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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
RADIATION PROTECTION INSTRUMENTATION –  

SEMI-EMPIRICAL METHOD FOR PERFORMANCE EVALUATION  
OF DETECTION AND RADIONUCLIDE IDENTIFICATION –  

 
Part 1: Performance evaluation of the instruments, featuring  

radionuclide identification in static mode 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard 62957-1 has been prepared by subcommittee 45B: Radiation 
protection instrumentation, of IEC technical committee 45: Nuclear instrumentation. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

45B/876/FDIS 45B/880/RVD 

 
Full information on the voting for the approval of this International Standard can be found in 
the report on voting indicated in the above table. 

Full document details: IEC 62957-1 2017

http://avadocuments2026.com/doc/iec-62957-1-2017
http://avadocuments2026.com/doc/iec-62957-1-2017


IEC 62957-1:2017 © IEC 2017 – 5 –  

 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts in the IEC 62957 series, published under the general title Radiation 
protection instrumentation – Semi-empirical method for performance evaluation of detection 
and radionuclide identification, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its contents. Users should therefore print this document using a 
colour printer. 
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INTRODUCTION 

There are known challenges associated with the application of traditional methods1 for the 
performance evaluation of instruments used for the detection and identification of 
radionuclides. These challenges mainly originate from test logistics and the resources 
required for qualification type pass/fail tests. 

As an alternative approach, a semi-empirical performance evaluation method has been 
developed [1]2. The concept of this technique, also known as injection study, is based on 
computerized interpretation of detection or identification reports, obtained by injection of 
processed data into instrument–specific replay software for detection or radionuclide 
identification. The method does not prohibit the use of synthetic data if experimental data is 
not available. 

While remaining reasonably accurate, semi-empirical methods do not require significant 
resources for performance evaluation. In some applications, where full scope performance 
testing is not feasible or practical, the use of semi-empirical methods can provide reasonable 
confidence in the instrument performance. By no means are semi-empirical methods meant to 
fully replace traditional tests, but rather to complement them. 

It is envisioned that this standard will comprise three parts.  Part 1 of the standard is specific 
to the performance evaluation of radionuclide identification in static mode, i.e. when 
measurement geometry does not change. 

Future parts of the standard will address detection and radionuclide identification in dynamic 
scenarios. 

 

___________ 
1 Instrumental tests. 

2 Numbers in square brackets refer to the Bibliography. 
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RADIATION PROTECTION INSTRUMENTATION –  
SEMI-EMPIRICAL METHOD FOR PERFORMANCE EVALUATION  

OF DETECTION AND RADIONUCLIDE IDENTIFICATION –  
 

Part 1: Performance evaluation of the instruments, featuring  
radionuclide identification in static mode 

 
 
 

1 Scope 

This part of IEC 62957 specifies requirements for data preparation and data injection when 
using the semi-empirical method for performance evaluation of detection and radionuclide 
identification. This document recommends approaches for results interpretation and 
consolidation and establishes a method to share data and analysis results. 

This part 1 of the standard is specific to the performance evaluation of radionuclide 
identification in static mode, i.e. when measurement geometry does not change (e.g. 
radionuclide identification devices in start-stop mode). 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their 
content constitutes requirements of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the referenced document (including 
any amendments) applies. 

IEC 60050-395:2014, International Electrotechnical Vocabulary (IEV) – Part 395: Nuclear 
instrumentation: Physical phenomena, basic concepts, instruments, systems, equipment and 
detectors 

IEC 62755:2012, Radiation protection instrumentation – Data format for radiation instruments 
used in the detection of illicit trafficking of radioactive materials 

ISO 8601:2004, Date and time format 

3 Terms, definitions and abbreviated terms 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60050-395 apply, as 
well as the following. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1.1  
acceptable response table 
list of expected radionuclide identification result(s) reported by the instrument or its replay 
software 
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3.1.2  
base material 
radioactive material that contains one or several radionuclides of known isotopic composition 

3.1.3  
base material composition table 
list of radionuclide(s) that are present in each of the base materials in a sufficient quantity for 
radionuclide identification by gamma-ray spectrometry 

3.1.4  
base spectrum 
processed raw spectrum used as an input for the generation of sample spectra 

3.1.5  
confidence index 
measure provided by the instrument of the reliability assigned to the radionuclide identification 
results 

Note 1 to entry: Higher values indicate a higher likelihood of the presence of the radionuclide(s), or group of 
nuclide(s). 

