ value of the measurand is believed to be known. 

It is not possible to know how well the ‘true’ value of the measurand is known. 

No „true value“ 
in this diagram! 
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Annex A: Error and measurement uncertainty  

31 

When making decisions in legal metrology about whether 
measuring systems are performing according to specified 
requirements, if the GUM approach is to be followed it becomes 
necessary to make such decisions on a probabilistic basis. 

Testing or verifying in this context means  
=> that a decision is being made about 
=> whether the measuring system under test  
=> is providing indicated values of a quantity being measured 
=> that are believed to be ‘close enough’ to the ‘true’ value, 
=> as determined by using measurement standards,  
=> for the regulatory purpose at hand. 
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Using the GUM approach, the objective of verification then becomes 
to determine the degree of belief (level of confidence)  
that the ‘true’ value of the ‘error of indication’  
lies within the maximum permissible errors  
when taking measurement uncertainty (of the ‘error of indication’!) 
into account. 

. 

Annex A: Error and measurement uncertainty  
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Frequent question: 
How can “measurement error” and  

“measurement uncertainty” coexist when considering 
measurement in the context of conformity assessment? 

33 

„Measurement  
error“ 

„Measurement  
  uncertainty“ 

Conformity 
assessment 
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Questions?  
 
Remarks? 
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How can “measurement error” and  
“measurement uncertainty” coexist when considering 

measurement in the context of verification? 

35 

Conformity assessment in legal metrology typically involves  
comparing  
the measured error of indication of a measuring instrument or system 
to an MPE that is specified in a legal regulation.  
 
The error of indication is typically calculated in legal metrology  
as the difference  
between the indicated value and a value as given by a measurement standard. 

Measurement uncertainty! 
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e.g. = 650 kg  
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This PDF is obtained by combining (sometimes called 
convolving) the two PDFs in Figure A2 

(= best estimate!) 
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How can “measurement error” and  
“measurement uncertainty” coexist when considering 

measurement in the context of verification? 

39 

In fact, it makes sense to talk about the  
uncertainty of a measured error of indication!  
 
The measurement uncertainty associated with the measurement 
standard(s) used when performing the verification test  
must be taken into account  
when making (probabilistic) conformity assessment decisions,  
since they contribute to the standard measurement uncertainty of the 
error of indication (uEI). 
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4 Basic considerations 

40 

The error of indication is operationally taken to be  
the difference between the indicated value (YI) of the measuring 
instrument or system obtained when measuring the measurand,  
and the value (YS) of the same measurand  
as determined when using a measurement standard: 

e.g. = 650 kg  
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4 Basic considerations 

41 

can be obtained from one measurement 
or as the average of several measurements! 
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4 Basic considerations 

42 

For more complicated measurement standards (or systems), YS can be 
determined through use of a ‘measurement model’  that relates the value of the 
measurand to values (Xi) of ‘input quantities in a measurement model’  
(that is, YS depends on, or is a function (f) of, the values Xi): 

e. g. air density (buoyancy!) 
         air temperature, 
         air pressure  
 
          

during calibration of the weight 
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5 Conformity testing decisions that explicitly 
incorporates measurement uncertainty 

43 

Rather than being able to definitively state  
that a measuring instrument meets specified MPE requirements and  
so passes a particular conformity test, 
 

only a degree of belief  
(or probability, expressed as a level of  confidence)  
can be stated that the measuring instrument conforms 
for each MPE requirement. 
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5 Conformity testing decisions that explicitly 
incorporate measurement uncertainty 

44 

Clause 5 focuses on the explicit use of measurement uncertainty 
for the purposes of making conformity decisions, such as when  
measurements are performed in a laboratory environment. 

