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Standard Practice for

Validation of the Performance of Multivariate Online, At-
Line, Field and Laboratory Infrared Spectrophotometer, and
Raman Spectrometer Based Analyzer Systems’

This standard is issued under the fixed designation D6122; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Operation of a laboratory or process stream analyzer system typically involves five sequential
activities. (/) Correlation—Prior to the initiation of the procedures described in this practice, a
multivariate model is derived which relates the spectrum produced by the analyzer to the Primary Test
Method Result (PTMR). (/a) If the analyzer and Primary Test Method (PTM) measure the same
material, then the multivariate model directly relates the spectra to PTMR collected on the same
samples. Alternatively (/b) if the analyzer measures the spectra of a material that is subjected to
treatment prior to being measured by the PTM, then the multivariate model relates the spectra of
the untreated sample to the PTMR for the same sample after treatment. (2) Analyzer Qualification—
When an analyzer is initially installed, or after major maintenance has been performed, diagnostic
testing is performed to demonstrate that the analyzer meets the manufacturer’s specifications and
historical performance standards. These diagnostic tests may require that the analyzer be adjusted so
as to provide predetermined output levels for certain reference materials (3) Local Validation—A
local validation is performed using an independent but limited set of materials that were not part of
the correlation activity. This local validation is intended to demonstrate that the agreement between the
Predicted Primary Method Test Results (PPTMRs) and the PTMRSs are consistent with expectations
based on the multivariate model. (4) General Validation—After an adequate number of PPTMRs and
PTMRs have been accrued on materials that were not part of the correlation activity and which
adequately span the multivariate model compositional space, a comprehensive statistical assessment
can be performed to demonstrate that the PPTMRs agree with the PTMRs to within user-specified
requirements. (5) Continual Validation—Subsequent to a successful local or general validation,
quality assurance control chart monitoring of the differences between PPTMR and PTMR is conducted
during normal operation of the process analyzer system to demonstrate that the agreement between the
PPTMRs and the PTMRs established during the General Validation is maintained. This practice deals
with the third, fourth, and fifth of these activities.

“Correlation where analyzer measures a material which is subjected to treatment before being
measured by the PTM” as outlined in this practice can be applied to biofuels where the biofuel
material is added at a terminal or other facility and not included in the process stream material sampled
by the analyzer at the basestock manufacturing facility. The “treatment” shall be a constant percentage
addition of the biofuels material to the basestock material. The correlation is deemed valid only for
the specific percentage addition and type of biofuel material used in its development.

1. Scope*

1.1 This practice covers requirements for the validation of
measurements made by laboratory, field, or process (online or
at-line) infrared (near- or mid-infrared analyzers, or both), and
Raman analyzers, used in the calculation of physical, chemical,
or quality parameters (that is, properties) of liquid petroleum

products and fuels. The properties are calculated from spectro-
scopic data using multivariate modeling methods. The require-
ments include verification of adequate instrument performance,
verification of the applicability of the calibration model to the
spectrum of the sample under test, and verification that the
uncertainties associated with the degree of agreement between

*A Summary of Changes section appears at the end of this standard
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the results calculated from the infrared or Raman measure-
ments and the results produced by the PTM used for the
development of the calibration model meets user-specified
requirements. Initially, a limited number of validation samples
representative of current production are used to do a local
validation. When there is an adequate number of validation
samples with sufficient variation in both property level and
sample composition to span the model calibration space, the
statistical methodology of Practice D6708 can be used to
provide general validation of this equivalence over the com-
plete operating range of the analyzer. For cases where adequate
property and composition variation is not achieved, local
validation shall continue to be used.

1.1.1 For some applications, the analyzer and PTM are
applied to the same material. The application of the multivari-
ate model to the analyzer output (spectrum) directly produces
a PPTMR for the same material for which the spectrum was
measured. The PPTMRs are compared to the PTMRs measured
on the same materials to determine the degree of agreement.

1.1.2 For other applications, the material measured by the
analyzer system is subjected to a consistent additive treatment
prior to being analyzed by the PTM. The application of the
multivariate model to the analyzer output (spectrum) produces
a PPTMR for the treated material. The PPTMRs based on the
analyzer outputs are compared to the PTMRs measured on the
treated materials to determine the degree of agreement.

