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Å How to ensure that anyone within a 

framework/sphere can measure the same 

thing within a tolerance anywhere else 

within that framework? 

 

Å The framework is made up of more or less 

interdependent elements having a defined 

organizational structure. 

 

 

Achieved through a shared/open 

"standards" 
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Motivation for Standards 



What do standards accomplish? 

 

Å Safety of people and property 

Å Economy of scale 

Å Comply with regulation 

Å Interoperability of products and services 

Å Encourages competition 

Å Diminish trade barriers 

Å Promote common understanding 

Å Innovation 

 

 

Business & Research  

are Global! 
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Motivation for Standards 



Comparative: 

Å one vs. another (e.g. A is heavier than B) 

Å by consensus, but no anchor 
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Comparabi lity vs. Traceabi lity

Traceability

ÅAchieved by the use of a realization of a base or 

derived unit of measurement

- Introduces the concept of accuracy

- Comparability based on a standard: SI Units or well-

defined method-dependent unit

ÅExtended beyond consensus group through 

realization of the SI

ÅAnchored to ensure stability
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Measurement Comparability

User community depends on comparability of measurements

Å Buyers ïsellers

Å Contributors to characterization of complex or time-dependent 

systems

Å Regulatory conformance

However, the state of measurement practice is challenged 

By current or future accuracy requirements

Å Primary calibrations and currently available voltmeters

When comparability of measurement results is required among all

stakeholders, and the stakeholder group is too large or diffuse

  when measurements agree to 

within a level of uncertainty that is 

small enough to be useful.

17

 

Standards: Requires Interoperability 

Å Repeatability (I can get the same answer again) 

Å Reproducibility (someone else can get the same answer) 

Å Compatibility (comparative or traceable)  

Traceable: 

Å calibration to a known/true value  

Å precision  

Å accuracy 

Standards 



Standards Frameworks 
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Documentary Standards        Physical Standards 

Consensus 

Repeatability 

Reproducibility 

Consensus 

Traceability 

ISO 
(1946) 

ANSI 
(1919) 

ASTM 
(1898) 

SAE 
(1916) 

ASME 
(1884) 

IEEE 
(1884) 

AIAA 
(1932) 

BIPM 
(1875) 

Defense State Commercial 

NPL 
(1902) 

NIST 
(1901) 

Defense Manufacturing Commercial 

USA 
... 

SI (System 

International) 

National 

Metrology 

Institutes 

Primary 

Labs 

Calibration 

Labs 

... 

... 
BSI 

(1901) 

Documentary, Reference Materials (Artifacts), Reference Data 



Documentary standards come from  

ASTM, AFNOR, API, ASME, BSI, EN, CSA, DIN, GB, ISO, JIS, SAE, ... 

 

Acronym Soup!  

does not matter because they all fall under  

the framework and "traceability" to shared standards 

 

 

Ensures "Standard" of Units, Processes, and Procedures  

to realize the necessary 

      Å Repeatability 

      Å Reproducibility 

      Å Compatibility 
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Comparabi lity vs. Traceabi lity

Traceability

ÅAchieved by the use of a realization of a base or 

derived unit of measurement

- Introduces the concept of accuracy

- Comparability based on a standard: SI Units or well-

defined method-dependent unit

ÅExtended beyond consensus group through 

realization of the SI

ÅAnchored to ensure stability
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Standards Frameworks 



Legal Contracts & Treaty Agreements   

requires some method to enforce compliance 

     Å Regulations 

     Å Key comparisons 

     Å Audits 

     Å Certifications 

     Å Inspections 

     Å Documentation 
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Contract Law & Wording of Documentary Standards 

   Å shall = requirement* 

   Å should = recommendation* 

   Å may = permission* 

   Å can = possibility or capability* 

   Å must  = law of nature, but should be avoided* 
 

*ISO/IEC Directives Part 2 ed.7 Tables 3-6 

Some Legal Aspects of Standards 



Controlling (& Assessing) Error & Uncertainty 

1) Remove what error and uncertainty sources you can  

2) Measure or assess the rest 

Å error budget (propagation), variability studies, benchmarking/round-robin, ...  

