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The Uncertainty Principle



Presentation Outline
� Introduction to the topic

(Jeff Britton, Phenix Technologies / HVTT Subcommittee Chair)

� Historical Perspective on the Shift from Error Limits, in Favor of 
Uncertainty Estimation in IEEE and IEC HV Measurement Standards
(Jim McBride, JMX High Voltage / Chair of IEEE PSIM Committee)

� Principles and Basic Mathematics of Uncertainty in Measurement
(Jerry FitzPatrick, NIST)

� Example – AC Approved Measuring System Calibration
(Richard Williams, Exelon Power Labs)

� Role of Uncertainty Estimation in HV Measuring System Calibration 
vs. Routine HV Measurements
(Jeff Britton, Phenix Technologies / HVTT Subcommittee Chair)

� Discussion (Panel)
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Introduction

Who is the HVTT Subcommittee, and 
why are we here discussing 

Uncertainty in HV Measurements?
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The HVTT Subcommittee of the 

Power System Instrumentation and 

Measurements Committee maintains 

IEEE Standard 4:

“IEEE Standard for High-Voltage 

Testing Techniques”

Standard 4 Defines the requirements 

for IEEE Approved High-Voltage Test 

and Measurement Systems

IEEE Std. 4-2013 version replaced 

the 1995 version
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Introduction (cont.)



• Roots of Std. 4 go back to 1898, and the first Standardization 

Report of the American Institute of Electrical Engineers (A.I.E.E.)

• Until 2013, A.I.E.E. and later IEEE High-Voltage Test and 

Measurement standards spoke of “Error” limits and “Accuracy” 

requirements when measuring the voltages applied during 

dielectric tests

• With the 2013 revision of Std. 4, HVTT chose to follow the lead of 

other prominent world standards development organizations (or 

“SDO”s) such as ISO and IEC, who had begun promoting 

methods aimed at estimating the “Uncertainty in Measurement”, 
as opposed to simply stating “Error” limits.
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Background
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The change from “Error” to 

“Uncertainty” in Std. 4-2013 prompted 

SPDC to write a Position Statement to 

HVTT, objecting to the change in terms.

Reasons cited:

� Belief that the new requirements would result 

in tighter overall accuracy requirements on 

measuring systems

� Concern that the new requirements require a 

high level of understanding of statistical 

mathematics to apply

� Assertion that the process of uncertainty 

estimation may be applied differently by 

different persons, resulting in inconsistencies

SPDC Position Statement



As a “Horizontal Committee” within IEEE 

PES, it is the job of PSIM/HVTT to 

address these questions through training 

sessions, and future improvements of 

our IEEE Standards
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HVTT Response
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The Goal Remains the Same!
� Belief that the new requirements would result in tighter 

overall accuracy requirements on measuring systems

The objective of Uncertainty Estimation is NOT to impose more 

stringent overall accuracy requirements on measuring systems

The objective is to prescribe a standard means of performing 

calibrations whereby a minimum set of error contributions 

known to affect all HV measurement systems are considered, 

and their contributions to the total uncertainty are 

mathematically combined in a consistent manner

Uncertainty estimation is a mathematical tool that can be applied 

to help assure that we are in fact meeting the historical 

performance requirements (e.g. measurement of amplitudes 

within ±3%, and time parameters within ±10%)
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Doing the Math!
� Concern that the new requirements require a high level 

of understanding of statistical mathematics to apply

Certain assumptions can be made on the statistical behavior and 

independence of the most common sources of error in HV 

measurements. With these assumptions applied, a 

straightforward calculation can be applied to combine the various 

uncertainty contributions into a single, Combined Uncertainty

Both IEEE Std. 4-2013 and IEC 60060-2 (2010) contain a well 

defined procedure (equation) for combining the individual 

contributions to the overall uncertainty, and then expanding this 

estimate through multiplication of an appropriate coverage factor to 

arrive at the final Combined, Expanded Uncertainty associated with 

the calibration



Modern Uncertainty Estimation is 

based on a standardized approach 

that is definitively outlined in:

ISO/IEC Guide 98-3: 

“Guide to the Expression of 

Uncertainty in Measurement”

Informally know as the “GUM”

First published in 1993, revised in 

2008, and amended in 2011
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Read the “GUM”!



• Techniques presented in the GUM 

are based in the mathematics of 

probability and statistics

• Well suited for quantifying the 

validity of a measurement when 

multiple sources of error exist, which 

can be identified and quantified 

through observations and tests

• This approach has been adopted by 

National Metrology Labs worldwide 

since the mid 1990s, over 20 years 

ago
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200 kV AC / DC Reference

Measuring System

Read the “GUM”! (cont.)



Uncertainty estimation is 
the standard method for 
achieving traceability to 

National Standards and to 
estimate the quality of 
measurements in all 

technical fields, not only for 
electrical measurements
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Read the “GUM”! (cont.)
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� Assertion that the process of uncertainty estimation may 

be applied differently by different persons, resulting in 

inconsistencies

• Both IEEE Std.4-2013 and IEC 60060-2 (2010) identify a 

minimum set of uncertainty contributions (sources of 

measurement error) that shall be considered when calibrating 

and operating in an IEEE (or IEC) approved measuring system

• In addition, the uncertainty of the reference measuring system 

(or comparison standard) must be included in the analysis

Consistency of Results
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Standard Contributions to be Included in the Estimate 
per IEEE Std. 4-2013

� Repeatability / Random Error (Type A Uncertainty)

� Uncertainty of comparison standard

� Linearity (when extending above the calibration voltage)

� Dynamic Behavior over a range of frequencies (if applicable)

� Short Term Stability (self heating effects)

� Long Term Stability (after performance history is established)

� Proximity Effects (due to changes in stray capacitance)

� Ambient Temperature Effects

Consistency of Results (cont.)



IEEE Std. 4-2013 Clause 5 provides expressions that are used 

to calculate the uncertainty contribution arising from each of the 

above listed sources of error, per unit of measurement

Example: Uncertainty contribution due to Proximity effect

5.7.6.7 Proximity effect
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Consistency of Results (cont.)

Variations of the scale factor or of a parameter of a device due to proximity effects can be determined by 

measurements performed for different distances of the device from grounded walls or energized structures.  

The result of the test is the change of scale factor from which the standard uncertainty contribution is 

estimated as a type B estimate: 
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where  

Fmax and Fmin are the scale factors for maximum and minimum distances to other objects. 



• As a general rule, tests to determine the uncertainty should be 

made in conditions representative of actual use

• Uncertainty can be reduced by controlling the factors that 

produce error, such as temperature swings, setup changes, 

etc.

• If manufacturer’s Type Test or Acceptance Test data is 

available, and the equipment is being used within it’s specified 

range of operating conditions, it is completely acceptable to 

use the Type Test data to estimate the uncertainty contribution 

for several of the above listed components → it is often not 

necessary to repeat the test
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Consistency of Results (cont.)



• All measurement involve a degree of error; High-Voltage 

measurements are no different

• The key question is, how much error… (are the results valid?)

• Goal always has been and remains to make measurements that 

meet the requirements of the application

• Uncertainty is a world wide accepted, standard approach to 

aimed at quantifying how good a job we’re doing as engineers at 

making acceptable measurements

• The following presenters will go into more detail on each of the 

topics

17

Summary