3.1.6  
confidence index threshold 
minimum level of reliability of the radionuclide identification result (i.e. minimum value of the 
corresponding confidence index) that is required for an isotope to be indicated as present 

3.1.7  
distortion model 
result of distortion modelling evaluation, generally a formula describing how spectra from a 
given instrument model are affected by a given non-ideal environmental condition 

3.1.8  
distortion modelling 
evaluation of the functional relationship between pulse heights in the non-distorted and 
distorted spectra acquired under specific environmental, electromagnetic, or other conditions 

3.1.9  
false negative result 
detection or radionuclide identification result that was not reported although it was expected 
to be 

3.1.10  
false positive result 
detection or radionuclide identification result that was reported although it was expected not 
to be 

3.1.11  
detection (identification) report 
file containing all detection (radionuclide identification) results generated by an instrument’s 
replay software upon injection of a sample spectrum 

3.1.12  
identification result 
name of a radionuclide or aggregate material which has been identified. It is one item of the 
identification report 
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3.1.13  
influencing factor 
quantity that is not the measurand but that affects the result of the measurement 

3.1.14  
injection 
process of submitting processed data (sample spectra) to the replay software for detection 
and/or radionuclide identification 

3.1.15  
raw spectrum 
gamma ray spectrum of base material obtained with high statistical accuracy by the 
instrument under evaluation 

3.1.16  
replay software 
software that utilizes the detection and/or radionuclide identification analysis algorithm of a 
particular instrument model on the computer used for injection to create a detection or 
identification report corresponding to an injected sample spectrum 

3.1.17  
sample spectrum 
instrument–specific amplitude spectrum produced by processing one or more base spectra for 
injection 

3.1.18  
scenario 
description of the test conditions 

Note 1 to entry: for example: 
– presence of one or several base material(s) and the given ambient gamma dose equivalent rate for each; 

– acquisition time; 

– presence of influencing factor(s). 

3.1.19  
semi-empirical performance evaluation 
process of injection of the processed measured data into the instrument–specific replay 
software for analysis followed by computerized interpretation and consolidation of the results 

3.1.20  
sensitivity 
ratio of the net total count rate (cps) to the known ambient gamma dose equivalent rate 
(μSv/h) due to exposure to the given base material by independent means obtained either by 
calculation or by measurement using a calibrated instrument 

3.2 Abbreviated terms 
ASCII American standard code for information interchange 
cps counts per second 
EMI electromagnetic interference 
MCA multichannel analyser  
HEU highly-enriched uranium 
LEU low-enriched uranium 
NORM naturally occurring radioactive materials 
PET positron emission tomography 
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PMMA polymethyl methacrylate 
FN false negative 
FP false positive 
RGPu reactor grade plutonium 
WGPu weapons grade plutonium 
XML extensible markup language 
UTF universal character set transformation format 

4 General requirements 

The semi-empirical performance evaluation method shall consist of the following steps: 

– base material characterization and acquisition of raw spectra; 
– generation of base spectra from raw spectra; 
– distortion modelling; 
– generation of the sample spectra according to predefined scenarios; 
– injection of the sample spectra into the replay software; 
– interpretation and generalization of the radionuclide identification results; 
– validation. 

Guidance for choosing the base materials can be taken from the relevant standards 
(e.g. IEC 62327 [3]). 

The base spectra, base material composition table, distortion model and replay software shall 
meet the requirements of this document. The manufacturer shall provide the full list of all 
possible messages (e.g. identification results) which might appear as the results of 
radionuclide identification along with a detailed explanation of the meaning of each message. 
This will enable interpretation of the identification results. One or more instruments shall be 
used for experimental validation of the semi-empirical performance evaluation results. 

A detailed description of the process and relevant requirements are given in the following 
clauses. 

NOTE This method does not account for pileup or increased dead time due to high count rates. 

5 Base material characterization and acquisition of input data 

5.1 General  

The semi-empirical performance evaluation method initially requires base material 
characterization and input data acquisition. Input data consists of raw spectra and static 
efficiencies for the instrument(s) under evaluation. 

