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An American National Standard

:

E\Wé INTERNATIONAL
Standard Guide for
Estimating-Unecertainties-Estimation of Measurement
Uncertainty in Dosimetry for Radiation Processing’
This standard is issued under the fixed designation ISO/ASTM 51707; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision.

1. Scope

1.1 This standard provides guidance on the use of concepts described in the JCGM Evaluation of Measurement Data — Guide
to the Expression of Uncertainty in Measurement (GUM) to estimate the uncertainties in the measurement of absorbed dose in
radiation processing.

measurement uncertamty and expanded (overall) uncertainty of dose measurements based on the GUM methodology.

1.3 Examples are given on how to develop a measurement uncertainty budget and a statement of uncertainty.

1.4 This document is one of a set of standards that provides recommendations for properly implementing dosimetry in radiation
processing, and provides guidance for achieving compliance with the requirements of ISO/ASTM 52628 related to the evaluation
and documentation of the uncertainties associated with measurements made with a dosimetry system. It is intended to be read in
conjunction with ISO/ASTM 52628, ISO/ASTM 51261 and ISO/ASTM 52701.

1.5 This guide a working know v
the establishment toft-4): process spe01ﬁcat10ns or conformlty assessment.

does not address

1.6 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced documents

2.1 ASTM Standards:*
E170 Termlnology Relating to Radlatlon Measurements and D051metry

! This guide is under the jurisdiction of ASTM Committee E61 on Radiation Processing and is the direct responsibility of Subcommittee E61.01 on Dosimetry, and is also
under the jurisdiction of ISO/TC 85/WG 3.

Current edition approved by ASTM #une+-2004-Sept. 8, 2014. Published May+5-2005-February 2015. Originally published as ASTM E 1707-95. Last previous ASTM
edition E 1707-95°'. ASTM E 1707-95°' was adopted by ISO in 1998 with the intermediate designation ISO 15572:1998(E). The present International Standard ISO/ASTM
5H767:2005(E)51707:2015(E) is a major revision of the last previous edition ISO/ASTM 5+767:2662(E);51707:2005(E), which replaced $S6—+5572ISO/ASTM
51707 2002{E!

2 For referenced ASTM and ISO/ASTM standards visit the ASTM Web51te WWW. astm org, or contact ASTM Customer Service at service @astm.org. For Annual Book
of ASTM Standards volume information, refer to the standard’s Document Summary page on the ASTM website.
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51261 GuidePractice for Seleetion—and-Calibration of Routine Dosimetry Systems for Radiation Processing

51608 Practice for Dosimetry in an X-Ray (Bremsstrahlung) Facility for Radiation Processing

5127551649 Practice for Use-of a Radiochromic FilmDosimetry-SystemDosimetry in an Electron Beam Facility for Radiation
Processing at Energies Between 300 keV and 25 MeV

51460651702 Practice for Chara 6 ee
simetry in a Gamma Facrhty for Radiation Processrng

5143152628 Practice for Dosimetry in Eleetr
Processing

52701 Guide for Performance Characterization of Dosimeters and Dosimetry systems for Use in Radiation Processing

2.3 ISO Documents:

ISO 11137-1 Sterilization of Health Care Products — Radiation — Requirements for Development, Validation and Routine Control
of a Sterilization Process®

ISO/IEC 17025 General Requirements for the Competence of Testing and Calibration Laboratories”

2.4 £56-Documents=Joint Committee for Guides in Metrology (JCGM) Reports:

ISO;1995ASBN-92-67-16188-9JCGM 100:2008, GUM 1995, with minor corrections, Evaluation of measurement data — Guide
to the Expression of Uncertainty in Measurement

IS61+H37JCGM 200:2008, VIM,

Radtatton—StertlizattortInternational Vocabulary of metrology Basrs and general concepts and assocrated terms®
2.5 ICRU Reports:’
». DI D o

ICRU Report 3480 The—Bostmet—ry—of—Pﬂ-}sed—Rad-taﬁonDosrmetry Systems for Use in Radratron Processing

ICRU Report 6085a Fundamental Quantltles and Umts for Iomzmg Radiation

3. Terminology

3.1 Definitions:

Note 1—For definitions quoted here from VIM, only the text of the definition is kept here. Any NOTES or EXAMPLES are not included. They can
be reviewed by referring to VIM (JCGM 200:2008).

