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Session N°1: Thermal measurements: what's new?
Towards realising the redefined kelvin
Author reference: Mr MACHIN - NPL / United Kingdom
Second authors:
Mr SADLI - LNE CNAM / France
Mr PEARCE - NPL / United Kingdom
Mr ENGERT - PTB / Germany
Mr GAVIOSO - INRIM / Italy
Abstract n°8:
In the post kelvin redefinition era instead of temperature traceability being achieved through the
calibration of sensors to the defined temperature scales (International Temperature Scale of 1990 (ITS90) or Provisional Low-Temperature Scale of 2000 (PLTS-2000)) the user is presented with a more
nuanced traceability choice through the mise en pratique for the definition of the kelvin (MeP-K-19).
Temperature traceability may be achieved either through one of the defined scales or directly to
primary thermometry, linked to the redefined kelvin. Here we report on research supported by the
European metrology program for innovation and research (EMPIR) Realising the Redefined Kelvin
(Real-K) project which is seeking to turn the MeP-K-19 into a reality. There are four main objectives:
1) To demonstrate and establish traceability directly to the redefined kelvin from ~1300 K to ~3000 K.
Low uncertainty thermodynamic temperatures of four new high-temperature fixed points (HTFPs) will
be established. Then, through the mechanism of the MeP-K-19, HTFPs will be used to realise and
disseminate thermodynamic temperature with uncertainties competitive with the defined scale (the
ITS-90). 2) To demonstrate practical primary thermometry for realisation and dissemination of
temperature below 25 K and so demonstrate that primary thermometry can be used: to replace the
currently complex ITS-90 scale realisation arrangement below 25 K and to ensure a smooth transition
to the PLTS-2000 range <1 K (target expanded uncertainty of 0.2 mK at 25 K and <1% at 1 K). 3) To
extend the life of the current defined scale (ITS-90) giving users continued access to low uncertainty
realisations of the scale whilst allowing time for primary thermometry methods to mature. Scale nonuniqueness will be investigated, with the objective of reducing its uncertainty by 30 %. A possible
replacement fixed-point for the mercury triple point will be identified, constructed and tested and the
issue of integration within the ITS-90 will be addressed. 4) To reduce the uncertainty in different gasbased primary thermometry methods, approved for use in the MeP-K-19, and so begin to facilitate an
extension of their applicability for temperature realisation and dissemination into the temperature
region 25 K and above. This will be facilitated through reducing the uncertainties of the calculated
thermophysical properties of gases (e.g. He, Ne, Ar) used in primary thermometers.
The primary thermometry methods developed in Real-K will provide users with temperature
traceability to the most advanced thermometry approaches without any of the disruptions caused
when new temperature scales were introduced in the past. The ITS-90 remains fit for purpose and
there is currently no significant group of users requiring a new temperature scale, either from the point
of view of an improved thermodynamic consistency (the very small number of users that need T can
get it from the T-T90 data) or different interpolation functions (which makes no practical difference to
accessing the temperature scale). Over the next decade, it is envisaged the traceability route for
temperature will slowly change from defined scales to direct linkage to the redefined kelvin by practical
primary thermometry
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Session N°1: Thermal measurements: what's new?
A reference network for measuring ocean surface temperatures
Author reference: Mr LE MENN - SHOM / France
Second authors:
Mr HERKLOTZ - BSH / Germany
Mr Guillerm - SHOM / France
Mr DAVID - nKE Instrumentation / France
Mr SAGOT - nKE Instrumentation / France
Mr LUCAS - CLS / France
Mrs O'CAROLL - EUMETSAT / Germany
Mr BELBEOCH - JCOMMops / France
Abstract n°27:
Different means can be used to evaluate the ocean surface temperature or SST for Sea Surface
Temperature. Setting up a network of surface buoys equipped with temperature sensors has
advantages in terms of comparison with data measured by satellites. There is already a programme
called DBCP (Data Buoy Cooperation Panel) which coordinates a global network of 1400 active floats
and an historical data for over 14000 of these floats. This network is made up of buoys initially designed
to track surface currents. They are equipped with a temperature sensor (SST sensor), but the
temperature data transmitted by these buoys suffer from a lack of metrological traceability. In order
to improve the quality of the temperature data provided by the Sentinel 3 satellites, the TRUSTED
(Towards fiducial Reference measUrements of Sea-surface Temperature by European Drifters) project
was set up to deploy a network of 100 to 150 reference drifting buoys distributed over all the world's
ocean. The aim of this presentation is to describe the technology implemented to manufacture these
buoys, characterize their temperature sensors and ensure the metrological traceability of the
measured data. The buoys consist of a module called MoSens equipped with a temperature sensor
called 'high resolution' or HRSST sensor. Two prototypes were first built and intercompared at sea with
reference instruments. These measurements have, among other things, highlighted the advantage of
surface drifting float measurements over other means that can be used to characterize HRSST. The
MoSens were then calibrated in batches of 10. Once integrated, 15 out of 150 buoys were checked in
a calibration tank to ensure that there was no bias. After one year of measurements at sea, two buoys
were recovered and checked again to evaluate the drift of their HRSST and SST sensor. All these
measurements showed the advantages of the MoSens modules and the ability to guarantee the
tolerance of the original specification of ± 0.05 °C in terms of trueness and uncertainty.
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Session N°1: Thermal measurements: what's new?
The thermal performance of thermostatic system used for acoustic gas thermometry at
TUBITAK UME
Author reference: Mr KALEMCI - TUBITAK UME / Turkey
Second authors:
Mr UYTUN - TUBITAK UME / Turkey
Mr AYDIN - TUBITAK UME / Turkey
Mr KIRBAS - TUBITAK UME / Turkey
Mr YILDIZ - LABO / Turkey
Abstract n°157:
The kelvin, which is the SI unit of thermodynamic temperature has a new definition based on the fixed
numerical value of the Boltzmann constant since 2019. The leading method for realizing the new kelvin
is acoustic gas thermometry (AGT) which exploits the relationship between the speed of sound in an
ideal gas in the limit of zero pressure and the thermodynamic temperature of the gas. TUBITAK UME
temperature laboratory recently established AGT to realize the thermodynamic temperature. The
system consists of acoustic/microwave resonator, the pressure vessel including the resonator, and the
thermostatic system involving the vessel, resonator and all the connections inside. The temperature
stability and homogeneity inside the system and on the resonator have crucial importance for AGT and
it is expected to be within a few mill kelvins to perform high accuracy acoustic and microwave
resonance measurements. The pressure vessel and the thermostatic system were manufactured by a
local company under the guidance of TUBITAK UME. The thermal characterization, the stability, vertical
and radial uniformity of the system, were worked out around the temperatures 0.01 °C and 29.7646
°C since the initial measurements with AGT will be performed between Triple point of water and
Gallium melting point. The paper gives the results obtained through measurements.

5

Session N°1: Thermal measurements: what's new?
Towards a metrological infrastructure to ensure traceability to SI of moisture using
dielectric measurement
Author reference: Mrs TALLAWI - CETIAT / France
Second authors:
Mr GEORGIN - CETIAT / France
Mr SABOUROUX - Institut Fresnel / France
Abstract n°191:
Moisture measurements in solid materials, both in terms of industrial measurements and calibration
for ensuring SI traceability, represents a great challenge. LNE-CETIAT has initiated a work related to
this topic couple of years ago, nevertheless key achievements have been done during the Joint
Research Project SIB64 METefnet within European Metrology Research Program jointly funded by the
EMRP participating countries within EURAMERT and the European Union. Later on, LNE-CETIAT
followed up research in this field with two projects. One dedicated to the development of calibration
services for enabling SI traceability to industry. this project is funded by French Metrology via LNEDRST. The other project is JRP 19ENG09 BIOFMET, funded by the European Metrology Program for
Innovation and Research EMPIR co-financed by the Participating States and from the European Union's
Horizon 2020 research and innovation program, is dedicated to Biofuels, solid and liquid. Among the
different topics covered by this project, and alongside with other JRP partners, LNE-CETIAT aims to
develop an instrument, dedicated to moisture measurement, enabling, on-site, SI traceability and
possibly on-line conditions.In this article we are going to present key achievement related to moisture
calibration and references implemented in the laboratory. Then a focus will present a set of
instruments that are currently developed within BIOFMET project. Among the various approaches
developed in this field, indirect electromagnetic techniques are becoming an increasingly useful tool
for the quantitative estimation of water content. The complex permittivity ε* = ε’ – jε” is an
electromagnetic characteristic which depends on several factors like humidity, temperature, density,
frequency... In this study, we are mainly interested in frequency, since the water contained in any solid
can be characterized by its relaxation frequency. This frequency depends mainly on the degree of
bonding between free water and another water that interacts with the solid matrix under different
degrees of bonding. Two coaxial transmission cells have been studied: EpsiMu (epsimu.com) cell
developed firstly at the Institute Fresnel-Aix Marseille University and the coaxial cell developed at LNECETIAT. Both can be used to determine the complex permittivity of solids versus frequency. For the
need of characterization we focus on the cell developed at LNE-CETIAT and its validation using namely
PTFE and air which are used as permittivity references. This work provides the main dielectric
measurement results in the frequency range from 500 MHz to 3 GHz. The permittivity measurements,
for different thicknesses of samples, show that the LNE-CETIAT cell gives results similar to those given
by the EpsiMu cell and the literature. At this stage of the project, the effectiveness of coaxial cell in the
[500MHz – 3 GHz] band was validated. As further steps, the first measurements on moisten samples
will be performed.
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Session N°1: Thermal measurements: what's new?
New thermodynamic temperature references up to 3020 K
Author reference: Mr SADLI - LNE CNAM / France
Second authors:
M. Sadli, G. Machin, NPL, National Physical Laboratory, Teddington / United-Kingdom
K. Anhalt, PTB, Physikalisch-Technische Bundesanstalt, Berlin / Germany
M.J. Martin, J.M. Mantilla, CEM, Centro Español de Metrologia, Tres Cantos / Spain
F. Girard, M. Florio, INRIM, Istituto Nazionale di Ricerca Metrologica, Torino / Italy
Ö. Pehlivan, H. Nasibli, TUBITAK-UME, Ulusal Metroloji Enstitüsü, Gebze / Turkey
L. Kazovická, CMI, Czech Metrology Institute, Brno / Czech Republic
N. Sasajima, NMIJ, National Metrology Institute of Japan, Tsukuba / Japan
X. Lu, NIM, National Institute of Metrology, Beijing / China
B. Khlevnoy, I. Grigoryeva, VNIIOFI, The All-Russian Research Institute for Optical and Physical
Measurements, Moscow / Federation of Russia
A. Todd, NRC, National Research Council, Ottawa / Canada
Abstract n°216:
The mise-en-pratique of the new definition of the kelvin includes the possibility of using hightemperature fixed points (HTFPs) with assigned thermodynamic temperatures as references for the
realisation and the dissemination of the kelvin. In a first step, three HTFPs, Co-C (1597 K), Pt-C (2011
K) and Re-C (2747 K), have been studied extensively over the last decade and thermodynamic
temperatures were assigned in the frame of a former European-metrology funded project (joint
research project “implementing the new kelvin” 2012-2015). To complete this work, a new European
project, Real-K “realising the new kelvin”, was launched in September 2019. Among the objectives of
this project, gathered in its first work package, the study of four additional high-temperature fixed
points, Fe-C (1426 K), Pd-C (1765 K), Ru-C (2226 K) and WC-C (3020 K), is ongoing. The consortium of
this work package was extended over the European region and strengthened by four contributing
national metrology institutes (NMIs) from the Federation of Russia (VNIIFI), China (NIM), Japan (NMIJ)
and Canada (NRC). all bringing a long experience in high-temperature fixed point research and
thermodynamic temperature measurement. The goal of this work package is twofold: extending the
thermodynamic temperature references range (1426 K to 3020 K) and testing the traceability via
HTFPs. To achieve this goal, several steps are needed, as follows:
- Construction of new HTFP cells with the best-known technologies.
- Characterisation of the HTFP cells and the thermal effects.
-Comparison and selection of the cells.
- Assignment of thermodynamic temperatures to a primary set of cells.
-Dissemination trials with a secondary set of cells (with adapted dimensions if needed).
In this presentation, the results obtained in the first half of the project will be detailed. In particular,
the construction, the characterisation of the thermal effects and the initial comparison of the cells will
be reviewed. From the first results an estimate of the possibilities of the fabricated cells, in terms of
uncertainties in the realisation of thermodynamic temperature, will be performed.
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Session N°2: Flow measurements: latest innovations
Development and validation of a dynamic primary standard for unsteady liquid flow
calibration
Author reference: Mr OGHEARD - CETIAT / France
Abstract n°55:
According to its mission of national reference laboratory, LNE-CETIAT maintains and develops the
French standard for liquid water flow meters calibration from 1g.h-1 to 36 t.h-1. The reference
calibration facilities at LNE-CETIAT are historically based on the flying start and stop gravimetric
method. Because of the specificity of micro-flow rates, two separated and dedicated calibration
benches are used for flow rates from 1 g.h-1 to 10 kg.h-1 on one side, and from 8 kg.h-1 to 36 t.h-1 on
the other side, with a best relative expanded uncertainty of 0.05 % (k=2). Continuous improvement of
the calibration capabilities pushes LNE-CETIAT to upgrade the existing methods toward a dynamic
measurement of the reference flow rate, in the scope of EURAMET EMPIR 'METROWAMET' JRP in
which CETIAT is a partner of the consortium. After a short review of the state of the art and a
description of the current LNE-CETIAT's facilities, this paper will first present the last developments of
a dynamic liquid flow generator required to ensure the measurand's representability for a given flow
profile. In a second part, the last development of a dedicated and traceable dynamic measurement
system, based on the existing gravimetric test rig, is described. Finally, the validation of the
measurement and calibration capabilities, based on internal tests and inter-laboratory comparisons
are presented.
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Session N°2: Flow measurements: latest innovations
Development of primary system for the measurement of nano-flow rates of liquids
Author reference: Mrs BOUDAOUD - CETIAT / France
Abstract n°56:
The metrological traceability of liquid flow rate measurements is ensured by an uninterrupted chain
of calibrations against national primary and transfer standards. However, for flow rates that fall below
a few microliters per minute, traceability becomes difficult due to the lack of references at this scale.
In this work, and as part of the «Metrology for Drug Delivery II» European joint research project, we
developed a primary system for the measurement of low liquid flow rates based on the optical tracking
of a liquid/air interface moving inside a glass capillary tube. A quantification of the physical phenomena
occurring at the interfaces and an assessment of the different uncertainty components were carried
out. The system allows the calibration of liquid flow generating and measurement devices such as drug
delivery systems, flow sensors, pressure controllers and syringe pumps, all of which may be used for
e.g. medical and microfluidics applications. Our system also enables the study of flow rate fluctuations
and thus, a complete characterization of flow generating devices. Ultimately, the goal is to achieve a
measurement-expanded relative uncertainty of 2% (k=2) for flow rates ranging from 5 nL/min to 16
µL/min, the latter which is the current limit achieved by the French national reference laboratory.
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Session N°2: Flow measurements: latest innovations
Metrology infrastructure for high-pressure gas and liquified hydrogen flows
Author reference: Mr BÖCKLER - PTB / Germany
Second authors:
Mrs SCHMELTER - PTB / Germany
Mr BÜKER - RISE / Sweden
Mr DE HUU - METAS / Switzerland
Mr MAURY - CESAME EXADEBIT / France
Mr SCHAKEL - VSL / The Netherlands
Abstract n°82:
The European Union (EU) aims to be climate-neutral by 2050 – an economy with net-zero greenhouse
gas emissions. This objective is at the heart of the European Green Deal and in line with the EU’s
commitment to global climate action under the Paris Agreement. The recently released hydrogen
strategy for a climate neutral Europe identifies the use of hydrogen as a bridge technology to achieve
the European Green Deal and Europe’s clean energy transition. The EMPIR Joint Research Project
(JRP) 20IND11 “Metrology infrastructure for high-pressure gas and liquified hydrogen flows” will be
the first large scale industry project that will provide metrological infrastructure and traceability to
tackle the measurement challenges, which are currently slowing down the hydrogen industry growth
for several sectors (mobility, fuel cells, liquified hydrogen). This holistic approach includes several
measurement challenges. On the gaseous side, the calibration of critical flow venturi nozzles will be
put into praxis in a pressure range up to 100 MPa. In parallel, a Computational Fluid Dynamics (CFD)
model for nozzle flow will be developed, which takes into account the influence of real gas effects. To
compare the results of the calibration campaign and the CFD simulation, a specific Equation of State
(EoS) for hydrogen will be realised and a strategy for the dimensional calibration of the nozzles inner
body will be developed and used. Thus, new knowledge on nozzle behaviour in high pressure hydrogen
will be gained, which allows to establish nozzles as a new reference standard. Additionally, a robust
metrological hydrogen infrastructure for high-pressure calibration of critical flow venturi nozzles
comprising of several primary standards within Europe will be established, which will meet the needs
of fuel cell applications.
Regarding liquid flow, the project aims to reduce hydrogen flow
measurement uncertainties down to 0.3% - 0.8%. To achieve this goal, a thorough assessment of the
current measurement uncertainties will be carried out. Furthermore, a three-pronged approach for
traceable liquefied hydrogen flow measurement will be applied using world-leading flow calibration
facilities: (I) assessment of transferability of water and Liquefied Natural Gas (LNG) calibrations to
liquefied hydrogen conditions. (II) assessment of transferability of water, liquified nitrogen, and
liquified helium calibrations in the vaporisation method to liquefied hydrogen conditions. (III) novel
cryogenic Laser Doppler Velocimetry (LDV) adapted to liquefied hydrogen flow application, which can
be used either as a primary standard or as a secondary standard for liquefied hydrogen flow
measurements. The results will provide enhanced measurement capabilities and ensure traceability
of hydrogen flow measurements to the end user. The hydrogen fuels can thus be brought to the market
more easily. In addition, the project outcome will guarantee a higher degree of confidence among the
end users (consumers). Safe and easily applicable methods to ensure traceable measurements are
important to achieve a higher share of hydrogen of the total energy consumption.
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Session N°2: Flow measurements: latest innovations
The effect of drugs rheological properties in the flow accuracy and uncertainty of infusion
systems within the microflow range
Author reference: Mrs FURTADO - IPQ / Portugal
Second authors:
Mrs BATISTA - IPQ / Portugal
Mr BÜKER - RISE / Sweden
Mr MARTINS, Mrs AFONSO - Universidade Nova de Lisboa / Portugal
Mr BISSIG - METAS, Eidgenössisches Institut für Metrologie / United Kingdom
Mrs GRAHAM - TUV SUD Limited / United Kingdom
Mrs METAXIOTOU - NQIS, NATIONAL QUALITY INFRASTRUCTURE SYSTEM / Greece
Mrs KARTMANN - HSG, Hahn-Schickard Gesellschaft für angewandte Forschung e.V /
Germany
Mrs LEE - KRISS, Korea Research Institute of Standards and Science / South Korea
Abstract n°117:
In clinical treatments most of the drug solutions used in multi-infusion systems are water-based
solutions behaving like ideal viscous liquids and therefore behaving as Newtonian liquids when under
flow. However, when the perfusion occurs within the µL/min range, some of the drugs with more
complex composition, such as protein or particle-based, shown viscoelastic flow behaviour, meaning
that their viscosity depends on the flow rate imposed. This is the case of propofol, the drug used almost
always to induce general anesthesia by using manually programmed infusion pumps or computercontrolled infusion pumps in a process called target controlled infusion (TCI). However, even though
perfusion systems are widely used in therapeutics to infuse a multitude of drugs, few are the published
studies about the influence of drugs physical properties, namely rheological, on the accuracy and
uncertainty of the flow rate of these instruments. So, the European joint research project EMPIR
Metrology for Drug Delivery (MeDD II) is now focused on providing traceable measurements of
volume, flow and pressure of existing drug delivery devices and mixing behavior and occlusion
phenomena in multi-infusion systems. Besides propofol, other drugs such as dopamine, dobutamine
and saline solution where tested, as they were selected as the most often used drugs in multi-infusion
systems used in clinical applications at very low flow rates by means of a survey to stakeholders and
end-users. So, the purpose of this communication is to give more insight regarding the effect of drugs
rheological properties in the flow accuracy and uncertainty of infusion systems within the flow rate
range from 1 to 1000 µL/min.
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Session N°2: Flow measurements: latest innovations
Measurement of internal diameters using gravimetric and optical methods for microflow
applications
Author reference: Mrs BATISTA - IPQ / Portugal
Second authors:
Mr MARTINS, Mr ALVARES - FCT/UNL / Portugal
Mr OGHEARD - CETIAT / France
Mr GERSL - CMI / Czech Republic
Mrs GODINHO - IPQ / Portugal
Abstract n°152:
Microflow measurement devices are used in several science and health applications, mainly drug
delivery. In the last decade, several new methods based on optical technology were developed, namely
the front tracking and interferometric method, in which the knowledge of the inner diameter of the
syringe or the capillary used is critical. There are only a very few National Metrology Institutes (NMIs)
that can perform diameter measurements below 10 mm, which needs very expensive technology.
Therefore, the Volume and Flow Laboratory (LVC) of the Portuguese Institute for Quality (IPQ), in
cooperation with CETIAT, CMI and the Department of Mechanical and Industrial Engineering (DEMI) of
The New University of Lisbon, under the EMPIR project MeDDII, developed new measurement
methods for small inner diameters tubes based on the gravimetric principle and optical methods. The
gravimetric experimental setup consists of measuring the liquid volume on a specific length of the glass
tube. Knowing these two quantities it is possible to determine the inner diameter of a capillary or
syringe. The optical method used is based on the front track principle that uses a high resolution
camera and ImageJ software, to determine the diameter at both ends of each capillary. To validate the
developed methods, a comparison was made between CETIAT, CMI and IPQ. This work allows the
determination of inner diameter of syringes or capillaries used in microflow measurements
applications with relative expanded uncertainties in the order from 0,1% to 0,5% (k=2).
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Session N°2: Flow measurements: latest innovations
Metrology for hydrogen vehicle 1&2: new results for hydrogen fuel assessment at
hydrogen refuelling station
Author reference: Mr BACQUART - NPL / United Kingdom
Second authors:
Mr DE HUU - Federal Institute of Metrology METAS / Switzerland
Mrs VAN WIJK - VSL / The Netherlands
Mrs ARRHENIUS - RISE / Sweden
Mr DE WAART - NEN / The Netherlands
Mr AARHAUG - Sintef industry / Norway
Mrs VIITAKANGAS - VTT / Finland
Mr MURUGAN - National Physical Laboratory / United Kingdom
Abstract n°220:
Hydrogen fuel cells are an alternative power supply for electric drive trains and could represent 32 %
of fuel demand by 2050. To deploy fuel cell electrical vehicles, there is current regulatory barriers (ISO
14687, ISO 19880-8, ISO 19880-1, ISO 21087, OIML R139-1) that requires accurate measurements.
The European funded project MetroHyVe has provided solutions and improvements in the four
measurements challenges (flow metering, quality control, quality assurance and sampling) from 2017
to 2020. Due to the complexity of the metrological challenges and the rapid growth of hydrogen
economy, a new European funded project MetroHyVe 2 started in 2020.
The presentations will
provide a comprehensive overview of the metrology achievements of MetroHyVe 1 around primary
standard for flow metering, worldwide inter-laboratory comparison for hydrogen fuel quality (1st
intercompairson on H2 fuel quality including 13 laboratories worldwide), online analysers intercomparison and hydrogen sampling recommendations as highlights. Then the continuation project will
focus on the remaining and new measurement challenges in term of objectives and early results:
metrological framework for testing HRS flowmeters using secondary standards for light-duty and heavy
duty FCEV. the development of quality control tool for analytical laboratory (i.e. reference materials
and inter-laboratory comparison for all contaminants regulated in ISO 14687). Project plan for testing
sensors and online analysers at HRS over long period. inter-comparison on hydrogen sampling
methods at HRSs in Europe and worldwide and the plan on reproducibility study with fuel cell stack.
The presentation will provide an overview of the two European funded projects and coherence
between their activities from 2017 to 2023 and provide insight on the deployment of hydrogen fuel
compliance for the industry according to the international standards (OIML R139-1, ISO 21087, EN
17124, ISO 14687, ISO 19880-8 and ISO/WD ISO 19880-9).
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Session N°3: Thermal measurements: industrial applications
Enhancing process efficiency through improved temperature measurement: the EMPRESS
projects
Author reference: Mr PEARCE - NPL / United Kingdom
Second authors:
Mr FATEEV - Danmarks Tekniske Universitet / Denmark
Mr SUTTON, Mr MACHIN - NPL / United Kingdom
Mr ANDREU - Advanced Forming Research Centre / United Kingdom
Mr EDLER - PTB / Germany
Abstract n°3:
EMPRESS 2 is the second of a pair of European projects aimed at enhancing the efficiency of high value
manufacturing processes by improving temperature measurement and control capability. Accurate
control of temperature is key to ensuring process efficiency and product consistency, and is often not
achieved to the level required for modern processes. Enhanced efficiency of processes may take
several forms including : reduced project rejection/waste. improved energy efficiency and reduced
pollutant emissions, increased intervals between sensor checks/maintenance and increased sensor
reliability, i.e. reduced amount of operator intervention. Traceability of temperature measurements
to the International Temperature Scale of 1990 (ITS-90) is a critical factor in establishing low
measurement uncertainty and reproducible, consistent and reliable process control. This project seeks
to address four contemporary thermometry challenges in this sector, namely reliable surface
thermometry to overcome the problems of contact thermometry (errors due to heat flow at surface
and operator dependence) and non-contact thermometry (unknown emissivity, background radiation
and reflections), thermocouple thermometry (improved stability is needed, and more information on
the effect of insulation resistance breakdown at higher temperatures), combustion thermometry
(introduce traceability and low-cost solutions for practical industrial flame and combustion
thermometry) and fibre-optic thermometry (introduce new fibre-optic thermometry solutions and
traceable calibration techniques for harsh environments). New developments from this and its
predecessor project, EMPRESS, will be described
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Session N°3: Thermal measurements: industrial applications
In-situ determination of thermocouple drift using dual-type thermometers
Author reference: Mr SESTAN - Fakultet Strojarstva i Brodogradnje / Croatia
Second authors:
Mr ZVIZDIC and Mr MATAS - Fakultet strojarstva i brodogradnje / Croatia
Mrs ARIFOVIC - Turkiye Bilimsel ve Teknolojik Arastirma Kurumu / Turkey
Mrs TURZÓ-ANDRÁS - Budapest Föváros Kormányhivatala / Hungary
Mr NEDIALKOV, Mr ALDEV and Mrs SPASOVA - Bulgarian Institute of Metrology / Bulgaria
Mr NEAGU - Biroul Roman de Metrologie Legala / Romania
Mr STRNAD - CMI / Czech Republic
Mr COHODAREVIC, Mr LULIC and Mrs MUTAPCIC - Institut za mjeriteljstvo Bosne i
Hercegovine / Bosnia Herzegovina
Mr OPEL and Mr ANDREAS FALNES OLSEN - Justervesenet / Norway
Abstract n°97:
This paper describes the novel concept of dual-type temperature sensors, that enables in-situ
monitoring of thermocouple drift. The concept aims to provide users, who are performing temperature
measurements by thermocouples, a relatively cheap and simple solution for monitoring its drift under
conditions of typical use, including environments with varying temperatures. For industrial users,
thermocouple drift causes many problems such as higher energy costs and lost time through process
disruption due to the replacement or recalibration of failed thermocouples. This usually requires
processes to be shut down when the measurement errors become too large. Such process disruptions
can further lead to loss of raw material or the production of semi-finished products. For these reasons,
users requiring high accuracy temperature measurements tend to replace thermocouples regularly as
a precautionary measure, sometimes even if they have been used for only a few days. The main idea
of the dual-type thermometers is that a drift of a thermocouple can be determined by monitoring the
difference in its temperature readings and the readings of an additional (reference) thermometer if
the reference sensor experiences a lower drift than the thermocouple under test. In many cases, the
monitored thermocouple sensor cannot be simply replaced with a thermometer of lower drift, since it
is connected to the electronic unit that is, in general, not suitable for measurement with a different
type of temperature sensor. Even if changing the thermocouple type would be feasible, the
replacement thermocouple would still experience drift that would be impossible to track in-situ. The
concept of dual-type temperature sensors can solve this problem as a drift of a reference sensor can
be estimated after every replacement of the monitored thermocouple. Also, in many industrial
scenarios, thermocouples are not calibrated before being put in operation and users rely on their
stated tolerance classes. In such cases, the methods described in this paper can be used for checking
if a monitored thermocouple has departed outside the specified tolerance limits in time. Together
with the description of the concept, this paper provides schematic diagrams of related measurement
setups, drawings of dual-type temperature sensors (utilizing noble metal thermocouples and platinum
resistance thermometers as the reference sensors) as well as an algorithm for drift determination. This
work is performed within the framework of the European Metrology Programme for Innovation and
Research (EMPIR) project 18RPT03 MetForTC. This project (18RPT03 MetForTC) has received funding
from the EMPIR programme co-financed by the Participating States and from the European Union's
Horizon 2020 research and innovation programme.
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Second authors:
Mr CAMACHO, Mrs LARSEN, Mr COPELAND - Danish Technological Institute / Denmark
Abstract n°139:
Traceable measurement of surface temperature is a long-standing challenge in many industrial
applications. If accurate surface thermometry is required in a specific application, the use of traditional
techniques is either very difficult and time consuming or impossible. Infrared thermometry requires
accurate determination of the surface emissivity and the application of a standard contact
temperature sensor to a given surface will extract heat from the surface of interest during the
measurement resulting in a change of the measurand. Phosphor thermometry offers a solution to
significantly improve the traceability of surface temperature measurements in industrial applications.
Simultaneously, phosphor thermometry can be used to efficiently monitor the temperature of a
surface over time, while documenting traceability of the measurements to the ITS-90. The present
work describes the design, construction, traceable calibration and uncertainty characterisation of a
fast phosphor thermometer designed for industrial applications. The phosphor thermometer uses the
lifetime method for temperature determination based on the calibration curve for the phosphor
(manganese-activated magnesium fluorogermanate, Mg4FGeO6:Mn). The luminescence lifetime of
the phosphor is determined at the surface of an automatically controlled surface temperature
calibrator, build by the Danish Technological Institute. Results of traceable calibration curves for the
luminescence lifetime vs. surface temperature at five different surface materials of different thermal
conductivity are presented at temperatures up to 550 °C (for stainless steel). From the calibration
curves measured at the surface temperature calibrator, the temperature can be measured traceably
at surfaces in industrial applications - a significant improvement to traditional methods in terms of
traceability and efficiency. Two industrial applications are presented here in which the dynamic
heating and/or cooling induced by friction is characterised by the measured surface temperature.
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Author reference: Mrs KACMAZ - TUBITAK UME / Turkey
Second author:
Mrs KORKMAZ - TUBITAK UME / Turkey
Mr YILMAZ - TUBITAK UME / Turkey
Abstract n°143:
A Novel Thermistor Temperature Sensing System In general, an analog signal is created by using a
constant current source or a constant voltage source in a thermistor temperature measurement
circuit. As the resistance change of a thermistor depending on temperature are very high, it is more
preferred to use a constant voltage source instead of a constant current source. Besides, ratio metric
method with current source is usually applied in low impedance temperature sensors, such as PT100,
PT1000 etc. This article describes a thermistor temperature sensing system which consists of the high
impedance thermistors having linearized temperature-resistance characteristic and processing high
accuracy analog signal using by ratio metric method with constant current source. And also ,
performance tests made for measurement range of -1.05 0C to +50.05 0C and resolution of 0,0001 K
has shown that thermistor temperature sensing system having the self-heating effect of 0.5 mK, the
instability of 0,5 mK , the measurement uncertainty of about 2 mK.
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An improved laser flash apparatus for measuring thermal diffusivity up to 3000 °C
Author reference: Mr HAY - LNE CNAM / France
Second authors:
Mrs FLEURENCE, Mr RAZOUK, Mr BEAUMONT, Mr DAVEE, Mr GRELARD, Mr FAILLEAU, Mr
HAMEURY - LNE-CNAM (Laboratoire national de metrologie et d'essais) / France
Abstract n°178:
Industries such as nuclear, space and aeronautics industries need to know the thermal behaviour of
the advanced materials that they use at high temperature (sometimes up to 3000 °C) for their specific
applications. Although some dedicated facilities are available in the concerned industries for
measuring thermal diffusivity, they require reference materials characterized at such high
temperatures for their calibration in order to insure the reliability of the measurements and their
traceability to the SI.
To meet these metrological needs, LNE has improved the measurement
capabilities of its reference apparatus based on the laser flash method to measure thermal diffusivity
of homogeneous solid materials up to 3000 °C with targeted relative expanded uncertainty of few
percent. This work is performed within the framework of the European joint research project “HiTRACE - Industrial process optimisation through improved metrology of thermophysical properties”.
This paper presents the metrological facility and measurement method that have been implemented
at LNE for the measurement of the thermal diffusivity, the results of measurements obtained at high
temperature with this apparatus on isotropic graphite, tungsten and molybdenum samples, as well as
a first assessment of the associated expanded uncertainties. Hi-TRACE project has received funding
from the EMPIR programme co-financed by the Participating States and from the European Union’s
Horizon 2020 research and innovation programme.
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Standards, scales and comparisons for authentication of CO2 emissions into the
atmosphere
Author reference: Mrs VIALLON - BIPM / France
Abstract n°34:
Authentication of emissions and fluxes of carbon dioxide into the atmosphere rely on measuring small
changes in atmospheric CO2 mole fraction across monitoring networks. This in turn leads to very tight
tolerances on the consistency requirements of CO2 in air calibrations standards that can be used at
monitoring sites. The CCQM Gas Analysis Working Group 2021-2030 Strategy document notes that
consistency between different CO2 in air field standards, at nominally 400 μmol/mol, needs to be at
the 0.02 μmol/mol level. Currently, primary SI traceable CO2 in air gas standards, have standard
uncertainties that approach 0.1 μmol/mol, as demonstrated in the CCQM-K120 comparison in 2018
and with measurement of 46 gas standards of CO2 in air across the range (380 to 800) μmol/mol,
prepared by National Metrology Institutes as well as the WMO Central Calibration Laboratory.
Strategies to produce working standards that are consistent at the 0.02 ?mol/mol level, are based on
either producing an ensemble of stable primary SI traceable standards, with current levels of
performance, and disseminating only from this ensemble (e.g. the WMO-Scale approach) or reducing
the measurement uncertainty to smaller than consistency requirements. In both cases, continual
validation of the uncertainty and stability of primary standards is required. With this in mind, an ongoing comparison (BIPM.QM-K2), is in development based on a manometric reference (CO2-PVT)
system at the BIPM for on-demand international comparisons of CO2 in air standards. Initial
performance of the system, which allows quantification of the amount fraction of CO2 in air samples
via accurate measurements of pressure and temperature of the sample and of the CO2 extracted from
it by cryogenic trapping has been reported. The current paper describes recent advances in the system,
including system design and automation, with silconert-treated stainless-steel surfaces, triple
cryogenic trap systems, mass spectrometric analysis of residual and trapped gases, leading to
reproducibility of measurements of better than 0.05 μmol/mol. Stability tests of the system against
two ensembles of nine CO2 in air mixtures spanning atmospheric concentrations will be described, as
well as how the manometric system and ensembles can be used for scale comparisons to underpin the
dissemination of CO2 in air standards that are consistent at the 0.02 μmol/mol level.
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Experimental set-up for low cost sensor system performance assessment in a controlled
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Author reference: Mr BESCOND - LNE / France
Second authors:
Mr GAIE-LEVREL, Mrs MACE - LNE / France

