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OVERVIEW

• VIM

• Accuracy, Precision, Uncertainty

• Uncertainty Budget

• Traceability

• Where can I find information:
• Uncertainty on calibration certificate

• Laboratories’ accredited uncertainties and measurement fields

• Guides for Uncertainty, and uncertainty budgets
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VIM

• The International Vocabulary of 
Metrology

• Developed by the 8 member 
orgs of the Joint Committee for 
Guides In Metrology (JCGM)

• Purpose to harmonize 
worldwide the fundamental 
terminology of Metrology

• VIM4 2CD (second committee 
draft) – 7/31/2023
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ACCURACY
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ACCURACY

• Consistency of results under 
same or similar conditions

• Truly only reflects closeness of a 
measurement(s) and a set 
/reference value

• Older Mil-spec

• TAR

• Think closeness of a thrown dart 
to bullseye
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PRECISION
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PRECISION

• Accuracy is more of an outdated 
terminology still utilized

• Typically this is quantified through 
repeatability, and expressed as 
standard deviation, variance

• Contributor of variability and 
uncertainty

• Can be random or systematic

• Think of spread or clustering  of 
thrown darts to bullseye
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UNCERTAINTY
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UNCERTAINTY

• A quantification of the doubt about 
a measurement

• “Margin of Error”
• Includes not just the dispersion of 

repeated measured values, but all 
contributors, known and estimated 
unknown, systematic and random

• Often expressed as an Expanded 
Uncertainty with a coverage factor

• Think of the radius of a circle 
drawn the cluster of thrown darts 
to bullseye
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UNCERTAINTY BUDGET
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UNCERTAINTY BUDGET

• Specifies the contributors of 
uncertainty of a measurement model 
or process

• Type A – components derived from 
statistical analysis

• Type B – components by means other 
than Type A

• Convert into standard uncertainties 
(u) through divisors based on 
probability

• Combined through statistical method, 
typically RSS

• Multiplied by coverage factor
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UNCERTAINTY BUDGET

•  Unc Budget for the measure the 
length of a steel rod using a 
digital caliper. 

 Equipment Used:

• Digital caliper (resolution: 0.01 
mm)

• Steel rod (nominal length: ~100 
mm)

• Measurement environment: 
controlled room at 20°C
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Source of 
Uncertainty

Type Distribution Value (±) Divisor
Standard 
Uncertainty 
(u)

Caliper 
resolution

B Rectangular 0.01 mm √3 0.0058 mm

Calibration 
uncertainty

B Normal 0.02 mm 1 0.02 mm

Repeatability 
(operator 
error)

A Normal 0.015 mm 1 0.015 mm

Temperature 
variation effect

B Rectangular 0.01 mm √3 0.0058 mm

Thermal 
expansion 
correction

B Rectangular 0.005 mm √3 0.0029 mm



UNCERTAINTY BUDGET

 Combined Standard Uncertainty:

𝑈𝑐 = 0.00582 + 0.022 + 0.0152 + 0.00582

= 0.000034 + 0.0004+0.000225+0.000034 ≈ 0.027 𝑚𝑚

 Expanded Uncertainty (with coverage factor k = 2 for ~95% 
confidence):

𝑈 = 𝑘 ⋅ 𝑢𝑐 = 2 ⋅ 0.027 ≈ 0.054 𝑚𝑚

 Final Reported Result:

Measured length = 100.00 mm ± 0.05 mm (k = 2, 95% confidence level)

tescometering.com 13



UNCERTAINTY TO TRACEABILITY

• Uncertainty budgets are a 
requirement of ISO17025

• ISO17025 REQUIRES traceability

• How does a tech/user/customer 
know this or is ensured of this?

• Lets pivot to Quality 
Infrastructure
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METRE CONVENTION

• SI – The International System of Units

• International Bureau of Weights and 
Measures (BIPM)

• General Conference on Weights of 
Measures (CGPM)

• International Committee for Weights 
and Measures (CIPM)

• Recently just celebrated the 150th anniversary 
on world metrology day May 20th 
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INTERNATIONAL QUALITY INFRASTRUCTURE

• 1955, The International Organization of Legal Metrology founded 
(OIML)

• International Accreditation Forum (IAF)

• International Laboratory Accreditation Cooperation (ILAC)

• International Organization for Standardization (ISO)

• Mutual Recognition Agreement(MRA)

• Multilateral Recognition Agreement (MLA)
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INTERNATIONAL CONFORMITY ASSESSMENT SYSTEM
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NATIONAL QUALITY INFRASTRUCTURE
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HOW DOES TESCO FIT?

