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CPR for Confidence in 
Your Measurements
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Proper Evaluation of Uncertainty

Minimum Contributors to Consider:
� Repeatability (Type A) (Testing Laboratory)
� Resolution (Testing Laboratory)
� Reproducibility (Type A) (Testing Laboratory)
� Reference Standard Uncertainty (Testing Laboratory)
 
� Reference Standard Stability
� Environmental Factors 



Calculating Repeatability and Reproducibility

• Take Repeatability data, compile R&R. Sounds simple right?



Calculating Repeatability and Reproducibility

• Anything look out of place?



Calculating Repeatability and Reproducibility



Documented Measurement Uncertainty Budget.



The Effect of UUT Resolution on Risk & Uncertainty

1 000.0 kgf load cell example with a resolution of 0.01 kgf





The Problem with Averages



Resolution in UNC budget 



The Effect of UUT Resolution on Risk & Uncertainty

The risk starts to increase quite dramatically as 
the resolution increases so, does the overall 
uncertainty  

When the resolution is 0.001 kgf, it is 
insignificant.  At 0.01 kgf, it is 11.52 % of the 
overall budget, and when raised to 0.05 kgf, it 
becomes dominant.   

Resolution and the Effect on Total Risk Using a 1 000 kgf Morehouse Load Cell and Varying the Indicator Resolution



Resolution 

0.32 % 
Risk

25.1 % 
Risk



Accuracy and Precision 

High Precision (Small Random Error)
High Accuracy (Low Bias) 

High Precision
Low Accuracy (High Bias)

Low Precision (Large 
Random Error)
High Accuracy (Low Bias)

Low Precision
Low Accuracy (High Bias)

This is what we see 
happening a lot and the 
reason for this discussion.

A precise instrument with 
a known Systematic Error

1 2

3 4



Instrument Bias

Nominal Value of 10
 Measured Value of 10, No Bias 

Nominal Value of 10
 Measured Value of 11.75, Bias  

Bias
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Instrument Measurement 
+ 9 lbf Bias

Graph Showing 10 009.0 as the measured value with a 58.789:1 TUR, which is achieved by using a lab with low 
uncertainties (Morehouse actual example)   There is a bias of + 9 lbf in this example. 

+ 9 lbf 



Instrument Measurement 
+ 9  Bias

When we make repeated  measurements or have enough history on 
the device to know that replicate measurements will produce the 
same result, we have a known systematic error (Bias).  

Force Applied Measurement Value Offset, Bias ,Systemic 
Measurement Error

10 000.00 10 009.00 + 9 

10 000.00 10 009.00 + 9 



Bias – Centered 
Measurement 

• Page 92 Section 5.2 Introduction to 
Statistics in Metrology



What happens when we do not correct the bias? 



Not correcting for Bias

The Figure above shows what happens when the reference laboratory does not correct for bias and applies 
9,991.0 lbf and not 10,000 lbf.

In this scenario, instruments may have failed when they would have passed calibration.

 



Metrological Traceability

• Metrological Traceability: Property of a measurement result whereby the result can be 
related to a reference through a documented unbroken chain of calibrations, each 
contributing to the measurement uncertainty.
◦NOTE 1 For this definition, a ‘reference’ can be a definition of a measurement unit through its 
practical realization, or a measurement procedure including the measurement unit for a 
non-ordinal quantity, or a measurement standard.
◦NOTE 2 Metrological traceability requires an established calibration hierarchy.
◦NOTE 3 Specification of the reference must include the time at which this reference was used in 
establishing the calibration hierarchy, along with any other relevant metrological information 
about the reference, such as when the first calibration in the calibration hierarchy was performed.
◦NOTE 4 For measurements with more than one input quantity in the measurement model, each 
of the input quantity values should itself be metrologically traceable. 



