PD ISO/TS 28038:2018

BSI Standards Publication

Determination and use of polyncwial
calibration functions

bsi.


https://www.stdhive.com/standards/bs-pd-isots-280382018-pdf/

PD ISO/TS 28038:2018

PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of
[SO/TS 28038:2018.

The UK participation in its preparation was entrusted to Technical
Committee SS/6, Precision of test methods.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary prczisions
of a contract. Users are responsible for its correct application.

© The British Standards Institution 2018
Published by BSI Standards Limited 2018

ISBN 978 0 580 98098 5
ICS 17.020

Compliance with a British Standard ca»10. confer immunity from
legal obligations.

This Published Document was publich *d nunder the authority of the
Standards Policy and Strategy Ceinmitcee on 31 December 2018.

Amendments/corrigenda i-suud since publication

Date Te. 't af’ected



https://www.stdhive.com/standards/bs-pd-isots-280382018-pdf/

PD ISO/TS 28038:2018

TECHNICAL ISO/TS
SPECIFICATION 28038

First edition
2018-12

Determination and use of p.21yromial
calibration functions

Détermination et utilisation des fonctions 1'étai )nnage polynémial

Reference number
ISO/TS 28038:2018(E)

©1S0 2018



https://www.stdhive.com/standards/bs-pd-isots-280382018-pdf/

PD ISO/TS 28038:2018
ISO/TS 28038:2018(E)

COLYRIGHT PROTECTED DOCUMENT

© 1S0206°3

All rig'.c> rescvved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may

be r¢ rodu -ed or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting

cu (he aternet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
e’ow or ISO’s member body in the country of the requester.

150 copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © ISO 2018 - All rights reserved


https://www.stdhive.com/standards/bs-pd-isots-280382018-pdf/

PD ISO/TS 28038:2018

ISO/TS 28038:2018(E)
Contents
20 o 10 ) o iv
0000 o000 L ot () o v
1 . 1 3 Y
2 N0 g 00 B0 ol =3 ) 4 o1 2
3 Terms and defiNitionS.... s ————————————————————s e 2
4 Conventions and NOtAtION ... ————————— AU W YR 4
5 Other Standards using polynomial calibration functions.......un ——— 6
6 Calibration data and associated UNCErtaiNties ... e 7
7 Polynomials as calibration functions......... s W S EE— 10
7 R 1) 1 =) o e A 10
7.2 Working with polynomials........cuunmms, N R — 10
7.3 Choice of defining interval for the calibration function...... .. —————— 13
7.4 Using the Chebyshev representation of a polynomial ........ . e 13
7.5 Assessing suitability of a polynomial function: visual 'aSpection ..., 16
7.6 Assessing suitability of a polynomial function: Mo ote ity s 19
7.7 Assessing suitability of a polynomial function: de rec. ... 19
7.8 Validation of the calibration fUnNCtiON ... s ——————————— 22
7.9 Use of the calibration fUNCHON ... s ————————————— 23
8 Generic approach to determining a poly.romial calibration function ..., 23
9 Statistical models for uncertainty Sttt €S . ——————————————— 25
Lo I T 1 ) o 25
9.2 Response data UnCertainties ... ... i ——————————————— 25
9.3 Response data uncertainties (NG SOVATIANCES.....mmmmss s ————— 28
9.4 Stimulus and response dafa Ct CertaiNties.. ..o ———————————— 34
9.5 Stimulus and response 17.auncertainties and COVariancCes .........————— 37
9.6 UnNKNOWN data UNCei @INUicS uiimmimierinmismismisisss s ssssssssssssssssssssmssssssssss ssssssssmssssssssssssnsnssnssmssnssnssasssnsans 40
10 Polynomials sat’fy1. g specified CONAItIONS .....ccooremininsininmssssssnsssnss s —————- 43
11 Transformirg and 1. terchanging variables......—————— 44
12 Use of ithe L nlynomial calibration function......sssssssssssssss s 45
72 T =Y 1 =) i ) 45
BIZ7Z0 0 117 Bt 1 L N () o 45
BIZZ8C 0 ) 1SR 7= 1 L) = 1 () o 47
Anne’ A (informative) Checking the monotonicity of a polynomial.......ccoonnnsinnsssmssssssssssnnns 48
+mnex B (informative) Standard uncertainty associated with a value obtained by inverse
L3 1L = (0 o 49
1231011072 ) 0] 1, 51

© ISO 2018 - All rights reserved iii


https://www.stdhive.com/standards/bs-pd-isots-280382018-pdf/

PD ISO/TS 28038:2018
ISO/TS 28038:2018(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that committee.
International organizations, governmental and non-governmental, in liaison with ISO, also take part in
the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance ar-
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance vith the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be he cubject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rishts. Details of
any patent rights identified during the development of the document will be in the ‘ntroduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniei.ce of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the n eaning of ISO specific terms and
expressions related to conformity assessment, as well as infrrmaion about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Earri 'rs to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committe= ISO/TC 69, Application of statistical methods,
Subcommittee SC 6, Measurement methods and results.