Clause 6 deals with measurements performed outside a laboratory  
environment! 
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ISO/IEC 17025 states that  
 
“[5.4.6.2] testing laboratories shall have and shall apply 
procedures for estimating uncertainty of measurement,”  
 
and, further  
 
“[5.4.6.3] When estimating the uncertainty of measurement,  
all uncertainty components which are of importance in the given 
situation shall be taken into account using appropriate methods of 
analysis”. 
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Example: 2 balances, different resolution, 
same measurement standard 



OIML Guide No. 19 Internet, Online, 7th April 2021 47 

+MPE -MPE +MPE -MPE 

Different measurement uncertainties! 

Different risks to make a wrong decision! 
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How to calculate measurement uncertainty? 

48 

„GUM“ = Guide to the expression of  
                 Uncertainty in Measurement 

https://www.bipm.org/utils/common/ 
documents/jcgm/JCGM_100_2008_E.pdf 

Downloadable free of charge from: 
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How to calculate measurement uncertainty? 

49 

OIML G 19, Chapter 8.2: Calculating measurement uncertainty 

5 steps 

(but of course one can also take directly the GUM!) 
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Step 1: „Describe the Instrument under Test (IuT)  
                with the whole measuring system“ 

50 

Number 
of tests? 

Resolution 

Variation of indication due to air buoyancy 
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Step 1: „Describe the Instrument under Test (IuT)  
                with the whole measuring system“ 

(Ej = Error of indication, Ij  = Indication, mrefj = reference value of mass) 

e. g. see EURAMET cg18, chapter 6.2 

40 
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Step 2: „Identify all the different kinds of tests,  
                which are necessary“ 

(cg18, chapter 7.1.1) 

in this seminar we don‘t go into further details, 
if you are interested into the details, please read cg18 or something else! 

(cg18, chapter 7.1.2) 

For example: 

j 

j 



OIML Guide No. 19 Internet, Online, 7th April 2021 53 

Step 3: „Calculate the associated  
measurement uncertainties“ 

j 

j 
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Step 4: „Calculate a standard measurement uncertainty 
of the Error of Indication“ 

=  Variance! j j j 

Take the square root!  
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Step 5: „Calculate a expanded measurement uncertainty 
of the Error of Indication“ 

j j 

The coverage factor k should be chosen such that the expanded 

uncertainty corresponds to a coverage probability of 95,45 %. 

Fine, but what can we do with this result? 
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Probability 
Density 
Function 
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+MPE -MPE 

Now we can calculate our risk! 

We “only“ need to calculate the areas under the curve! 

Aout,1 

Ain 

Aout,2 
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Probability 
Density 
Function 

integration 

Distribution 
Function 
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integration 

Probability Density Function 

Distribution Function 
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integration 

Probability Density Function 

Distribution Function 

+MPE -MPE 

+MPE -MPE 

Aout,1 

Ain 

Aout,2 

Aout,1 

Aout,1 + Ain 

Numerical integration necessary! 
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Probability Density Function 
+MPE -MPE 

Aout,1 

Ain 

Aout,2 

Numerical integration necessary! 

Probability Density Function 

Simply a sum of rectangles!  

f(x) 

Δx 
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+MPE -MPE 

+MPE -MPE 

f(x) 

F(x) 
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Integration for 3 intervals of the example: 
 
1. from             to  -MPE     =                                             0,001972   

 
2. from  -MPE  to  +MPE    =  0,983437 – 0,001972  =  0,981864 

 
3. from  +MPE to                 =  1,000000 – 0,983437  =  0,016563 

 
 

= Aout,1 

= Ain 

= Aout,2 
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Risk calculation: „Instrument is conform“ 

64 

Aout,1 

Ain 

Aout,2 

Risk of a conform instrument being non-conform  
resp. of a conform instrument failing the test:   

Risk = 
Aout,1 + Aout,2 

Aout,1 + Aout,2 + Ain 

         = 
Aout 

Atotal 
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Integration for 3 intervals of the example: 
 
1. from             to  -MPE     =                                             0.001972   

 
2. from  -MPE  to  +MPE    =  0.983437 – 0.001972  =  0.981864 

 
3. from  +MPE to                 =  1.000000 – 0.983437  =  0.016563 

 
 

= Aout,1 

= Ain 

= Aout,2 

Risk = 
Aout,1 + Aout,2 

Aout,1 + Aout,2 + Ain 

         = 
Aout 

Atotal 

         =          =  1.85 % 
0.018536 

1.000000 
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Now you are able to calculate risks 
in conformity assessment  
using measurement uncertainties! 
(in principle!) 