3.2 Definitions:

3.2.1 approved laboratory—laboratory that is a recognized national metrology institute; or has been formally accredited to
ISO/IEC 17025; or has a quality system consistent with the requirements of ISO/IEC 17025.

org-Available from Association for the Advancement of Medical Instrumentation, 1110

North Glebe Road Su1te 220 Arhngton VA 22201 4795 US.A.

4 Available from 1SO-Centrat-SeeretariatPostal-5612H-Geneva—20-Switzettand—International Organization for Standardization (ISO), 1, ch. de la Voie-Creuse, CP 56,
CH-1211 Geneva 20, Switzerland, http://www.iso.org.

> Document produced by Working Group 1 of the Joint Committee for Guides in Metrology (JCGM/WG 1). Available free of charge at the BIPM website

(httQ //Www brgm org!

6

0 A § be-Ro A 8 4 -A-Document produced
by Workrng Group 2 of the Jornt Commrttee for Gurdes in Metrology (JCGM/WG 2) Avarlable free of charge at the BIPM websrte (http /[WWW. brpm org).

7 Available from International Commission on Radiation Units and Measurements, 7910 Woodmont Ave., Suite 800 Bethesda, MD 20814, U.S.A.

3.2.1.1 Discussion—

A recognized national metrology institute or other calibration laboratory accredited to ISO/IEC 17025 should be used for
irradiation of dosimeters or dose measurements for calibration in order to ensure traceability to a national or international standard.
A calibration certificate provided by a laboratory not having formal recognition or accreditation will not necessarily be proof of
traceability to a national or international standard.

3 2.2 abso-rbed—dofe—B—arzthmenc mean, average [GUM C 2. 19]
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-D—=—defdm tH
1
f:;zxi,i=1,2,3...n (1)
where:
X; = individual values of parameters with i =1,2,3 ... n

3.2.2.1 Discussion—

The term ‘mean’ is used generally when referring to a population parameter and the term ‘average’ when referring to the result
of a calculation on the data obtained in a sample.

of the relation between indication and corresponding measured quantity value.

3.2.3.1 Discussion—

In radiation processing standards, the term ‘“dosimeter response’ is generally used for “indication”.

3.2.4 coefficient of variation—yvariation (CV)—sample standard deviation expressed as a percentage of sample meanaverage
value (see 3++383.2.2 and 3.2.193+43%)):

palva Q i 106
v _"nfl’“‘ TUU

Yord
(4

S
CV:tXIOO% 2)

3. 25 combined standard m-rcertamty—measurement uncertamty [VIM 2. 31]—standard

S5

fesu%w‘aiaes—waﬂa—ehafrges—m—fhes&qﬂaﬂﬁ&es-measurement uncertalnty that is obtalned us1ng the 1nd1v1dua1 standaxd measurement

uncertainties associated with the input quantities in a measurement model.
3.2.5.1 Discussion—
(1) It is also referred to as ‘combined standard uncertainty’.
(2) In case of correlations of input quantities in a measurement model, covariances must also be taken into account when
calculating the combined standard measurement uncertainty.

3.2.6 coverage factor—factor (k) [VIM, 2.38]—num
ordernumber larger than one by which a combined standard measurement uncertainty is multlphed to obtain an expanded

measurement uncertalnty.
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3.2.6.1 Discussion—

A coverage factor, k, is typlcally in the range of 2 to 3 (see 8:35.2. 4)

3.2.7 expanded uneertainty—uncertainty [GUM, 2.3.5]—quantity defining the interval about the result of a measurement that
may be expected to encompass a large fraction of the distribution of values that could reasonably be attributed to the measurand.

3.2.7.1 Discussion—

Expanded uncertalnty 1s a-lse—referred—te—as—overa—l—l—&neeﬁa—rnfy—fsee—obtarned HrGuide—to—the—E-)qafessm—of—Hﬂeeﬁa-mﬁf—m

assumpt—rons—may—bejﬂsﬁ-ﬁed-by multlplyrng the comblned standard uncertamty by acoverage factor the value of whrch deterrmnes
the magnitude of the ‘fraction’. Expanded uncertainty is also referred to as ‘overall uncertainty’.

p_f £\ Yo/
e RFACIAC .y,

fbr) .

3.2.8 influence guantity—quantity [VIM, 2.52]—quantity
nonctheless—affeets—theresult-of-the measurementthat, in a direct measurement, does not affect the quantity that is actuallv
measured, but affects the relation between the indication and the measurement result.