Abstract n°57:
In France, regular monitoring of particulate mass concentrations is carried out by regional Air Quality
Survey Networks (AQSNs). As in many other European member states, these measurements rely on
instruments having determined their equivalence to the gravimetric reference method (CEN/TS
16450:2013). Filtration-based methods, like oscillating element microbalances (TEOM) and
radiometric gauges are commonly used. But many optical instruments can also be implemented such
as photom-eters, particle counters and optical spectrometers. The evaluation of mass concentration
measure-ment devices is therefore essential in order to determine their metrological performance.
Concerning low cost sensor system, several issues are raised in terms of controlled variability for
operating points combining temperature, relative humidity, particle concentration and aerosol
chemical compo-sition. In this work, we will present an experimental set-up in a controlled
environment dedicated to low cost sensor system performance assessment. The exposure chamber
consists in a stainless steel enclosure and is equipped with injection modules for the introduction of
aerosols and sampling in order to connect the reference instrumentation. A calibrated thermohygrometer is used to measure the temperature and relative humidity in the expo-sure chamber.
Particle size distribution of the generated aerosols within the exposure chamber was measured using
a Scanning Mobility Particles Sizer (TSI, SMPS) and an Aerosol Particles Sizer (TSI, APS 3321). The SMPS
allows number size distribution measurements in a range of electric mobility diameters between 10
nm and 1 µm, while APS allows to determine the particle concentrations in number as a function of
the aerodynamic diameter for a size range from 0.6 to 20 µm. Particulate mass concentrations are
measured using a TEOM 50°C microbalance coupled to a PM10 sampling head with a time resolution
of 30s. Total number concentrations are measured with a Con-densation Particle Counter (TSI, CPC
3752).
Arizona dust and NaCl aerosol have been used to achieve target particulate mass
concentrations suc-cessively generated by nebulization in the exposure chamber for PM10 fraction.
We used two differ-ent types of aerosol in terms of optical properties and morphologies. Accuracy
and linearity of low cost sensor systems for PM10 fraction, average values and standard deviations of
measurements were determined after stabilization of each mass concentration. Linearity results will
be presented in comparison with reference method for PM10. The effect of temperature and relative
humidity will be showed in function of the response of the low cost sensor systems. This study made
it possible to set up a low cost sensor performance assessment by implementing dedicated
instrumentation associated with the generation of aerosol and reference measurements in an
exposure chamber. The environmental conditions associated with this protocol in terms of temperature and relative humidity have been optimized by associating controlled temperature and relative
humidity conditions.
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The TILSAM method adapted into optical gas standards – complementing gaseous
reference materials
Author reference: Mr WERHAHN - PTB / Germany
Second authors:
Mr PETERSEN - DFM / Denmark
Mr NWABOH, Mrs POGANY, Mr QU - PTB / Germany
Abstract n°67:
TILSAM – Traceable Infrared Laser Spectrometric Amount fraction Measurement - has been available
since 2009 [1]. Onboarded by a EURAMET research project and validated by a comparison study of
ambient level carbon dioxide gas standards [2], this method has been successfully applied for CO2 and
CO quantifications in greenhouse gas measurements, breath analysis studies, and industrial drying
processes [3-6]. Facing new challenges in gas analysis related to an increasing number of critical
analytes as well as an increasing demand from stakeholders in industry and atmospheric sciences for
improved amount fraction sensitivity, the TILSAM method has been combined with appropriate
spectroscopy techniques to form an instrument class of its own, called Optical Gas Standard (OGS).
TILSAM-compliant OGS systems are seen to advance and complement the use of gaseous reference
materials. This is for example the case when the needed amount fractions cannot be supported by
existing reference gases, or analyte definitions and combinations of species asked by customers do not
allow them to be filled into pressurized cylinders because of their reactivity or instability. Furthermore,
OGS systems can serve SI-traceability demands in applications where reference gases cannot be
carried for and analyzer down times for individual calibrations are not economically tolerable. In a
collaborative approach DFM and PTB both have progressed their spectrometric gas metrology efforts
towards more advanced individual OGSs for various species, including CO, H2O, HCl, NH3, NO2. The
TILSAM method has not yet been merged into an operational CMC-based service. However, ongoing
work will advance the TILSAM protocol [1], providing an improved updated edition. This contribution
will introduce the TILSAM method, provide an outlook into the new edition, and discusses a suite of
applications having advanced TILSAM and related instrumentation to finally become an OGS [7].
References:
[1] O. Werhahn, J.C. Petersen (eds.), “Traceable Infrared Laser Spectrometric Amount fraction Measurement”, TILSAM protocol V1, available
from: https://www.euramet.org/Media/docs/projects/934_METCHEM_Interim_Report.pdf
[2] EURAMET project 934, https://www.euramet.org/technical-committees/tc-mc/tc-mc-projects/?L=0
[3] J. A. Nwaboh, O. Werhahn, P. Ortwein, D. Schiel, and V. Ebert, ‘Laser-spectrometric gas analysis: CO 2 –TDLAS at 2 µm’, Meas. Sci. Technol.,
vol. 24, no. 1, p. 015202, Jan. 2013, doi: 10.1088/0957-0233/24/1/015202.
[4] J. A. Nwaboh, Z. Qu, O. Werhahn and V. Ebert, ‘Interband cascade laser-based optical transfer standard for atmospheric carbon monoxide
measurements’, Appl. Opt., vol. 56, no. 11, pp. E84–E93, Apr. 2017, doi: 10.1364/AO.56.000E84.
[5] Javis Anyangwe Nwaboh, Stefan Persijn, Kathrin Heinrich, Marcus Sowa, Olav Werhahn, ‘QCLAS and CRDS-based CO quantification as
aimed at in breath measurements’, International Journal of Spectroscopy (2012), dx.doi.org/10.1155/2012/894841
[6] Maija Ojanen-Saloranta, Final Report of EMPIR project ‘Metrology for humidity at high temperatures and transient conditions (HIT)’, 2018,
https://www.euramet.org/research-innovation/search-research-projects/details/project/metrology-for-humidity-at-high-temperaturesand-transientconditions/?L=0&tx_eurametctcp_project%5Baction%5D=show&tx_eurametctcp_project%5Bcontroller%5D=Project&cHash=9c597602992
40cef5c348049d5abe4fd.
[7] N. Lüttschwager, A. Pogány, J. Nwaboh, A. Klein, B. Buchholz, O. Werhahn, V Ebert, ‘Traceable amount of substance fraction
measurements in gases through
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Proposal of new provisions for regulatory controls on atmospheric emissions with a view
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Author reference: Mr VANCAYSEELE - INERIS / France
Second authors:
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Abstract n°81:
The stricter regulation of the emission, by different sources including the industrial plants, successfully
reduced air pollution and subsequent impact on human health. Thus, The European Directives fixes
more stringent Emission Limit Values (ELV) for a larger number of compounds, based on the Best
Available Techniques (BAT) referenced in the BREF Conclusions. Pollutants from industrial stationary
sources must be periodically controlled by laboratories using Standard Reference Methods (SRM), and
for some installations, continuously monitored by using Automated Measuring Systems (AMS)
installed at plants. SRM are based on “manual method” combining sampling on site and analysis in
laboratory, or on “automated methods” using extractive and portable gas analysers associated with
their sampling system (P-AMS). AMS are in situ or extractive analysers. The performance of manual
and automated methods is mainly measured through 2 characteristics:
1. Measurement uncertainty at the ELV level: criterion is fixed by the regulation for AMS, and by
standardisation for SRM. Moreover, AMS must be calibrated according to EN 14181 standard (Quality
assurance of automated measuring systems), by parallel measurements with the SRM implemented
by a laboratory. This assumes that the uncertainty of the SRM is lower than the AMS uncertainty.
2. Limit of quantification (LoQ): a criterion on the ratio between ELV and LoQ can be set to minimize
the risk that an ELV exceedance is not noticed, or that an ELV exceedance is erroneously detected.
The ILCs show that the expanded relative uncertainty of the SRM implemented by the laboratories, in
general rises as the concentration decreases. Moreover, the dispersion is often higher in the case of
manual methods. For automated methods, LoQ depends of the sensibility and fidelity of the analyser
and of the range used, while for manual methods, it depends on the analysis LoQ and sampled volume.
The manual methods LoQ can be lowered by increasing the time of sampling however, it is limited by
practical difficulties or technical factor (risk of evaporation of solution e.g.) . For these reasons, it is
necessary to improve the performance of periodic and continuous measurement techniques. The
development and use of P-AMS as an alternative for manual SRM is promising. Nonetheless, it is limited
to the measurement of gaseous compounds and the device needs to be portable. Even with the
improvement of the measurement techniques, when the concentration decreases, it is not possible to
comply with the uncertainty criterion fixed in relative value by the regulation for AMS or by
standardisation for SRM. It was proposed in France to define the uncertainty in absolute value (in mass
concentration) below a certain threshold of concentration. The paper will present for some pollutants
case studies of evaluation of performance of SRM and certified AMS, to evaluate their suitability for
emission sources monitoring, in relation with current ELV and in perspective of further ELV reduction,
and the propositions of uncertainty in absolute value for AMS and SRM discussed at the French
standard committee “Emission from stationary sources”.
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Abstract n°99:
Reducing gas emissions and climate change impact, requires a sustainable, long-term monitoring of
the composition of the atmosphere from local to global scales. Atmospheric monitoring activities often
lack traceability to the international system of units and the measurement uncertainties are often
insufficiently constrained. Appropriate metrological tools are required to establish robust accuracy and
global comparability between different methods. Such accurate and reliable data can be
communicated to decision makers in support of desired objectives. Volatile Organic Compounds
(VOCs) can influence the oxidising capacity of the atmosphere, and play a key role in climate change
as they are precursors of ozone and aerosols which both influence the radiative balance. In the
framework of the EURAMET-EMPIR project « MetClimVOC » (Metrology for climate relevant volatile
organic compounds: http://www.metclimvoc.eu/), the European ACTRIS (Aerosol, Cloud and Trace
Gases Research InfraStructure: https://www.actris.eu/) Topical Centre for Reactive Trace Gases in-situ
Measurements (CiGas) and the WMO Global Atmosphere Watch (GAW) World Calibration Centre
(WCC) for VOCs, work jointly with National Metrological Institutes in order to: (i) provide and improve
reference gas mixtures for oxygenated VOCs (oxy-VOCs) and terpenes, (ii) ensure the correct
dissemination to the field via fit-for-purpose working standards, and (iii) provide recommendations,
advanced and up-to-date protocols for well-defined sampling and analytical methods along with the
measurement uncertainty. Here, we will address the sampling and analytical aspects. We will show
the results of testing several parameters influencing the measurement of oxy-VOCs and terpenes.
These parameters include sampling lines materials, water removal systems with their potential
artefacts, particle filters (in order to evaluate VOC losses), and ozone scrubbers (impact on adsorptive
losses and lifetime for VOCs). The analytical techniques used cover both high time-resolved on-line and
off-line methods for oxy-VOCs and terpenes. These results will feed into guidelines and
recommendations, as well as uncertainty determination to be provided for high quality measurements
of oxy-VOCs and terpenes at trace levels.
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Abstract n°104:
Energy harvesting from renewable sources like solar, waste heat and mechanical movement is a
prominent solution to create small amounts of electrical energy in areas of difficult access, and
correspondingly energy harvesting devices have much potential to address our world energy problems.
Nanowire (NW) based energy harvesting systems, including photovoltaic solar cells, thermoelectrical
and electromechanical energy nanogenerators, have achieved encouraging progress. Meanwhile, due
to nanometre (nm) dimensions of the wires and large size of the devices (m2), they also bring
challenges for testing and characterisation. It is also worthwhile to mention that averaged properties
of energy harvesting devices can now be measured, but a quantitative link and correlation between
the performance of single NWs and that of the overall device is lacking. Within the frame of the newly
started EMPIR project NanoWires, reliable and high throughput metrology for the quality control of
NW energy harvesting systems will be explored and investigated. The specific scientific objectives of
this project include:
• development of traceable measurement methods for high throughput nanodimensional
characterisation of NWs down to 50 nm, including 3D form (cylindrical, prismatic, pyramidal) and
sidewall roughness
• development of traceable measurement methods for high throughput nanoelectrical
characterisation of semiconductor NW solar cells using conductive Atomic Force Microscopy (AFM) for
current-voltage characteristic, Scanning Microwave Microscopy (SMM) for doping concentration
variation, and new Micro-Electro-Mechanical Systems - Scanning Probe Microscopy (MEMS-SPM) for
lateral resolution better than 50 nm
24

• development and validation of traceable measurement methods and models for high throughput
nanomechanical characterisation of NW devices, and electromechanical energy harvesters taking into
account local bending and compression of NWs for fast simultaneous nanomechanical and electrical
measurement of semiconductor and polymer piezoelectric NWs
• development and validation of traceable measurement techniques for thermoelectrical
characterization of NWs with an uncertainty down to 10 % under different scanning speeds and tipsurface contacts.
These objectives will require large-scale approaches that are beyond the capabilities of individual
research labs and National Metrology Institutes. To enhance the impact of the research, the
involvement of the appropriate user community such as industry, standardization and regulatory
bodies is intended, both prior to and during methodology development. First results of the project will
be reported in detail. Acknowledgement This research project is supported by the European Union
and is funded within the scope of the European Metrology Programme for Innovation and Research
(EMPIR) project 19ENG05 NanoWires entitled ‘High throughput metrology for nanowire energy
harvesting devices’ (https://www.ptb.de/empir2020/%20nanowires/home/ ).
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Second authors:
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Abstract n°176:
Nanowires are one of the studied nanostructure for the development of new nanostructured materials
and devices. Related developments require traceable techniques for thermal properties
characterization at the nanoscale especially for energy harvesting and energy storage applications.
Scanning Thermal Microscopy (SThM) is a promising technique for probing thermal properties such as
thermal conductivity with a few tens of nm lateral resolution. For this, the sample surface is mapped
with a thermoresistive probe heated by Joule effect. The variation of the probe electrical resistance
depends, among other parameters, on the thermal conductance for heat transfers between the probe
and the sample. These heat transfers in turn depend on the thermal conductivity of the material and
of the contact thermal resistance at the interface between the probe and the material. However,
mapping thermal conductivities of a complex surface at nanoscale is a challenge due to low amplitudes
of the measured signals. The measurement results depend on several influencing parameters
(surroundings temperature, probe-material thermal nano-contact, drift in the electrical resistance of
the probe, …). It is therefore important to use relevant protocols for calibration and measurements in
order to minimize the measurement uncertainties [1]. Furthermore, it is still complicated to establish
a rigorous and comprehensive physical model of the heat transfer between the probe and the surface
sample. One of the issues is that at nanoscale, depending on mean-free-path of thermal energy carriers
of the studied material, conductive heat transfer can be diffusive or ballistic. LNE is working on the
traceability of the thermal conductivity measurements to International System of Units (SI), performed
by SThM, and the assessment of the associated uncertainties [2]. The measuring and calibrating
procedures have been improved. To perform quantitative measurements, LNE established a
calibration curve of its measuring system (SThM equipped with a 5 nm NiCr + 40 nm Pd thermoresistive
probe) linking the probe electrical resistance to the thermal conductivity of the sample. The curve was
established using several samples of bulk materials whose thermal conductivity is traceable to SI. The
paper presents the tested materials as well as the protocol used for establishing the calibration curve.
The objective being to reduce the uncertainties associated with thermal conductivity measurements
to less than 10 % on low thermal conductivity materials in order to obtain quantitative measurements
regarding complex nanostructured materials such as nanowires. This project “g-13 NanoWires” has
received funding from the EMPIR programme co-financed by the Participating States and from the
European Union's Horizon 2020 research and innovation programme. References:
[1] : Ramiandrisoa et al., Review of Scientific Instruments, 88, 125115 (2017).
[2]: Ramiandrisoa et al., Meas. Sci. Technol. 28 (2017) 115010
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Abstract n°187:
Nanotechnologies are more and more widely used due to their properties and performances which
can be applied in many industrial sectors. However, they can also be associated to risks to human
health and the environment that need to be assessed and controlled. The growing use of
nanotechnologies concerns products that are of everyday use, one can easily imagine, as a result they
may end up in wastes and be encountered in waste treatment sectors such as waste incineration.
Municipal solid and hazardous waste incinerator are likely to emit nanoparticle substances, either by
direct transfer of nanoparticle substances from waste to emission or by formation of nanoparticle
substances due to thermal transformation of material during combustion (Nanofluegas, 2014). The
present paper describes a study of characterization of nanoparticles substances in emissions and
ambient air around two municipal solid waste incinerators (MSWI sites A and B) and a hazardous waste
incinerator. A simultaneous characterization of emission and ambient air was performed on MSWI site
A, whereas for the other two sites, the characterization focused on ambient air only. Atmospheric
modeling of dispersion of emissions was used in all cases to predict impact distances and determine
the position of sampling points in the ambient air around sites. The measurement techniques included
approaches such as mini particle sampler (MPS), Nanobadge, equipped with transmission electronic
microscopy (TEM) grids allowing structure, size and elemental characterization, as well as relative
contribution of individual elements thanks to EDS (Energy-dispersive X-ray spectroscopy)
microanalysis. For the characterizations of stack emissions, these approaches were combined to other
methods including manual gravimetric impactors (Dekati 4-stage impactor and DGI impactor) that
enables a characterization of mass of particles in the range comprised between 0,2 µm and 10 µm but
also chemical distribution when associated to chemical analysis, and an ELPI impactor that gave access
to number size distribution between 7 nm and 2,5 µm. The characterization of emissions required a
dilution step performed using a FPS- Dekati, that enabled to reduce moisture, temperature and
concentrations of particles to levels suitable to theranges of the measuring techniques. Preliminary
results showed atmospheric emissions of PM10 and PM2.5 from MSWI site A below 1 mg/m30 which
is coherent with the TSP emissions observed during periodic controls and ELVs of 10 mg/m30. Aerosols
collected included spherical particles, with sizes between 50-500 nm composed of metal species,
mainly iron. However, none of the samples taken in the ambient air with MPS and Nanobadge samplers
around MSWI site A, exhibited the presence of this type of particles. There were not observed in the
samples collected from ambient air around MSWI site B and hazardous waste incinerator. The aerosol
found in the ambient air around the three sites did not show a profile specific of industrial activity and
no difference was observed between upwind and downwind sampling points around the sites. The
combined used of these two approaches seems interesting, but an increase of sampling duration in
the ambient air is necessary to improve time representativeness
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Abstract n°100:
The progress of Advanced Manufacturing, which has been identified by the European Commission as
a Key Enabling Technology (KET) for future economic and societal progress is strongly reliant on the
development of metrology capabilities. EURAMET, the association of metrology institutes in Europe,
has established metrology research programs to address the metrology requirements across a
spectrum of different thematic areas. In order to leverage the benefits of these developments on the
wider industrial landscape, a high-level coordination of the metrology community supporting the
Advanced Manufacturing landscape is required. This coordination is aimed to be achieved by the
establishment of European Metrology Networks (EMNs), which are intended by EURAMET to provide
a sustainable structure for stakeholder engagement and support. The joint networking project
19NET01 AdvManuNet funded by EMPIR for 4 years, started in June 2020 and aims to accelerate the
process of establishing an EMN to strengthen Europe’s position in Advanced Manufacturing. The
AdvManuNet project aims to support the establishment of an EMN on Advanced Manufacturing via
the following specific aims:
1. Creation of a single hub for stakeholder engagement across the landscape of various industrial
sectors including relevant societies and standardization bodies.
2. Development of a Strategic Research Agenda (SRA) and roadmaps for Advanced Manufacturing
metrology based on the stakeholder engagement activities, considering current gaps in metrological
capabilities existing networks and roadmaps.
3. Establish a knowledge-sharing program for Advanced Manufacturing stakeholders, promoting the
dissemination and exploitation of the results of the project, including those from previous EU funded
research projects.
4. Development of a sustainable web-based platform and service desk for Advanced Manufacturing
stakeholders to allow for easy access to European metrology capabilities and support the wider
advanced manufacturing community with metrology-based requirements.
5. Develop a plan for a coordinated and sustainable European metrology infrastructure for Advanced
Manufacturing via a European Metrology Network.
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The project concept followed by the scope and definition of Advanced Manufacturing will be
described. The analysis of the current capability of metrology for Advanced Manufacturing and the
preliminary concepts for the strategic research agenda will be presented with a focus on dimensional
metrology. Acknowledgement The project JNP 19NET01 AdvManuNet has received funding from the
EMPIR programme co-financed by the Participating States and from the European Union’s Horizon
2020 research and innovation programme.
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Optimize the use of proficiency testing in the context of the future ISO 17043 standard
Author reference: Mr PIERSON / France
Abstract n°135:
Proficiency testing (PT) is the first means mentioned in ISO 17025:2017 to evaluate the performance
of laboratory activities. It allows laboratories to compare their capabilities to those of other
laboratories, to obtain a confirmation of or even determine their measurement uncertainties, and to
detect potential non-conformities of their processes. PT schemes can correspond to different models,
depending on the context and the laboratory activities concerned, but all of them rely on
interlaboratory comparisons in order to evaluate participant performance against pre-established
criteria. Each PT scheme is based on a plan, secured by a management system.
The ISO 17043
standard is currently under revision : a new version should be issued in 2022. The main trends of this
revision are already known. One of which is the alignement on ISO 17025 for the management system,
which implies the integration of risk-based thinking and of the process approach. Attention has also
been paid to 'non-traditional' laboratory activities (such as sampling) and to the definition of the
purpose of PT schemes. This revision is an opportunity for laboratories conforming to ISO 17025 to
review their use of PT, consistently with applicable requirements, but also with their objectives,
feedback information from the management system and major changes. Although the whole range of
laboratory activities for which conformity to ISO 17025 is claimed has to be covered by an evaluation
of performance, different approaches are possible to adjust participation to PT and ensure that they
adequately cover the processes of the laboratory. When no appropriate PT scheme is available,
alternative solutions have to be considered.