G19 
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Risk = 
Aout,1 + Aout,2 

Aout,1 + Aout,2 + Ain 

         = 
Aout 

Atotal 

         =           1.85 % 

Risk of a conform instrument being non-conform:  
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Questions arise: 

68 

 Is a measuring instrument under test conform? 
 

 What is acceptable? What is non-acceptable? 
 

 What is the risk for passing the test, when it is 
non-conform? 
 

 What is the risk for failing the test, when it is  
conform? 
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Questions?  
 
Remarks? 
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Chapter 5.3 
„Risks“ and „Decision rules“ associated 

with conformity decisions: 

70 

Three fundamental types of risks:  
 
1) risk of false acceptance of a test,  
 
2) risk of false rejection of a test result, and  
 
3) shared risk. 
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1) Risk of false acceptance: 

71 

+MPE -MPE 

Ej 

• The measuring instrument is  
considered to be conform.  
 

• But there is some area outside the 
MPEs under the curve! 
 

• The risk is taken by the evaluator.  
 

• Possible decision rule: 
„Acceptance, if risk is lower than 5%“ 
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• The measuring instrument is  
considered to be non-conform.  
 

• But there is some area between the 
MPEs under the curve! 
 

• The risk is taken by the manufacturer 
or seller.  
 

• No decision rule for a given test that 
incorporates both risks of false  
acceptance and risk of false rejection! 

2) Risk of false rejection: 

+MPE -MPE 

Ej 
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3) Shared risk: 

73 

• No advantage or disadvantage for the parties involved.  
 

• Precondition: sufficient small uncertainty of the error of indication! 

Means also: 
Sufficient small uncertainty 
of the measurement standard! good 

bad 
Common practice! 
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3) Shared risk: 

74 

Means also: 
Sufficient small uncertainty 
of the measurement standard! 

Common practice! 

Chapter 6:  
Conformity testing decisions that do not 

explicitly incorporate measurement uncertainty 
Measurements outside a lab:  
No need to calculate measurement uncertainty for every measurement, 
if  
there is always an underlying understanding that the level of uncertainty 
in the measurement results has been assured and that the method of 
assurance is well documented.  
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+MPE -MPE 

+MPE -MPE 

σ Essential 
parameter!!! 

As we need some underlying 
understanding,  

let‘s have a closer look! 
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What, if the standard measurement  
uncertainty increases? 

76 

10 kg 

A small increase of σ leads  
to a big change of the risk! 

µ = 10 kg

Risk in %:

σ = 0,10 kg 1,85

σ = 0,15 kg 10,55

σ = 0,20 kg 21,90

σ = 0,25 kg 32,25

σ = 0,33 kg 45,15
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Our 

77 

+MPE -MPE +MPE -MPE 
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+MPE -MPE 
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+MPE -MPE 

σ σ = 0.1 kg 

σ σ = 0.15 kg 

σ 
σ 

σ = 0.2 kg σ = 0.33 kg 

Risk: 1.85 % Risk: 10.55 % 

Risk: 21.90 % 

Risk: 45.15 % 

Our conformity assessment procedure should result in  
a narrow probability density function! 
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+MPE -MPE 

Measurement uncertainty of the measurement standard as integral part 

Standard measurement 
uncertainty  

Contribution of the  
measurement standard 

Should be „small enough“! 
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Practical question: 

79 

How big should  
the measurement uncertainty of your 

measurement standard (e. g. used for verification) be  
compared with the maximum permissible error? 