3.2.8.1 Discussion—

measnremeﬂ-t—may—depeﬂd—ln rad1at10n processing dosnnetry, this term 1ncludes temperature, relative humrdlty, time 1ntervals

hght radratron energy, absorbed dose rate and other factors that mlght affect dos1meter response as well as phenomena-stch-as
3 w-quantities associated with the

measurement instrument.

3.2.9 level of confidence—probability that the value of a parameter will fall within the given range.
3.2.10 measurand—measurand [VIM, 2.3]—speeifie-quantity subjeetintended to measurementbe measured.

3.2.10.1 Discussion—
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equrl-rbrrum—a:bserbed—dese—m—v&mfer—at—%—eln radiation processing dosrmetrv, the measurand is the absorbed dose (Gv) or srmply

‘dose’.

a—process of

experimentally obtaining one or more quantity values that can reasonably be attributed to a quantity.

3. 2 12 measurement pmeed-m‘e=uncermmty [VIM, 2.26]—s
o o v nethodnon-negative parameter characterrzrng the drspersron of the quantrty values
belng attrlbuted to a measurand based on the information used.

3.2.12.1 Discussion—

(1) Measurement uncertainty includes components arising from systematic effects, such as components associated with
corrections and the assigned quantity values of measurement standards, as well as the definitional uncertainty. Sometimes
estimated systematic effects are not corrected for but, instead, associated measurement uncertainty components are incorporated.

(2) The parameter may be, for example, a standard deviation called standard measurement uncertainty (or a specified multiple
of it), or the half-width of an interval, having a stated coverage probability.

(3) Measurement uncertainty comprises, in general, many components. Some of these may be evaluated by Type A evaluation
of measurement uncertainty from the statistical distribution of the quantity values from series of measurements and can be
characterized by standard deviations. The other components, which may be evaluated by Type B evaluation of measurement
uncertainty, can also be characterized by standard deviations, evaluated from probability density functions based on experience or
other information.

(4) In general, for a given set of information, it is understood that the measurement uncertainty is associated with a stated
quantity value attributed to the measurand. A modification of this value results in a modification of the associated uncertainty.

3.2.13 measm'emerrt—ﬁ-aeea-brl-ny—metrologlcal tmceabzllty [VIM, 2. 41] —ability-to-demonstrate- by means—of-anproperty of a

measurement result whereby the result can be related to a reference through a documented unbroken chaln of eem-p&rtsons—t:ha-t—a

sf&ndafds—cahbratlons each contrlbutmg to the measurement uncertainty.
3.2.13.1 Discussion—

(1) The unbroken chain of calibrations is referred to as “traceability chain”.

(2) Metrological traceability of a measurement result does not ensure that the measurement uncertainty is adequate for a given
purpose or that there is an absence of mistakes.

(3) The abbreviated term “traceability” is sometimes used to mean ‘metrological traceability’ as well as other concepts, such
as ‘sample traceability’, ‘document traceability’, ‘instrument traceability’ or ‘material traceability’, where the history (“trace”) of
an item is meant. Therefore, the full term of “metrological traceability” is preferred if there is any risk of confusion.

3.2.14 quadrature—method ef-used in estimating combined standard uncertainty from independent sources by taking the
positive square root of the sum of the squares of individual components of uneertaintyforuncertainty, for example, coefficient of
vartation)-variation.

3.2.15 randomquantity error—[VIM, 1.1]—resultproperty of a meas
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3.2.16 fela-ﬁve—wwguanngy value fef—measufemeﬁﬁ—|VIM 1. l9| effer—ef—meastﬂemeﬂt—diﬂf}ed—by—a—true—va}uﬁf—&xe

meastrand-number and reference together expressing magnitude of a quantity.

3.2.16.1 Discussion—

For example, absorbed dose of 25 kGy.
3.2.17 repeatability (of results of measurenents)—measurements) [GUM, B.2.15]—closeness of the agreement between the

results of successive measurements of the same measurand carrred out Subjeet—te—aﬂ—ef—m
observer,the-same-meas sed-under the same eonditions;-the-sametocation;

a-nd—repet—rt—teﬂ—m@ﬁa—sheﬁ—peﬁed—ef—ﬁmecondltlons of measurement

3.2.17.1 Discussion—

(1) These conditions are called ‘repeatability conditions’.