• TESCO is ISO 9001:2015 certified

• DEKRA – Conformity Assurance Body 
(CAB)

• ANSI National Accreditation Board 
(ANAB)

• Inter-American Accreditation 
Cooperation MLA (IAAC)

• IAF

• TESCO’s Laboratory is ISO/IEC 17025: 2017 
Accredited

• PJLA – Accreditation Body

• ILAC MRA
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ISO/IEC 17025 

• ISO/IEC 17025:2017 – General requirements for 
the competence of testing and calibration 
laboratories

• Repeatable, verifiable, impartial, assured, 
recognizable results

• Hallmarks of 17025

• Evaluation of Measurement Uncertainty

• Selection, verification, and validation of 
methods

• Reporting of Results

• Metrological Traceability
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ISO/IEC 17025 

2.41 Metrological Traceability
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2.42 METROLOGICAL TRACEABILITY CHAIN
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CALIBRATION HIERARCHY
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“NIST TRACEABILITY”

• Why is it that the Industry requires “NIST traceability”?
• NAVY
• MIL-SPEC
• ANSI Z540.1

• Risk Mitigation
• Measurement veracity
• Where do I find this information?

• Calibration Certificate – Traceability statement
• Guaranteed on a 17025 Cal report/certificate

• Look for the Logo/stamp

• Traceable to the International System of Units (SI), through National 
Metrology Institutes e.g. NIST, NRC, NPL, etc.), via ratiometric techniques, 
or natural physical constants.
• “Traceable to SI”
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WHERE/HOW CAN I FIND TRACEABILITY? 

• Look for the stamps
• Provided by accreditation bodies

• Will have specific accreditation 
number

• NVLAP, A2LA, PJLA

• Find the traceability statement
• They all more or less say the same 

thing: Traceable to SI
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WHERE CAN I FIND UNCERTAINTIES?

• On your calibration certificate if of an “ISO17025 Level” or with 
“ISO17025 accredited uncertainties”

• Look for “Uncertainty”, “Exp Unc”, “Expanded Uncertainty”, 
“Measurement Uncertainty”
• These are the expanded uncertainties, or total uncertainty associated with 

that measure and multiplied by coverage factor

• Do not confuse with standard uncertainty or calibration process uncertainty 
(CPU)
• These uncertainties are only parts of the combined and expanded uncertainties
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WHERE CAN I FIND UNCERTAINTIES?
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WHERE CAN I FIND UNCERTAINTIES?
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WHERE CAN I FIND UNCERTAINTIES?
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WHERE CAN I FIND UNCERTAINTIES?
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WHERE CAN I FIND ACCREDITED LABORATORIES UNC?

• A2LA
• https://customer.a2la.org/index.cfm?event=directory.index

• PJLA
• https://www.pjlabs.com/search-accredited-organizations

• NVLAP
• https://www-s.nist.gov/niws/index.cfm?event=directory.search

• NMIs
• https://www.bipm.org/kcdb/cmc/advanced-search
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WHERE CAN I FIND GUIDES TO UNCERTIANTY?

• https://www.bipm.org/en/committees/jc/jcgm/publications

• https://www.isobudgets.com/

• https://www.nist.gov/itl/sed/topic-areas/measurement-uncertainty

• https://www.fluke.com/en-us/learn/blog/metrology

• https://www.pjlabs.com/resources
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COMMENTS, QUESTIONS, DISCUSSION

Carson Scaccetti

TESCO – The Eastern Specialty Company

Laboratory Manager

Carson.Scaccetti@tescometering.com

215-228-0500 EXT 272
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COURSE FEEDBACK

Please Take a Few 
Minutes To Provide 
Feeback About The 
Course & Instructor
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