1/3          or           1/4              or        1/5         or      1/10      or….?    
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+MPE -MPE 

Measurement uncertainty of the measurement standard as integral part 

Standard measurement 
uncertainty  

Contribution of the  
measurement standard σ 

MPE 

What should the ratio be between σ and MPE?  
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Practical example: 
Verification of a balance 

81 

• 10 kg weight 
• according to OIML R111 
• What class? 

Non-automatic weighing instrument: 
 

• Commercial balance 
• Maximum load = 15 kg 
• verification value = 5 g = maximum permissible error  

Measurement standard: 
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Practical example: 

82 

10 kg 

OIML R111: 

How to calculate the standard measurement uncertainty σ  
from the maximum permissible error for the weight? 

Discrepancy: 

Maximum permissible error                Standard measurement uncertainty  
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Chapter 7.1.2: 
Calculation of the  
standard measurement uncertainty 
of the reference weight  

10 kg 

Correction  
conventional 
weighing 
value 

Buoyancy 

Drift 

Convection 
effect (ΔT) 

https://www.ptb.de/cms/en/metrological-services/dkd/publications.html 
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Practical example: 

84 

1.  = nominal value (in this example = 10kg) 

2.  In case of R111:                                     (e. g. Tol = 500 mg for M1-weight)  

3.  (     = 1.2 kg/m3,     = 8000 kg/m3,  
  mpe = 5 g in this example) 

4.  (if there is no information about drift => D = mpe) 

5.  (only relevant for class F2 or higher! 
This value can be taken from a table in DKD-R 7.2)) 
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Practical example: 

85 

in mg: 

ΔT = Temperature difference between the temperature of the weight and  
the ambient air (positive difference = positive values and vice versa) 
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Practical example: 

86 

Tol = 500 mg

= 288,68 mg

rho_0 = 1,2 kg/m3

rho_c = 8000 kg/m3

mpe = 0,005 kg

m_N = 10 kg

= 8,0829E-05 (no unit! = relative measure => needs to be multiplied with 10 kg)

D = mpe = 0,005 kg

= 2886,75 mg

Estimate: from Table:

DT = 5 K Dm_conv = 7,79 mg
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Practical example: 
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u = 288,68 0,00080829 2886,75 7,79

mg kg mg mg

u = 0,28867513 0,80829038 2,88675135 0,00779

g g g g

u^2 = 0,08333333 0,65333333 8,33333333 6,0684E-05

sum u^2 = 9,07006068

u_mref = 3,01 g

Result: The standard measurement uncertainty for the 
reference weight is relatively high compared with the MPE of 5 g! 
 
Reason: high estimate for the drift! (without drift u_mref = 0.86 g) 
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What, if the standard measurement  
uncertainty increases? 
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Assumption:  
For a moment we neglect the uncertainty of the indication! 
The standard measurement uncertainty is dominated by the 
measurement uncertainty of the measurement standard used 
for the conformity assessment! 

What is the contribution of the reference 
weight to the risk? 

= 0 
= 0 
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Practical example: 
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Risk = 10.64 % 
only from the  
reference weight  
= measurement 
standard! 

With the assumption: 
- No uncertainty contribution 

from indication! 

+MPE -MPE 

MPE 
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Choice of reference weight in terms of risk: 
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10 kg 

OIML R111: 

u(      ) 3.01 g 3.14 g 4.16 g 3.00 g 3.00 g 3.00 g 3.00 g 

Risk:   10.53%  10.53%  10.53% 10.53%  10.64%               12.16%                 24.20% 

Lower quality = higher risk Higher quality = equal risk 

Contribution of the drift dominant! 