(2) Repeatability conditions include: the same measurement procedure, the same observer, the same measuring instrument used
under the same conditions, the same location, repetition over a short period of time.
(3) Repeatability may be expressed quantitatively in terms of the dispersion characteristics of the results.
3.2.18 reproducibility (of results of measurements)—measurements) [GUM, B.2.16]—closeness of the agreement between the

results of measurements of the same meas‘urand—whefe-the-meaﬁﬁemenfs-afemeasurand carrred out under changed condltlons such
me-of

measurement.

3.2.18.1 Discussion—

(1) A valid statement of reproducibility requires spe01ﬁcat10n of the conditions changed.

(2) The changed conditions may include: principle of measurements, method of measurement, observer, measuring instrument,
reference standard, location, conditions of use and time.

(3) Reproducibility may be expressed quantitatively in terms of the dispersion characteristics of the results.

6 © ISO/ASTM International 2015 — All rights reserved
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where:
e = indivi thi— 2

3.2.19 sample standard deviation,-Sdeviation (S );— [adapted from GUM, C.2.21]—measure of dispersion of values of the same
measurand expressed as the positive square root of the sample variance.

3.2.20 sample varianee—variance [GUM, C.2.20]—measure of dispersion, which is the sum of the squared deviations of

individaal-valuesfromthesampte-mean—observations from their average divided by (n_ —1), given by the expression:
E (x, —%)°

e A
U

I )

where:
individual value of parameter with i=1, 2 ... n, and

|><| bh “‘>'<
i mn

= mean of n values of parameter (see 3.2.2).

3.2.21 standard wneertainty—measurement uncertainty [VIM, 2.30]—uncertainty-of the result of a-measarement-measurement
uncertainty expressed as a standard deviation.

3.2.21.1 Discussion—

Also referred to as ‘standard uncertainty of measurement’ or ‘standard uncertainty’.

3.2.22 true vatwe—value [VIM, 2.11]—valae
consistent with the definition of a quantity.

3.2.22.1 Discussion—

True value is by its nature indeterminate and only an idealized concept. In this guide the terms “true value of a measurand” and
“~value-“value of a measurand” are viewed as equivalent (see 5.1.1).

3.2.23 Type A evaluation tof-standard—uncertainty}—of measurement uncertainty [VIM, 2.28]—method-of-evaluation of a
standard-component of measurement uncertainty by thea statistical analysis of a-seties-of-observations:measured quantity values
obtained under defined measurement conditions.

© ISO/ASTM International 2015 — All rights reserved 7
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3.2.24 Type B evaluation (of-standard—uncertainty)—of measurement uncertainty [VIM, 2.29]—method-of-evaluation of a
standard-aneertainty-component of measurement uncertainty determined by means other than the-statistical-anatysis-of-a—series-of

observations:a Type A evaluation of measurement uncertainty.
3.2.25 uncertamty ﬁ?ﬂ) g meastrrement—)— VIM, 2.33]—parameter

a measurement uncertamty, of the components of that measurement uncertainty, and of their calculatlon and comblnatlon

3.2.25.1 Discussion—

r-An uncertainty
budget should include the measurement model, estimates, and measurement uncertainties associated with the quantities in the

measurement model, covariances, type of applied probability density functions, degrees of freedom, type of evaluation of
measurement uncertainty, and any coverage factor.

3.3 Definitions of other terms used in this standard that pertain to quality and statistics may be found in ASTM Terminology

E456. Definitions of other terms used in this standard that pertain to radiation measurement and dosimetry may be found in ASTM
Terminology E170. Definitions in ASTM Terminology E170 are compatible with ICRU 85a; that document, therefore, may be used
as an alternative reference.

4. Significance and use

4.1 All measurements, including dose measurements, have an associated uncertainty. The magnitude of the measurement
uncertainty is important for assessing the quality of the results of the measurement system.

42 Gamma

spemﬁc dos1metry systems. Whlle the uncertamty Values given in spemﬁc
dosimetry standards are achievable, it should be noted that both smaller and larger uncertainty values might be obtained depending
on measurement condltlons and 1nstrumentat10n For more 1nf0rmat10n see also ISO/ASTM 51—26'}52628)—1301‘—&1386'1‘1366—&686

4.3 This guide uses the methodology adopted by the International-Organization—for-Standardization—for-GUM for estimating
uncertalntles in dosrmeffy—feﬁradﬂ-&en—pfoeessrﬁg—measurements (see 232.4). PrSsPPv{—ffad-r&onaH-y—uses—&re—tefnﬁrs—ef—pfeefsteﬂ—ané

components of uncertalnty are evaluated as elther Type A uncertamty or Type B fa-theﬁha-n—m—ﬁms—ef—pfeﬁsien—aﬂd—lﬂas—Eﬁor
is-different-from-TypeA—and-Type B-components-of-uncertainty.