5.2 Base material characterization requirements 

All base materials shall be characterized with a high-resolution gamma spectrometer to 
assess their radionuclide composition. Characterization spectra shall be formatted according 
to IEC 62755 and provided by the manufacturer, or organization owning the base material, 
along with the date on which the spectrum was taken. Care should be taken that the base 
materials do not show significant impurities. If the base material has impurities that can be 
identified by the instrument, then those radionuclides might appear in the replay software or 
instrument identification results, and shall be accounted for in the base materials list. 
Information on sources used should be provided and distributed with the corresponding base 
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spectra. This will include relevant information such as mass, shape, density and chemical 
composition (e.g. metal or oxide). 

5.3 Base material composition table requirements 

The manufacturer or owner of the base material shall provide a base material composition 
table describing the radionuclide composition of each base material and the measured and 
validated activity of each source, along with the measurement’s date and uncertainty of the 
measured activity. For the purpose of naming base materials that contain significant 
quantities of daughter elements, the name of the parent radionuclide shall be used. An 
example base material composition table is given in Annex A. 

5.4 Raw spectra requirements 

Raw spectra shall be collected for each base material, including natural radiation background, 
using the instrument under evaluation. To the extent possible, the same instrument should be 
used throughout the collection effort. 

Conditions for acquisition of the raw spectra shall, to the extent possible, be similar to static 
operational conditions. Commerce material containing NORM shall be used in bulk form to 
account for radiation scattering and self-absorption processes. 

6 Generation of base spectra from raw spectra 

6.1 General 

Radiation background shall be subtracted from all spectra, except the spectrum of natural 
radiation background. Prior to this subtraction, the spectra shall be adjusted to account for 
differing live times and re-binned as needed to account for any gain shifts. The background 
subtracted spectrum for each base material becomes the base spectrum. Each base spectrum 
shall be typical for the model being used (e.g. consideration of differences in energy 
resolution, low-level discriminators and variation in calibrations). 

Base spectra should be named according to Annex B. They should be formatted according to 
IEC 62755. An example is given in Annex B. 

All base spectra shall be defined over the same number of MCA channels and shall have the 
same energy calibration. 

If the instrument under evaluation is designed to identify shielded radionuclide(s), the base 
spectra of shielded material should be obtained. 

Whenever possible, the ambient gamma dose equivalent rate produced by the base material 
at the instrument under evaluation should be at least 10 times greater than that of 
background. 

Acquisition times for raw spectra shall be adjusted such that the base spectra they are 
processed into contain at least ten times the number of counts contained in any individual 
sample spectrum expected to be generated from them. This should be according to the 
formula: 

 D0 T0 ≥ 10 Ds Ts (1) 
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Where: 

D0 is the dose rate produced by the base material at the distance at which the base 
spectrum was collected; 

T0 is the live time of the base spectrum; 
Ds is the maximum dose rate to be simulated in the sample spectra; 
Ts is the maximum live time to be simulated in the sample spectra. 

Care should be taken to ensure that the dead time is as low as possible to avoid pileup, but 
no more than 2 %. As these raw spectra are collected over long periods of time, care should 
also be taken to avoid conditions which can lead to gain shifts. 

6.2 Base spectra data element requirements 

The following data elements shall be included in each base spectrum: 

• <RealTimeDuration>: Real time in the format “PT1H15M05.2S”, “PT75M5.2S”, or 
“PT4505.2S”. 

• <LiveTimeDuration>: Live time in the format “PT1H15M05.2S”, “PT75M5.2S”, or 
“PT4505.2S”.  

• <EnergyCalibration>: Energy calibration information that spectrum measurements can 
reference as applicable to a particular spectrum. There are two methods available for 
providing energy calibration information: either in the form of a second-order polynomial 
equation in which the CoefficientValues child element shall be specified, or in a table in 
which the EnergyBoundaryValues child element shall be specified. Only one of the two 
methods applies to a particular energy calibration. The EnergyDeviationValues and 
EnergyValues child elements provide a means to account for the difference in the energy 
predicted by the second-order polynomial equation and the true energy. 

• <DoseRateValue>: The measured ambient radiation dose equivalent rate value in µSv/h. 

• <ChannelData>: A list of values, one for each of a spectrum’s channels. The values 
represent the number of counts per channel. 