So far only a simplified approach has been taken! 
(Due to all those estimates taken by DKD 7.2  
in combination OIML R111)  

Starting 
point: 
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Finally, the try to draw a realistic picture: 
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+MPE -MPE 
Standard measurement 
uncertainty  

Contribution of the  
measurement standard 

σ 

MPE 

= Assumption! 
u(      ) M1 
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Finally, the try to draw a realistic picture: 
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u = 288,68 0,00080829 2886,75 7,79

mg kg mg mg

u = 0,28867513 0,80829038 2,88675135 0,00779

g g g g

u^2 = 0,08333333 0,65333333 8,33333333 6,0684E-05

sum u^2 = 9,07006068

u_mref = 3,01 g

Buoyancy effects should be more investigated! 
        Assumption:  
        decreases by 10% with every better class 
        (starting with M1) 
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Finally, the try to draw a realistic picture: 
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u = 288,68 0,00080829 2886,75 7,79

mg kg mg mg

u = 0,28867513 0,80829038 2,88675135 0,00779

g g g g

u^2 = 0,08333333 0,65333333 8,33333333 6,0684E-05

sum u^2 = 9,07006068

u_mref = 3,01 g

Drift should also be investigated! 
      Assumption:  
      same magnitude as buoyancy 
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Contribution of reference weight to risk: 
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10 kg 

OIML R111: 

u(      ) 3.01 g 3.14 g 4.16 g 1.03 g 0.91 g 0.80 g 0.69 g 

Risk:   11.57%  11.81%  12.16% 12.63%  25.32%               26.31%                 34.25% 

Choice of the right standard for each conformity assessment task! 

Starting 
point: 

u(    ) 3.01 g 3.01 g 3.01 g 3.01 g 3.01 g 3.01 g 3.01 g 

u(    ) 4.26 g 4.35 g 5.13 g 3.18 g 3.14 g 3.11 g 3.09 g 

% of MPE:   13.8%    16.0%    18.2%    20.6%    60.2%                 62.8%                   83.2% u(      ) =  

MPE:       5 g          5 g          5 g         5 g         5 g                       5 g                         5 g 
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But be aware of the location of the error of indication Ej ! 
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+MPE -MPE +MPE -MPE 

Risk = 12.63 %  Risk ≈ 50 %  

Ej Ej 

… with the same (good) reference weight! 
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Conclusion no. 1: 
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e.g. = 650 kg  

We have to measure the Error of Indication EI , 
i. e. we have to apply a measurement standard and to 
read the indication from the measuring instrument. 

Classical approach! 
Risk based 
approach! 
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Conclusion no. 2: 
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Classical approach! 
Risk based 
approach! 

+MPE -MPE +MPE -MPE 

Ej Ej 

The error of indication should be within the  
interval between –MPE and +MPE in both cases 
to decide the measuring instrument is conform. 



OIML Guide No. 19 Internet, Online, 7th April 2021 

Conclusion no. 3: 
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Risk based 
approach! 

+MPE -MPE 

Ej 

We have to calculate the standard uncertainty σ 
of the Error of Indication EI , 
as the sqareroot of the sum of the variances of the uncertainties  
of indication and the measurement standard. 

σ 
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Conclusion no. 4: 

99 

Risk based 
approach! 

+MPE -MPE 

Ej 

By applying integration in respect to the MPEs, 
we can calculate the area under the Probability Density Function 
to determine the areas inside and outside the MPEs 
and therefore the risk. 

σ 
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Conclusion no. 5: 
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Risk based 
approach! 
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Conclusion no. 6: 
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Risk based 
approach! 

Risk = There is a risk of a conform instrument being non-conform  
resp. of a conform instrument failing the test:   

Aout 

Atotal 

+MPE -MPE 

Ej 
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Conclusion no. 7: 
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Risk based 
approach! 

Risk = 
Ain 

Atotal 

+MPE -MPE 

Ej 

There is a risk of a non-conform instrument being conform  
resp. of a non-conform instrument passing the test:   
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Conclusion no. 8: 
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Risk based 
approach! 

We have to balance the uncertainty of the measurement 
standard with the uncertainty of the indication and the  
given MPEs to make sound conformity assessment decisions, 
for example uncertainty of the meas. standard = 1/5 of MPE. 

