
Measurement Uncertainty and 

Decision Rules in NDT

Paul Grosser CEng

Melbourne, Australia

ISO 9712 Level 3 MT,PT,ET,RT,UT,TOFD,PAUT

1



A few notes:

• I'm not a statistician

•  Every approach will be different 

• Standards / specifications in NDT rarely provide clear requirements for 

accounting for MU, and applying decision rules

• Everybody's risks and confidence levels will vary
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Topics:

• What is Measurement Uncertainty?

• When do we have to factor it in?

• Determining MU Values

• Applying MU Values

• Applying Decision Rules

• Tips

• Resources
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What is Measurement Uncertainty?

• In general, no measurement or test is perfect, imperfections give rise to error of 

measurement in the result. 

• Consequently, these errors could change the impact and compliance of a particular 

measurement.
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Why the Uncertainty? - Errors

• Random errors arise from random variations of the observations

– Random errors cannot be eliminated but the uncertainty due to their effect may 

be reduced by increasing the number of observations and applying statistical 

analysis

• Systematic errors arise from systematic effects

– errors remain unchanged when a measurement is repeated under the same 

conditions

– cannot be eliminated but may be reduced by correction

– if no corrections are applied to the measurement, the difference between true 

value and measured value can be considered as an uncertainty component
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A Quick Refresher

In a normal, bell-shaped distribution (a common pattern for measurement distribution), the 

standard deviation helps define where most values lie:

– Approximately 68% of the data falls within one standard deviation (σ) of the mean.

– Approximately 95% of the data falls within two standard deviations (2σ) of the mean.

– Approximately 99.7% of the data falls within three standard deviations (3σ) of the mean.

In simple terms, standard deviation measures the typical distance of data points from the 

average value.
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What is Measurement Uncertainty?
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When Are We Certain?
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When do we have to factor it in?

From ISO 17025:2017 - General Requirements For The Competence Of Testing And 

Calibration Laboratories 

• 7.6.3 A laboratory performing testing shall evaluate measurement uncertainty.

• 7.8.3.1 c) when:

 — it is relevant to the validity or application of the test results; 

 — a customer's instruction so requires, or

 — the measurement uncertainty affects conformity to a specification limit;

• 7.8.6.2 The laboratory shall report on the statement of conformity, such that the 

statement clearly identifies:

 a) to which results the statement of conformity applies;

 b) which specifications, standards or parts thereof are met or not met;

 c) the decision rule applied

The first edition of ISO 17025:1999 made clear reference to the requirement for 

measurement uncertainty and decision rules. This is not a new requirement.
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Typical Application

Measurement Uncertainty is typically not required to be addressed in the following 

cases.

• Inspections that are to determine the presence of discontinuities only, or where any 

recorded measurements are not used to determine compliance with a code or 

specification. 

 Typical examples are:
• In-service Inspections, i.e.: report the presence of discontinuities

• Thickness Testing

• Measurement Uncertainty is required to be addressed in the following cases.

– As specified by the client, code or specification.

– Where measurements will be used in determining levels of quality or compliance.

 Typical examples are:
• Standards and Codes: AS 1554, AS 4037, B31.3 etc

• Client specific codes and specifications.
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Typical Measurements Taken With NDT
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Magnetic Particle
– Length

Liquid Penetrant
– Length 

– Area / Diameter

Ultrasonic Thickness Testing
– Thickness

   
 

Ultrasonic Corrosion Mapping
– Thickness 

– Area

Ultrasonic Weld Inspection
– Length

– Height

– Depth

Eddy Current 
– Coating Thickness

– Length

Radiography 
– Length

– Diameter 

– Area

Visual Inspection
– Length

– Depth

– Area
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Determining MU Values – Empirical Estimation 

• Based on actual inspection values, for a specific method and technique.

• For facilities which have the luxury of repeatedly testing similar items under a wide 

range of representative conditions.

• Where records for inter-laboratory comparisons are available, an empirical approach 

to uncertainty is possible, and in some circumstances can lead to a more reliable 

estimate of uncertainty. 

• Provided that the sample size is large enough, twice the standard deviation of all 

measurements of a given item, ideally over an extended time period, would be 

expected to approximate to an estimate of uncertainty for the 95% range. 



Determining MU Values – Error Range Conversions

It is necessary to list each aspect of the testing activity which contributes uncertainty to 

the final measurement and to make an estimate of the maximum reasonable contribution 

that each could make to the final test result – that is, the maximum amount by which the 

true value could be missed due to the particular source of error. 

Steps:

 • List all possible sources of uncertainty

 • Evaluate each source of uncertainty

 • Characterize uncertainties by type & distribution

 • Convert uncertainties to standard deviations (σ)

 • Combine uncertainty using the root-sum-of-squares method

 • Expand uncertainty to 95 % confidence with a coverage factor (2σ) 
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Determining MU Values – Error Range Conversions

Examples of distribution types include:

Normal:  For sampling (type A) assessment.