30

Session N°6: Metrology and standards in a digital future
ZKASP: ZKP-based attestation of software possession for measuring instruments
Author reference: Mr CARDOSO GALHARDO - INMETRO / Brazil
Second authors:
Mr BRANDAO, Mr PERALTA - NIST / Usa
Abstract n°137:
In modern society, measuring instruments are a cornerstone of many activity sectors, including trade,
safety, environment, and health. For example, when filling up an automobile fuel tank, a customer
usually trusts that the volume of fuel dispensed by the pump corresponds to the displayed
measurement result. Given this importance for many economic activities, each country develops a
legal metrology framework composed of laws and regulations that strive to ensure that measurements
are accurate (agree with corresponding standard units), reliable (stable against environmental
changes), and incorruptible (impervious to malicious manipulation). In today’s ecosystem of legal
metrology, most law-regulated measuring instruments are controlled by software. Unfortunately,
deployed instruments are sometimes subject to “memory replacement” attacks, where the original
software is replaced by a malicious one, which then tampers with measurement results, inflicting a
financial loss to customers and companies. Legal metrology tries to mitigate this by requiring regular
device attestation (software integrity verification), where an auditor checks that the device possesses
(“knows”) the original software by comparing it to a copy held by the auditor. This has two main
drawbacks: it impairs the protection of the manufacturer’s intellectual property. it constrains the set
of possible auditors (they need the software copy). This paper proposes that an enhanced deviceattestation protocol should be deployed, where the software can remain confidential even to the
auditor, and any customer can also play the role of verifier. The solution is called ZKASP, for Zeroknowledge Attestation of Software Possession. The main ingredient is a simple zero-knowledge proof
of knowledge (ZKPoK) of discrete-logarithm (Schnorr proof). ZKASP uses it to enable the verifier to
check if a measuring instrument contains the original software, even though unacquainted with it.
Furthermore, the freshness (an upper bound on the age) of proofs can be publicly verified, based on
the use of a time-stamped nonce from a public randomness beacon, such as deployed by NIST (United
States) and INMETRO (Brazil). A technical difficulty is that a simple ZKPoK of a hash of the software
(the equivalent of a software signature) does not prove knowledge of the software but rather of its
short hash. To ensure a ZKPoK of the full software, ZKASP considers a little help from the
manufacturer/authority. For each epoch of proofs, the manufacturer publishes a (discrete-logarithm
based) commitment of a new keyed-hash message authentication code (HMAC) of the software. Each
instrument can produce a proof but only if being able to compute the new HMAC of the full software.
By using an elliptic-curve cryptography instantiation, the proofs are practically short. The paper
describes several variations and tradeoffs.
Overall, the proposed enhancement addresses a
significant problem in legal metrology, in line with the current digital transformation of legal
metrology. It takes advantage of simple and well understood cryptographic techniques, it enables
public verifiability for an advanced level of transparency, and its integrity assurances are suitable for
post-verification over the Cloud and the Internet.
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Multidimensional assessment: a complementary approach to the NF ISO / IEC Guide 98-4,
in assessing the conformity from a sampling approach
Author reference: Mr POU - Deltamu / France
Second authors:
Mr DUBOIS, Mrs COURTOIS - Deltamu / France
Abstract n°147:
Assessing the conformity is at the heart of industrial activity and more particularly in the field of
product certification. Usually, the conformity is declared by measuring a few samples. This is to ensure
that these samples comply with their specifications, for every characteristic. This practice leads to a
number of issues. How to ensure that the sample is representative of the production? How to take
into account measurement uncertainties? By analyzing the characteristics one by one, do we not lose
information, especially when the characteristics are correlated (e.g. the length, width and mass of a
parallelepiped sample are correlated). The NF ISO / IEC Guide 98-4 standard, which was fully written
from the JCGM N°106, provides an original way of using the ‘a priori’ knowledge in the case of global
risk (100% of a measured population) and specific risk (Risk associated with a specific entity). On the
other hand, it does not deal with the conformity determined from a sample assessment which, in
reality, is very common. This presentation suggests to use, like the Guide 98-4, the ‘a priori’ knowledge
from the production (knowledge obtained through process management measurements) to assess the
product conformity. In this new approach, we no longer consider the samples as such, but we analyze,
in a Bayesian way, whether the sample invalidates or confirms the ‘a priori’. In addition, we propose
not to observe the characteristics one by one but as a whole, with an original multidimensional
approach. Indeed, it is a matter of considering the ellipsoid defined by the variance / covariance matrix
and the vector of the means of the production data. We determine the non-conformity rate by
comparing the ellipsoid with the hypercube of the specifications. This approach defines our ability to
disprove, or confirm, the production data based on samples of different size and measurement
uncertainties. To put it simply, we offer a journey into hyperspace blurred by the measurement
uncertainties and the sampling process!
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Technology and measurement foresighting: a vision for the future of metrology
Author reference: Mr JANSSEN - NPL / United Kingdom
Second authors:
Mr BROWN, Mr CLAVERLEY - NPL / United Kingdom
Abstract n°212:
Many organisations publish their thinking about potential futures. As the UK’s National Metrology
Institute, NPL has a unique perspective on technology development and a key role to play in enabling
it. NPL has a national mission and a responsibility to ensure that new and emerging technologies are
backed up by reliable and robust measurements, and that decisions are made based on accurate data.
We present NPL’s work on Technology and Measurement Foresighting [1], in which we explore the
implications of new technologies and trends on the future of measurement in order to help us set
future research priorities for metrology. As a leading NMI we are keen to prompt the international
debate about which disruptive technologies will enhance and impact measurement and metrology.
Our previous foresighting report, Metrology in the 2020s [2], was instrumental in framing future needs
to perform measurements which were beyond our immediate capabilities, exploit networked
information, make use of the ‘internet of things’ and embed metrology at the heart of products and
systems. For our most recent project, we asked ourselves two questions: 1. Which new trends will
change why we perform measurements? 2. Which new technologies will change how we perform
measurements? Using a well-established set of tools to gather information on emerging trends,
detailed input was collected from industry and technology experts and carefully analysed. Overall, the
work highlighted how a ‘metrology mindset’ will help us be confident in understanding the
complexities of our world. There were three key conclusions for metrology in the 2030s: Firstly,
building on the 2019 redefinition of the International System of Units, we will develop a global
measurement infrastructure which takes full advantage of the digital revolution. Traceability chains
will be shortened, therefore reducing uncertainty, traceability to the SI will be embedded directly into
measuring instruments and in-situ calibration of sensors and local standards will be commonplace.
Secondly, global challenges are getting more complex and multidisciplinary, requiring metrology to
support a systems-based understanding of the world. Metrology will support the growing prevalence
of indirect, hybrid and proxy measurements and will help combine data of different quality,
provenance and time scales. And finally, trust in decision making is key to enabling new technologies
like machine learning and artificial intelligence to flourish. This requires accurate and reliable
measurements. Metrology will support decisions made by machine learning algorithms and artificial
intelligence, agile and responsive regulation will enable automated decisions to be made, even in
safety critical situations and measurement scientists will have a responsibility to ensure that data is
being used with integrity and impartiality. The outcomes of this work will help determine future
research priorities for NPL and, in collaboration with our partner measurement laboratories in the UK,
and national and international partners, we will set the agenda for future metrology research.
[1] Claverley, J. et al (2020). Technology and Measurement Foresighting: A vision of the 2030s shaped
by metrology. doi:10.47120/npl.8948 [2] Hossain, K., Milton, M., & Nimmo, B. (2013). Metrology for
the 2020s. URL: https://www.npl.co.uk/resources/metrology-for-the-2020s (accessed 10th Dec 2020)
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First steps into automated quality inspection
Author reference: Mrs VOJETTA - Hexagon / France
Second author:
Mr LACHAUD BRANDES - Hexagon Metrology / France
Abstract n°221:
According to the World Economic Forum report – The Future of Jobs, 29% of work tasks are performed
by machines or computers. The organisation estimates this will grow to 52% in 2025. The COVID-19
outbreak has accelerated this digitalization trend and there is no doubt that is happening right now.
At the same time, Digitalisation will be the key to unlocking the Global Warming challenges we face
today, making our industry and products smarter & sustainable for a greener future. Stepping into a
digital world will require us to generate more actionable data making Metrology the last guardian
between the physical & digital world. This will push quality departments towards modernizing their
quality inspection process. Automation will become a must, especially when we know that 73% of
Hexagon surveyed customers say it is difficult for their company to hire skilled labour. To begin this
journey, we at Hexagon Manufacturing Intelligence, have defined quality task-related areas that can
become automated & digitalized. Some of these include labour efficiency, Coordinate Measurement
Machine utilization, Scrap reduction, better and faster analytics. And, we are supporting companies
along a smart factory journey, one characterised by step-by-step improvements through technologies
that deliver immediate gains and cumulative transformation.
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Load compensation bridge for Josephson arbitrary waveform synthesizers
Author reference: Mr JEANNERET - METAS / Switzerland
Second authord:
Mr OVERNEY - METAS / Switzerland
Mrs PIMSUT, Mr BAUER, Mr KIELER, Mr BEHR - PTB / Germany
Abstract n°14:
Josephson arbitrary waveform synthesizers (JAWS) are quantum digital-to-analog converters that
produce quantum-accurate and distortion-free voltage waveforms up to frequencies of a MHz.
However, the quantum accurate voltage is present at the output of the Josephson junction array inside
the cryostat. Twisted-pairs or coaxial cables are bringing this voltage to the input of the device under
test (DUT) outside the cryostat. These cables represent a load that causes the voltage, supplied to the
DUT, to differ from the Josephson quantized voltage. The voltage leads cause the output voltage to
show deviations that quadratically scale with the frequency and with the length of the cables. These
frequency-dependent deviations turn out to be the dominant source of uncertainty for frequencies
above approximately 10 kHz. This paper describes a load compensation bridge that fully compensates
the load of the Josephson arbitrary waveform synthesizer by the input impedance of the device under
test. Using an active guard to compensate the capacitive current drawn by the system wiring, the
quadratic frequency dependence present at the output terminal of the JAWS is completely eliminated
within the measurement uncertainties. Presently, the uncertainty of the load compensation bridge is
limited by the calibration of the DUT and amounts to 2.8 ppm for a voltage of 100 mV and frequencies
up to 80 kHz.
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SI traceability of the Farad at LNE
Author reference: Mr THEVENOT - LNE / France
Second authors:
Mr PIQUEMAL, Mr IMANALIEV, Mr DOUGDAG - LNE / France
Abstract n°109:
Electrical impedance measurements play a very important role as they are widely used in various fields
of science and engineering. One of the mission of National Metrology Institutes is the realization of
impedance units: the ohm (Ω), the farad (F), the henry (H) and their associated scales. It is a crucial
point to determine these units with the highest level of uncertainty, in order to support all the resulting
activities. At LNE, traceability of impedance measurements in the SI is achieved by means of an
uninterrupted chain of comparisons using impedance bridges and reference standards [1]. This
traceability chain connects a calculable capacitance standard on the one hand to the resistance
standard based on the quantum Hall effect (QHE) on the other, the QHE having become a new starting
point for impedance traceability after the revision of the SI in 2019. For a decade, a new five electrodes
Thompson-Lampard calculable capacitor has been developed at LNE with the aim to reach an accuracy
of one part in 108 for 1 pF. The main challenges to take up in order to achieve this objective are of a
mechanical nature. They consist in reducing errors below 100 nm coming from cylindricity defects of
the cavity and coaxiality defects. The first defect is due to the departure of the electrodes shape from
perfect cylinders and to their mispositioning with respect to each other. The second defect
corresponds to deviation from coaxiality between the capacitor axis and the trajectory of the moving
guard. The target uncertainty of one part in 108 requires also improving the associated measurement
chain: two and four terminal-pair impedance bridges, coaxial calculable resistance, standard
transformers… Presently, LNE participates in the EMPIR project Graphene Impedance Quantum
Standard (GIQS) that aims to develop an economically efficient traceability chain for electrical
impedance measurements to the International System of Units (SI)[2]. The LNE is involved on the
development of a second primary realization of the farad consisting of comparing the impedance of a
known resistance calibrated using the graphene-based QHE to the impedance of a capacitance. At the
end of both projects, LNE will be one of the few national metrology laboratories able to directly
compare at the level of one part in 108 these two primary methods of realization of the farad.
Acknowledgment: The GIQS project received funding from the European Metrology Programme for
Innovation and Research (EMPIR), co-financed by the Participating States and from the European
Union’s Horizon 2020 research and innovation programme.
[1] G. Trapon et al., “Determination of the von Klitzing constant RK in terms of the BNM calculable
capacitor - Fifteen years of investigations,” Metrologia, vol. 40, no. 4, pp. 159–171, 2003. [2] L.
Callegaro et al., 'The EMPIR Project GIQS: Graphene Impedance Quantum Standard,' 2020 Conference
on Precision Electromagnetic Measurements (CPEM), Denver (Aurora), CO, USA, 2020, pp. 1-2, doi:
10.1109/CPEM49742.2020.9191743.
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shapes
Author reference: Mrs SAADEDDINE - LNE / France
Second author:
Mr AGAZAR - LNE / France
Abstract n°122:
As the use of high voltage applications rises in the area of high voltage electricity grids and given the
importance of having reliable systems, there is an urgent need for adequate testing of grid equipment.
The typical tests on high voltage electricity grids systems include the combined and composite voltage
tests, during which lightning impulse (LI) or switching impulse (SI) are superimposed on the High
Voltage Alternating Current (HVAC) or High Voltage Direct Current (HVDC). However, at present, there
is inadequate traceability for these wave shapes, which may result in unreliable test results. Therefore,
there is an urgent need for traceable measurement systems for composite and combined wave shapes
that can be directly attached to the device under test. The current IEC 60060 standard allows voltage
dividers and measuring systems used in test laboratories to be qualified by separate calibrations with
AC, DC, LI, and SI voltage. However, these separate calibrations do not provide evidence for the ability
of such voltage dividers and measuring systems to measure correctly combined and composite wave
shapes. Furthermore, AC/DC and LI/SI generation circuits do interfere with each other. The role of LNE,
within the European Metrology Programme for Innovation and Research (Joint Research Project
19NRM07 in Normative call 2019), is to lead work on the definition of parameters of composite and
combined wave shapes, on the instrumentations for generating low voltage composite and combined
wave shapes, and on the characterisation of low voltage recording instruments and software. The aim
is to reliably determine the interaction between impulse voltages with High Voltage Alternating
Current (HVAC) or High Voltage Direct Current (HVDC) measurements, and related detrimental effects
due to combining wave shapes tests. This will enable optimised test setups to be created. Furthermore,
for the calibration of digitizers used for impulse measurements for voltages up to 1 kV, LNE will realise
the necessary metrological infrastructure for the standardisation of high voltage testing with
composite and combined wave shapes by setting up suitable low voltage reference systems and test
procedures according to IEC 61083-1. In addition, LNE will develop a new software of the digitizers for
the evaluation of the combined and composite wave shape parameters according to IEC 61083-2. The
outcome of the pre normative research on the standardisation of high voltage testing with composite
and combined wave shapes will be forwarded to IEC TC 42 ‘High voltage and high-current test
techniques’ for the ongoing revision of the IEC 60060 series. Thus, the evaluation of low voltage
measuring instruments and software using reference calibrators will lead to methods that will be
reported to IEC TC 42 for the ongoing revision of the IEC 61083-1&2. Additionally, the outcome of the
JRP 19NRM07 will enable the determinate of the uncertainty of existing measuring systems, creation
of new reference systems and European calibration capabilities through measurement campaigns, and
improvement of the robustness of high voltage electricity grids to adverse operational events. During
the conference, LNE will present the main work realised in the JRP 19NRM07 and the obtained results.
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Development and characterisation of a reference spectrometer for calibration of test
impedances in the mOhm range
Author reference: Mr RUSANTO - PTB / Germany
Second authors:
Mr SEITZ, Mr FUNCK, Mr HEINRICH - PTB / Germany
Mr KURRAT - Techniche Universität Braunschweig / Germany
Abstract n°155:
The low impedance measurements in the mOhm range are usually conducted with Electrochemical
Impedance Spectroscopy (EIS) in order to characterize the performance of Li-ion Batteries (LIB) [1].
The metrological comparability of results measured with different impedance meters is questionable
in this range. Moreover, impedances of LIB usually show significant reactances, while calibration is
usually performed only with resistors, ignoring varying phase angles [2]. Therefore, establishing
traceability of impedance measurement results to the SI through well-characterized impedance
standards is a prerequisite for accurate impedance measurements of LIBs. In order to improve the
traceability of impedance results in the full complex plane, previous research has developed a few
impedance bridges and impedance standards [3]. Nowadays, this can be done by adding two
supplementary terminal-pairs to the network, two high precision sampling voltmeter and a high
precision reference resistor. We demonstrate a measurement set-up for a reference spectrometer that
can be used to measure impedances with arbitrary phase angles in the range of a few mOhm, up to 3
kHz and with currents of a few amperes. The voltmeters, the resistor and the external clock generator
used for the synchronization are each calibrated traceable to the SI. Thus, the measured impedances
are likewise traceable to the SI. We will further provide a full uncertainty budget of the measurement
results aiming at a target of 1% relative standard uncertainty. The preliminary synchronization test and
the fitting test carried out at frequencies (1 Hz, 10 Hz, 100 Hz and 1 kHz) show good results between
two voltmeters with a difference of less than 0.01% for all parameters (amplitude, frequency, and
phase). For the validation, a test impedance has been calibrated twice. One calibration has been done
at PTB with AC quantities measurement method and the second calibration has been done with the
new reference spectrometer. The comparison results of the calibrations are in good agreement with
the uncertainty values of reference spectrometer is smaller than 0.2%. Further study will be examined
the performance of the reference spectrometer by using it for battery measurements. In the near
future, the reference spectrometer will be used for the calibration of reference impedance or test
impedance, especially in low impedance measurement range.
[1] Nina Medding, Marco Heinrich, Frederic Overney, Jong-Sook Lee, Venesa Ruiz, Emilio Napolitano, Steffen Seitz, Gareth Hinds, Rinaldo
Raccichini, MIran Gebrescek, Juyeon Park, “Applications of electrochemical impedance spectroscopy to commercial Li-ion cells” Journal of
Power Source, Volume 480, 31 December 2020, 228742
[2] Torsten Funck, Ralf Eberhardt, Jessica Heine, Frank Bastkowski, Petra Spitzer “Calibration of EIS analyzers using reference impedances”
Sensor and Measuring Systems 2014. 17. ITG/GMA Symposium. ISBN:978-3-8007-3622-5
[3] F. Overney, N.E. Flowers-Jacobs, B. Jeanneret, A. Rüfenacht, A.E. Fox, J. M. Underwood, A.D. Koffman, S.P. Benz, Josephson-based full
digital bridge for high-accuracy impedance comparisons, Metrologia 53 (4) (2016) 1045–1053, https://doi.org/10.1088/00261394/53/4/1045.
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Impedance simulator for the calibration of LCR-meter in its low impedance range
Author reference: Mr OVERNEY - METAS / Switzerland
Abstract n°160:
Electrochemical impedance spectroscopy (EIS) is a powerful and widely used non-invasive test method
for characterization of Li-ion batteries (LIBs). It is a non-destructive technique and can therefore be
used at various points throughout a battery’s lifetime [1]. The ability of EIS measurements to be a
diagnostic or prognostic tool for characterizing performance of LIBs largely relies on the accurate
measurement of the battery’s impedance over a wide frequency range. The traceability of the
impedance measurement is therefore a prerequisite to any interpretation of EIS results. The classical
calibration procedure of LCR-meters is performed using a set of reference impedance standards
(resistors, capacitors and inductors) and therefore, only few spots among the whole measurement
capabilities of the LCR-meter are effectively tested. Recently, the concept of impedance simulator,
extending the calibration possibility of the LCR-meter over the entire impedance plan, has been
developed further [2] and such a device is even now commercially available [3]. The impedance range
presently covered by the impedance simulator extends from 1 ohm to 1 Mohm, at frequencies from
100 Hz to 20 kHz. Extending the measurement capabilities of the simulator to impedances and
frequencies pertinent for EIS of LIBs (i.e. impedance as small as m? and frequency as small as mHz) is
a challenging task and required further developments. This paper describes the operation principle
and the performances of a new impedance simulator designed to calibrate LCR-meters in the
impedance range from 1 mohm to 10 ohm and at low frequencies.
[1] N. Meddings et al., “Application of electrochemical impedance spectroscopy to commercial Li-ion cells: A review,” J. Power Sources, vol.
480, no. August, p. 228742, Dec. 2020.
[2] F. Overney and B. Jeanneret, “Calibration of an LCR-Meter at Arbitrary Phase Angles Using a Fully Automated Impedance Simulator,” IEEE
Trans. Instrum. Meas., vol. 66, no. 6, pp. 1516–1523, Jun. 2017.
[3] https://mintl.com/productcategories/metrology/lcr-calibration/ This work is a part of the EMPIR project 17IND10 `LiBforSecUse’. The
EMPIR initiative is co-funded by the European Union’s Horizon 2020 research and innovation programme and the EMPIR participating states.
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Author reference: Mr DAUL - PTB / Germany
Second authors:
Mr BUSCH, Mr WOLFF, Mr KOENDERS - PTB / Germany
Mr JIN - University of Shanghai for Science and Technology / China
Abstract n°195:
Capacitive sensors enable noncontact displacement-measurements up to some millimeters with subnanometer resolution. Due to a large number of advantages capacitive sensors are used in many kinds
of applications. We have investigated the slope error and the nonlinearity of capacitive displacement
measurements in more detail in order to be able to keep correction factors of a calibration small. The
focus of our work is the calculation of a comprehensive uncertainty budget taking into account the
influence of surface form deviations, roughness and surface potential distributions as well as
environmental conditions such as air pressure, room temperature and humidity. For this purpose,
we optimized an existing measurement chamber that can be used to control air pressure, room
temperature and humidity. In the chamber, we have set up an experiment in which displacement
measurements can be performed with fabricated electrodes and slope errors and nonlinearities can
be determined down to the single-digit nanometer range. The width of the displacements is 50 µm. A
differential plane mirror interferometer is used as a reference for the capacitive displacement
measurements. The tilt between the electrodes is one of the major parameters influencing the slope
error and nonlinearity. For this reason, just as in industrial applications, reproducible adjustment of
the electrodes is essential to enable comparable measurements of electrodes with different
properties. Besides experimental investigation we simulated the influence of the tilt with FEM. In both
cases, the slope error has a maximum and the nonlinearity a minimum when both electrodes are
parallel. Based on this knowledge, we have developed an adjustment algorithm in which the slope
error of displacement measurements will be maximized and the nonlinearity will be minimized. In the
adjustment algorithm presented in this work, the probe is tilted by a total of 4.14 mrad in pitch and
6.9 mrad in yaw against the fixed target electrode. The slope error of the displacement measurement
is thereby increased by 840 nm and the nonlinearity is reduced by 153 nm. By taking advantage of this
intrinsic alignment, no complex and expensive equipment is required to measure the tilt of the
electrodes. In addition, the adjustment process is completely non-contact, which is essential for the
investigation of electrodes with different surface properties. To further reduce the influence of tilt,
we do a measurement algorithm after adjustment to determine the global slope error and global
nonlinearity for each sensor. The standard deviation of 5 measurements with the measurement
algorithm is 12 nm for the slope error and 1 nm for the nonlinearity. With this repeatability,
experimental studies of various influencing variables on the slope error and nonlinearity are possible,
completely without the influence of tilt.
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Second authors:
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Abstract n°63:
Volatile organic compounds (VOCs) are emitted into the atmosphere from natural and anthropogenic
sources. VOCs, as precursors of ozone and aerosols, play an important role in the oxidative capacity of
the lower atmosphere, which affects air quality. In addition, VOCs contribute directly and indirectly to
the radiative forcing and in turn to climate change. In order to generate comparable datasets at
different spatial and temporal scales, which are essential to identify climate trends, traceable and
accurate long-term measurements of VOCs are needed. However, the lack of stable and traceable
standards to the international system of unit for many VOCs relevant for climate, together with effects
linked to ozone and humidity interferences and VOC reactivity with surfaces (i.e. memory effects,
decomposition), are common issues for sites monitoring VOCs in the atmosphere. The project
'Metrology for Climate Relevant Volatile Organic Compounds' (MetClimVOC, 2020-2023) - funded by
the European Association of Metrology Institutes (EURAMET) through the European Metrology
Programme for Innovation and Research (EMPIR) - pursues to minimize these limitations by generating
reference gas standards of oxygenated VOCs, terpenes and halogenated VOCs that are considered
priority by stakeholders (WMO-GAW, AGAGE, ACTRIS, EMEP). These gas standards will be produced at
atmospheric amount fraction levels with an accuracy and temporal stability fulfilling the Data Quality
Objectives of the monitoring networks (amount fractions < 100 nmol/mol with expanded uncertainty
< 5% and minimum 2 years of temporal stability for gravimetric standards). Moreover, the project aims
to optimize the sampling and analytical methods used in monitoring stations and to develop fit-forpurpose working standards. Outputs from the project, therefore, will have impact on the analytical
instrument and gas standard industries. Here, we present the project MetClimVOC and its first
outputs, such as a priority list of VOCs relevant for climate research and two newly systems developed
by METAS - a cryo-filling system and a two-step diluter - that will be used for generating traceable
reference and working gas standards of the priority VOCs.
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Author reference: Mr ROBINSON - NPL / United Kingdom
Second authors:
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Abstract n°74:
This paper will discuss the development and implementation of validated methods to meet the
regulatory requirements for industrial emission monitoring. Achieving reliable and comparable
measurements of air quality and air emissions is underpinned by the use of international standardised
methods through the activities in CEN technical committee TC 264 Air Quality. TC 264 is responsible
for all European Standards related to the measurement of air quality and emissions into the
atmosphere. This is a very active TC with 25 active working groups currently developing nearly 30
different standards. The impact of metrology support and metrology research programmes will be
illustrated through case studies, describing assessments of the uncertainties of the measurement
methods, and validation programmes undertaken during methods development. The talk will describe
the activities in these projects and give some highlights of the outcomes so far. This includes studies
in to the performance of emission measurement methods, particularly in their capabilities to meet
new lower emission limits being introduced through the Industrial Emissions Directive and its
associated Best Available Technique Reference Documents in Europe. Particular areas which will be
described will be a review of the performance of stack testing companies based on proficiency testing
results, the development of a novel particulate test loop and an uncertainty model of continuous
emission instrument performance. This will provide an up to date picture of the current and future
developments of methods for emission monitoring and a summary of some leading research in to the
performance and uncertainties of emission monitoring techniques. A review of future drivers for
standardisation to meet new measurement targets and emerging regulated compounds will also be
covered, together with the implications of these regulatory drivers on future metrology research
needs.
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Realisation of a universal pH scale: a step forward for achieving comparability of pH
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Author reference: Mrs STOICA - LNE / France
Second authors:
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Mr BASTKOWSKI - PTB / Germany
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Mr LIV - TUBITAK UME / Turkey
Mr NAYKKI - SYKE / Finland
Abstract n°79:
The pH is probably the most prominent chemical concept widely used outside the field of chemistry.
A major area in which pH is used concerns equilibrium relations, such as in analytical chemistry, where
the pH serves as an important tool in acid-base, complexation, redox, and precipitation titrations. in
physical, inorganic, organic and bio-chemistry, where it is used to determine equilibrium constants of
weak acids and bases. in agriculture, where it finds applications in the acidity of rain and soil. in
medicine, where it is used as an indicator of blood quality, etc. Routine pH measurements are
commonly based on potentiometric measurements involving the use of a glass electrode as pH sensor
and an external reference electrode. Combination of both electrodes in a single probe is generally used
and is known as pH electrode. Although pH measurements are primarily done on aqueous samples, pH
is used in a wide variety of industries and therefore in a diverse set of media i.e. different solvents,
solvent mixtures, mixed aqueous/non aqueous dispersions. Such complex media are challenging for
classical pH sensors that exhibit unstable readings, drift, long responses times and measurement
errors. Moreover, for measurement in different solvents (or solvent mixtures) where a pH scale exists,
pH values are linked to the standard states defined in the same solvent, making the measured pH
values specific to each solvent, fundamentally incomparable between solvents in terms of proton
activity. The recent introduction of a unified universal acidity concept, pHabs, together with a
measurement method (https://doi.org/10.3390/sym12071150) represents an interesting approach to
measure acidities and achieve direct comparability of pH, in principle applicable to any kind of solvent.
The aforementioned concept expresses a direct measure of the hydrogen ion chemical potential in any
given medium and relies on a universal solvent independent standard state taken as ideal proton gas
at 1 bar and 298.15 K. Using water as an anchor solvent enables to reference the measured pHabs
values to the conventional aqueous pH scale, yielding pH_abs^(H2O), and establishing thereafter the
metrological traceability. pH_abs^(H2O) measurements are carried out using differential
potentiometric method that involves the use of two glass electrodes and a salt bridge formed by an
ionic
liquid,
triethylpentylammonium
bis(trifluoromethanesulfonyl)imide
[N2225][NTf2]
(https://doi.org/10.3390/sym12071150). The presentation will give an overview of the pHabs concept
43