Uncertainty 
of the  

measurement 
standard 

Uncertainty 
of the  

indication 

Given MPEs 
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Final conclusion: 
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Risk based 
approach! 

Whatever we do in conformity assessment, we 
have to believe and we can‘t be 100 % sure.  
There is a risk … 

G19 
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Questions?  
 
Remarks? 



OIML Guide No. 19 Internet, Online, 7th April 2021 

Software: 

106 
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Software: 
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I have no contract with any of the manufacturers of the products, 
which will be introduced! 
 
I didn‘t get any of the commercial software free of charge  
or any gifts etc.  
 
All the information is just my personal, independent opinion!  
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Articles from the internet: 
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Articles from the internet: 
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Articles from the internet: 

110 
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Commercial software: 
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• @Risk, palisade (USA) 
www.palisade.com 
 
 

• Crystal Ball, Oracle (USA) 
www.oracle.com/applications/crystalball/ 
 
 

• GUMsim, quo data GmbH (Germany) 
www.quodata.de 
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Commercial software: 
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• GUM workbench, Metrodata GmbH (Germany) 
www.metrodata.de 
 
 

• QMSys GUM Standard, Qualisyst Ltd. (Bulgaria) 
http://www.qsyst.com/qualisyst_en.htm 
 
 

• Uncertainty Sidekick Pro, Integrated Sciences Group (USA) 
www.isgmax.com 
 
 

• Uncertainty Toolbox, Quametec (USA) 
www.qimtonline.com 
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@Risk: 
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1395 Pounds/year 
 
2096 Pounds/2 years 
 
2694 Pounds/ 3 years 

Not specialized 
for measurement 
uncertainty! 
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@Risk: 
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Example for a Monte Carlo Simulation: 
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x-coordinate 

y-coordinate 

Equally distributed numbers! 
Yellow area = No. points inside 

No. all points 

Usually many million of  
probabilistic events: 
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F 

Monte Carlo Simulation for Measurement Uncertainty: 
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x2 

y-coordinate 

Normal distributed numbers! 

y = f(x1, x2) = x1 · x2  

U(y) = ? 

x1 

 x1 · x2  

Result: 
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Crystal Ball: 
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Price: 995 USD Not specialized for measurement uncertainty! 
Using Monte Carlo Simulation. 
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GUMsim: 
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Price: 840 € 
 
Free trial 
version 
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GUMsim: 

119 
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GUMsim: 
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https://www.youtube.com/watch?v=sbuuW1zqto8&list=PL50652C362E298AC7 
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GUM workbench: 
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https://www.youtube.com/watch?v=emU5cx-qkTk 
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GUM workbench: 
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OIML Guide No. 19 Internet, Online, 7th April 2021 

GUM workbench: 
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Import from MS Excel  
possible!  
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GUM workbench: 
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GUM workbench: 
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Available in: 
- English 
- French 
- Spanish 
- German 
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QMSys: 
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Standard? 
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QMSys: 
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QMSys: 
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Import from MS Excel  
possible!  
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QMSys: 

129 
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Uncertainty Sidekick Pro: 
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Single-User License 

The $295 single-user software license includes one (1) PC setup CD and one (1) 

document set.   
 

Network License   

The Uncertainty Sidekick Pro network license is available for six (6) or more 

registered users.  The network license option includes one (1) network server setup 

CD, six (6) or more PC client setup CD's, and six (6) or more user document sets.  

   

Single-Computer, Multi-User License 

This $795 software license for up to 5 registered users includes one (1) setup CD for 

installation on a shared workstation computer and one (1) documentation set.  
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Uncertainty Sidekick Pro: 
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Uncertainty Sidekick Pro: 
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Import from MS Excel  
possible!  
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Uncertainty Sidekick Pro: 

133 
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Uncertainty Toolbox: 
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Uncertainty Toolbox: 
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Uncertainty Toolbox: 
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Uncertainty Toolbox: 
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OIML Guide No. 19 Internet, Online, 7th April 2021 

Uncertainty Toolbox: 