• <Sensitivity>: a ratio of the net total count rate (cps) to the known ambient gamma dose 
equivalent rate (μSv/h) due to exposure to the given base material by independent means 
obtained either by calculation or by measurement using a calibrated instrument. Parent 
element: <Measurement>. 

• <StartDateTime>: Time corresponding to the start of the collection of the data contained in 
the base spectrum. This should be in the format “2004-11-03T14:36:04.3-06:00”, where 
“-06:00” represents the difference between universal coordinated time and local time. 

For the time format, the number preceding “H” gives the hours of the measurement duration, 
the number preceding “M” gives the minutes of the measurement duration and the number 
preceding “S” gives the seconds of the measurement duration. This duration can be 
expressed with hours, minutes and seconds or can be expressed as minutes and seconds or 
seconds only. This is according to ISO 8601. 

Additionally, the following data elements should be recorded: 

• <RadDetectorName>: The name of the radiation detector. 

• <Nuclide>: The radionuclide used to obtain the base spectrum. 
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• Neutron counts: Number of neutron counts collected over the duration of the 
measurement. This should be stored under a <GrossCounts> tag as in the following 
example:  
<GrossCounts id=“M112N” radDetectorInformationReference=“Neutron”> 
<LiveTimeDuration>PT3.08</LiveTimeDuration> 
<CountData>2</CountData> 
</GrossCounts> 

6.3 Sensitivity requirements 

The sensitivity of the instrument to the given base material shall be obtained with an 
uncertainty of less than 20 % (with a confidence level of 95 %). 

The position of the instrument under evaluation shall be determined based on accuracy 
requirements.  The instrument’s orientation with respect to the source shall be the same as 
how it is intended to be used in the field. Raw spectra shall be acquired at a count rate where 
the effects of pile-up are negligible. 

The sensitivity shall be calculated according to formula (2). 

 
)/(____

)(__
hSvrateequivalentdosegammaambient

cpsratecountnetySensitivit
m

=  (2) 

Obtained sensitivities for each base material shall be included in the base spectra under the 
element <Sensitivity> as shown in Clause B.2. 

7 Distortion modelling 

7.1 General requirements 

To assess an instrument’s tolerance to specified influencing factors, distortion modelling 
should be obtained. Distortion is defined as the change in position of the peaks in the 
spectrum due to influencing factors. Some common influences affecting the instrument’s 
energy scale are temperature, magnetic field and high count rate. Other influences can be 
modelled as desired. 

The file containing the parameters of the distortion model shall be named and formatted 
according to Annex C. 

7.2 Acquisition of model parameters 

The generic process of distortion modelling is as follows: 

– Establish the reference peak centroid values from the spectra under normal test 
conditions3; At a minimum, three peaks, covering nearly the full energy range shall be 
used for the modelling (e.g. 59,5 keV from 241Am, 661,5 keV from 137Cs, and 2 614 keV 
from 232Th decay chain). 

– Keeping all other conditions the same as that for the reference spectra expose the 
instrument to the influence and obtain influence spectra using the same process as that 
used to establish reference spectra. 

___________ 
3 Conditions established in the standard applicable to the instrument type. 
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– Obtain polynomial coefficients for the distortion model from the peak shifts between the 
mean position of the peaks in the reference spectra and the positions of these same peaks 
in the influence spectra, as described in Annex C. 

8 Generation of sample spectra 

8.1 Scenarios 

Scenarios define the semi-empirical performance evaluation method test conditions. Each 
scenario shall contain the acquisition time, individual dose equivalent rate from each base 
material and background involved and the presence of influence(s), when applicable. Each 
scenario shall have a unique name. Scenario names shall be used to name the corresponding 
sample spectra and identification reports. Files containing scenarios should be formatted 
according to Annex D. 

8.2 Group of scenarios 

Evaluation of the instrument performance might involve a large number of various scenarios. 
Logically connected scenarios can be grouped into a group of scenarios for the convenience 
of handling a large amount of data. 

Scenarios in a group might target a specific aspect of the instrument’s performance, such as 
its ability to identify innocent radioactive materials or shielded materials. There might be one 
or several groups of scenarios, each corresponding to specific test procedures established by 
international (e.g. IEC 62327 [3]) standards. 