and the principles of its current experimental realization under UnipHied, a Joint Research Project
within EMPIR (European Metrology Program for Innovation and Research).
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Creation of a new European Metrology Network on Pollution Monitoring (POLMO) inside
EURAMET
Author reference: Mr MAILLARD - LNE / France
Second authors:
Mrs LARDY-FONTAN - LNE / France
Mr NAYKKI - SYKE / Finland
Mr SCHNEIDER and Mr MEERMANN - BAM / Germany
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Mr CAN - TUBITAK UME / Turkey
Mr KELLETT and Mr VERES - CEA / France
Abstract n°93:
Driven by a wide set of European regulations, strategies and action plans, to cope with and to minimize
environmental pollution in Europe, the need for pollution monitoring especially on chemicals and
radionuclides is constantly growing in importance as it supports the ambition of the European Union:
“In 2050, we live well within the planet’s ecological limits”. This can be reached only on the basis of
high-quality data on pollution monitoring as well as strong metrological cooperation between all
relevant European partners and stakeholders. To foster this goal a strong, collaborative, multidisciplinary, long-term and self-sustaining “European Metrology Network on pollution monitoring”, as
a metrological reference infrastructure, is need to be generated and managed. Such a metrological
network will be started to be developed over the next years within the framework of an EMPIR network
project call POLMO. POLMO will focus first on chemicals and radionuclides pollution in the different
compartments of the environment (water, air. soil) but also will strives to expand its expertise to other
areas such as light or noise pollution on longer terms. The detailed objectives of the POLMO network
are:
To Become an international point of focus and create stronger connections for all the different
stakeholder communities (active networks and associations, research centres, testing laboratories,
manufacturers, industry, standardization bodies, regulators) with NMIs/DIs. This should allow new
approaches to meet stakeholder requirements by developing multidisciplinary metrological research
overpassing current regulatory principles.
To Maximize efficiency of NMIs/DIs activity and minimise resources (human, infrastructures, financial)
as well as knowledge, data and best-practice transfers between NMIs/DIs and with the main EU
organisations as well as stakeholders in the POLMO context. Demonstrate the role of metrology in the
European research area. Moreover, to define the place and role of the metrology in the pollution
monitoring chain of measurements and to demonstrate its added value and benefit.
To Maximize and accelerate dissemination of reliable metrology practices for pollution monitoring
through mutually recognized and agreed approaches.
The goal of this presentation is to describe how the POLMO Metrology Network will be implemented
from mid 2022 in particular by the means of an EMPIR JNP (Joint Network Programme) in the
framework of EURAMET (European Association of National Metrology Institutes).
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A first certification protocol for the evaluation of sensor systems dedicated to the ambient
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Author reference: Mr SPINELLE - Ineris / France
Second authors:
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Mrs MARCHAND, Mrs FIEVET, Mrs EL BOUSTANI, Mr DURIF and Mr CHARPENTIER - Ineris /
France
Abstract n°182:
The continuous interest for sensor systems dedicated to the air quality monitoring led the French
national agencies (Ministry in charge of the environment, the French National Reference Laboratory
for monitoring air quality (LCSQA, www.lcsqa.org) members and the regional networks (AASQA)) to
study the reliability of these new devices. However, there is currently no national or European
normative framework regulating their uses or giving the guidelines to evaluate their performances
against reference measurement systems, even if some works are undergoing within the European
Committee for Standardization. Using the knowledge acquired with the two national sensors’ field
evaluation for gas and particulate matter (S. CRUNAIRE, N. REDON, L. SPINELLE, Résultats du premier
Essai national d’Aptitude des micro-Capteurs (EAµC) pour la surveillance de la qualité de l’air.
https://www.lcsqa.org/fr/rapport/resultats-du-premier-essai-national-daptitude-des-microcapteurs-eamc-pour-la-surveillance), two members of the LCSQA (Ineris & LNE) joined forces to
establish a voluntary certification scheme focused on the evaluation of the metrological performances
of air quality sensors systems for both gaseous and particulate matter. This evaluation, based on the
European standard drafts of the working group on sensors for air quality monitoring, is divided in two
steps:
• a first evaluation of the metrological parameters of sensor systems in the laboratory, under
controlled conditions.
• a second step focused on the evaluation of the performance of these sensor systems in outdoor
conditions, using a unique enriched ambient air matrix facility. This evaluation focuses on a fixed
measurement performed with a stationary sensor system. For suspended particulate matter (PM), as
the nature of the aerosol may vary according to the typology of the measurement site, this certification
covers background typologies.
In a first stage, this voluntary evaluation is aimed at measuring PM2.5 and NO2 and will be further
extended to other pollutants such as O3 and PM10. At the end of the two parts of the metrological
assessment and an audit of the devices production, a performance division is assigned to each
pollutant measured by the sensor system, based on specific metrological criteria described in the
protocol for evaluating sensor systems for ambient air quality monitoring at fixed point (MO-1347,
Evaluation Protocol for Sensor Systems for Ambient Air Quality Monitoring at Fixed Site.
https://prestations.ineris.fr/en/certification/certification-sensors-system-air-quality-monitoring).
These divisions are related to the use of the sensor system and correspond to the following definition:
• Division A: Category of data quality objectives defined in the evaluation protocol MO-1347 and
compliant with the data quality objectives (uncertainty, data capture) for Indicative Measurement as
described in the Directive 2008/50/EC.
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• Division B: Category of data quality objectives defined in the evaluation protocol MO-1347 and
compliant with the data quality objectives (uncertainty, data capture) for Objective Estimation as
described in the Directive 2008/50/EC.
• Division C: Category of data quality objectives defined in the evaluation protocol MO-1347 but that
are out of the scope of the Directive 2008/50/EC. For this division, the level of requirements in terms
of uncertainty is only sufficient for citizen science studies, educational action, etc... defined as
Awarness Studies.
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Arrangement of electronic sealing of calibration certificates for metrology stakeholders in
Estonia
Author reference: Mr VAHI - Metrosert / Estonia
Second authors:
Mr VAIGU, Mr KUBARSEPP, Mr LILLEPEA - AS Metrosert / Estonia
Abstract n°52:
At AS Metrosert, National Metrology Institute of Estonia, we have implemented an electronic sealing
system for validation of electronic calibration and verification documents to replace the traditional
signing of paper-based and paper-like documents. Also, the developed system incorporates readiness
for machine-readable calibration and verification certificates. In the process of digital sealing, we use
the software platform developed and governed by the Information System Authority of Estonia. We
utilise qualified electronic signature creation device for this purpose as requested by Annex II of
Regulation (EU) No 910/2014. However, as it is a corporate signature, we use it as electronic sealing.
In such a way, the electronic seal certifies that the document(s) originate from the authority, that has
used the signature. Thus, in the digital world the electronic seal is an analogue of a seal imprint. Such
electronic seal certifies that AS Metrosert is associated with the specific document and, since issuing,
the document stayed unchanged. In practice, a digitally sealed document is a container (a file with a
.asice or .bdoc extension), which in turn contains document file(s) and signature-related data (signers,
etc.). Document(s) can be extracted from the container and be further handled as a copy of the
original, sealed document. In the implemented system, we also include information about the reasons
for digital sealing and the log of personnel who has been involved in creating the sealed document.
For example, a calibration certificate can be digitally sealed if both, the person who performed the
calibration and the person responsible for the measurements, have accepted the document in our
internal document approval software environment. We present the concept of our carefully designed
and thoroughly tested electronic sealing system of calibration certificates and possibilities to involve
customers in the digitalisation process through machine-readable calibration certificates. Up to the
present, we have embedded 65 industrial metrology stakeholders in our digital platform. To foster
further the development of harmonised DCC at national metrology institutes and calibration
laboratories Metrosert participates in EURAMET project No 1448 of the Technical Committee for
Interdisciplinary Metrology.
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Information retrieval approaches for the optimisation of conformity assessment processes
in legal metrology
Author reference: Mrs NEUMANN - PTB / Germany
Second authors:
Mr ESCHE and Mrs SCHREPF - PTB / Germany
Abstract n°73:
1. Importance of Information Retrieval in Conformity Assessment Processes Information Retrieval is
the computerized extraction of information where relevant information is found and provided. Legal
metrology accumulates big amounts of heterogenous information concerning measuring instruments
during conformity assessment processes for instruments subject to legal control. The management of
information is challenging at various levels, e.g. the consistency of submitted documents needs to be
evaluated. This is achieved, for instance, by categorizing given information and assessing the
measuring instruments based on these categories. The assessment may need to go through various
iteration loops for hardware, software and documentation. This implies frequent correspondence
between manufacturers and certification body. Several sightings and troubleshooting of documents
concerning description, functionality and version of the measuring instrument may be necessary. A
precondition for the retrieval is the archiving of documents in a common format with respect to future
information reusability. 2. Concepts and Approaches for the Document Analysis Optimization of
Conformity Assessment Processes. There exists no general computerized Information Retrieval
approach for conformity assessment. Therefore, Information Retrieval methods and concepts have
been analysed, evaluated and described in a conceptual workflow. The evaluation criteria for the
workflow were based on the user needs through qualitative analysis. The necessity for a system that
processes big amounts of data while keeping sensible data private is one important outcome. No
interruption of existing workflows is desired and internally hostable approaches are preferred.
Moreover, archiving and semantic processing of information is required. Based on the requirement of
a semantic search, a conceptual thesaurus was designed. Two tools have been developed trying to fit
these outcomes. One tool converts documents into PDF/A format and enhances metadata semiautomatically. Another tool, based on the Solr search engine, has been developed for the purpose of
Information Retrieval. A user interface has been designed and a connection to the conversion tool has
been implemented. The conversion tool can export the metadata to the examined documents which
are then passed on to the search engine. An initial case study with a small number of conformity
assessment staff indicates that the concept, especially the interaction with the tools, improve the
workflow.
3. Outlook – Information Retrieval as a Basic Principle for Further Optimization in
Conformity Assessment Processes The described methods can add meaning to processes, but they
will also have their limits concerning how much interpretation of data is possible. Information Retrieval
is usually closely attached to content analysis and interpretation, but it does not usually provide those
in depth on its own. A next step can be to deploy clustering approaches. With the clusters it should be
possible, for instance, to see prominent topics in the documents or to help link linguistic patterns to
expected relevant contents of documents. With this information at hand it would be easier to adjust
the tools to the specific use cases of the conformity assessment processes. In the long run, this setup
should also be able to support and improve machine learning approaches.
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How to analyse multivariate data to monitor a production
Author reference: Mrs COURTOIS - Deltamu / France
Second author:
Mr DUBOIS - Deltamu / France
Abstract n°92:
The 21st century has been identified as a century with a new resource: Data. Multibillionaire
companies such as GAFAs (Google, Amazon, Facebook, and Apple) have been using this new resource
intensively to get information on our habits and behaviour, to meet our needs and even create new
ones. From another aspect, insurance company uses large atmospheric and oceanographic data, to
evaluate the risk of flood and storm in specific areas to manage their clients’ subscriptions. Industrials
only start to acknowledge this new resource by entering what we call the Industry 4.0, where
everything can be connected. A new area can be defined by the data issued from industrial
measurements. This use of data is of great interest for industrials who would like to predict the
behaviour of their production, and thus identify any shift or derive in their instruments. Often
measurements are analysed as single independent variables, and not as complex correlated
multivariate variables. In this presentation, we will tackle this issue and present different mathematical
tools which can be used. A mathematical approach which is commonly used in multivariate analysis
is the Principal Component Analysis (PCA). PCA allows you to evaluate the variability in your data and
to physically visualise it in a graph. By analysing industrial data from a specific production, this
approach can help us to identify the variation in the production measurements. Coupled with the
distance of Mahalanobis (Hotelling, T2 control chart), not only we can identify the source of the
variation, but we can measure how far off the measurements can be and therefore predict a shift
before suffering of its impact. In this presentation, we will introduce different mathematical tools used
in data analysis, and how to use them to analyse industrial data. We will introduce our interest in
measurement uncertainties in this approach. Based on simulated and real data, we will show how a
perturbation in the production measurements can be identified much earlier than usual control chart.
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Interpolation of time-series data with uncertainty for preprocessing of machine learning
applications in the context of Industry 4.0
Author reference: Mr GRUBER - PTB / Germany
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Abstract n°156:
Industrial processes are typically monitored by processing time-series data acquired by (smart)
sensors. In the field of Industry 4.0, machine learning (ML) methods have become a popular choice to
extract features of interest from raw time-series signals. Although not a limitation of ML in general,
many of these algorithms dealing with time-series data expect input data with equidistant timestamps.
Data acquisition is often performed by microcontrollers at a sampling frequency derived from an
internal oscillator. As these oscillators experience a general variance and temperature dependence,
the yielded sample times differ from the desired values. The traditional scenario is to sample all
necessary sensors using the same (multi-channel) data acquisition unit (DAQ). In this case, the common
assumption is that all data is equidistant in time (within some margin of error). However, in Industry
4.0 scenarios data is acquired using multiple independent DAQs and the assumption of equidistant
time stamps is prone to failure. As a consequence of the accumulated sample-frequency drift, the i-th
record of one smart sensor is no longer guaranteed to represent the same moment in time as the i-th
record of another one. Recent studies showed that this can lead to significant errors in a subsequent
ML processing pipeline. Moreover, to have reliable data, it is of interest to consider uncertainty both
in time and value. In the setting considered here, timestamps with uncertainty are delivered by a smart
sensor system. Uncertainty associated with the measurand can be derived from the manufacturer's
datasheet or calibration information. Also, to be applicable in Industry 4.0 settings developed methods
should be applicable to streaming data, i.e. work on incremental time-series updates. The proposed
solution will be applied to data of an industry-like testbed for life-time tests of electro-mechanical
cylinders with an existing analog sampling DAQ. In a recent measurement campaign, the testbed was
observed with the original DAQ system and three additional smart sensors with independant absolute
timestamping based on GNSS. To bring the data of two independent sources together, the following
steps become necessary:
1. The data needs to be aligned temporally. This includes the challenge of establishing a conversion
between the implicit relative timestamps of the original DAQ and the absolute timestamps of the smart
sensor by a correlation analysis of a common signal. This enables a correction of the drift of the original
DAQ-timebase, as well as a quantification of its time uncertainty.
2. Both datasets need to be represented on the same equidistant timebase. This is achieved by
interpolation of both datasets. After performing this alignment, the influence of multiple interpolation
schemes on subsequent ML pipelines and on the associated processing steps is investigated.
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Industrial control systems cybersecurity: effects and prevention of an attack through smart
instrumentation
Author reference: Mr MASSÉ - INERIS / France
Abstract n°193:
In recent years, the issue of cybersecurity of industrial systems has emerged as fundamental. Industrial
instrumentation and control systems, like any computerized system, are susceptible to attacks that
can have serious consequences. In the context of Industry 4.0, these systems tend to be increasingly
digitized and communicating: the use of connected objects (IIoT), the connection of control systems
to the network, wireless links and the technological convergence between Information Technology (IT)
and Operational Technology (OT) increase the attack surface and potential vulnerabilities. The
consequences of an attack can be varied: production stoppage, ransomware, theft of sensitive data
and possibly - industrial control systems driving risky installations - material destruction and human
consequences. The most frequently described attack scenarios targeting an industrial control system
involve either infiltration through the company's IT network connected to the Internet, or through the
unsecured use of removable media such as USB keys. It is therefore an attack from the upper levels of
Purdue's model: from management systems to production supervision systems and then to industrial
automation systems. Some recent technological developments and operating methods suggest direct
attacks from the lower layers of the Purdue model, which are the sensors and actuators: the sensors
have wireless parameterization means that can be used to modify a large number of parameters, and
attacks via the supply chain of this equipment (introduction of backdoors) are also possible. As these
sensors have extended functionalities and means of communication, they can be an entry point to the
industrial control system. Attacks targeting the sensors can lead to data corruption, data theft or even
denial of service, with possible consequences on business continuity, confidentiality or operational
security. This type of attack by the lower layers of the ICS could jeopardize the security measures put
in place, which are rather intended to prevent the propagation of an attack from IT systems to OT
systems. Means exist to counter these attacks: the global security architecture, the hardening of its
components and the detection of intrusions and corruptions via defensive programming means of PLCs
for example. This paper will describe this attack modus operandi, its possible consequences and means
of preventing these attacks.
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Calibration of seismic sensors and geophones
Author reference: Mr MENDE - SPEKTRA / Germany
Second author:
Mr IWANCZIK - SPEKTRA / Germany
Abstract n°9:
Seismic sensors and geophones are a quite special class of transducer regarding size, weight and
frequency range. All three parameters can be challenging regarding a primary calibration according to
ISO 16063-11. With diameters up to 50 cm, a weight of some 10 kg and a frequency range that can be
as low as 0.008 Hz or as high as 350 Hz, the requirements for a calibration shaker are very high. This
paper presents some ideas how to improve the performance of a calibration shaker for the horizontal
excitation of such sensors in order to decrease the measurement uncertainty of a primary calibration
of such DUT. With simulations and corresponding measurements on existing air bearing shakers the
measurement error due to mechanical properties of the shaker were investigated. It could be shown
that a misaglinment between the center of gravity of the moving mass (DUT + shaker table) and the
point where the force of the electrodynamic drive is applied can lead to a tilting ot the shaker table
that leads to a significant measurement error regarding the primary calibration of a seismic sensor
with a laser vibrometer as reference sensor. This error is increasing with the frequency of the
excitation. As a result an improved shaker for the calibration of such devices requires a concept to align
the shaker drive with the center of gravity of the moving mass depending on the weight of the device
under test. In the low frequency range down to 8 mHz planarity of the air bearing the shaker table
becomes the an important influence factor regarding the measurement uncertainty as well as bending
modes of the bearing or the base plate of the shaker. Here concepts for the alignment of the air bearing
as well as an increased stiffnes of air bearing and base plate can lead to a certain improvment and will
be discussed. However, for measurements in the mHz the mechanical requirements may get too high
to get a low measurement uncertainty. A third issue can be the very low forces required in the mHz
range. E.g. for the calibration of a seismic sensor with 10 kg weight at 10 mHz and 2 mm/s amplitude,
the required force is in the mN range. Thus, even slight disturbances in the mechanical system of the
shaker like bending forces from the air tubing will lead to a disturbed mechanical excitation. In order
to overcome this issue a concept for a well controlled and balanced increase of the moving mass is
required. The paper will show simulation and measurement results and tries to give hints which
improvments of the shaker design can lead to a reduced measurement uncertainty regarding the
calibration of this special DUTs.
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Second authors:
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Abstract n°175:
Dynamic measurements are a key requirement for process control in many demanding applications,
such as automotive, marine and turbine engines, manufacturing processes, and ammunition and
explosion safety. However, the current practice of calibrating pressure and temperature sensors under
static conditions significantly limits the achievable measurement accuracy (errors of up to 10 % can
occur). Additionally, the uncertainty components in environments where pressure and temperature
conditions are dynamically changing can be significantly different. A European metrology research
project DynPT (Development of measurement and calibration techniques for dynamic pressures and
temperatures) is developing improved measurement and calibration techniques in the range up to 400
MPa and 3000 °C for dynamic pressure and temperature, respectively. In this project, SI traceability
for dynamic measurements will be established, which will significantly improve the accuracy and
reliability of dynamic measurements in industry. This paper summarizes the main outcomes of the
project so far: (a) Development of new measurement standards and validated calibration procedures.
(b) Results of studies on the effect of different influencing factors on the dynamic sensor response with
the aim of defining the most appropriate calibration procedures and measurement uncertainties in
industrial applications. (c) Development and validation of new measurement methods and sensors for
measuring dynamic pressure and temperature in demanding industrial applications.
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LEVIATYS, an innovative method for calibration of high capacity weighing instruments in
industry
Author reference: Mrs BAVELARD - CERIB / France
Abstract n°181:
How to make it easier to calibrate High capacity weighing instruments in industry? Many industrial
sectors have in common the weighing of constituents in the manufacturing process. The calibration of
these weighing instruments is essential to characterize the reliability and repeatbility of the process.
But due to the scale of measurements (over several tons), the calibration of these equipments stands
practical difficulties when it is perform with standard masses, such as the duration of the production
shutdown, and the manual deposit of masses on the load receptor due to access restrictions. The
CERIB , technical Center of research for concrete industry, has developped an innovative method of
calibration Léviatys® , using jacks and strength sensors to apply a counter thrust on weighing
instruments in order to perform a calibration without standard masses. At first, The purpose of this
conference is to present the principle of the Léviatys® method , its different fields of application and
to describe the advantages of the method due to the mechanization of the application of the load. We
shall also point out the main components of uncertainty of meaurements associated with this method
and how they have been estimated through experiences in the laboratory and on site. So we will
obtain the estimation of the accuracy of meaurement . The conference will be illustrated with
examples of applications in different production areas such as the concrete or food industry. We will
conclude with the development projects connected with Leviatys and the widening of its scope.
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qNMR characterisation of peptide calibrators for isotope dilution LC-MS quantification of a
SARS-CoV2 IgG monoclonal antibody
Author reference: Mr MARTOS - BIPM / France
Second authors:
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Abstract n°37:
The year 2020 will be remembered for the most pernicious epidemic of modern history. The SARSCov2 coronavirus has affected millions of people worldwide and has triggered an unprecedented race
for the development of diagnostic tests and therapeutical vaccines. These technologies require
befitting measurements that underpin reliability and patient safety.
Blood-circulating antibodies
against SARS-CoV2 are correlated with both infection and immunity, which render them an important
target for immunometric and liquid chromatography-mass spectrometry (LC-MS) methods. Suitable
reference materials and methods are being developed to ensure the reliability and consistency of such
measurements. Isotope-dilution methods based on LC-MS can be applied to the value assignment of
IgG in solution thanks to their selectivity, reproducibility, and low limit of detection. Due to the
complexity of such large molecules, bottom-up approaches can be applied that consist of trypsin and
Lys C digestion and quantification of proteotypic peptides as surrogate analytes for an IgG monoclonal
antibody directed against the SARS-Cov2 Spike (S) Glycoprotein. Traceability of this procedure relies
on peptide standards whose purity has been determined by quantitative nuclear magnetic resonance
(qNMR). The 1H qNMR method allows for the mass fraction assignment of peptides by comparing the
selected 1H resonance signal of the peptide to that of a certified RM used as internal standard in the
peptide solution. The current paper will describe the qNMR characterization of 5 peptide calibrators,
chosen as target analytes following proteotypic digestion of the monoclonal antibody, including the
accuracy of the mass fraction measurements that can be achieved, and how the calibrators may be
used in double isotope dilution quantification methods.
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Measurement uncertainty quantification for myocardial perfusion using cardiac positron
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Author reference: Mrs JAGAN - NPL / United Kingdom
Second authors:
Mr PARTARRIEU, Mrs SMITH and Mr FENWICK - NPL / United Kingdom
Mr HAN, Mrs SIEKKINEN, Mr TEUHO and Mr SARASTE - Turku PET Centre / Finland
Abstract n°43:
Perfusion, the flow of blood, and hence oxygen, is essential to the functioning of the heart. Reduced
perfusion (or ischemia), is a reliable indicator of the presence of significant obstructive coronary artery
disease (CAD) [1], which is one of the biggest causes of death in Europe. Myocardial perfusion imaging
is a non-invasive technique used in the diagnosis, management and prognosis of CAD and is a key
component in the triage of patients into treatment and non-treatment groups. Cardiac positron
emission tomography (PET) offers high sensitivity and specificity [2], however perfusion measurements
are difficult to calibrate versus a common reference standard, and confidence in them is generally not
quantified in terms of measurement uncertainty. The absence of measurement uncertainty
quantification can lead to inaccuracies in measurement results and a lack of comparability between
devices or scanning facilities. In clinical practice, the absence can ultimately lead to false diagnoses,
patient distress, unnecessary treatments and litigation. There are a number of steps involved in
generating a perfusion map [3] – from patient preparation to data analysis – each associated with
potential sources of error. Not accounting for these sources of uncertainty is likely to be detrimental
to the decision-making process. However, uncertainty information can be used to quantify the risk of
misclassification of patients, especially in borderline cases, which is a key difficulty in healthcare
planning. If the risk is found to be high, a clinician can order further tests rather than relying on a single
measured value of blood perfusion whose quality is unquantified. In this paper, we explore the sources
of measurement uncertainty and their relative contributions and discuss a Monte Carlo approach to
quantify the measurement uncertainty associated with PET perfusion maps. These methods will inform
users of how parameter choices in their imaging pipeline affect the output of their measurements and
associated error , and how image interpretation can be automated [4]. The resulting uncertainty
quantification will facilitate effective comparisons between the measuring systems used at different
institutes.
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Abstract n°54:
Since the 1990s, endocrine disruption becomes a central concern at the political, regulatory and
societal levels. In 2018, the European Commission adopted an ambitious program to address the
societal issues and research needs on endocrine disruption. In the field of the environment, numerous
studies have revealed a pollution of the aquatic spheres by such substances. Among them, natural
steroid hormones and analogous pharmaceuticals are recognized as being a real threat to biodiversity,
causing harmful effects from concentrations less than ng.L-1. Accordingly, they are particularly
scrutinized to define the need to regulate them by both the Drinking Water Directive and the Water
Framework Directive. In the field of human health, measurements of steroid hormones are widely
used and helpful for the diagnosis and treatment monitoring of various diseases or disorders at all
stages of life, such as cancer, polycystic ovarian syndrome, infertility, etc. Even small variations in
steroid hormone levels can highlight health problems. Therefore, they can become biomarkers of
endocrine disruption. However, the measurements accuracy is not sufficient, particularly at low
concentration levels. To better characterize and understand endocrine disruption, the need for reliable
data is key in environmental and biological matrices, especially at the level where decisions have to be
taken. The presentation will first introduce and discuss the development and validation of a method
of quantification of 23 selected natural steroids and pharmaceuticals in whole water. Method
performances in terms of limit of quantification, precision, bias and uncertainty will be presented and
discussed with respect to the state of the art. Secondly, it will present the development and validation
of a method of quantification of key biomarkers in serum. Issues of the definition of the measurand
and the definition of the calibration strategy will be particularly addressed. Finally, the presentation
will demonstrate the importance of implementing isotopic dilution-mass spectrometry for reliable
measurements and will stress out metrological perspectives.
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Abstract n°136:
Sepsis is a life-threatening condition caused by an over-expressed immune response to an infection
(bacterial, viral, fungal) leading to tissue and organ failures. Recently, Rudd et al. reported 48.9 million
cases of sepsis worldwide in 2017, resulting in 11 million deaths. As there is no sepsis-specific
treatment, it remains a significant cause of death in emergency and intensive care units. Therefore, an
early and accurate diagnosis followed by an appropriate antimicrobial therapy are critical to improve
patient outcome. Sepsis diagnosis is currently established through the SOFA score (Sequence Organ
Failure Assessment) and/or individual protein biomarkers measurement by immunoassays. such as
procalcitonin, C - reactive protein or calgranulins. Unfortunately, the SOFA score might be impacted
by unspecific symptoms while immunoassays may suffer from interferences, despite their high
sensitivity. As an assay targeting a single protein biomarker may not be specific enough, early sepsis
diagnosis could be improved by monitoring a panel of serum protein biomarkers, ideally with a
multiplexed method. As a part of European EMPIR project SEPTIMET, and in collaboration with
clinicians and in vitro diagnosis manufacturers, we have established a list of nine relevant proteins
biomarkers, according to clinical relevance and technical feasibility. Notably, these biomarkers are
representative of distinct pathways of the immune response or organ failure. There are currently no
reference materials and higher order reference methods for seven out of the nine biomarkers, or
multiplexed method to simultaneously quantify these nine proteins. Targeted proteomics, based on
mass spectrometry, provides specific, sensitive and multiplexed measurement of proteins in bio fluids
and was therefore selected for absolute quantification of the nine biomarkers. The selected protein
biomarkers have various lengths and serum concentrations, ranging from sub-nanogram per milliliter
to few milligram-per-milliliter in healthy subject. Quantification over a large dynamic range of proteins
in complex matrices (human serum) by mass spectrometry remains challenging. One aim of this work
is to develop a robust and quantitative methodology, based on an optimised sample preparation
workflow followed by LC-HRMS, able to quantify at least two signature peptides of each protein
biomarker. The first step was the selection of signature peptides after enzymatic digestion of the fulllength proteins and untargeted data-dependant analysis. Three to four signature peptides were
retained for each protein, according to different criteria, such as length, amino acids composition, etc.
These peptides were then monitored by a QExactive high-resolution mass spectrometer operating in
the Parallel Reaction Monitoring mode for specific and sensitive quantification. Improvement of
method sensitivity was achieved through the optimisation of the multiplexing degree of the PRM
acquisition or the chromatographic separation of the signature peptides. Optimization of sample
preparation workflows is key to increase sensitivity, dynamic range between proteins and multiplex
59