1.1.3 In some cases, a two-step procedure is employed. In
the first step, the analyzer and PTM are applied to the
measurement of a blendstock material. In a second step, the
PPTMRs produced in Step 1 are used as inputs to a second
model that predicts the results obtained when the PTM is
applied to the analysis of the finished blended product pro-
duced by additivation to the blendstock. If the analyzer used in
the first step is a multivariate spectroscopic based analyzer,
then this practice is used to access the degree of agreement
between PPTMRs and PTMRs. Otherwise, Practice D3764 is
used to compare the PPTMRSs to the PTMRs for this blendstock
to determine the degree of agreement. Since this second step
does not use spectroscopic data, the validation of the second
step is done using Practice D3764. If the first step uses a
multivariate spectrophotometric analyzer, then only samples
for which the spectra are not outliers relative to the multivariate
model are used in the second step. Note that the second model
might accommodate variable levels of additive material addi-
tion to the blend stock.

1.2 Multiple physical, chemical, or quality properties of the
sample under test are typically predicted from a single spectral
measurement. In applying this practice, each property predic-
tion is validated separately. The separate validation procedures
for each property may share common features, and be affected
by common effects, but the performance of each property

! This practice is under the jurisdiction of ASTM Committee D02 on Petroleum
Products, Liquid Fuels, and Lubricants and is the direct responsibility of Subcom-
mittee D02.25 on Performance Assessment and Validation of Process Stream
Analyzer Systems.
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prediction is evaluated independently. The user will typically
have multiple validation procedures running simultaneously in
parallel.

1.3 Results used in analyzer validation are for samples that
were not used in the development of the multivariate model,
and for spectra which are not outliers or nearest neighbor
inliers relative to the multivariate model.

1.4 When the number, composition range or property range
of available validation samples do not span the model calibra-
tion range, a local validation is done using available samples
representative of current production. When the number, com-
position range and property range of available validation
samples becomes comparable to those of the model calibration
set, a general validation can be done.

1.4.1 Local Validation:

1.4.1.1 The calibration samples used in developing the
multivariate model must show adequate compositional and
property variation to enable the development of a meaningful
correlation, and must span the compositional range of samples
to be analyzed using the model to ensure that such analyses are
done via interpolation rather than extrapolation. The Standard
Error of Calibration (SEC) is a measure of how well the
PTMRs and PPTMRs agree for this set of calibration samples.
SEC includes contributions from spectrum measurement error,
PTM measurement error, and model error. Sample (type)
specific biases are a part of the model error. Typically,
spectroscopic analyzers are very precise, so that spectral
measurement error is small relative to the other types of error.

1.4.1.2 During initial analyzer validation, the compositional
range of available samples may be small relative to the range
of the calibration set. Because of the high precision of the
spectroscopic measurement, the average difference between
the PTMRs and PPTMRs may reflect a sample (type) specific
bias which is statistically observable, but which are less than
the 95 % uncertainty of PPTMR, U(PPTMR). Therefore, the
bias and precision of the PTMR/PPTMR differences are not
used as the basis for local validation.

1.4.1.3 Based on SEC, and the leverage statistic, a 95 %
uncertainty for each PPTMR, U(PPTMR) is calculated. During
validation, for each non-outlier sample, a determination is
made as to whether the absolute difference between PPTMR
and PTMR, 141, is less than or equal to U(PPTMR). Counts are
maintained as to the total number of non-outlier validation
samples, and the number of samples for which I3l is less than
or equal to U(PPTMR). Given the total number of non-outlier
validation samples, an inverse binomial distribution is used to
calculate the minimum number of results for which 8] must be
less than U(PPTMR). If the number of results for which IAl is
less than U(PPTMR) is greater than or equal to this minimum,
then the results are consistent with the expectations of the
multivariate model, and the analyzer passes local validation.
The calculations involved are described in detail in Section 11
and Annex A4.

1.4.1.4 The user must establish that results that are consis-
tent with the expectations based on the multivariate model will
be adequate for the intended application. A 95 % probability is
recommended for the inverse binomial distribution calculation.