138 
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Freeware: 
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• Gum Tree Calculator, Measurement Standards Laboratory  
of New Zealand (New Zealand)     

https://gtc.readthedocs.io 
 

• QMSys GUM Standard (Demo version), Qualisyst Ltd. (Bulgaria) 
http://www.qsyst.com/qualisyst_en.htm 
 

• GUM Workbench Pro (demo version), Metrodata GmbH (Germany) 
www.metrodata.de 
 

• MUKit – Measurement Uncertainty Kit, SYKE Finnish Environment  
Institute (Finland), 
https://www.syke.fi/en-US/Services/Quality_and_laboratory_services/ 
Calibration_services_and_contract_laboratory/MUkit__Measurement_ 
Uncertainty_Kit 
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Freeware: 
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• NIST Uncertainty Machine, NIST (USA) 
https://uncertainty.nist.gov/ 
 

• Hewlett-Packard UnCal 3.2, by Chris Grachanen (Agilent) 
https://uncertainty-calculator.software.informer.com/3.2/ 
 

• Uncertainty Sidekick, Integrated Sciences Group (USA) 
http://www.isgmax.com/sidekick_details.htm 
 

• NPL Measurement Uncertainty Software, NPL (UK) 
https://www.npl.co.uk/resources/software/measurement- 
uncertainty-evaluation 
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GUM Tree Calculator: 
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GUM Tree Calculator is a command prompt application without a graphical 
user interface. So, knowledge of programming (in Python) is a must for you to 
make full use of this uncertainty calculator. 
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MuKIT Measurement Uncertainty KIT: 
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This software was developed to estimate uncertainty for chemical, biological, 
and life science laboratories. 

(Seems to be hard to 
 install!) 
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NIST Uncertainty Machine: 

143 

To use the NIST Uncertainty Machine software, you will need to download R 
software first (“R” represents a open source statistics software).  
For calculations according to GUM. Also Monte Carlo calculations feasible.  
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NIST Uncertainty Machine: 
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Key Takeaways 

• Plain user interface  

• Not many options  

• Easy to use after successful installation of “R“ 

• Better suited for uncertainty analysis of equations  

• Confusing results screen with a nice graph  

• Results truncated to whole numbers  
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Hewlett Packard UnCal 3.2: 
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UnCal 3.2 is a simple uncertainty calculator that is not easy to use and not so 
easy to learn.  
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Hewlett Packard UnCal 3.2: 
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Key Takeaways 
• Dated Technology (Windows 2000 application) 
• Not so easy to use 
• Not so easy to learn 
• Plenty of Functions 

If you are looking to calculate uncertainty as a beginner (and don’t 
want to be overwhelmed with too many features) or just want a simple 
uncertainty calculator that works, UnCal 3.2 could be an option. 
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Uncertainty Sidekick: 
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According to the developer, the software is designed to guide you through the 
process of estimating uncertainty in measurement results. 



OIML Guide No. 19 Internet, Online, 7th April 2021 

Uncertainty Sidekick: 
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Key Takeaways 
• Great user interface 
• Great user experience 
• Instructions to guide you through the process 
• Easy to Use 

It has a lot of features (more than you will probably need). However, what I liked 
most about it was the presentation of results and the diagram to help guide users 
through the process. 
 
This is a great feature for beginners or any user for that matter. 
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Uncertainty Sidekick: 
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NPL Measurement Uncertainty Software: 
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Using the software requires you to install MATLABS’s Component 
Runtime (MCR) libraries, which are free of charge.  
 
Enables the user to carry out calculations according to the GUM and 
also doing Monte Carlo Calculations.  
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My personal conclusions: 
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For beginners and professionals: 

GUMsim  (quo data, 840 €) 
 
GUM Professional (QMsys, 1000 €) 
 
GUM workbench (Metrodata, 2023 €) 
 

All the other options for professionals resp. specialists! 

Freeware:      Eventually Hewlett Packard Uncal 3.2  