8.3 Sample spectra 

Sample spectra are generated from the base spectra to simulate the measured spectra which 
would be acquired under the conditions specified by the given scenario. For the same 
scenario, a minimum of 100 individual sample spectra shall be generated to ensure statistical 
confidence of the performance evaluation results. 

NOTE The total counts obtained from the base spectra defines the maximum counts for the development of the 
sample spectra. 

The algorithm to generate a sample spectrum shall be compliant with the process described in 
Annex E. The process described consists of spectrum distortion, scaling down and 
summing-up processes and ensures a level of statistical variation in accordance with those 
expected in measured spectra. 

Each sample spectrum shall be formatted according to IEC 62755 (see the example of the 
base spectrum in Annex B). The name of each sample spectrum shall be unique for the 
scenario it corresponds to and contain the scenario name and its sequential number. 

9 Injection of sample spectra 

9.1 General requirements  

If the instrument’s radionuclide identification algorithm requires injection of the radiation 
background sample spectrum, this spectrum should be obtained and injected as required. 

9.2 Replay software requirements 

The replay software shall read sample spectra files, process the data in these files and record 
identification report files. 
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The replay software shall not disclose any proprietary information about an instrument’s 
radionuclide identification algorithm. 

Replay software shall: 

a) use a radionuclide identification algorithm (including its library of nuclides) that is 
functionally equivalent to the instrument–embedded algorithm; 

b) read a sample spectrum and perform a radionuclide identification;  
c) run in a batch mode in order to open and analyse all spectra in the selected folder; 
d) generate one output file (i.e. identification report) for each injected sample spectrum, save 

it in the specified folder under the name of the analysed sample spectrum but with the 
extension *.res. 

The replay software shall record the radionuclide identification algorithm version and the 
minimum necessary information about algorithm configuration in the  identification report. 

The replay software package shall be self-contained, in that it includes all components 
necessary for it to run.  

9.3 Identification report requirements 

The data in the identification report should be UTF-8 characters encapsulated using the 
extensible mark-up language (XML). An example of this file is given in Annex F. 

The names of the individual radionuclides or group of radionuclides recorded in the 
identification reports shall be identical to those defined in the acceptable response table. The 
acceptable response table is discussed further in 9.1 and Annex G. 

10 Data interpretation and consolidation 

10.1 Data interpretation 

The expected identification results for all base materials shall be defined for data 
interpretation in a computer-readable data format according to Annex G. 

The content of the acceptable response table shall contain the following information: 

– radionuclide composition for the given base material described in the base material 
composition table; 

– expected results for radionuclide identification, e.g. those that shall be reported for this 
particular base material and those that can be reported without considering them being 
false positive results; 

– naming convention. 

Interpretation of identification reports can be performed according to the scheme in Annex H. 
Its paradigm takes into consideration a degree of consistency between actual and expected 
results of radionuclide identification allowing for the establishment of flexible scoring schemes 
and for troubleshooting. 

Interpretation of the identification report might involve analysis of confidence indices 
associated with the reported identification results. The confidence index shall be reported on 
a scale of 0 to 10. Identification results below a certain confidence index value or threshold 
might not be reported by the radionuclide identification algorithm. The use of this confidence 
index threshold can serve as a tool to optimise the instrument performance by aiding an 
analyst in balancing the false positive and false negative rates for specific radionuclides. 
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10.2 Consolidated identification reports 

Results can be summarized in a variety of methods. For example, two possible methods for 
summary of results are by scenario and by the ability of the instrument to identify 
radionuclides under changing conditions. Examples of consolidated identification reports are 
given in Annex I. 

Consolidated identification reports might help in, but are not limited to, the following: 

– determining instrument compliance with performance requirements expressed by the 
number of correct and complete identification results for the given base material(s); 

– study of the instrument performance  to withstand influencing factors; 
– an assessment of the instrument’s vulnerability to gradual changes of test conditions (e.g. 

dose rate from the base material(s), or acquisition time); 
– test of instrument compliance with the performance  requirements expressed in the units 

of false positive and/or false negative rates for individual radionuclide(s), or radionuclide 
group(s); 

– optimization of the instrument performance through adjustment of its sensitivity to the 
individual radionuclide(s) or the group of radionuclide(s), e.g. setting up individual 
confidence index threshold(s), or changing the corresponding “identity” criteria such as 
templates and gamma line(s) required. 