A¥ pe122 - 22

The user may adjust this based on the criticality of the
application. See Annex A4 for details.

1.4.2 General Validation:

1.4.2.1 When the validation samples are of sufficient
number, and their compositional and property ranges are
comparable to that of the model calibration set, then a General
Validation can be done.

1.4.2.2 General Validation is conducted by doing a D6708
based assessment between results from the analyzer system (or
subsystem) produced by application of the multivariate model,
(such results are herein referred to as PPTMRs), versus the
PTMRs for the same sample set. The system (or subsystem) is
considered to be validated if the D6708 meets the following
condition:

(1) No bias correction can statistically improve the agree-
ment between the PPTMRSs versus the PTMRs, and
(2) R, computed as per D6708 meets user-specified re-

quirements.

1.4.2.3 For analyzers used in product release or product
quality certification applications, the precision and bias re-
quirement for the degree of agreement are typically based on
the site or published precision of the PTM.

Note 1—In most applications of this type, the PTM is the specification-
cited test method.

1.4.2.4 This practice does not describe procedures for es-
tablishing precision and bias requirements for analyzer system
applications. Such requirements must be based on the critical-
ity of the results to the intended business application and on
contractual and regulatory requirements. The user must estab-
lish precision and bias requirements prior to initiating the
validation procedures described herein.

1.5 This practice does not cover procedures for establishing
the calibration model (correlation) used by the analyzer.
Calibration procedures are covered in Practice D8321 and
references therein.

1.6 This practice is intended as a review for experienced
persons. For novices, this practice will serve as an overview of
techniques used to verify instrument performance, to verify
model applicability to the spectrum of the sample under test,
and to verify that the degree of agreement between PPTMRs
and PTMRs meet user requirements.

1.7 This practice specifies appropriate statistical tools, out-
lier detection methods, for determining whether the spectrum
of the sample under test is a member of the population of
spectra used for the analyzer calibration. The statistical tools
are used to determine if the infrared measurement results in a
valid property or parameter estimate.

1.8 The outlier detection methods do not define criteria to
determine whether the sample or the instrument is the cause of
an outlier measurement. Thus, the operator who is measuring
samples on a routine basis will find criteria to determine that a
spectral measurement lies outside the calibration, but will not
have specific information on the cause of the outlier. This
practice does suggest methods by which instrument perfor-
mance tests can be used to indicate if the outlier methods are
responding to changes in the instrument response.

1.9 This practice is not intended as a quantitative perfor-
mance standard for the comparison of analyzers of different
design.

1.10 Although this practice deals primarily with validation
of infrared and Raman analyzers, the procedures and statistical
tests described herein are also applicable to other types of
analyzers which employ multivariate models.

1.11 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 appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.12 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

D86 Test Method for Distillation of Petroleum Products and
Liquid Fuels at Atmospheric Pressure

D1265 Practice for Sampling Liquefied Petroleum (LP)
Gases, Manual Method

D1319 Test Method for Hydrocarbon Types in Liquid Petro-
leum Products by Fluorescent Indicator Adsorption

D2699 Test Method for Research Octane Number of Spark-
Ignition Engine Fuel

D3700 Practice for Obtaining LPG Samples Using a Float-
ing Piston Cylinder

D3764 Practice for Validation of the Performance of Process
Stream Analyzer Systems

D4057 Practice for Manual Sampling of Petroleum and
Petroleum Products

D4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products

D5599 Test Method for Determination of Oxygenates in
Gasoline by Gas Chromatography and Oxygen Selective
Flame Ionization Detection

D5769 Test Method for Determination of Benzene, Toluene,
and Total Aromatics in Finished Gasolines by Gas
Chromatography/Mass Spectrometry

D5842 Practice for Sampling and Handling of Fuels for
Volatility Measurement

D6299 Practice for Applying Statistical Quality Assurance
and Control Charting Techniques to Evaluate Analytical
Measurement System Performance

D6708 Practice for Statistical Assessment and Improvement
of Expected Agreement Between Two Test Methods that
Purport to Measure the Same Property of a Material

D7278 Guide for Prediction of Analyzer Sample System Lag
Times

2 For referenced ASTM standards, visit the ASTM website, 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.