Any feedback or questions on this document si.o¢i 1 be directed to the user’s national standards body. A
complete listing of these bodies can be fou=d av: r'ww.iso.org/members.html.
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Introduction

0.1 Calibration is central to measurement science and involves fitting to measured data a function
that describes the relationship of a response (dependent) variable y to a stimulus (independent)
variable x. It also involves the use of that calibration function. This document considers calibration
functions in the form of polynomial models that depend on a set of parameters (coefficients). The
purpose of a calibration procedure is the following.

a) To estimate the parameters of the calibration function given suitable calibration data provided by a
measuring system and evaluate the covariance matrix associated with these parameter estimate:
Any uncertainties provided with the data are taken into consideration.

b) To use an accepted calibration function for inverse evaluation, that is, to determine the stir..ulus
value corresponding to a further measured response value, and also to obtain the stin lus value
standard uncertainty given the response value standard uncertainty. A calibr.“io1. finction is
sometimes used for direct evaluation, that is, to determine the response value corresponding to a
further stimulus value, and also to obtain the response value standard unertainty given the
stimulus value standard uncertainty.

This document describes how these calculations can be undertaken.usiio 1oc0gnized algorithms. It
provides examples from a number of disciplines: absorbed dose det.rmiation (NPL), flow meter
characterization (INRIM), natural gas analysis (VSL), resistance thernometcy (DFM) and isotope-based
quantitation (NRC).

0.2 The nature of the calibration data uncertainty informat.~n nfluences the manner in which the
calibration function parameters are estimated and how thir ¢ssociated covariance matrix is provided.
This uncertainty information may include quantifiex mecsurement covariance effects relating to
dependencies among the quantities involved.

0.3 Since in any particular instance the degree »f ti.2 polynomial calibration function is not generally
known, this document recommends the de*erini.ition of polynomial functions of all degrees up to a
stipulated maximum (limited by the quanut: or uata available), followed by the selection of one of these
degrees according to suitable criteria. G ‘e _riterion relates to the requirement that the calibration
function is monotonic (strictly increcsin,: or decreasing) over its domain. A second criterion relates to
striking a balance between the poi,mcmial calibration function providing a satisfactory explanation of
the data and the number of parar.eters required to describe that polynomial. A further criterion relates
to visual acceptance of the plyncmiial function.

0.4 The determinatic» ani use of a polynomial calibration function thus consist of the following
steps:

1 obtainiig calibration data and available uncertainty information including covariance
informaticn when available;

2% ac:~r mining polynomial functions of all degrees up to a prescribed maximum in a manner that
12spec ts the uncertainty information;

? selecting an appropriate function from this set of polynomial functions according to the criteria
in Subclause 0.3;

4 providing estimates of the parameters of the chosen polynomial function and obtaining the
covariance matrix associated with those estimates;
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5 using the calibration function for inverse evaluation and associated uncertainty evaluation;
6 using the calibration function for direct evaluation and associated uncertainty evaluation.

0.5 This document treats steps 2 to 6 listed in Subclause 0.4 employing the principles of ISO/IEC
Guide 98-3:2008 (GUM). Therefore, as part of step 1, before using this document, the user should
provide available standard uncertainties and covariances associated with the measured x- and y-values.
Account should be taken of the provisions of the GUM in obtaining these uncertainties on the basis of a
measurement model that is specific to the area of concern.
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Determination and use of polynomial calibration functions

1 Scope

1.1 This document is concerned with polynomial calibration functions that describe the rela-ionship
between a stimulus variable and a response variable. These functions contain parameters cstii;ated
from calibration data consisting of a set of pairs of stimulus value and response value. Variou: caces are
considered relating to the nature of any uncertainties associated with the data.

1.2 Estimates of the polynomial function parameters are determined using lea: t-squares methods,
taking account of the specified uncertainty information. It is assumed that the caiic=aion data are fit for
purpose and thus the treatment of outliers is not considered. It is also assumed t.:at th 2 calibration data
errors are regarded as drawn from normal distributions. An emphasis of *his 1o ument is on choosing
the least-squares method appropriate for the nature of the data uncei aint es in any particular case.
Since these methods are well documented in the technical literature an. software that implements
them is freely available, they are not described in this document.

1.3 Commonly occurring types of covariance matrix asscia ed with the calibration data are
considered covering (a) response data uncertainties, (b) :esponse data uncertainties and covariances,
(c) stimulus and response data uncertainties, and (d) stiinui s data uncertainties and covariances, and
response data uncertainties and covariances. The case \-he' e the data uncertainties are unknown is also
treated.

1.4 Methods for selecting the degree of the pulynomial calibration function according to prescribed
criteria are given. The covariance matrix 755>C1a .ed with the estimates of the parameters in the selected
polynomial function is available as a by-p. sduct of the least-squares methods used.

1.5 For the chosen polynomial {onc-ion this document describes the use of the parameter estimates
and their associated covariance >aatrix for inverse and direct evaluation. It also describes how the
provisions of ISO/IEC Guid: ©2-2:2008 (GUM) can be used to provide the associated standard
uncertainties.

1.6 Consideration is gi.=n to accounting for certain constraints (such as the polynomial passing
through the origir.) 1>at may need to be imposed and also to the use of transformations of the variables
that may render th,» behaviour of the calibration function more polynomial-like. Interchanging the roles
of the variables is also considered.

1.7 xanip es from several areas of measurement science illustrate the use of this document.
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