detection of the nine biomarkers. SI-traceability will be ensured through well-characterised primary
calibrators including purity analysis and amino acid quantification). Finally, full method validation
should ensure an absolute quantification of the nine biomarkers in human serum that may provide a
solution for early and specific diagnostic of sepsis.
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Abstract n°153:
Despite the availability of a wide range of bioanalytical techniques to measure proteins in biological
matrices, traceability to the SI in clinical chemistry and laboratory medicine is often not achieved due
to the lack of higher order reference materials and reference measurement procedures. A reason for
this is, in part, that reference methods development is a long and difficult process, starting with the
proper characterization of the primary calibrators that are at the top of the traceability chain. Indeed,
proteins present a high level of heterogeneity and structural complexity, leading to large uncertainties,
which may compromise the ability to meet Analytical Performance Specification needed to fulfil the
medical need at the bottom of the traceability chain. The current state of the art makes it possible to
rigorously characterize purity of peptide-based calibrators but this remains challenging because most
techniques imply identifying and quantifying all major structure-related impurities, which is time
consuming and costly. This issue is further amplified in the case of protein-based calibrators because
of the larger size and complexity of the entities. Proteins heterogeneity can be described by the
concept of proteoform, defining highly related, but chemically different, protein molecules (1) arising
from allelic variations, alternative splicing and post-translational modifications (PTMs). In different
NMIs and DIs, the assessment of the chemical purity of primary calibrators relies on PICAA (Peptide
Impurities corrected for Amino Acids Analysis): amino acids (AAs) are quantified after acidic hydrolysis
of the protein/peptide material and a correction for the contribution of structural-related impurities
identified by high-resolution mass spectrometry is then performed. In the context of various EMPIR
projects, we have applied this workflow to different calibrators of increasing size and complexity,
ranging from small peptides to larger modified proteins. As part of the EMPIR project CardioMet, we
characterized various peptide-based candidate primary calibrators that will be used to calibrate a
multiplexed reference measurement procedure of ApoA-I, B, CI, CII, CIII, E and Apo(a) that is developed
within IFCC WG-ApoMS. As part of the EMPIR project SEPTIMET, primary calibrators have been
developed for Procalcitonin (PCT), a well-established biomarker for sepsis. As part of the EMPIR
project NeuroMet 2, primary calibrators are developed for Tau protein, a biomarker of
Alzheimer’desease. Similar activities have been initiated on p-tau(181). As a future perspective, the
analysis of intact proteins in a top-down proteomic approach seems to be a promising approach for
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purity assessment. However, regardless analytical considerations, structural heterogeneity of proteins
complicates the definition of the measurand. It is therefore important to establish collaborations with
biologists and clinicians to define the appropriate protein isoforms to be quantified and developing
the corresponding primary calibrators accordingly. This will support objectives of the European
Metrology Network TraceLabMed, that aims at improving synergies between European NMIs, DIs and
reference laboratories having activities in laboratory medicine and fulfil the need for higher order
reference measurement systems that is critically missing to meet requirements of the IVD regulation
2017/746.
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Abstract n°223:
There is a growing demand for developing novel treatment methods to improve patient outcomes in
preclinical tests towards personalised treatment strategies. Specifically, the differential diagnosis of
proteopathies relies on the accurate measurements of causative agents at different development
stages by electron microscopy with a nanometre accuracy. This is of particular significance for those
diagnostic measurements that require obtaining subcellular detail of biological specimens. Here we
present the development of SI-traceable reference biomaterials, including design, characterisation,
application, international inter-laboratory studies, machine learning for data analysis and
implementation for electron microscopy measurements. Although morphological data is the primary
source of information in diagnostic electron microscopy, in many cases this is not sufficient. There are
a number of diseases where the measurement of ultrastructural features is clinically relevant.
Examples include thin basement membrane disease, amyloidosis, fibrillary glomerular nephritis,
infectious agents especially viruses. However, such measurements are only reliable if the electron
microscope and camera are calibrated against a well characterised material with reliably measured
dimensions. A combination of measurement capabilities is needed to address the nanocharacterisation challenges including the current practices in characterisation of electron microscopes,
existing calibration standards and methodologies applied for clinical diagnostics. One of the most
challenging problems for the clinicians in renal pathology is the differential diagnosis of these
organized deposits. Prognosis varies on the type and stage of progression – if untreated, the life
expectation is from some months to couple of years. We discuss some case studies and protein
paracrystalline materials, which are being used as internal calibration standards to aid differential
intracellular measurements of clinical samples, and highlight the role and necessity of intercomparison
studies in ensuring the repeatability and reproducibility of measurement results to support the quality,
effectivity and safety of modern therapies and diagnostics.
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Abstract n°46:
In recent years, metrology in general and optical measuring instruments in particular, are getting closer
to the production means and processes due to the global megatrends are pushing the rapid
digitalization of the manufacturing sector. Thus, optical measuring instruments are being developed
to perform reliable measurements out of the laboratory, in shop-floor conditions. However, as for
some tactile measuring devices, the accuracy performance and consequently the uncertainty
evaluation of such type of measuring techniques and technologies is still an open issue. Currently,
there exists a lack of methods for uncertainty assessment of 3D point clouds due to the complexity of
the technologies involved in this field. Like other widespread measuring systems such as coordinate
measurement machines (CMM) or portable CMMs. 3D scanners are complex devices that can be hardly
characterized and consequently modelled. Many influence factors are directly involved in the response
of such optical devices such as the camera system configuration, the material and shape of the
workpiece, the calibration of the measuring system, the working environment, the light etc...
Historically, there have been several efforts aiming to characterize and develop digital twins for such
technologies, but currently, the modelling of these instruments is not very reliable yet as many factors
are discarded or not included. At this point, TEKNIKER has developed an uncertainty assessment
procedure considering the ISO 15530-3 technical recommendation. Thus, a calibrated workpiece is
employed to assess the measurement uncertainty to a fringe projection system which output is a dense
3D point cloud. This workpiece has been previously measured in a high accuracy CMM which already
includes the possibility to assess task-specific measurement uncertainty. This is done by the Virtual
Coordinate Measurement Machine (VCMM) module based on the ISO 15530-4 technical
recommendation already installed on the CMM. In this case study, a prismatic demo part with different
geometric elements and relationships (GD&T) is used. As mentioned, the calibrated workpiece is
employed as a reference to assess the uncertainty of the point clouds. The methodology to achieve
this objective is based on multiple automatic 3D scannings of the same workpiece and automatic GD&T
evaluation through the Model-based-definition strategy. Once all the measurements have been
processed, Type A evaluation (statistical data processing) is conducted to estimate the average GD&T
values and obtain the standard deviation values which are finally compared with the reference values
obtained from the CMM workpiece calibration. Thus, an uncertainty propagation method is applied to
estimate the uncertainty corresponding to the GD&T features derived from the 3D point clouds. In this
manner, combining ISO 15530-3 and 15530-4 with Type A evaluation method for the series of repeated
observations, the uncertainty assessment of a 3D point cloud is performed. Preliminary results indicate
that the presented data-driven combined process is precise and meaningful when GD&T evaluation
from 3D point clouds is required. A straightforward example of this type of measurement can be an inline quality process system which must guarantee the process quality as well as stability for the long
as well as stability.
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Abstract n°48:
The conformity assessment, whether an instrument is within or outside the manufacturer's
specifications after a calibration, can be either correct or incorrect due to the existence of a
measurement uncertainty. The background of the ambiguity in the conformity statement is rooted in
the insufficient knowledge about the measurand. The knowledge of the measurand is typically
modeled as a probability density function (PDF), which has two components: the prior information
available before performing the measurement and the information supplied by the measurement. If
the prior information is meager and the PDF of the measurand includes only the information supplied
by the measurement (no history of calibration result, no information on the population of instrument
like devices), the laboratory can only provide a specific risk of making an incorrect conformity
statement. If the calibration laboratory has information on the population of instrument like devices
from calibration records, the average (global) probability of an incorrect decision can be evaluated.
Manufacturers and users of measurement technology are interested in reducing or limiting the
probability of making incorrect conformity decision. The application of a decision rule based on guard
bands is an adequate tool for this purpose. A common strategy to reduce the specific risk of a falseacceptance to about 2% is the application of a guard band equal to the expended measurement
uncertainty. However, the false-reject risk may increase disproportionately high leading to false-reject
probability of more than 20%. If the laboratory has prior information on the in-tolerance probability of
the instrument or can make reasonable assumptions about its population, the false-reject probability
can be reduced to about 5% for a global risk of a false-acceptance of again 2%. This work addresses
the advantages and disadvantages of using decision rules to minimize specific and global risks of
incorrect decisions in conformity assessment. Using real examples from calibration records of electrical
and thermodynamic measurands, actual population data are presented. Further, the quality of the
population data due to drift and different measurement capabilities are discussed. Finally, the
probabilities of false acceptance (PFA) are calculated and the differences of specific and global risks
are evaluated. The article provides a guideline to the reader to weigh the risks of false-acceptance and
the economic consequences of false rejections.
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Abstract n°72:
Industrial instrumentation are commonly calibrated in hypothetically static conditions that reference
laboratories aims to reproduce with a more self-controlled environment: the unavoidable gap
between industrial or laboratory conditions of work is a weakness fully identified. Main points are
contributing to this problem but one of the most important seems to be related to dynamical
measurement. In this paper, we detail this topic on the example of dynamical pressure measurement
in a nuclear process for electricity production
Indeed the thermohydraulic instrumentation of EDF’s plant units has been mainly selected based on
their static metrological performances (accuracy and fidelity) related to stable working points near
from lowest or highest nominal power levels. During transient operating conditions, metrological
performances are poorly referenced by suppliers. However depending on the kinetics a sensor may
have some delay affecting its time-related representativeness and therefore its uncertainty budget.
First, we describe an example of industrial conditions of work for pressure measurement in nuclear
plant unit: meeting local requirements make the instrumentation conditions far from ideal laboratory
environment. Then we challenge the static uncertainty budget to agree with expected dynamical
conditions: some uncertainty sources should be consequently adapted. Finally, we present on going
results to estimate a more accurate dynamical uncertainty on pressure uncertainty budget in the
nuclear process.
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Abstract n°84:
In the project ``Examples of Measurement Uncertainty Evaluation'' (EMPIR 17NRM05), a suite of novel
and improved examples of measurement uncertainty evaluation has been developed. These examples
illustrate the competent application of the ``Guide to the expression of Uncertainty in Measurement''
(GUM) and its related documents, and also provide a view of the latest developments across Europe
and elsewhere.
In this paper, we explore the trends that are visible in the suite of approximately 40 examples and the
tutorials. To start with the latter, the four tutorials provide a quick entry into the use of the Monte
Carlo method from GUM Supplement 1, the use of measurement models in a Bayesian framework, the
evaluation of covariances, and the reporting of measurement uncertainty. Several examples
demonstrate the guidance in these tutorials in specific applications.
As well as demonstrating the methods from the GUM suite of documents, several examples cover in
depth the use of regression for different purposes (e.g., method comparison, calibration of an
instrument) and Bayesian methods of uncertainty evaluation. The examples using Bayesian methods
show how they compare with methods currently covered by the GUM suite and also indicate the
opportunities they offer to appreciate context data, such as prior knowledge on model parameters,
instrument performance, and the measurand.
We conclude from the work undertaken in the project that measurement uncertainty evaluation has
reached into many more areas than the traditional areas of calibration, reference material production
and testing. The complexity of the models used grows, and so does the demand for better skills in
uncertainty evaluation. The examples provide a wealth of study material to extend the skills by
``learning by example'' and set directions for the further development of the GUM suite.
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Abstract n°204:
The straight-line calibration function of a measuring instrument, denoted Y = b0 +b1 X, where Y
represents the indication given by the instrument and X the measured quantity, is used to predict a
new value of X or Y. Recently, Bayesian inference has been proposed instead of frequentist statistics
to estimate the calibration function, and sometimes to evaluate the predictions. To continue with this
work, Bayesian procedures for calculating the predictions are presented here. To begin with, it is
necessary to explain the working assumptions and the quantities used. For example, in the case where
a new value X0 is predicted, what are the differences between the input values Y0 (without
uncertainty) and Y0_obs (with uncertainty) as to the metrological meaning of this input data, as to the
calculation of this X0 output value and as to its metrological definition? Is it possible to predict a value
X0_obs and how define it? Furthermore, does the X0 calculation update the calibration function or not
(the estimated coefficients (b0,b1) remaining unchanged)? In response to these questions, a table
grouping the different types of predictions, represented by pairs (input value, output value), has been
drawn up, explaining how they are processed in frequentist and Bayesian statistics, and giving their
corresponding metrological definition. In view of the diversity of cases, we focused on the inverse
prediction where Y0_obs is the input value and X0 the output value which represents an estimation of
the measured quantity. This case covers a large part of the uses of the calibration function and
represents usual Bayesian inference. Two calculation modes were then considered: the global Bayesian
mode in which the function is updated and the partial Bayesian mode without updating. The global
mode has three parameters to be determine (b0,b1 and X0). The partial mode would be simpler with
only one unknown parameter, but the estimated coefficients (b0,b1) must be simulated during the
calculation. This mode is also closer to the frequentist calculation. For the time being, the partial
Bayesian mode is preferred, and the associated calculations have been carried out using three different
procedures: - The first procedure is a direct application of Bayesian inference, with Y0_obs as input
and the posterior distribution of X0 as output. - The second procedure uses the calibration function
to switch from Y0_obs to an observation X0_obs. Then the latter is used as input in a Bayesian
inference to determine the posterior distribution of X0. - The third procedure applies a Bayesian
inference with Y0_obs as input and the posterior distribution of Y0 as output. Then the calibration
function is used to switch from Y0 to X0. The procedures were compared through the example of
the calibration of a balance. The estimates were similar with some differences in the associated
uncertainties. On the other hand, the global Bayesian mode, tested in a few trials, gave a higher
uncertainty for X0.
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Abstract n°103:
The Graphene Impedance Quantum Standard (GIQS) project is a three-year (2019-2022) Joint Research
Project of the European Metrology Programme for Innovation and Research (EMPIR) that aims to
develop an economically efficient traceability chain for electrical impedance measurements to the
International System of Units (SI). By combining novel digital impedance measurement bridges with
graphene-based quantum Hall (QH) resistance standards, operated in simplified experimental
conditions, from DC to AC regime, the project will allow a broader dissemination of the SI defining
constants, namely the Planck constant h and the elementary charge e, from National Metrology
Institutes to calibration centers, research institutions and industrial end-users, thus giving them access
to the best possible measurements uncertainties.
QH devices made from epitaxial graphene grown on silicon carbide showed perfect quantization at
lower magnetic fields (down to at B = 3.5 T), higher temperatures (up to at T = 10 K) and larger
measurement currents (up to at I = 0.5 mA) than the gallium arsenide-based QH devices most widely
used for quantum metrology. The GIQS project is progressing on graphene growth as well as on QH
devices processing to get a high yield of graphene devices with sufficiently high mobility (> 1 × 10^4
cm^2/Vs) and low carrier density (< 10^11 cm^-2) at low temperatures. Graphene devices produced
in the project, including arrays [1], now reach accurate Hall resistance quantization to within 10^-9, at
T = 4.2 K and low magnetic field (at B < 5 T). QH devices working in such relaxed experimental
conditions can thus be integrated in smaller cryomagnets, easier-to-use and compatible with a cheaper
cryogen-free operation. Development of such cryocooling systems, hosting quantum Hall devices, and
possibly combined with Josephson devices, is currently under way within the GIQS consortium. This
notably includes building coaxial probes and shielded sample holders to minimize the effect of stray
capacitances and achieve high-accuracy in the AC measurements.
The project is also developing fully-digital impedance bridges - either based on Josephson voltage
standards or electronic sources - that will allow comparing the QH resistance with an artifact
impedance standard in the audio frequency range. Digital bridges have been already realized and are
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under extensive testing [2,3]. Combining the graphene AC QH devices with such digital bridges will
enable a quantum capacitance standard with targeted accuracy in the 10^-7 - 10^-8 range, which will
allow a drastic shortening of the traceability chain of electrical impedance to the SI.
Acknowledgment : This project received funding from the European Metrology Programme for
Innovation and Research (EMPIR), co-financed by the Participating States and from the European
Union’s Horizon 2020 research and innovation programme.
[1] J. Park, W. S. Kim, and D. H. Chae, Appl. Phys. Lett. (2020).
[2] M. Marzano, M. Ortolano, V. D’Elia, A. Mueller, and L. Callegaro, Metrologia (2020).
[3] S. Bauer, R. Behr, R. E. Elmquist, M. Goetz, J. Herick, O. Kieler, M. Kruskopf, J. Lee, L. Palafox, Y. Pimsut, and J. Schurr, Accept. in Meas. Sci.
Technol. (2020).
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Abstract n°106:
Quantum technologies are based on the properties of atoms, electrons and photons. Quantum physics
describes the behaviour of these fundamental units which can behave either like waves or like
particles, resulting in many extraordinary properties. They can provide unchanging standards to use
for measurement and their 'quantum' behaviour can potentially create a completely new class of
advanced environmental sensors and systems, with radically new capabilities for timing and
navigation, secure communications, driverless cars, computing and other critical applications. NPL
has initiated a wide-ranging programme, based on its applied metrology expertise, which focuses on
the many ways in which NPL, as the UK’s National Metrology Institute, can contribute to the
development of quantum technologies into usable products and services. Through its new programme,
NPL will lead on the creation of a comprehensive capability to test and evaluate prototypes and new
products, which are based on quantum technologies. The programme will involve establishing new
measurement methods and protocols which will contribute to new international standards, in
collaboration with partners around the world. It will also contain aspects of skills and training for
industry and academia. This talk will outline the key elements of the programme and how it fits within
the UK’s National Quantum Technologies Programme (NQTP), as well as some key initial projects.
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Abstract n°107:
Single-photon avalanche diodes (SPADs) operated in Geiger mode are currently the most commonly
used detectors in practical single-photon-based applications such as quantum communication and
Quantum Key Distribution (QKD). The precise understanding of their response to the incoming light is
necessary to avoid security breaches in quantum-sensitive detection systems, e.g. in the context of
quantum-key distribution. Here the most relevant parameters that affect the response of a SPAD
detector are, among others, detection efficiency, dead time, afterpulsing probability and dark count
probability. Currently, several National Metrology Institutes (NMIs), such as PTB and INRIM, and
standardisation organisations such as the European Telecommunications Standards Institute (ETSI) are
making great efforts to develop and standardise measurement methods and procedures, which will
allow the traceable characterisation of these parameters. In this conference, we will present our latest
results on the modelling (and its validation) of the response of a free-running fibre-coupled
InGaAs/InP SPAD for weak pulsed light at the wavelength of 1550 nm, considering the dead time and
dark counts effects for an extremely wide variety of experimental conditions. e.g. for mean photon
numbers per pulse of up to 23 and repetition intervals even below the detector dead time. We were
able to separate the actual photon detections from the dark counts by using the time correlation
between detector clicks and laser pulses. In addition, we will also discuss the implications of these
results on the metrological calibration of the detection efficiency of this type of detectors taking into
account the measurement uncertainties.
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Abstract n°130:
Impurity-based single-photon emitters are widely investigated, e.g. for quantum metrology and
quantum communication. After the realization of an absolute single-photon source based on a
nitrogen-vacancy (NV-) center in nanodiamond [Rodiek et al., Optica (2016)], we are focusing on other
impurity-based single-photon emitters in diamond with a narrower emission spectrum, which is
needed for most applications. For this reason, two bulk diamonds, one implanted with Germanium
ions and the other with Tin ions, were investigated in a confocal microscope setup and a HanburyBrown and Twiss interferometer at room temperature. The successful formation of SnV- and GeVcenters was confirmed, and these emitters were characterized in terms of their emission spectrum,
single-photon purity and saturation emission rate. Promising results have been found as quite narrow
emission spectra of approximately 7 nm and 8,5 nm for GeV- and SnV-centers, respectively, have been
observed. Although formation of single-photon emitters was confirmed, both samples have shown
uncorrelated background emission which diminishes the single-photon purity in the Hanbury-Brown
and Twiss experiment. The results were compared with those of NV-centers in nanodiamond. Several
methods like high laser power irradiation and O2-plasma treatment that may eradicate the background
emission of the GeV- and SnV-samples are planned. Further details will be presented at the conference.
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Abstract n°164:
Quantum Metrology for Quantum technologies: the second quantum revolution is underway and the
deployment of Quantum Technologies (QT) keeps pace with it. This technological paradigm-switch
creates opportunities and challenges for industry, innovation and society. Several large companies, as
well as start-ups, have started to develop and engineer quantum devices or begun to integrate them
into their products: the commercial success of QT, together with progress in research and
development, relies on certification and reliability built upon internationally agreed standards and
metrological traceability. A group of European National Metrology Institutes (NMIs) have recently
created a European Metrology Network for Quantum Technologies (EMN-Q) under the auspices of
EURAMET. The objective of the EMN-Q is to co-ordinate the activities of the European NMIs to ensure
their efficient support for European competitiveness in quantum technologies. A special focus of the
EMN-Q will be to develop new measurement capabilities and dedicated services to serve the rapidlygrowing needs of industry and research institutions in this field. Industry, governmental agencies,
academic sectors or any other type of stakeholder are welcome to contact the EMN-Q and discuss
their metrology needs. These can relate not only to quantum characteristics of quantum devices, but
also to metrology of key enabling technologies, metrology that can improve the supply chain of
industrial quantum devices or other industrial needs connected with quantum technologies.
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QUANTUMPASCAL: towards quantum-based realisations of the Pascal, progress of the
EMPIR project 18SIB04
Author reference: Mr RUBIN - PTB / Germany
Abstract n°222:
The main objective of the QuantumPascal project is to enable traceable measurements of pressure by
quantum-based methods that assess the number density instead of force per area, targeting the wide
pressure range between 1 Pa and 3 MPa. Current realizations of the pascal rely on piston gauges
(also known as pressure balances) and liquid manometers containing toxic mercury. Their performance
has remained essentially unchanged over the past few decades and they suffer from practical and
environmental limitations. With the redefinition of the SI in 2019 the uncertainty of the Boltzmann
constant has been eliminated. So, at a given temperature, the new photon-based methods adressed
within the QuantumPascal project promise primary standards limited only by the accuracy of the
quantum calculations. This article presents the state of the art, the progress made by the 12 partner
institutions, and the expected impact on metrology, science, standards, and society by this project,
which started in June 2019 and is funded by the EURAMET EMPIR program of the European
Commission and the participating countries. The results introduced here are addressing pressureinduced deformations, length drifts, and the influence of temperature as well as calculations of gas
parameters (static and dynamic polarizability, diamagnetic susceptibility along with dielectric- and
density virial coefficients) and the electromagnetic properties (intensities of specific absorption lines),
paving the way for new primary standards. The novel techniques, including Fabry-Pérot based
refractometry, utilization of superconductive microwave resonators, Rayleigh scattering, multireflection interferometry, gas thermometry methods, and absorption spectroscopy of selected
molecular species utilizing very long optical pathways can be miniaturized, while providing faster and
potentially calibration-free pressure measurements for industry at a fraction of the present cost.
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Author reference: Mr LONGUEMARE - Creaform / France
Abstract n°87:
Coordinate measuring machines (CMMs) are great tools to provide reliable data about the level of
control in manufacturing processes. The accuracy and reliability of these machines are key for
companies who rely on these inputs to base their decisions regarding process changes. Industry 4.0
often triggers significant organizational change. Usually presented as connectivity between different
machines, access to data quickly and remotely, Industry 4.0’s main goals remain time optimization
through fewer bottle necks with higher quality products. To achieve these objectives, Industry 4.0
comes with a significant change in the value proposition of traditional coordinate measuring
equipment. Latest improvements in the CMM world include robot-mounted 3D scanners to provide
reliable data at an accelerated pace. However, some performance requirements are mandatory. In
addition to speed increases and more complex inspection capabilities, the new generation of CMMs—
3D scanning CMMs—can provide the level of accuracy and reliability to ensure trustworthy results.
This paper describes the differences between robot-mounted 3D scanning CMMs and traditional
CMMs. Comparisons based on rigorous tests within the equipment’s complete measuring volume will
show the advantages and disadvantages of each type of CMM and for which application they are most
suitable. This paper also aims to help manufacturers identify a clearer investment path for automated
quality control.
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Abstract n°149:
Knowing how to assess uncertainties is essential for any business. In fact, the measurement
uncertainty provides a quantitative indication of the quality of this result. It is therefore essential
information for estimating the reliability of a measurement result. However, it is not always easy to be
able to evaluate them physically for any measurands. The objective of this paper is to set up a complete
method allowing to estimate the quality of 3D measurements carried out in shop floor with portable
systems and to potentially optimize them thanks to a robust and physical uncertainty evaluation for
any measurands. The paper therefore revolves around two complementary axes, namely:
1) How to assess the uncertainties of a 3D portable system during shop floor measurements?
2) How to evaluate the uncertainties on any measurands?
The method for evaluating the measurement uncertainties of portable 3D systems is based on the
evaluation of repeatability and reproducibility measurements of one or more artifacts allowing to
guarantee traceability of results. The artifacts and measurements carried out must be studied
according to the measurements or the 3D system considered. An example will be given for Articulated
Arm Coordinate Measuring Machines (AACMM): the method set up in partnership with CETIM and
KREON TECHNOLOGIES then allows to determine the measurement uncertainties of any measured
points taking into account in the measurement conditions (temperature, vibration, operator effects,
etc.). The artifact used is a Tetronom, i.e. a tetrahedron-shaped transportable and removable ball bar.
This artifact is then measured directly in the shop floor, in different configurations. The AACMM
encoders are used over their entire measurement range. Even if this kind of experimental evaluation
is not complete, it allows to take into account a significant part of the uncertainty sources but above
all to fix the orders of magnitude. Knowing the uncertainty of any measurement point, it is then
possible to simulate the uncertainties on any measurands using Monte Carlo method. To do this, the
use of commercial software is possible by using the modules already integrated and validated in this
software. The idea is to evaluate the measurands, for all the simulated measurement files, while
keeping the actual measurement protocol (number and positions of points, potential change of station,
references, etc.). An example of this type of assessment will be performed in Polyworks software,
which corresponds to R&D development carried out in partnership with Polyworks and GE.Hydro
Renewable Energy.
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of the art proposed by COFFMET members
Author reference: Mr COOREVITS - ARTS ET METIERS PARIS TECH / France
Second authors:
Mr ROUSSEL - Carl Zeiss SAS / France
Mr BENARD - FARO / France
Mr HERMENIER - Hexagon Metrology SAS / France
Mr LEFEBVRE - MITUTOYO France SAS / France
Mr MARQUET - Polyworks Europa SAS / France
Mr SCHULZE - Renishaw / France
Mr VETTICOZ - Werth Messtechnik France / France
Abstract n°219:
COFFMET is the French Committee for Training in Three-dimensional Measurement. The association
proposes a complete, standardized training, valid on all measurement technologies and recognized by
the industrialists in the field of three-dimensional metrology. The members of the association are
manufacturers of solutions, technical centers, laboratories and industrials (CARL ZEISS, CETIM, FARO,
GROUPE PSA/STELLANTIS, HEXAGON, IUT DE FIGEAC, LNE, MECACHROME, MITUTOYO, MK
FORMATION, POLE FORMATION ADOUR, POLYWORKS, RENISHAW, SYMOP and WERTH). COFFMET is
a partner of AUKOM. This abstract is an attempt to present a summing up of the most important trends
in 3D metrology for the industry 4.0.
Industry 4.0 is the conceptualization of the impact of digital data on industrial operations. This
revolution relies not only on numerical revolution; it is also based on material revolution resulting from
the development of new sensors and new technical abilities such as new shop-floor coordinate
measuring machines, but it is also grounded on the coming up of new standards including Geometrical
Product Specifications (GPS standards). The elements of this revolution have
been building up for several decades; but the novelty is the construction of coherence, how high
technology and data science intertwine into a whole.
We will propose a presentation of the solutions from the GPS definition of the part to the analysis of
the results. This includes the off-line techniques to define measurement, the automation technologies,
the data analysis with advanced statistical methods, the use of the data not only to report conformity
but also to collect information about the process-from design to end-user. One possible application
would be the data driven manufacturing process enabling for example a machine-tool to produce
quality parts that meet all characteristics and requirements from the first part and all along the
production cycle. The concept of digital twin allows driving the process.
The digital solutions are powerful but without hardware, no data in this field. The versatile probes
solutions, the shop-floor machines; the multi-physics machines provide better and extensive data. In
this new digital world; internal traceability of the data is needed but the metrological traceability is
essential. As a matter of fact, the uncertainties on the data are uncertainties on the response; the best
solution is based on Monte-Carlo simulations (Virtual Machine). Our proposition is a review on the
industrial solutions of the COFFMET members to show the up-to-date state of art.
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Abstract n°101:
Bidirectional reflectance distribution function (BRDF) measurements yield complex and big data sets
characterizing the surface of materials. In the frame of digital metrology, the use of data science
techniques to deal with said data sets will allow new digital services, such as data quality based
characterization of surface material.
While there has been a significant amount of research focused on dimensionality reduction techniques
for computer power optimization for 3D rendering in BRDF, these techniques have not been directly
oriented for real life BRDF measurements. This paper focuses on the development of two specific tools
to standardize and optimize BRDF measurements. The first tool uses techniques of pattern recognition
to determine cases of type of surfaces to be measured by BRDF, optimizing by pattern recognition the
type and number of measurements to be made by the classification of previously measured samples.
The resulting cases from the first tool in combination with collected knowledge from the experts in the
field allow us to develop a secondary tool, focusing on the data quality determination to evaluate BRDF
measurements. Once several levels of quality can be determined, existing dimensionality reduction
techniques can be formalized to standardize levels of quality associated with specific amounts of BRDF
data to be collected, processed and evaluated. Preliminary results show the proof of concept for both
described tools. Finally, the further steps in the roll out of these demonstrators towards applied tools
are presented under the digitalization strategy of the BRDF laboratory as the bases for new digital
metrological services.
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Abstract n°180:
Efficacies of solar cells are routinely characterized using solar simulators and a reference cell in
accordance with standard testing conditions. Deviation of the spectrum of the light source from the
standardized spectrum AM1.5 together with the difference in the spectral responsivities of the
reference cell and the solar cell being measured result in measurement errors that are taken into
account using the so-called spectral mismatch correction factor (SMCF). This is calculated by
integrations using measured spectral data.
Calculation of the uncertainty of the SMCF is far from trivial. Simple uncertainty estimation routines
assume that the values of spectral quantities are uncorrelated between wavelengths. This is to a large
extent not true. Spectral measurements contain systematic errors due to correlations which cause
resulting measurement errors to extend beyond the measurement uncertainties calculated assuming
uncorrelated data. The systematic structures are often unknown, which prevents taking them into
account.
We have developed a method for estimating limits of uncertainties in the presence of unknown
correlations. The method goes through all possible scenarios of deviations using Monte Carlo analysis.
Varying spectral error functions are produced by combining spectral base functions, and the distorted
spectra are used to calculate the desired quantities. Standard deviations of the different scenarios give
uncertainties assuming no correlations, uncertainties assuming full correlation, and uncertainties for
an unfavorable case of unknown correlations. We have earlier demonstrated use of the method in
analyzing uncertainties of colorimetric properties of lamps [1] and in determining atmospheric ozone
content [2]. We now extend our methodology for SMCF of solar cell calibrations. Uncertainty limits
of SMCF are calculated considering possible spectral correlations in the spectral irradiance, spectral
responsivity of the reference cell, and the detector under test. To validate our estimates, we have
compared the resulting uncertainties with uncertainties calculated by six other laboratories making
their own assumptions. The worst-case and best-case uncertainties we calculate lie at the maximum
and minimum extremes of the comparison. Making assumptions on most probable correlations, we
obtain a value close to the median.
This work has received funding from the European Metrology Programme for Innovation and Research
(EMPIR) co-financed by the Participating States and from the European Union’s Horizon 2020 research
and innovation programme within the joint research project 19ENG01 Metro-PV “Metrology for
emerging PV applications.”
[1] Petri Kärhä, Anna Vaskuri, Henrik Mäntynen, Nikke Mikkonen, and Erkki Ikonen, “Method for estimating effects of unknown correlations
in spectral irradiance data on uncertainties of spectrally integrated colorimetric quantities,” Metrologia 54, 524 – 534 (2017).
https://doi.org/10.1088/1681-7575/aa7b39
[2] Anna Vaskuri, Petri Kärhä, Luca Egli, Julian Gröbner, and Erkki Ikonen, “Uncertainty analysis of total ozone derived from direct solar
irradiance spectra in the presence of unknown spectral deviations,” Atmos. Meas. Tech. 11, 3595 – 3610 (2018).
https://doi.org/10.5194/amt-11-1-2018
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Abstract n°185:
A lidar-based cinemometer measures a target by first measuring the time-of-flight a laser pulse takes
in its optical path. This measure registers the target's first position. A second pulse measures a second
target's position. A simple subtraction between both measured distances divided by the time between
both pulses allows for obtaining the target's speed. A cinemometer, used for law enforcement
purposes, requires its measurement results to be compared against a standard time-frequency
reference. Here, we show a metrological bench that allows for speed comparison between the
cinemometer and a metrology reference for a range of speeds. The testbed comprises a LabVIEW
scenario's simulator that generates a series of time delays representing target reflections for different
places on the road. The testbed also includes an arbitrary waveform generator capable of transforming
the target delays into square pulses that a diode laser emits to the lidar detector. The waveform
generator starts the transmission of square pulsed after a photodiode triggers the lidar cinemometer
measuring signal. The results and the uncertainty in the measuring process are also presented. In this
work, we focus on 1D lidar verifications for a given scenario. However, this methodology can be
extended to different systems when a 2D lidar-based cinemometer is used.
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Abstract n°189:
Optical properties of atmospheric aerosols are derived using radiometers measuring the direct spectral
radiation of the Sun and the Moon. Measurements at various wavelength channels and atmospheric
modeling give information on e.g. ozone, aerosols, and water vapor. Field of view characterization
(FOV) is needed for defining the tolerance in sun-tracking and in accessing the contribution of the
scattered radiation into the FOV of the radiometer. In the atmospheric composition retrievals, this
radiation is usually not accounted for due to the complexity and uncertainty of the modeling
information [1]. In this paper, we study the angular responses of optical radiometers and their effects
on the measurement uncertainties. We have characterized the FOV of several radiometers using the
Sun as a source for clear sky and with stable conditions. The Sun is scanned in almucantar and meridian
directions with a step of 0.1 deg over ±10 deg using the test instrument on a solar tracker and a
monitoring instrument aligned to the Sun. This method has an uncertainty of 0.5% (k=2) constrained
by the weather conditions. To overcome weather conditions, two laboratory setups were developed.
The Aalto University setup consists of a two-axis gimbal system and a light-source based on an
integrating sphere and an incandescent lamp. The setup is fully automated using LabView. The
resolution of the measurements is 9 arcsec (0.0025 deg) constrained by the gimbal system. The
repeatability is 5 arcsec. Both axes of the gimbal system turn 360 deg, so the measuring angles are
constrained by the dimensions of the radiometer being measured. The PMOD/WRC setup consists of
a 1-kW Xe-Lamp and a 2-axis gimbal system. The axes are controlled by two goniometers with 0.2mdeg resolution. The field homogeneity of the collimated beam is characterized at the point of
reference at ~4 m distance over a cube of 6 cm edge length. The variability of the intensity inside this
volume is less than 3%. Using the setups, we characterized the FOV of a PMOD/WRC Precision-FilterRadiometer (PFR) with 4 channels in a grid formation measuring at wavelengths of 368, 412, 500 and
862 nm, and a pointing sensor in the center. We present in detail the measurement setups, the
uncertainty budget of the FOV characterization, and the comparison between the laboratory results
themselves and Sun scans. We also estimate the uncertainty added in the aerosol optical depth
retrievals of this PFR due to the FOV inhomogeneities and scattering radiation contribution.
This
work has received funding from the European Metrology Programme for Innovation and Research
(EMPIR) co-financed by the Participating States and from the European Union’s Horizon 2020 research
and innovation programme within the joint research project 19ENV04 MAPP “Metrology for aerosol
optical properties.”
[1] Cuevas, E., Romero-Campos, P. M., Kouremeti, N., Kazadzis, S., Räisänen, P., García, R. D., Barreto, A., Guirado-Fuentes, C., Ramos, R.,
Toledano, C., Almansa, F., and Gröbner, J.: Aerosol optical depth comparison between GAW-PFR and AERONET-Cimel radiometers from longterm (2005–2015) 1 min synchronous measurements, Atmos. Meas. Tech., 12, 4309–4337, https://doi.org/10.5194/amt-12-4309-2019,
2019.
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Abstract n°190:
In this work, the potential of cantilever-based photoacoustic (PA) effect is investigated for power
measurement of electromagnetic radiation. The detection process mainly depends on three factors –
(a) the radiation induced heat generation, (b) consequent pressure wave formation and cantilever
deflection, and (c) interferometric measurement of cantilever displacement for generating the PA
Signal. The electromagnetic radiation first passes through a chopper and gets absorbed by an
absorbing material, e.g., candle soot, to generate the heat. The mechanical response section of the
device contains sealed gaseous medium, which goes through volume expansion due to the generated
heat and makes the cantilever to exhibit a periodic movement. The cantilever deflection is monitored
by the optical readout section, which uses a compact Michelson interferometer to produce the final
PA signal. The power measurement technique depicts high sensitivity for a considerably large spectral
region from 325 nm to 1523 nm with dynamic range of nearly six orders of magnitude. Furthermore,
we have developed a numerical model to explain the underlying mechanisms and performed an
analysis to improve the detection sensitivity by using different dimensions of the cantilever. For the
developed detection process, the overall dynamic range can be made significantly large by proper
choice of the properties of three key constituting components – the black radiation absorber, the
cantilever, and the PA cell. The detection method can be employed as a replacement of multiple
detection systems in electromagnetic radiation power measurements from 325 nm to 1523 nm. The
technique has the potential of finding future applications in scientific studies and industrial
applications where power detection of electromagnetic radiation is important.
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Abstract n°21:
The glass fiber is usually fabricated into a sheet, randomly arranged or woven into a fabric. Because of
its unique mechanical strength, it has a specific resistance greater than steel and is widely adopted in
aerospace and automotive industry sectors. It is important to identify and measure defects hidden
inside glass fiber to ensure glass fiber’s mechanical strength. There is a challenging for identification of
the defects since the defect’s density is so close to glass fiber’s density. It makes the inspection tools
having a poor signal to noise ratio or less image contrast. Many non-destructive testing (NDT)
techniques including ultrasonic detecting sensor, thermal infrared image, shearography, THz imaging
have been developed for the estimation of location and sizing of defects. However, they have either
no enough resolution or just give an average size information along the depth of samples. Therefore,
it is necessary to have a high-resolution tool for non-destructive quantitative measurement of the
defects. It is also meaningful to offer benchmark data for verification purpose of those non-destructive
inspection tools. In this paper, a non-destructive high-resolution X-ray computed tomography (XCT) is
adopted to conduct defect’s identification and dimensional determination. The XCT is optimally set in
5 µm voxel size, voltage of 80 KV and 180 µA. An engineering metal defect hidden in glass fiber as a
test coupon is measured to be ranging about from 30 µm to 50 µm thick inside a glass fiber sample
(120 mm × 5 mm × 5 mm). XCT measurement results also show that each individual fiber can be clearly
identified and the fiber’s diameter is measured to be about 15 µm. In addition, those fiber’s orientation
in the formed glass fiber stack has been obviously observed using the proposed XCT. To confirm the
dimensional measurement accuracy, several standard cylinders with certified diameters from 0.1299
mm to 5.1960 mm are measured by XCT used in defect measurement. A linearity of XCT for measuring
diameter is obtained about 0.11%. It indicates that the measurement accuracy of defects (less than 50
µm) and fiber diameter (15 µm) can be well controlled in an order of micrometres by an optimized XCT
scanning in the application.
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Abstract n°40:
The focus variation technology has become indispensable for many industrial applications. Many of
these applications require high-precision optical metrology for the measurement of 3D form, for
example GD&T (geometric dimensioning and tolerancing) features of complex geometries, and surface
characteristics as for example profile or area roughness at the same time. One application of main
relevance in medical industry is the high-precision 3D measurement of medical implants which is
challenging due to their complex geometries and their highly polished surfaces. In this paper the
advanced focus variation technology and its application for high-precision 3D measurements of knee
implants is presented. The extension of the focus variation technology is characterized by two main
improvements. First, the extension of focus variation allows the measurement of completely smooth
surfaces by modulated illumination. Therefore, the limitation of standard focus variation which
requires a minimum surface roughness (Ra) of at least 9 nm (with ?c = 2µm), can be lifted and medical
implants can be measured independently of their material. Second, the measurement principle
Vertical Focus Probing (VFP) allows the measurement of extremely sloped surfaces by lateral probing.
Vertical Focus Probing is an extension of focus variation and makes it possible to measure slope angles
larger than 87° directly and without the use of an articulating system. The application described in
this paper focuses on the geometric inspection of knee implants where geometric dimensions must be
within very tight tolerances. All 3D measurements are performed by a 5-axis micro coordinate
measurement machine (µCMM) which is equipped with a motorized tilt and rotation. The maximum
permissible length error (MPE) for features <= 100mm is smaller than 1µm and vertical resolutions are
as small as 10nm with measurement times down to 5 seconds for 3 million measurement points. Due
to high accuracy over the whole measurement range the 3D geometry of components can be verified
by some single measurements which can precisely be set in 3D relation to each other. Due to VFP, the
amount of necessary manipulations can be reduced significantly. The performance of the 5-axis µCMM
and the accuracy of the advanced focus variation technology is demonstrated which shows the
strength of the advanced focus variation technology and the high potential for its use in the highprecision 3D dimensional metrology.
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Abstract n°53:
Profiles and images taken with a tactile measurement instrument are geometric dilation results of the
artefact surface feature and the tip geometry. Tip dilation directly affects the measurand such as the
surface roughness and is a major source of uncertainty. If the size and form of the tip are known, the
profiles and images could be corrected to decrease the influence of the tip dilation. Over the years,
various techniques have been proposed to characterize the tip form, such as :
1 Imaging the tip directly with electron microscope, such as scanning electron microscope (SEM),
transmission electron microscope (TEM) or scanning TEM (STEM).
2 Characterizing the tip with an artefact with specially designed surface features. Such an artefact is
called tip characterizer.
3 Blind reconstruction techniques without the tip characterizer.
A tip characterizer costs much less than an electron microscope. And it achieves higher precision than
the blind reconstruction techniques. Another advantage of the tip characterizer lies in that the
characterization with a tip characterizer can be performed on the machine and is especially convenient
to evaluate the variation of the tip form if the tip is abraded during the measurement.
PTB developed a rectangular-featured tip characterizer named TSPN. The edge radius of the
rectangular features is proved to be smaller than 10 nm and this enables an accurate tip radius
characterization. The groove structures are 2 µm deep and make it possible to characterize the tip
aspect ratio at relatively large tip length. The widths of the grooves vary from 0.3 µm to 3.0 µm, which
makes the artefact appropriate for diverse tips with different sizes and forms. Various probe tips are
characterized with the TSPN and the characterization results are compared with other tip
characterizers and techniques.
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Abstract n°162:
The reference gauge blocks are length standards. They are used for calibrating several equipment such
as calipers, micrometers…Most of time, you have several gauge blocks of different lengths contained
in a box (up to 122 per box). There are different methods for calibrating gauge blocks: by
interferometry, mechanical comparison…according to ISO 3650. In resume, it consists of measuring
the length at the center and the length variation (four corners of the measuring face). Depending on
the quantities of gauge blocks, the calibration is a time consuming long run processing for the lab
personnel.
That is the reason why, in the early 90’s, Trescal Italy designed and developed a gauge block robot, an
automation system capable to reproduce all required steps for drive the entire process (mechanical
comparison). The robot consists mainly of:
• Welded steel base frame with damping feet
• Granite table
• Rotation table with 366 slots for 122 pallets
• In total, 122 pallets holding the gauge blocks. Each pallet has 3 slots: 2 suitable to hold 2 gauge blocks
to be measured and one slot holding the reference standard. The pallets are provided with suitable
nests to avoid the blocks fall down
• Three axis handling unit suitable to move the pallets from rest to measuring position and back
• Measuring station including: mechanical reference for the gauge block, Lower measuring probe
provided with pneumatic retraction, upper measuring probe assembly with controlled axis for the
retooling at gauge block size change and pneumatic retraction, mechanical interface between lower
and upper probe assemblies suitable to grant the correct position between them.
The gain of productivity performances is listed below:
• Fully automatic calibration (however, the loading and unloading of the gauge blocks are made
manually)
• Simultaneously measurement of 2 customer gauge blocks sets (maximum 122 per box)
• Continuous operation 24 hours a day
• Cycle time for 2 customer gauge blocks sets with 122 pieces: less than 5 hours
Trescal Italy is accredited with this machine for gauge block sets K, 00 grade with a range from 0,5 mm
to 100 mm and a CMC of (0,05 + 0,3L) μm, L in m.
3 new machines was built, based on the old, with important improvements (in France and Germany in
2021, and UK in 2022. In France, it was installed end of January 2021. In 1st stage, It will be used in
traceable calibrations and we will set up a file in order to obtain an accreditation as in Italy.
87