11 Validation 

11.1 General 

Data obtained by means of a semi-empirical performance evaluation method shall be 
experimentally validated through a limited number of tests. There shall be at least two groups 
of tests – validation of the sample spectra against measured spectra and validation of the 
replay software against the instrument-embedded software. 

11.2 Equivalency between measured and sample spectra 

11.2.1 Requirements 

Sample spectra shall be validated against measured spectra obtained with the same 
instrument under the same test conditions to ensure equivalency. 

11.2.2 Method of test 

The validation of equivalency shall be performed for each of several scenarios as follows: 

a) collect test spectra of base material(s) under the test conditions defined by the scenario; 
b) collect background spectrum; 
c) generate sample spectra from the base material(s) and background using the same test 

conditions; 
d) compare the generated and acquired spectra and note significant differences. Areas of 

concern might be peak counts, peak locations and resolution. 

11.3 Equivalency between replay software and instrument-embedded software 

11.3.1 Requirements 

Replay software and instrument-embedded software shall contain the same radionuclide 
identification algorithm. To help ensure that the algorithm is the same, the technique shown in 
the method of test should be used. 
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NOTE Differences between the instrument-embedded and injection computer processors’ architecture can cause 
a minimal variation in results due to different numerical precision. 

11.3.2 Method of test 
a) collect test spectra from several base materials under various test conditions and perform 

a radionuclide identification with the instrument-embedded software; 
b) upload the data from the instrument, convert the spectra into the replay software-readable 

format and inject them into the replay software; 
c) compare the results generated by the instrument under evaluation and those obtained 

from the replay software. Note any differences. 
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Annex A 
(informative) 

 
Example base material composition table 

The following Table A.1 is an example of a base material composition table for given base 
materials. The list of main radionuclides is not meant to be proscriptive. 

Table A.1 – Base material composition for base material isotopic composition 

No. Base material Main radionuclide(s) Activity Date of 
measurement 

1 Am-241 Am-241   

2 Background K-40, Th-232 decay chain, 
U-238 decay chain 

  

3 Ceramic K-40, Th-232 decay chain, 
U-238 decay chain 

  

4 Cs-137 Cs-137   

5 Co-60 Co-60   

7 Sr-90 Sr-90, Y-90   

8 Potassium fertilizer K-40   

9 Depleted uranium U-238, U-235   

10 Weapons Grade Plutonium Pu-239, Pu-240, Pu-241, 
Am-241 

  

11 Tc-99m  Tc-99m, Mo-99, Tc-99   

12 Se-75 Se-75   

13 Highly enriched uranium U-235, U-238, U-232, U-234   

14 Tl-201 Tl-201, Tl-202   

15 Eu-152 Eu-152, Eu-154   
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Annex B 
(informative) 

 
Base spectra naming convention and format 

B.1 Naming convention for base spectra 

While the spectrum names are normative, the comments are considered to be informative, 
see Table B.1. 

Table B.1 – Naming convention for the base spectra 

Nuclide or aggregate Spectrum name Comments 
235U HEU_description.n42 Highly enriched uranium with 235U/U above or equal to 

20 % 
235U+238U LEU_description.n42 Low enriched uranium with 235U/U between 0,7 % and 

20 % 
238U DU_description.n42 Depleted uranium with 235U/U below 0,7 % 
239Pu+240Pu+241Pu WGPu_description.n42 Weapons grade plutonium with 239Pu/Pu above or equal 

to 93 % 
239Pu+240Pu+241Pu RGPu_description.n42 Reactor grade plutonium with 239Pu/Pu below 93 % 
40K Knorm_description.n42 Potassium fertilizer or potassium salt 
238U decay chain Unorm_description.n42 Uranium decay chain in equilibrium with daughters (e.g. a 

base spectrum of phosphate fertilizer) 
232Th decay chain Tnorm_description.n42 Thorium decay chain in equilibrium with daughters (e.g. a 

base spectrum of welding rods, camera lenses or lantern 
mantles) 

Natural radiation 
background  

Bgnd_description.n42 Contribution from non-naturally occurring radioactive 
material into the spectrum shall be negligible 

nnnMM MMnnnx.n42 All other nuclides, MM is a 2-alphabetic placeholder for 
the nuclide name according to [3]. nnn is an up to 
3-digits placeholder for nuclide atomic number, 
e.g. Cf252.n42. x is an optional indication for metastable 
nuclides by the letter "m" 

Shielded and/or 
alternative base 
material 

Name_description.n42 All shielded or alternative base materials when subject of 
evaluation 
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B.2 Example format for base spectra 

An example base spectrum is provided below. 