 

Preliminary: [development stage] 

 

Pre-test: [start of a series of tests] 

 

During testing: [while we run the test] 

 

Post-test: [some time after the test is done] 
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Standards: Controlling Error & Uncertainty 



Preliminary: [development stage] 

intralaboratory, interlaboratory, benchmarking 

Å repeatability, reproducibility, method, procedures, classifications, analysis 

Å defining your sources of error (fish-bone diagram), while some sources we neglect 
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Total 
Measurement 

Variation 

Speckle pattern 

Lens distortion 

Image noise 

Camera resolution 

Gray-value interpolation 

Optimization criterion 

Subset size 

Step size 

Image ADC 

Stereo-rig mounting 

Stereo camera angle 

Field-of-view 

Subset shape function 

Strain calculation 

Image blur 

Depth-of-field 

Exposure time 

Displacement 

Object heat 

Camera motion 

Image prefiltering 

CCD sensor  
temperature 

Dust/Dirt 

Air turbulence 

3D Shape 

Strain 

Sample motion 

Lighting 
Camera/mount  
temperature 

Training 

Repeatability 

Scholarly  
literature 

ASTM E2208 

VIC-3D Testing  
Guide 

Stereo-rig calibration 

Calibration 
grid 

Lens aperture 

Lens resolution 

Measurement 
Setup 

Reference 
Standard 

Measurement 
Equipment Environment 

Measurement 
Subject 

Definition of 
Measurand 

Physical 
Constants 

Procedures Personnel Software 
Calculations 

Jordan E. Kelleher, Paul J. Gloeckner, An Applications-Oriented Measurement System Analysis of 3D Digital Image 
Correlation, 2016 SEM Annual Conference & Exposition on Experimental & Applied Mechanics 

Standards: Controlling Error & Uncertainty 



Pre-test: [start of a series of tests] 

setup (method), calibration, and verification/classification  
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Noise Floor Check 

Standards: Controlling Error & Uncertainty 



During testing: [while we run the test] 

methods, procedures, and acquisition 
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Engineering  
Stress vs. Strain 

Required or Suggested 
ω {ǇŜŎƛƳŜƴ ƛƴǎŜǊǘƛƻƴ 
ω {ǘǊŀƛƴ ǊŀǘŜ 
ω !ƴŀƭƻƎ ǎƛƎƴŀƭǎ 
ω CǊŀƳŜ ǊŀǘŜǎ ƻǊ ¢ǊƛƎƎŜǊƛƴƎ 
ω ΦΦΦ ŜǘŎΦ 
 

Standards: Controlling Error & Uncertainty 



Post-test: [some time after the test is done] 

analysis, rejection, and reporting 
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Left Image 
Å Region of Interest 

Å Subset 

Å Step 

Å Correlation  

  Thresholds  

Å ... etc.  

Å Strain Calculation 

Å Sampling 

Å Reporting  

Å ... etc. 

Right Image 

Standards: Controlling Error & Uncertainty 



 

Preliminary: [development stage] 

intralaboratory, interlaboratory, benchmarking 

Å repeatability, reproducibility, method, procedures, classifications, analysis 

Å defining your sources of error (fish-bone diagram), while some sources we neglect 

 

Pre-test: [start of a series of tests] 

setup (method), calibration, and verification/classification  

 

During testing: [while we run the test] 

methods, procedures, and acquisition 

 

Post-test: [some time after the test is done] 

analysis, rejection, and reporting 
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Standards: Controlling Error & Uncertainty 

Is DIC ñFit-for-purposeò?  Which DIC set-up is the best ñFit-for-purposeò? 

 



Standards or Experiments 

Strain measurement: 2-point / uniform field / variable field / localized 

Displacement measurement: 2-point / displacements x, y, z / rotations 

Specimen shape: flat / curved / initially flat then curved 

Strain range: elastic / plastic / near-failure strains 

Temporal range: static / quasi-static / dynamic 
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Engineering  Stress vs. Strain 
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Which DIC set-up best ñFit-for-purposeò? 