Session N°16: Dimensional quantities
Comparison of volume measurements of mass standards in vacuum and liquid
Author reference: Mr ZUDA - CMI / Czech Republic
Abstract n°168:
Determination of volume of mass standards is key to the precise determination of the mass due to the
effect of air buoyancy force. Other influencing factor is density of the environment. The buoyancy force
can be either reduced for the precise determination of the mass using vacuum mass comparators or
enlarged for determination of the apparent mass using vessel filled with liquid. Laboratory of primary
mass metrology of Czech metrology institute have both options therefore the comparison of volume
and mass calibrations is possible. The report shows results of calibration of volume and mass of
stainless-steel mass standards of nominal mass 1 kg. These standards are traceable to national PtIr
prototype of kilogram. The standards were compared in vacuum mass comparator together with
special air buoyancy artefacts for precise determination of density of air. The procedure consists of
determination of the mass difference in ambient conditions and in pressure of 500 mbar. The same
standards are compared in volume comparator. Both weights are placed in special liquid FC-40 and the
mass difference is determined. The density of the liquid is calculated from the temperature. The
respective uncertainties are calculated and results are compared. With respect to the new definition
of kilogram the transfer of the unit of mass from vacuum to ambient conditions will become important
part of the dissemination of the mass unit. This study will help to establish the procedures for such
dissemination in Czech metrology institute.