Metrological Traceability





Metrological Traceability



The Correct Definition and Calculation of TUR

∙ The ratio of the span of the tolerance of a measurement quantity 
subject to calibration to twice the 95% expanded uncertainty of the 
measurement process used for calibration.   ANSI/NCSLI Z540.3-2006

 
∙ The ratio of the tolerance, TL, of a measurement quantity, divided by the 

95% expanded measurement uncertainty of the measurement process 
where TUR = TL/U.     ILAC G8:2019 



TUR Defined ANSI/NCSL Z540.3 Handbook 

"For the numerator, the tolerance used for Unit Under Test (UUT) in the calibration 
procedure should be used in the calculation of the TUR. This tolerance is to reflect 
the organization's performance requirements for the Measurement & Test 
Equipment (M&TE), which are, in turn, derived from the intended application of 
the M&TE. In many cases, these performance requirements may be those described 
by the Manufacturer's tolerances and specifications for the M&TE and are 
therefore included in the numerator."

ANSI/NCSL Z540.3 Handbook "Handbook for the Application of ANSI/NCSLI 540.3-2006 - Requirements for the Calibration of Measuring and Test Equipment."



The Correct Definition and Calculation of TUR

In most cases, the numerator is the UUT Accuracy Tolerance. The denominator is slightly more 
complicated. Per the ANSI/NCSL Z540.3 Handbook, "For the denominator, the 95 % expanded uncertainty 
of the measurement process used for calibration following the calibration procedure is to be used to 
calculate TUR. The value of this uncertainty estimate should reflect the results that are reasonably 
expected from the use of the approved procedure to calibrate the M&TE. Therefore, the estimate includes 
all components of error that influence the calibration measurement results, which would also include the 
influences of the item being calibrated except for the bias of the M&TE. The calibration process error, 
therefore, includes temporary and non-correctable influences incurred during the calibration such as 
repeatability, resolution, error in the measurement source, operator error, error in correction factors, 
environmental influences, etc."



ISO/IEC 17025: 2017 Section 3.7 defines a decision rule as a rule that 
describes how measurement uncertainty is accounted for when stating 
conformity with a specified requirement

Measurement Decision Risk 

https://1.bp.blogspot.com/-9yp1qNrKSyM/WIKEasKUvFI/AAAAAAAAD5M/KbRHslzajyMp5kGSmxdqLIrhSOArzOSLACLcB/s1600/measurement+risk+graph.jpg


A calibration laboratory cannot make a 
statement of conformity or "Pass" an 
instrument without violating ISO/IEC 
17025:2017 as section 3.7  defines a Decision 
Rule as a rule that describes how measurement 
uncertainty is accounted for when stating 
conformity with a specified requirement.  Some 
may argue that you can take it into account by 
ignoring it.  
To that end can we all decide to take all red 
stop lights into account and start ignoring 
them?  



Global Consumers’ Risk in Evaluation of 
Decision Rules



Selecting the 
Appropriate 
Decision Rules



Selecting the Appropriate Decision Rules



Global Consumers’ Risk in Evaluation of 
Decision Rules
Global consumer's risk is defined in 
JCGM 106:2012. The role of CPU in 
conformity assessment is defined as 
"the probability that a 
non-conforming item will be accepted 
based on a future measurement 
result."

If only one tier of the calibration chain cares about the measurement decision risk, then 
the whole process is at risk. When this risk is propagated throughout succeeding tiers, 
can we expect the process to work properly? 



Why Cpk Might be the Most Useful Tool in 
Making Conformity Decisions

CpK = min(((USL-Measured Value)/ 3 x Std. Uncertainty)),((Measured Value – LSL)/3 x Std. Uncertainty)))



Why Cpk Might 
be the Most 
Useful Tool in 
Making 
Conformity 
Decisions



Why Cpk Might be the Most Useful Tool in 
Making Conformity Decisions

 



QR Codes

• Giveaways 

Resolution Sheet

Risk Sheet 



Want More Information?

YouTube Videos Morehouse Free Downloads 

Dilip Finds your Lack of Measurement Uncertainty 
Disturbing

https://www.workshop.indysoft.com/

https://www.youtube.com/c/mhforcecalibration
https://mhforce.com/documentation-tools/
https://www.workshop.indysoft.com/