Triangular:  Where hard limits can be estimated.
• Noise

• Vibration

Rectangular: Where only variation limits are known.
• Calibration Certificates

• Manufactures specifications

Step:  When resolution is limited.
• Verniers

• Digital Readout
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Determining MU Values (NATA provided example)
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Determining MU Values (ISO 16809 example)
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Multiple Discontinuities

• When applying MU against multiple discontinuities (e.g. AS 1554.1), the overall MU 

is not the sum of all MU’s.

• Simply adding the standard uncertainties would inflate the estimate since, 

statistically, it would be expected that some of the contributing errors would cancel 

themselves out. 

Example:

• Three discontinuities each with a MU of 4 mm, would have an overall MU of 6.93 

mm when added.

• Six discontinuities each with a MU of 4 mm, would have an overall MU of 9.8 mm 

when added.

Note: Normal distribution used for calculation.
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Really?

Surely this only applies to controlled Lab Conditions!

What about human factors?

What about productivity and client pressure?

How are these factored in?
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Decision Rules

From ISO 17025:2017 - General Requirements For The Competence Of Testing And 

Calibration Laboratories 

decision rule

 rule that describes how measurement uncertainty is accounted for when 

stating conformity with a specified requirement

In NDT, the specification rarely specifies tolerances.
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Decision Rules

• Laboratories should determine boundaries for the application of MU.
– NDT is unique in that the boundaries are usually expected to developed by the testing body (laboratory)

• These boundaries will determine how MU will be accounted for.

• Boundaries will vary based on risk/confidence.

• A common approach is to calculate % likelihood of Reject/Fail

– Formula based on the 95% confidence level nominally given to MU

• Example Only:

– If Likelihood of Reject < 10%   - Pass

– If Likelihood of Reject Between 10% and 50% - Review

– If Likelihood of Reject > 50%   - Reject

• Boundaries will vary based on risk and confidence in the measurement.
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Scenarios

• UM not a factor in compliance

• Decision rule not required

21

21



Scenarios

• UM not a factor in compliance

• Decision rule not required
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Scenarios

• UM a factor in compliance

• Decision rule required
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Scenarios

• UM a factor in compliance

• Decision rule required
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Applying Decision Rules

• NDT is unique in that decision rules are expected to be defined by the testing body 

(laboratory).
– Is this a conflict of interest?

– Does this promote consistency across industry?

– Does it encourage the client to shop around, pay to pass?

• Decision rule boundaries will determine how MU will be accounted for.

• The likelihood that MU could affect overall compliance must be considered.

• The use of defined boundaries will assist in clarifying when a decision rule is required.

• In the case of review, a risk assessment approach can be used.
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Applying Decision Rules – Example Accept

Technician measures inclusion in weld @ 23 mm long. MU is 4.75 mm.

Compliance value is 25 mm long. 

Does MU factor in compliance?  Yes
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Applying Decision Rules – Example Accept
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Applying Decision Rules – Example Reject

Technician measures inclusion in weld @ 23 mm long. MU is 4.75 mm.

Compliance value is 25 mm long. 

Does MU factor in compliance?  Yes
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Applying Decision Rules – Example Reject
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Reporting Decision Rules

Example: Accept

• For the specific inspection covered in this report, measurement uncertainty was taken 

into account when assessing the conformity of the weld. 

• The assessment found that the measurement uncertainty would have a low impact on 

the decision rule, and the initial finding as a compliant weld was upheld. 

• Details of the assessment and decision rule are retained in the job pack.

Example: Reject

• For the specific inspection covered in this report, measurement uncertainty was taken 

into account when assessing the conformity. 

• The assessment found that the measurement uncertainty could have an impact on the 

decision rule, and the finding is non-compliant. 

• Details of the assessment and decision rule is retained are the job pack.
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Tips:

• If a significant decision rule must be made, effective communication with client is vital.

• Ensure technicians understand decision rules

– Try to minimise as many factors as possible before leaving the job site.

• Wherever possible use sampling:

– Have multiple technicians confirm result

– Have the same technician, re-calibrate and re-test

• Try another technique with lower MU 

– Fluro vs Visible

– 10 MHz vs 5 MHz

– X-Ray vs Gamma

– Type 1 vs Type 2 Film

– Calibrated Ruler vs Tape Measure

– Vernier vs Ruler
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Resources:

JCGM - Joint Committee for Guides in Metrology Guidelines (GUM)

UKAS - M3003  The expression of uncertainty and confidence in measurement, March 2024

UKAS - LAB 48 Decision rules and statements of conformity, July 2024

SAC - Guidance note NDT 001 estimation of measurement uncertainty in non-destructive testing, March 2019

NPL - MAT105 Uncertainty of measurement for non-destructive testing (NDT), March 2022

NATA - Uncertainty in NDT, January 2018

ISO 14253 Series*

ASME PTC 19.1*

Most are accessible online*
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