88

Session N°16: Dimensional quantities
Multi-scale control of surface defects using natural parameterisation
Author reference: Mr SAMPER - Lycée Joliot Curie / France
Second author:
Mr LE GOIC, Mr FAVRELIERE - Université de Savoie / France
Abstract n°224:
Measuring machines gives a more and more accurate number of points in order to describe a surface.
In a design process, we need to have a better description of geometry in order to assess all the
behaviours involving interactions between material and it’s environment. Focussing at the same time
the infinite complexity of real objects and the simplification needed to make simple choices is a main
goal of a metrologist. This is possible by the use of adapted geometric languages. A geometry
parameterization has the challenge to have the following properties:
- Unicity-inversibility: a unique set of parameters gives a unique shape.
- Stability: continuous parameters.
- Invariance: decoupling of parameters
- Efficiency: ability to represent the measurement with a minimum number of parameters.
- Exhaustiveness: to describe the complete measurement.
- Complexity sorting: the first parameters are associated to the simplest shape.
We had the idea to think about the natural vibrations of shapes in order to use all their very interesting
properties corresponding to those properties. They form an automatic, natural, geometric vector
space of shape descriptors. Fourier series that we all know is very useful, but limited to very simple
shapes (line, circle for single Fourier series and square for double Fourier decomposition). If you
remember that Fourier series are the modal solution of a vibrating rope, you understand that nature
has given us a way to generalise what Fourier has discovered. We propose to use the modal eigen
shapes of surfaces in order to describe them and we adapted this method called Discrete Modal
Decomposition (DMD) to discrete surfaces. Recently we have made possible to compute this method
to a huge number of points making possible to assess measurements of topographic machines. Now
we can simplify the complexity of a measurement to different levels of geometry from the simplest
one given by the global shape, through the “middle level” given by undulation to the finest level of
roughness or a very local “geometric accident” using this new (but old, because natural) method of
geometric filtering.
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Session Biology
ISO 20387: promote confidence in biobanking for research and development
Author reference: Mr BOZONNET / France
Abstract n°31:
In a context where the delay, between the design of a analytical method or a drug and the launch of an
examination to help patient’s diagnosis or the marketing of a medical treatment, is becoming ever
shorter, it is essential to ensure the performance of a method as early as possible. More and more
laboratories are integrating their research unit into a system of management in order to demonstrate
their competence and / or organization. In its most recent version, the ISO 17025 standard (and we
can assume that the new version of ISO 15189 will go in the same direction) stipulates, in its chapter 6.4
on equipment, that 'the laboratory must provide access to the necessary equipment for the correct
execution of laboratory activities and which may have an influence on the results. ' Among these
equipments are mentioned materials and reference data. In the design experiment phase, and then
during the analytical validation step, the quality of the biological material and its associated data is one
of the most critical points and conditions for the success of the large-scale deployment for the benefit
of the patient. In fact, Biological Resources Centers (BRC) or biobanks which receive, store, prepare
and make available these biological materials, and also collect medical data associated with these
materials, participate in the success of these news methods deployment. In many cases, the scarcity
of biological material leads laboratories to obtain supplies from different biobanks, either at the national
level but very often at the international level. While at the French national level a standard (NF S96900: 2011) made it possible to harmonize these requirements in terms of the quality of the biological
resource (material and associated data), nothing existed at the international level. This has been done
since 2018 with the ISO 20387 standard which defines general requirements relating to 'biobanking' for
organizations that practice 'biobanking' for research and development. Developed under the same
scheme as ISO 17025, ISO 20387 “specifies requirements to enable biobanks (BRC) to demonstrate that
they operate competently and that they are able to provide biological resources (biological material and
associated data) of appropiate quality”. In this article, the different requirements that are expected for
biobanks will be presented focus on: ethical principles, operational procedures and processes that
govern biobanking, identity of personnel performing the activities, impartiality and confidentiality.
Structural requirements complement these general requirements: governance body, responsibilities,
range of activities, role of management… The requirements relating to resources address fairly classical
themes wknown by those working under ISO17025 accreditation: personnel, environmental conditions,
infrastructures, equipments ...
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Face mask filtration efficiency: a characterisation of measurement protocol and data
analysis
Author reference: Mr FOUQUEAU - LNE / France
Second authors:
Mr GAIE-LEVREL - LNE / France
Mrs MACE - LNE / France
Mrs VASLIN-REIMANN - LNE / France
Mr BESCOND - LNE / France

Abstract n°70:
In 2019-2020, the global outbreak of coronavirus disease 2019 (COVID-19), caused by the emergence
of SARS-CoV-2 virus, led to a rapid answer of public authorities to propose and give access to protection
devices, in order to dam the virus circulation. Infectious disease and respiratory viruses may be
simultaneously transmitted by three routes, i.e. airborne, contact, and droplet. Airborne transmission
involves aerosol and droplet emissions during breathing, talking, coughing and sneezing which contain
both sub- and super-micrometer particles (Nicas et al., 2005). There seems to be a consensus that
droplets diameter mostly remains smaller than 5 µm (Asadi et al., 2020), and in some case 2.5 µm
droplets and smaller which can remain suspended in air for 2 hours or more. Consequently, the wearing
of facemasks has been highlighted as one of the means to slow down disease transmission. Masks have
been proved to help controlling disease transmission during pandemics (Honein et al., 2020). It is
therefore important to determine the efficiency of masks and face coverings of different types in
reducing outward transmission of aerosols and droplets from expiratory activities. Surgical masks, which
are standardized since 2006 by the NF EN 14683 standard, suffered a shortage in the beginning of the
crisis, leading to the creation of a new type of mask named “community face covering” (CoFC). Since
2020, the European committee for standardization has developed dedicated requirements (CWA
17553:2020). Particularly, the filtration efficiency has been fixed at a minimum of 70% and 90% for class
1 and 2 respectively. Facing a need of filtration efficiency measurements, the French National Metrology
Laboratory (LNE) has developed an adapted bench test using monodisperse 3µm polystyrene latex
spheres (PSL) aerosol produced by a nebulizer (AGK 2000, PALAS). The filtration efficiency measurement
is based on the particle number concentration measurements upstream and downstream of the mask
sample. For this purpose, an aerodynamic particle size spectrometer (APS, TSI inc., model 3021) is used
for measuring such concentration in the 3 µm size bin. This presentation will therefore present the
description and the validation experiments of the bench test developed by LNE. Results and statistical
analysis associated to a filtration efficiency measurement campaign will also be presented in the context
of the COVID-19 pandemic since, from marchMarch 2020, LNE performed measurements for more than
250 mask references, leading to a significant database.
References
Asadi et al., 2020., Scientific Reports 10, 1–13. https://doi.org/10.1038/s41598-02072798-7 CWA 17553:2020 “Community face coverings – Guide to minimum requirements, methods
of testing and use’ provides the minimum requirements for the design, production and performance
assessment of community face coverings (barrier masks)' Honein et al., 2020. MMWR., 69, 1860–
1867. https://doi.org/10.15585/mmwr.mm6949e2 // Nicas et al., 2005. Journal of occupational and
environmental hygiene 2, 143–154. https://doi.org/10.1080/15459620590918466
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How fat are we? Quantification of measurement uncertainties for magnetic resonance
imaging derived fat fractions
Author reference: Mrs COOKE - NPL / United Kingdom
Second authors:
Mrs SMITH - NPL / United Kingdom
Mr HALL - NPL / United Kingdom

Abstract n°75:
The relative fractions of fat and water in organs may be used as a useful indicator of overall health and
as markers of the onset and progression of various diseases. Measuring fat fractions with magnetic
resonance imaging (MRI) provides broad coverage maps of the organ in question, allowing a highresolution, non-invasive analysis. Under the right conditions, MRI pixel intensities can be acquired so as
to contain a superposition of signal from the fat and water molecules in a sample. These components
have different resonant frequencies which introduces a time dependence to the measurements. In
1984, Dixon proposed a method to separate fat and water images by acquiring two images: fat and
water signals in-phase and out-of-phase [1]. The Dixon method then combines these images to separate
the signals of fat and water. This method has since been extended to include more data points in order
to provide greater reproducibility [2]. With only two images – the 2-point Dixon method – the
propagation of uncertainties in the images through to measured fat fraction is relatively straightforward
using the law of propagation of uncertainty [3]. Extending to the 3-point Dixon method, however,
complicates the uncertainty quantification, which may no longer be exactly calculated using a first-order
Taylor series expansion. In this paper, we use a Monte Carlo approach to explore the effect of
uncertainties in the MRI images on the derived fat fraction for mouse livers. We compare the law of
propagation of uncertainty based on a first-order Taylor expansion approach to the Monte Carlo
approach for the 2-point Dixon method. We then extend our approach to explore the effect of
uncertainties when using the 3-point Dixon method. Using a Monte Carlo approach, we are able to fullydescribe the statistical behaviour of MRI-derived fat fractions using the Dixon method.
References
[1] Dixon, W.T. Simple proton spectroscopic imaging. Radiology, 1984. 153: 189-194.
[2] Glover, G.H. Multipoint Dixon technique for water and fat proton and susceptibility imaging, J Magn.
Reson. Imaging, 1991. 1: 521-530.
[3] BIPM, IEC, IFCC, ILAC, ISO, IUPAC, IUPAP and OIML. Evaluation of measurement data – Guide to the
expression of uncertainty in measurement, Joint Committee for Guides in Metrology, JCGM 100:2008.
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Neuropsychological assessments: word learning list tests and diagnostic potential of serial
position effects
Author reference: Mr REGNAULT - RISE / Sweden
Second authors:
Mr CANO - Modus Outcome / United Kingdom
Mr PENDRILL - RISE / Sweden

Abstract n°115:
To measure a person’s ability to freely recall items from memory has a long tradition in
neuropsychological assessment, and recently has become a research topic for new diagnostics in
dementia. Their diagnostic value is, however, limited by the multiple ways in which raw scores, and in
particular serial position effects, are defined and analysed. The present work stems from the EMPIR
19HLT04 NeuroMET2, where we move away from raw scores and apply the Rasch model to the Rey’s
Auditory Verbal Learning Test (RAVLT) immediate recall (trial 1) on a cohort comprising 66 healthy
controls, 99 with subjective decline, 27 with mild cognitive impairment and 33 with Alzheimer’s disease.
First, we make a critical review of previous claims of using word learning list tests and particularly
person-dependent changes in serial position effects (e.g., primacy and recency) as disease diagnostics,
in light of modern test theory. Using classical test theory as a psychometric approach to develop word
learning list tests leads to well-known effects of ordinality, and lack of recourse of the requirement to
estimate task difficulty separately from person ability. These are shown to significantly limit metrological
reliability. Second, construct specification equations are formulated to explain (and subsequently
predict) the level of difficulty of recalling a particular word in a list. In addition, the concept of entropy
is shown to play a dominant role when explaining task difficulty, where more ordered tasks are predicted
to be easier (e.g., primacy and recency). Third, the use of conventional tests of the goodness-of-fit of
logistic regressions of the Rasch model (e.g., construct alleys and loading plots) in detecting illnessrelated effects is explained in terms of scale distortion and entropy. Our current research suggests there
is no evidence that illness-related changes in serial position effects present any advantages as
diagnostics over the measure of person ability for RAVLT immediate recall. This is following appropriate
data handling separating memory ability from task difficulty, and accounting for ordinality and the
relatively large measurement uncertainties. Construct specification equations are shown to be useful in
reliably explaining and predicting task difficulty. They enable more efficient testing by allowing judicious
combinations of different test items and investigating potential breakdowns in the basic assumption of
separability of item/person attributes, upon which the Rasch model is based, such as happens if serial
position effects are experienced differently by different test persons. In summary, being able to explain
task difficulty, particularly in terms of entropy, can open up a way forward to establishing a serial
position effects valid diagnostic in neuropsychological assessments, but experimental reliability at
present appears not yet sufficient to the task.
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Pulmonary ventilator accredited testing
Author reference: Mr PAULO CARDOSO - TRESCAL / Brazil
Second authors:
Mr MAYORAL - TRESCAL / Brazil

Abstract n°183:
Trescal constantly seeks to meet the current needs of the market and its customers. In this sense,
Trescal Brazil sought to collaborate with Brazilian companies that had the need to support the
community and the population, with the help in the maintenance and calibration of pulmonary
ventilators, to support the needs related to the care of patients affected by the Covid-19 pandemic:
Covid-19 has caused a global shortage of pulmonary ventilators. A consortium of automakers formed a
group to repair to increase availability. Trescal was approached for help with testing the ventilators postrepair Trescal Brazil developed the testing procedure for pulmonary ventilators in accordance with the
IEC 62353 standard and managed to accredit these tests with Cgcre / Inmetro. The procedure covers
periodic tests or tests after repairs. With this, Trescal Brazil became the only laboratory accredited to
carry out tests on pulmonary ventilators, with the accreditation by RBLE - Brazilian Network of Testing
Laboratories. The tests are basically divided into two groups:
1Performance testing: measurement of pressure, flow, oxygen, volume, etc. (the reference
standard adopted for this step was a Fluke VT650 flow analyzer):
a. Visual verification of pulmonary ventilator requirements
b. Functional verification of pulmonary ventilator requirements
2- Electrical safety test (the reference standard adopted for this step was a Fluke ESA612 electrical
safety analyzer):
a.Determination of ground resistance for protection
b. Determination of insulation resistance
c. Determination of the leakage current by direct method
d. Determination of the leakage current by differential method
Comments:
• The tests can be carried out at the Trescal laboratory facilities or at the customer's facilities.
• At Trescal's facilities, Trescal has implemented a specific area for reception and decontamination for
hoses and accessories for pulmonary ventilators.
• Normative need for the technician to be a specialist in the equipment and in electricity domain.
• It is the responsibility of the technician and the testing Laboratory to define whether or not the
hospital should use the pulmonary ventilator after the test.
The benefits: clear results on the pulmonary ventilator performance situation, adding reliability and
safety in use in patients, especially in the Covid-19 pandemic, where a large number of pulmonary
ventilators are being supplie
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Towards a toxicologically-relevant definition of nanomaterials
Author reference: Mr SEBAIHI - FPS Economy / Belgium
Second authors:
Mr BRASSINNE - Sciensano / Belgium
Mr MURUGADOSS - KULeuven / Belgium
Mrs VAN DEN BRULE - Université catholique de Louvain / Belgium
Mr GODDERIS and Mr HOET - KULeuven / Belgium
Mr MAST - Sciensano / Belgium
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Mrs PÉTRY - Belgian Metrology Division SMD / Belgium

Abstract n°194:
Nanotechnology is amongst the most innovative fields of science. This technology is applied in many
aspects of our daily life as Manufactured Nanomaterials (MNMs), e.g., in cosmetics and skin care
products, clothing, food additives, wastewater treatment and specific drug delivery in the body. As
Nanotechnology enters more and more the consumer market, it unavoidably results in increasing
human exposure to MNM and raised the global concern over the potential adverse effects. MNM may
consist of unbound primary particles, aggregates and/or agglomerates (AA) of primary particles with
one or more external dimensions in the size range of 1 to 100 nm [1]. The small size of the particles
allows MNM to pass through biological barriers, to deposit in the body and to distribute systemically.
Several investigations have shown the biological toxicity of exposure to particular nanoparticles.
Environmental (external) measurements are currently the only tool available to evaluate exposure to
MNM. only experimental methods exist to assess internal exposure to MNM. Moreover, monitoring
MNM exposure is problematic due the lack of defined standardized metrics and protocols. In addition,
the current EU definition for the MNM also comprised of AA, but its toxicological relevance is not
verified. Notwithstanding the major efforts done during the last decades, it is not yet possible to reliably
link the physico-chemical characteristics of MNM to their toxicity [2]. To²DeNano.be is a Belgian project
built on a multidisciplinary group of researchers specialized in toxicology, physico-chemical analysis and
metrology. This project aimed to contribute to support the toxicological relevance of the regulatory
definition of MNMs, and to the traceability of MNM and the protection of workers and consumers.
Within this project, two MNM models, SiO2 and TiO2, have been used to differentiate the effects of
aggregated particles from that of primary particles on toxicity. Protocols to prepare controlled and
reproducible size distribution and state of AA have been developed and applied. The shape and size
distribution of the two AA models have been characterized by transmission electron microscopy, atomic
force microscopy and dynamic light scattering. Complementary in vitro and in vivo assays were
implemented to assess the influence of MNM AA and size distribution on the toxic activity. The results
of these assays shows that the AA and particle size distributions of MNM influence their
toxicity/biological activity. It is also concluded that the 100 nm threshold in the current EU definition
may not be appropriate to define MNM with regard to health hazard/toxicity [3-4]. [1] EC, Commission
Recommendation of 18 October 2011 on the definition of nanomaterial (2011/696/EU), Offical Journal of The European Union,
L 275 (2011), 38-40. [2] Khalili Fard, J., Jafari, S. & Eghbal, M. A. A Review of Molecular Mechanisms Involved in Toxicity of
Nanoparticles. Adv. Pharm. Bull. 5, 447–454 (2015). [3] Murugadoss, S. et al. Agglomeration of titanium dioxide nanoparticles
increases toxicological responses in vitro and in vivo. Part. Fibre Toxicol. 17, 10 (2020). [4] Murugadoss, S. et al. Is aggregated
synthetic amorphous silica toxicologically relevant? Part. Fibre Toxicol. 17, 1 (2020).
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Second authors:
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Abstract n°227:
Virus-like particles (VLPs) are important tools for applications ranging from gene therapy and vaccine
development to virus diagnostics. Of increasing interest are synthetic VLPs, which assemble from well
characterized polypeptides, and demonstrate a proven ability to deliver the cargo of interest into human
cells without cytotoxicity or a pathogenic bias. The interest is compounded by the need for SI-traceable
certified reference materials (CRMs) based on VLPs to benchmark the performance of commercial
products and technologies. Here we discuss the compositional analysis of a VLP constituent, C3triskelion peptide, which was characterized using the mass balance method. Karl Fischer (KF) titration
was used to determine water content, whereas, ion chromatography (IC) and fluorine qNMR (19F
qNMR) were used to assign the values for trifluoroacetic acid (TFA) as the solid material is a salt with
TFA as the counter-ion. In addition, elemental analysis confirmed the identity and amounts of the major
elements present in the material. Subsequently, the peptide mass fraction was determined to be 636 ±
45 mg/g (AAA)/623 ± 13 mg/g (1H qNMR), which is consistent with the expected molecular formula of
C3-triskelion · TFA30, and the expected high charge state of the triskelion molecule due to its lysine
content. The sequence of the triskelion C3-hub arm was confirmed, and as peptide impurities in the
highly charged peptide could not be separated chromatographically, these were identified as impurities
by their mass to charge ratio and quantified by relative response to main component using the Thermo
Fischer LTQ Orbitrap. We present the purity assignment of a potential Certified Reference Material and
the higher order reference procedures carried on the model antimicrobial C3-triskelion peptide
providing a traceable chain for measuring viral capsid amount of substance content.
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Alcoref Project: certified reference materials for breath alcohol control - An improvement
in European metrological infrastructure for road safety
Author reference: Mrs GANTOIS - LNE / France

Abstract n°17:
The Joint Research Project Alcoref “Certified forensic alcohol reference materials” is a multi-partner
trans-national project within the targeted call “Research Potential” of the European Metrology
Programme for Innovation and Research (EMPIR) launched in 2016. The EMPIR represents a metrologyfocused European programme of coordinated research and development that address the EU's Grand
Challenges in Health, Energy, Environment and Industry, and to progress fundamental measurement
science. The European Commission has estimated that about one quarter of road traffic deaths are due
to alcohol. The European status report on road safety of the World Health Organization Regional Office
for Europe therefore stated that, among other measures, better legislation and enforcement of alcohol
control is needed in several countries. In particular, the report demands that unrestricted access to
alcohol breath testing, using breath analysers of equivalent and agreed standard, should be
implemented throughout Europe. The recommendation R 126 defined by the International Organization
of Legal Metrology (OIML) sets high standards for type approval and calibration of breath alcohol
analysers. Test gases similar to human breath, created by bubbling air through an aqueous ethanol
solution (wet bath simulator), with a defined concentration of alcohol, are required. Ethanol in water
solutions in which the ethanol content should ideally be certified, i.e. traceable to the SI, accompanied
by uncertainty, stability and homogeneity data, are necessary. Currently, only two European NMIs
produce such materials. Due to the different national approaches and the large volumes needed it is
necessary that more European countries are able to produce their own traceable certified ethanol in
water reference materials in large quantities tailored for their regional needs. However, the
metrological quality (homogeneity, stability, uncertainty, traceability) of the materials developed at
different NMIs should be equivalent in so far as they should meet the demands of the OIML. The
specific objective of the project was to establish regional research and metrological capacity for the
development of certified forensic alcohol reference materials for the law enforcement of drink-driving
regulations. By the end of the project, new production capabilities for ethanol in water reference
materials is available at NMIs/DIs. State of the art analytical methods for purity assessment of ethanol
and for the accurate quantification of ethanol in aqueous media had been implemented at institutes
that had no access to these methods before. The project partners had established or improved quality
assurance systems according to ISO Guides 30 to 35 which allows the reproducible production of the
certified materials. Certified values are traceable to the SI and are produced via validated methods and
reported with an uncertainty budget to fulfil the requirements of the OIML. Target certified values and
volumes addresses end-users’ needs regarding legal limits of regional drink-driving legislation and the
instrumentation for breath analysers calibration available in different countries.
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Author reference: Mrs MACÉ - LNE / France
Second authors:
Mr SUTOUR - LNE / France

