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Recap: Calculating the 

measurement uncertainty
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Need to know / work out:

• What affects the measurement result?

• How big is the uncertainty associated with each 

of these effects?

• How sensitive is the result to each of these 

effects?

• Are effects correlated?



We have the answer!
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• “Plug everything into the equation”

• And we have our uncertainty!

Or do we?

How do we know we’ve got the 

‘right’ uncertainty?



Testing and validating an 

uncertainty budget

• Make a new experiment to achieve the 

same end point

• Change as much as possible between the 

two experiments

• Work out new uncertainty budget

• Do they agree within uncertainties?



Testing and validating an 

uncertainty budget

• Repeat the measurement on another occasion; vary as much as possible

• Use different reference(s)

• Use different instrument(s)

• Get someone else to do the measurement

• Change the order of the measurements 

• Use a different measurement method e.g.

• Calibration directly against another radiance gauge rather than lamp-

tile combination

• Array spectrometer or scanning instrument

• Compare with someone else

• Compare results, uncertainties and uncertainty budgets

• Helps quantify ‘known unknowns’ 

• Helps identify ‘unknown unknowns’
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Example 1: Measuring 

aperture area



Example 1: Measuring 

aperture area

Optical method – scan laser 

beam over surface 

Comparing methods



Example 1: Measuring 

aperture area

Contact method – CMM: 

mechanically scan ball-ended 

stylus over surface 

Comparing methods



Do the results agree?

𝐸𝑁 < 1.0 indicates results agree with each other 

within the limits expected based on their 

associated uncertainties

𝐸𝑁 = 𝐸1−𝐸2

𝑈1
2 +𝑈2

2

E is measurement result

U is associated 

expanded uncertainty



Do the results agree?

23.31

23.311

23.312

23.313

23.314

23.315

Results agree to well within uncertainties

 Uncertainties (probably) correctly evaluated

Error bars k = 1

𝐸𝑁 = 0.4



Do the results agree?

Results differ by much more than uncertainties 

 Uncertainties underestimated and/or some 

contributions missing

505.1

505.11

505.12

505.13

505.14

505.15

505.16

505.17

505.18

505.19

Error bars k = 1

𝐸𝑁 = 2.5



Example 1: Measuring 

aperture area

Comparing with 

another lab



Do the results agree?

Error bars k = 1



Do the results agree?

Error bars k = 1

• Within lab agreement (using different methods) 

mixed results

• Significant differences between labs

• Suggests underestimated uncertainties and/or 

unidentified errors
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Do the results agree?

Error bars k = 1

• Within lab agreement (using different methods) 

mixed results

• Even larger differences between labs

• Suggests underestimated uncertainties and/or 

unidentified errors

• Suggests properties of aperture being measured 

are critical



Example 1: Measuring 

aperture area

Conclusions

• Even where a lab had good agreement internally 

between different methods, agreement with other labs 

was not good

• Uncertainties underestimated by most labs

• Using a range of artefacts revealed additional 

differences and helped understand measurements better



Example 2: Electrical 

power of LED lighting 

products



Example 2: Electrical 

power of LED lighting 

products

• All results are in agreement

• Large variation in claimed 

uncertainties



Example 2: Electrical 

power of LED lighting 

products

• Only a few results are in agreement

• Large variation in claimed uncertainties

• Many uncertainties appear to be 

underestimated



Example 2: Electrical 

power of LED lighting 

products

• Uncertainties appear ‘correct’ 

for one lamp, but generally 

underestimated for the other

• Using a range of artefacts 

helps understand 

measurements better

• Errors would not have been 

known without comparison



International system for 

assuring quality of results

Need for 

comparisons is 

enshrined in MRA 

for international 

metrology



International system for 

assuring quality of results

‘Rules’ have been 

established by 

NMIs for 

conducting and 

analysing 

comparisons



Agreed rules for NMI 

comparisons

 Must define artefacts and set up to be used in advance 

(‘technical protocol’)

Minimise additional uncertainties due to comparison itself

Use more than one artefact type if possible

 Participants use own traceability routes and methods

Reveal differences due to these effects

 Participants provide detailed uncertainty budgets

Allows sharing of ideas and methods

 Blind comparison

Ensures reliability and integrity of comparison results

 Agree in advance how to present results e.g. what is 

comparison reference value

Avoids debates on how to do this!



Framework for assuring 

quality of EO data



Framework for assuring 

quality of EO data

Guidelines are based on NMI ‘rules’ for 

conducting and analysing comparisons



FRM4SOC LCE-1 

 Purpose is to verify the performance of reference 

irradiance sources used in calibration of Ocean Colour 

Radiometers 

All are FEL-type, but several different manufacturers

 Participants use own traceability routes; all traceable to SI

Confirm consistency between these routes

 Lamps have been used for varying amounts of time since 

calibration

Allow for up to 50 hours ageing in uncertainty budget for 

comparison



Analysis of FRM4SOC 

LCE-1 

 Want to confirm consistency of traceability routes, not to 

establish a single reference scale for all calibrations 

Will compare each individual lamp to the mean of all lamps 

 Uncertainty associated with each lamp will be 

combination of:

• Assigned calibration uncertainty (from certificate)

• Uncertainty allowance for up to 50 hours ageing

• Measurement uncertainties associated with the comparison 

at NPL (e.g. system noise and stability, lamp current, lamp 

alignment, distance setting)

 Results will be consistent if all lamps agree with mean 

value to within the associated uncertainties
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Analysis of FRM4SOC 

LCE-1 



Things to take away from 

this module
• It’s important to test / validate calculated uncertainties

• Best done experimentally

• Repeat the measurement on another occasion; vary as much as possible

• Use a different measurement method

• Compare with someone else

• Internal consistency can give a false sense of security

• Ultimate test is always to compare with other labs

• Looking at other people’s uncertainty budgets can give new ideas

• Using a range of artefacts can reveal unexpected issues

• Helps to understand measurement system better

• Can identify ‘unknown unknowns’

• Comparisons help develop a ‘gut feeling’ about uncertainty 

• If calculated uncertainty ‘feels too low’, it often is!



Things to take away from 

this module
• It’s important to test / validate calculated uncertainties

• Best done experimentally

• Repeat the measurement on another occasion; vary as much as possible

• Use a different measurement method

• Compare with someone else

• Internal consistency can give a false sense of security

• Ultimate test is always to compare with other labs

• Looking at other people’s uncertainty budgets can give new ideas

• Using a range of artefacts can reveal unexpected issues

• Helps to understand measurement system better

• Can identify ‘unknown unknowns’

• Comparisons help develop a ‘gut feeling’ about uncertainty 

• If calculated uncertainty ‘feels too low’, it often is!