<?xml version="1.0" encoding="UTF-8"?>  
<RadInstrumentData> 
  <Measurement> 
    <Spectrum> 
      <StartTime>29-Jul-2015 16:39:14</StartTime> 
      <RealTimeDuration>484</RealTimeDuration> 
      <LiveTimeDuration>456</LiveTimeDuration> 
      <Calibration Type="Energy" EnergyUnits="keV"> 
     <Equation Model="Polynomial"> 
      <Coefficients>0  3.0 </Coefficients> 
     </Equation> 
      </Calibration> 
      <DoseRate>0.5</DoseRate> 
      <DeviceName>Model001</DeviceName> 
      <NeutronCounts>0</NeutronCounts> 
      <NeutronCps>0</NeutronCps> 
      <Sensitivity>4295.2</Sensitivity> 
      <ChannelData>0 0 0 0 561 3903 6638 12789 25240 33756 32481 16001 
5929 5555 10110 19516 36512 68686 128518 166195 217736 150201 65323 
18447 3790 981 574 593 333 909 1104 1612 2169 2348 2104 1534 884 356 
114 52 56 53 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0</ChannelData> 
    </Spectrum> 
  </Measurement> 
</N42InstrumentData> 
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Annex C 
(informative) 

 
Distortion modelling 

The following is an example of a distortion model that can be used to show the influence of 
various factors on the sample spectra. An example of distorted and non-distorted spectra is 
given in Figure C.1. 

a) The name of the file that contains the distortion model is Distortion.n42. 
b) The data layout in the distortion model is formatted as described below. 
 
  <RadInstrumentInformation id="Instrument"> 
    <RadInstrumentManufacturerName>RIDs R Us</RadInstrumentManufacturerName> 
    <RadInstrumentIdentifier>SN 7890A</RadInstrumentIdentifier> 
    <RadInstrumentModelName>iRID</RadInstrumentModelName> 
    <RadInstrumentClassCode>Radionuclide Identifier</RadInstrumentClassCode> 
    <RadInstrumentVersion> 
      <RadInstrumentComponentName>Hardware</RadInstrumentComponentName> 
      <RadInstrumentComponentVersion>31Z</RadInstrumentComponentVersion> 
    </RadInstrumentVersion> 
    <RadInstrumentVersion> 
      <RadInstrumentComponentName>Software</RadInstrumentComponentName> 
      <RadInstrumentComponentVersion>1.1</RadInstrumentComponentVersion> 
    </RadInstrumentVersion> 
    <Influence> 
        <InfluenceName> TemperatureHigh </InfluenceName> 
        <InfluenceValue>-0.2 1.003 0.0</InfluenceValue> 
        <InfluenceName> TemperatureLow </InfluenceName> 
        <InfluenceValue>2.5 -1.04 0.0</InfluenceValue> 
     </Influence> 
 </RadInstrumentInformation> 
 
c) For the common influences affecting performance of an instrument, the following standard 

names <InfluenceName> are:  
– Energy calibration reproducibility over time <TimeInstability> 
– Exposure to high operating temperature <TemperatureHigh> 
– Exposure to low operating temperature <TemperatureLow> 
– Exposure to electromagnetic influence <EM> 
– Exposure to mechanical  vibration <Vibration> 
– High count rate <CountRateHigh> 
For the less common influences, instrument manufacturers may specify individual names. 

d) For a given influence the functional relationship between pulse heights in reference 
(non-distorted) and influence (distorted) spectra are approximated by the second degree 
polynomial: 

 
2

321 iii CkCkkC ⋅+⋅+=′  (C.1) 

with ,1k  ,2k  and 3k being polynomial coefficients, C′  and C  are the centroids of the peaks 
in the influence and reference spectra, respectively. These peaks are obtained in channels in 
a standard energy scale4 These peaks are stored under the “InfluenceValue” tag as 
<InfluenceValue> k1 k2 k3 </InfluenceValue>. 

___________ 
4 The energy scale used for the definition of base spectra. 
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