4.4 Quantifying individual components of uncertainty may assist the user in identifying actions to reduce the measurement

uncertainty.

4.5 Periodically, the uncertainty should be reassessed to confirm the existing estimate. Should changes occur that could
influence the existing component estimates or result in the addition of new components of uncertainty, a new estimate of
uncertainty should be established.

4.6 Although this guide provides a framework for assessing uncertainty, it cannot substitute for critical thinking, intellectual
honesty, and professional skill. The evaluation of uncertainty is neither a routine task nor a purely mathematical one; it depends
on detailed knowledge of the nature of the measurand and of the measurement method and procedure used. The quality and utility
of the uncertainty quoted for the result of a measurement therefore ultimately depends on the understanding, critical analysis, and
integrity of those who contribute to the assignment of its vatue:value JCGM 100:2008).
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5. Basic concepts—components of uncertainty

5.1 Measurement:

5.1.1 The objective of a measurement is to determine the value of the measurand;-measurand (for example, dose), that is, the
value of the specific quantity to be measured—measured (dose). A measurement therefore begins with an appropriate specification
of the measurand, the method of measurement, the measurement system and the measurement procedure.

5.1.2 In general, the result of a measurement is enty-an-the approximation or best estimate of the true value of the measurand
(dose) and thus is complete only when accompamed by a statement of the uncertainty of that estimate.

5.2 Uncertainty:
5.2.1 The uncertainty of the
1nab111ty to know the true value of the measurand

effeets—measurand

© ISO/ASTM International 2015 — All rights reserved 9
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Note 2—The result of any individual measurement can unknowingly be very close to the value of the measurand even though it may have a large
uncertainty. Thus the uncertainty of a measurement result should not be confused as the unknown error.

5.2. 2 The purpoese-of-the FypeA-and-TFype B-rclassification-uncertainty associated with a measurement can arise from a number
of dlfferent components examples of some of Wthh are hsted in Sectlon 71s—to—rnd1eate—th&two—d1—ffefent—ways—of—eva-}a&trﬁg

assomated with making a measurement and assign to each step a value for the uncertainty introduced. These individual components
can then be collected together to produce a combined uncertainty for the measurement. The results of this type of analysis are often
presented in the form of a table, referred to as an uncertainty budget (see Annex A2er-a-vartatee:). Components of uncertainty are
generally classified as Type A or Type B, depending on the method used to evaluate them.

5.2.2.1 The purpose of the Type A and Type B classification is to indicate the two different ways of evaluating uncertainty
components. Both types of evaluation are based on probability distributions and the uncertainty components resulting from each
type are quantified by a standard deviation or a variance.

5.2.2.2 Thus, a Type A standard uncertainty is obtained from a probability density function derived from a series of repeated
observations (see 8.1), while a Type B standard uncertainty is obtained from an assumed probability density function based on the
degree of belief that an event W111 occur (see 8 2) Both approaches are valid 1nterpretatlons of probablhty

524

safety, Typically, an expanded uncertainty U is eale
interval about the result of a measurement within which the va

expeeted-to-tie-with-ahtghlevel of eonfidence-true value is expected to he The Value of U is obtalned by multlplylng the comblned

standard uncertainty u, by a coverage factor k (see 8-39.2).

Note 3—The coverage factor k is always to be stated when reporting expanded uncertainty, so that the combined standard uncertainty of the measured
quantity can be recovered.

10 © ISO/ASTM International 2015 — All rights reserved


https://standards.iteh.ai/catalog/standards/sist/7e3b4137-4c2f-4b3b-bd6d-be3161726436/astm-iso-astm51707-15

ISO/ASTM 51707:2015(E)

1/2a

00_«] : [} . T . ) —s

a- as
B e 3
MHe— alN3 Hy + a3
FIG. 42 i i i 5 > intyRectangular distribution, also called continuous uniform distribution
(JCGM 100:2008)
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