Abstract n°60:
The measurement of ammonia (NH3) in ambient air is a sensitive and priority subject because of its
harmful effects on human health and on ecosystems. The ammonia deposit contributes to
eutrophication and acidification of water and therefore to the degradation of biodiversity. Ammonia
emissions have at least doubled over the last century across Europe, mainly due to the development of
intensive farming practices and the associated use of nitrogen-based fertilizers. In addition, regarding
air pollution, the ammonia emitted by agricultural activities is a precursor of secondary inorganic fine
particles (ammonium nitrate), often involved during pollution peaks, particularly during the spring. A
set of international regulations has been implemented since the end of the 1990s to reduce emissions
of NH3: the Gothenburg Protocol, the Directive NEC n° 2001/81/EC, the Air Quality Directive 2008/50/EC
and the Directive IED (Industrial Emission Directive). France, Germany, Belgium, Italy and the
Netherlands are the main European ammonia emitting countries. In France, the National Plan for the
reduction of atmospheric pollutant emissions (PREPA), results from these regulations. The aim of this
national plan is to reduce national emissions ammonia by 13% in 2030 compared to 2005. Currently,
ammonia concentrations in ambient air are measured with analysers based on spectroscopic
techniques: the ammonia concentrations measured by these instruments vary significantly among
themselves, that can be explained by a lack of traceability, since there are no commercially available
reference gas mixtures with concentrations close to those measured in ambient air to calibrate the
analysers To remedy the lack of traceability for measurement of the ammonia concentrations, LNE
developed a reference bench based on the permeation method. The objective of this presentation is
therefore to describe the principle and the characterisation of the reference bench developed by LNE
to generate dynamic reference gas mixtures of ammonia. This bench is used to calibrate the analysers
of the French monitoring networks to ensure the traceability of the measurements carried out on the
French area. So, the data obtained from the different French monitoring networks are comparable in
time and space. Having validated ammonia data is extremely important to identify changes due to the
enforcement of environmental policies, to reduce uncertainties in current emission inventories and to
provide robust air quality forecasting model outputs.
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Abstract n°105:
Understanding atmospheric mercury chemistry is the key for explaining the biogeochemical cycle of
mercury and for improving the predictive capability of computational models. Establishment of
metrological traceability for Hg speciation measurements would ensure comparability of worldwide
obtained measurement data. Out of the three main operationally defined atmospheric Hg species
(gaseous elemental mercury - GEM, gaseous oxidized mercury - GOM and particulate-bound mercury –
PBM) metrological traceability has only been achieved for GEM, while for GOM and PBM this is by no
means the case. Recently, a GOM calibration unit based on evaporation of HgCl2 solution was
developed. Since the unit showed potential for achieving traceable GOM calibrations, the purpose of
our work was to extensively evaluate its performance over a large range of concentrations. Highly
specific and sensitive 197Hg radiotracer was used for the validation to enable low GOM concentration
(ng m-3 range) experiments. Recoveries of the calibration unit were obtained by comparing
experimentally obtained output values and calculated (theoretical) output values. The recoveries
ranged from 81 % for 1178 ng m-3 HgCl2 gas concentration and down to 32.7 % for 5.90 ng m-3 HgCl2
gas concentration. Low recoveries originated from adsorption of oxidized Hg on the inner walls of the
calibrator and tubing. Using obtained adsorption data, adsorption isotherm was applied for estimation
of adsorption enthalpy (ΔHads). ΔHads value of -12.33 kJ mol-1 was obtained, suggesting exothermal
adsorption. Results of calibrator performance evaluation show that newly developed calibration unit is
suitable only for concentrations of Hg higher than 1 µg m-3. Additionally, we re-evaluated the overall
uncertainty of the calibrator by including recovery uncertainty. Newly estimated overall uncertainty
amounted to 4.10, 5.31, 6.35 and 12.1 % for 1178, 289, 20.4 and 5.90 ng m-3 gas concentrations,
respectively. The contribution of recovery uncertainty to the overall uncertainty at low concentrations
levels was larger than at high concentration levels. Low recovery values combined with high
uncertainties at low HgCl2 concentrations suggest that the unit and its suitability for low-level oxidized
mercury calibrations remains questionable.
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Abstract n°112:
Project EMPIR HEROES Effects on human health and ecosystems, of the atmospheric emission of
hydrogen chloride (HCL) from industrial processes, requires ensuring that installations comply with the
emission limit values (ELV), currently set by the Industrial Emission Directive (IED) for incineration plants
for example. The best available techniques (BAT) identified in industrial activities, that allow to reach
the best environmental performance of installations, are leading to the setting of increasingly stringent
ELVs, based on the BAT associated emission levels (BAT-AELs). As an example, the current ELV for HCl,
from the incineration of waste is thus set at 10 mg/m3 in IED. the BAT-AEL range given in BAT Conclusion
are between 2 and 6 mg/m3 for new plants and 2 and 8 mg/m3 for existing plant. Accordingly, reducing
emissions from industrial facilities requires measurement methods with sensitivities adapted to future
ELVs, whose accuracy and reliability are assessed through uncertainty. In case of HCl, the Standard
Reference Method which is legislatively required for measuring industrial emissions, is described in EN
1911 standard “Determination of mass concentration of gaseous chlorides expressed as HCl” : the
standard describes a “manual method” including sampling on site by extraction of a known volume of
flue gas from a duct with a heated probe and collection of the gaseous chlorides by absorption in
chloride-free water, and then analysis of the solutions in a laboratory. The relative expanded uncertainty
requirement is 30%. One of the objectives of the Heroes project is to characterize the performance of
the SRM for concentration ranges below 10 mg/m3, to identify parameters whose contribution to
measurement uncertainty becomes significant at low concentrations, to derive recommendations and
requirements to enable the method to achieve the performance required for its intended use, and if
necessary to revise the standard. Several actions are defined. The present paper will expose one of
them, consisting in organizing an intercomparison on a test bench, with 10 participants, each of which
will implement 2 sampling systems conform with the specifications of EN 1911. The trials will be carried
out on a real matrix emitted by a boiler. The matrix can be doped with HCl and potential interferents at
different concentration levels. Confidence intervals of repeatability will be used to assess the average
internal variability of participants. The half confidence intervals of reproducibility will be compared with
the relative expanded uncertainty threshold of 30% defined in EN 1911. In addition, each solution will
be analysed twice under repeatability conditions in order to apply a statistical treatment based on the
'replicate method' described in EURACHEM/CITAC Guide “Measurement uncertainty arising from
sampling”. This statistical design will determine the contribution of sampling and analysis in the
repeatability variance, for each participant on average over the different trials, and for each trial on
average for the 10 participants
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Abstract n°159:
Monitoring programmes should generate high-quality data on the concentrations of pollutants in the
aquatic environment to enable reliable risk assessment. Furthermore, the need for comparability over
space and time is critical for the analysis of trends and the evaluation of remediation of polluted
environment. Additionally, research and exercises at the European level have highlighted that reliable
measurements of estrogenic substances at the predicted no-effect concentrations (PNEC) are still
challenging to achieve. The project EDC-WFD “Metrology for monitoring endocrine disrupting
compounds under the EU Water Framework Directive” aims to develop traceable analytical methods
for determining endocrine disrupting compounds and their effects, with a specific focus on three
estrogens of the first watch list (17-beta-estradiol (17βE2), 17-alpha-ethinylestradiol (EE2), and estrone
(E1)). Estrogens 17-alpha-estradiol (17αE2) and estriol (E3) will be included to demonstrate the
reliability of the mass spectrometry (MS) and effect-based methods (EBM) that have been currently
developed in the project. The methods will meet the requirements of Directive 2013/39/EC, Directive
2009/90/EC and Commission Implementation Decision (EU) 2018/840, hence improving the
comparability and compatibility of measurement results within Europe. In addition, during the EDC-WFD
project EBM (A-YES assay, CALUX®, LIBER Assay, ERA assay) will be deeply investigated in order to
improve their rational use and their support in water quality assessment. More precisely the objectives
of the project are to: 1. Optimise and validate traceable reference mass spectrometry based methods for the
analysis of 17βE2, EE2, E1, 17αE2 and E3 in whole water samples at environmental quality standard (EQS) levels.
The aim is to develop methods with limit of quantification (LOQ) not exceeding 30 % EQS and measurement
uncertainty of <=50 % at EQS. 2. Evaluate the interaction and partitioning of 5 estrogenic compounds between
water samples and suspended particulate matter (SPM) and the capability of developed methods to address the
different fractions of matrix (whole water and dissolved concentrations of estrogens). 3. Develop aqueous
reference materials (RM), as close as possible to real water samples, with proven homogeneity, short- and longterm stability. 4. Improve the comparability of estrogen measurements with selected Effect-Based Methods (EBM)
in whole water samples at EQS level. 5. Organise and perform an interlaboratory comparison (ILC) to demonstrate
the performance of the developed methods using the reference material (RM) for the selected estrogen
substances. 6. Contribute to the work of key European and international standardisation organisations e.g. CEN
TC 230 and ISO TC 147 This contribution will present a detailed overview of the objectives and methods applied
within the EDC-WFD project.
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Abstract n°186:
The search for micropollutants and their sources in both urban and industrial wastewater is complex,
heavy in terms of instrumentation and expensive. Indeed, it generally involves the implementation of
measurement campaigns with reference methods adapted to the problems of sites configuration and
flow variations, and looking for micropollutants (volumes needed for analysis, sampling precautions to
avoid contaminations, samples representativeness). The reference method consists in periodic samples
taken at fixed flow intervals or at fixed time intervals for 24 hours and under certain refrigeration
conditions, implying many constraints (electrical supply, size, etc.). It is therefore useful to use simpler
research tools as a first approach that will subsequently limit the number of measurement campaigns
implementing the reference method. These research tools are still poorly applied for urban and
industrial wastewater. Some of them are however well known and implemented on simpler matrices
such as river water or marine waters. In the framework of the LUMIEAU-Stra project (Fight against
micropollutants in sewage water at Strasbourg), the operational implementation of some of these tools
could be tested in parallel with the reference method, such as: Stir Bar Sorptive Sampler (SBSE) and
activated carbon (CA) cartridges deployed with the Continuous Flow Integrative Sampler (CFIS)) and the
Prebio. The CFIS combined with SBSE and CA cartridge provides the determination of averaged
concentrations over a 4-day deployment. The Prebio gives semi-quantitative information of substances
in sewage water during the 30-day deployment. In opposition to the reference sampling, none of those
2 innovative tools provides results compatible with the regulatory requirements. However, their
deployment enables the research of sources of substances in sewage networks. The comparison of
results from the reference techniques and from the innovative tools shows that the percentage of
quantification of substances by Prebio are equivalent to those of the reference method. The case-bycase observation of Prebio analytical data shows, moreover, that sampling via this tool allowed the semiquantification of substances only detected or not detected by the reference method. Due to the
operational difficulties encountered during the different campaigns, there is little data on SBSE and CA
cartridges. Results from SBSE seem to show a lower substances quantification percentage but additional
data are needed to complete this tool comparison work. Due to the lack of data for CA, no conclusion
can be drawn from this study. A classification of the substances according to the highest levels of
concentration was carried out for the same sampling point, according to the sampling tool considered.
It emerges that for metals and organic substances, the rankings from the reference method and the
Prebio are similar. For SBSE, it was only for organic substances. These rankings are generally composed
of the same organic substances or substances of the same chemical family. Even if it has to be completed
with new tests, this study shows that these innovative tools are adapted to prioritize the levels of
concentrations in a sewage network, and by extension to industrial wastewater, and to identify the
aeras to investigate by reference techniques.
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Abstract n°202:
Optical instrumentation like Light Scattering Airborne Particle Counters been used to determine particle
contamination in air in the life science industry for many years. In addition, the correlation between
airborne particles and final product quality has also been recognized also in the semiconductor, flat
panel display and hard disk storage manufacturing industries, where improvement of air quality
(reduction of particulate contamination) has led to increases in final product yield. To keep ensuring
this, it is crucial to assure the accuracy with the calibration of the Light Scattering Airborne Particle
Counters used to evaluate air contamination and specially the classification of clean spaces. The ISO
21501-4 is the recognized standard for optical particle counter calibration. The International
Organization for Standardization (ISO) introduced ISO 21501 in 2007 with the following purpose:
“…provide a calibration procedure and verification method for particle counters, so as to minimize the
inaccuracy in the measurement result by a counter, as well as the difference in the results measured by
different instruments.” The standard includes 4 different sections, each dedicated to a specific particle
counting technology or application:
Part 1: Light Scattering Aerosol Spectrometer
Part 2: Light Scattering Liquid-Borne Particle Counter
Part 3: Light Extinction Liquid-Borne Particle Counter
Part 4: Light Scattering Airborne Particle Counter for Clean Spaces
This paper will analyze Part 4, which has the title “Determination of particle size distribution—Single
particle light interaction methods” and specifically refers to the Light Scattering Aerosol Particle Counter
(LSAPC). Particle counter calibration is an important issue for cleanroom monitoring compliance and
is covered by the standard ISO 21501-4 The documentation and approval of the ISO 21501 replaces
ISO 13323-1:2000. The ISO 21501 standard widens the scope of analysis to include methodology for
both airborne and liquid particle counting (light scattering and extinction methods).
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Abstract n°206:
CRM - Certified Reference Materials are a particular form of a measurement standard. They ensure
metrological traceability of measurement results where the comparison cannot be strictly made in SI
units (ISO/IEC 17025 item 6.5.2 and 6.5.3).
Why Labs use Reference Materials? • Certified assigned value. • Defined uncertainty.• Confirmed
homogeneity and stability. Quality control: CRMs provide one of the most effective ways of
demonstrating that the measurement process is in statistical control. ISO 17034: 2016 - General
requirements for the competence of reference material producers (RMPs), which replaced ISO Guide
34, specifies general requirements for the competence and consistent operation of reference material
producers. Trescal Brasil in São Paulo is a Certified Reference Material Producer and received its first
accreditation in 2018 from INMETRO/Cgcre. Recently, between April and September 2020, some
countries were included in the ILAC Mutual Recognition Agreement, covering the standard for Certified
Reference Material Producers: ISO 17034. Currently, Trescal Brazil in São Paulo is accredited as Certified
Reference Material Producer for pH Standards, Electrolytic Conductivity Standards. The applications are
for Test Laboratories, companies, or manufacturers in the production segments as Life Sciences, Food
& Beverage, Oil / Fuel, Clinical laboratories.
The CRM production process is defined by the steps:
• Production Planning: material definition. measurement procedures. specification of acceptance
criteria. definition of every step and production control.
• Sample Production: decontamination. material selection and processing. packaging. sampling.
• Tests: homogeneity. stability. characterization. property values. uncertainties.
• Monitoring: long-term stability. monitoring.
• Sale and distribution.
Trescal Brazil in São Paulo, being one of the market leaders in Brazil, has plans to develop new Certified
Reference Materials, as:
• Viscosity standards o Kinematic viscosity, dynamic viscosity and density certified.
• Acids o Potassium hydrogen phthalate. Hydrochloric Acid. C6H5COOH – Benzoic acid. TRIS tris(hydroxymethyl)aminomethane. H3BO3 – Boric acid
• Alkalimetry o Na2CO3 Sodium carbonate
• Single analyte solution o Ammonium / Barium / Calcium / Chloride (Nist 2201) / Chrome Fluoride /
Nitrate / Nitrite / Potassium / Sodium Sulfate / Sulfide
• Oxygen saturation solutions
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Abstract n°86:
Most flow meters require calibration functions to deduce the flow rate accurately. These calibration
curves usually rely on the assumption of fully developed, ideal flow conditions. In industrial applications
the velocity profiles are usually not ideally shaped (i.e. symmetric without cross flow), as they are
disturbed by pipe installations such as elbows. Hence, the flow meter reading is defective but could be
corrected, if the velocity profile is known precisely. To obtain a complete velocity profile of a pipe cross
section, laser-optical measurements or computational fluid dynamics (CFD) simulations can be
performed. While measurements provide highly accurate results, their setups are expensive and timeconsuming. Therefore, they can be performed for a few specific geometries only. CFD simulations, on
the other hand, can be conducted for a vast number of configurations. However, their accuracy is
dependent on the assumptions of the underlying models, geometry, boundary conditions etc. In this
study, we present a procedure that enables an accurate prediction of the axial and cross flow profile
downstream of a 90° elbow with an arbitrary curvature radius. Therefore, CFD simulations with the
Reynolds-averaged Navier-Stokes (RANS) model Spalart-Allmaras are performed for elbows of 21
different curvature radii Rc between 0.51 and 10 times the pipe diameter D and a Reynolds number Re
= 50 000. Laser-Doppler Velocimetry (LDV) measurements are performed on six cross sections
downstream of an elbow with Rc = 1.4 D. To eliminate systematic errors of the simulation results, a
function that fits the simulated flow field to the measurement data is derived. This correction function
then allows to predict the velocity profile for any curvature radius Rc within the range of 0.51 to 10 D.
Decomposing the axial flow field into an ideal profile and a disturbed part, the results can be extended
to higher Reynolds numbers. Altogether, the proposed procedure allows to predict the flow field for a
variety of different curvature radii and Reynolds numbers. Hence, the performance of several flow
meters under these conditions can be investigated.
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Abstract n°90:
Water meters deployed for billing purposes are tested at fixed flow rates and stationary conditions
today. This contrasts with the actual consumption, e.g. in a household, with changing flow rates and
frequent starting and stopping of flow. To enable the evaluation the accuracy of the meters after
installation in a more profound manner, it should be possible to carry out dynamic tests close to realworld conditions. Based on representative consumption measurements in single- and multi-family
households, the frequently occurring flow rates and their duration were determined. Based on this
information and statistic methods dynamic load profiles were generated and a procedure for water
meter testing was developed. By means of a cavitation nozzle apparatus, dynamic load profiles were
realized on a test rig with gravimetric reference according to the requirements derived from the
consumption measurements Various methods were used to assess the stability and accuracy of the
flow, including Coriolis and magnetic inductive flowmeters. Previous tests with fast intermittent flow
have shown significant differences in the measurement deviation of flow meters between static and
dynamic testing. In contrast, the consumption data in households is an overlapping of several water
consumers, so the time until the flow rate changes is several seconds. In a first practical test, it was
possible to gain experience with the dynamic measurement regime and to test exemplarily water
meters of different types. The duration of the tests is shorter with the dynamic procedure, but the
measurement setup is more complex compared to the one for the static flow rate test regime. The total
volume measured by the meters was compared with the volume determined by the reference and the
measurement deviation was calculated. This measurement deviation was then compared with the
measurement deviation of the meters obtained for different static flow rates.
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Abstract n°118:
Development of renewable energy sources is encouraged by the future European Green Deal policy and
will have significant impact on the European gas infrastructure. Renewable gases such as biogas,
biomethane, hydrogen or syngas have physical characteristics that are slightly different from wellknown natural gas. consequences of their injection on the accuracy and durability of available gas
meters still need to be studied. For this purpose the NEWGASMET project objective aims to: - increase
knowledge about the measurement and durability performance of existing gas meters using renewable
gases, - improve gas meter designs as well as adapting flow calibration facilities for renewable gas
applications.
Today a first result of the project is the collection of existing available knowledge on the performance
of gas meters with renewable gases from industry and the scientific community. The NEWGASMET
consortium published in 2020 three deliverables which focus on accuracy and durability aspects of gas
meters. They provide also an overview of the gas compositions that can be produced, transported and
metered in Europe. This bibliographic conclusion highlights the global knowledge gaps faced by the
scientific community and defines the most important areas to be studied. Regarding the EU regulation
and standardization, available domestic gas meters have to comply with the Measuring Instruments
Directive 2014/32/EU, using EN standards or OIML recommendations which have been written for
natural gas applications. Therefore, the project plans to study carefully CEN/TC237 documents and the
OIMLR137 recommendation in 2021. experts’ group will then provide recommendations on how they
could be revised in order to make them suitable for renewable gas use. For this purpose, the
consortium is embedded within the industrial community via a stakeholders committee and has
established strong links with the CEN/TC237 working group for gas meters whose chairman is the chief
stakeholder of the project.
The project will continue until 2022 with following metrology activities: - the evaluation of the gas
meters’ internal components integrity and materials after durability tests in a biogas plant and in
hydrogen test benches, even if these tests were disturbed by Covid-crisis first results are today available
and will be completed in 2021. - the development of traceable methods for the type testing and
verification of flow meters with renewable gases, in order to allow future laboratories accreditation with
sufficiently low uncertainties (1/5 MPE for type testing), As a first bases the study of the available
facilities will be performed in 2021 and lead to recommendations for their adaptation for renewable
gases. - two hydrogen calibration standards for domestic gas meter flow range have already been
designed and will be built and tested in 2021 via an appropriate inter-laboratory comparison comprising
four traceable laboratories, - testing for domestic and commercial gas meters with hydrogen will be
performed by the end of 2021.
All these activities and results will hopefully bring new public scientific data and expertise to the industry
and metrology community regarding flow metering of renewable gases and consequences on the
meters.
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Abstract n°151:
Microfluidics is both the science which studies the behavior of fluids through micro-channels and the
technology of manufacturing microminiaturized devices containing chambers and tunnels through
which fluids flow or are confined. These devices are small, simple to use, portable and can be used in
several emerging applications such as micro-liquid chromatography, (scaled down) process technology
or micro-reactors, drug development, micro-implantology and Lab-on-a chip, to name a few. At this
scale, flow rate variability or erroneous flow rate of internal or external infusion systems has
tremendous impact on the measurement accuracy. When external pumps are chosen, several
important aspects must be considered to obtain the programmed flow rate, mainly the pump ability to
control and maintain instant micro-flow and micro-flow changes. The minimum delivered volume,
internal pressure, overall size, complexity, the compliance of these devices and their accessories may
inevitably lead to long delays and unwanted large flow transients. To ensure accuracy of flow through a
lab-on-a-chip it is fundamental that the flow generator used is calibrated using the appropriate and
traceable method. The most common calibration method used by NMI to measure low flow instruments
is the gravimetric method. Other methods can be used, such as optical methods, which trace flow rates
down to 1 microL/h with very low uncertainty. This work experimentally compares the two
methodologies when applied to syringe pump calibration and demonstrates its impact in the
performance of a Lab-on-a-chip device.
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Abstract n°192:
In 2021, an new EURAMET EMPIR-funded project, MFMET – Establishing metrology standards in
microfluidic devices- will start. The goal of this project is to contribute to the development of globally
accepted standards for microfluidic devices and disseminate them to end users in industry, particularly
Life Science and Diagnostics Companies, and in academia. This project will focus on testing and
metrology strategies that are essential to ensure measurement accuracy and traceability of microfluidic
devices and will aid product developers in advancing the field of microfluidics. The project partners will
interact with ISO/TC48/WG3 for the development of microfluidic standards, covering metrology for the
methodologies and fabrication processes. This project will also develop protocols for measuring
different quantities, interface, connectivity, modularity and sensor integration of microfluidic devices
based on experimental test results obtained by the new microfluidic transfer standards fabricated by
the consortium and literature surveys. The overall objective of this project is to focus on metrology
research necessary to support standardisation for microfluidics used in the health and pharmaceutical
industry. This project will develop protocols for measuring different quantities, interfaces, connectivity,
modularity and sensor integration in microfluidic devices. The protocols implemented in new transfer
standards fabricated under this project and literature surveys will integrate the standards prepared by
ISO/TC48/WG3. The specific objectives, are: 1. To investigate, evaluate and formulate consensus-based flow
control specifications to enhance the manufacturing capability of the microfluidics industry supply chain through
voluntary compliance. 2. To develop measurement protocols for different quantities, (e.g. flow rate and liquid
properties) in different microfluidics devices to be used in pharmaceuticals, biomedical and mechanobiology
applications. A EURAMET guide on these measurement protocols will be developed. 3. To define general
standards and guidelines for interfaces and connectivity between fluidic passages and optical/electrical
connections of microfluidics components and corresponding measurement standards, from micro to macro size
scales. 4. To define guidelines for the standardisation of dimensions and accuracy for modularity (either moduleto-module or module-to-world) and sensor integration (combination of sensing elements/materials with
microfluidic modules). 5. To contribute to the standards development work of ISO/TC 48/WG3 to ensure that the
outputs of the project are aligned with their needs. The project outputs from objective 1-4 will be communicated
and disseminated quickly to those developing the standards and to those who will use them (health and
pharmaceutical industry), and in a form (e.g. specifications, guidelines and white papers) that can be incorporated
into the standards (e.g. new technical guides, ISO 10991 and ISO/CD 22916) at the earliest opportunity. The
present publication will detail the state of the art, the underlying needs, the objectives, and the means
implemented to establish new metrology standards in microfluidic devices. This work performed under MFMET
project has received funding from the EMPIR programme co-financed by the Participating States and from the
European Union’s Horizon 2020 research and innovation programme.
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Abstract n°13:
The measurement capability index or its derivative, Test Uncertainty Ratio (TUR), is commonly used in
many areas of metrology. Recent literature abounds in examples of the use of this capability index in
thermometry, both for thermometer calibrations and for measurements in thermostatic chambers.
With the exponential increase in temperature monitoring needs in health-related activities, for vaccines,
drugs or biological samples, the metrology strategy often relies on this ratio, sometimes described as a
so-called “rule of the quarter”. It seemed essential to us to assess the validity of this ratio, and its use,
by a critical examination. We first analyze the genesis of this capability index for measurements in
general, then in the field of temperature measurements, and then examined the value '4' often used in
this field. We distinguish between the capability index used as a sizing tool or as a criterion for the
conformity assessment. As a sizing tool, it’s used before the metrology activity, for the sizing of
measurement equipment according to a defined application. In the second case, it occurs after the
service, as one of the criteria that can be taken into account in the conformity assessment. Then, we
explored the value of the capability index, from the perspective of the statistics and the technical and
economic factors. Finally, we investigate the different uses of the capability index during the life of the
thermometer, for its calibration and for its use in a single measurement (monitoring a chamber,
measuring the water temperature of a sample, etc.) or when it is used in combination with other
thermometers (characterization of a thermostatic chamber for example). The study focuses on the
range of typical temperatures for storing or preparing health products. Basing our conclusions on the
feedback of twenty years of observation, our results lead us to the following observations: - In the
context of a calibration, the use of a sizing ratio between 3 and 5 is indeed an interesting choice,
achieving the objective to a pertinent sizing of calibration equipment or calibration services. As a
criterion in conformity assessment, the ratio is only used in legal metrology, outside the field of interest
of our study. - For the monitoring or for the characterization of a thermostatic chamber, our study
shows that the ratio is not implemented in the assessment conformity. More important is that there is
no relevant way to establish a ratio between the maximal permissible error of the chamber and the
performance of the thermometer, due to the preponderance of other influencing factors, which the
capability index does not take into account. As a result, the notion of a capability expressed as 'ratio'
cannot meet the objective of relevant sizing, and thus it is not possible to define an optimal value for
this ratio. We thus demonstrate that for the monitoring or characterization of thermostatic chambers,
the 'quarter rule' is not based on any tangible element and that its application leads to inefficient
metrological strategies.
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Abstract n°33:
In 2020, CT2M organized an interlaboratory comparison on temperature calibration in which 26
laboratories participated. Among them were calibration laboratories (accredited or not) but also
laboratories performing internal calibrations and / or periodic verifications of their temperature sensors.
The interests of participating in a comparison of this type are many: - Assess the suitability of the
calibrations, - Ensure the quality of the results, - Meet normative and accreditation requirements, Check the correct application of the calibration method, - Evaluate the reproducibility of calibration
results. The principle of this interlaboratory comparison was to circulate a temperature measurement
chain (a 0,01°C indicator associated to a Pt100 sensor) from one laboratory to another to compare the
calibration results (systematic error and calibration uncertainty). The proficiency test item and the
calibration points were chosen to cover the most used temperature range in laboratories: -20°C, 5°C,
20°C, 37°C and 105°C. An accredited reference laboratory, not part of the participants, calibrated the
proficiency test item at the beginning and end of the campaign to determine the reference value and
its associated uncertainty. The stability was also checked by interpreting the results at the start and end
of the circuit. The recommended calibration method was the comparison method with several
simultaneous readings of the reference measurement chain and the proficiency test item. The
calibration method and the used materials, in particular the characteristics of the used reference
measurement chain and calibration bath or chamber were specified by the participants, which made it
possible to evaluate the performances with regard to the conditions for carrying out the calibrations.
The processing of the results is carried out according to the ISO 13528 statistical principles and in
compliance with the requirements of ISO 17043. A final report indicates to the participants all the results
in anonymous way and the performance scores to evaluate the ability of laboratories to carry out these
calibrations. Given the large number of participants, intermediate reports were also sent during the
campaign. This article will present the organization of this interlaboratory comparison as well as the
results obtained and the participants performance evaluation. An interpretation of the results will be
performed in order to highlight the predominant influence parameters on the calibration results.
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Abstract n°69:
In many manufacturing processes as well as in tribological applications, it is desirable and often
necessary to measure the surface temperature. Actually, the behavior of materials at their interface
under frictional conditions is strongly influenced by temperature, whose accurate determination at the
interface becomes of paramount importance. It’s the case of braking systems, in which the temperature
at the contact surface of the disc and the brake pad during braking impacts significantly on brake
performance, due to the heat generation during the process that modifies the geometry of the so-called
friction layer which forms between the disc and the pad. Common practise is to infer surface
temperature by using thermocouples inserted in the brake pad itself. The limits of this contact technique
are well known and are essentially related to the poor thermal contact of the sensor and to the heat
flux along the probe. In order to ensure a higher reliability of these measurements a validation by using
a different independent method should be performed. Unfortunately, non-contact infrared
thermometry cannot be used for this validation because it is severely hampered by the issues associated
with the unknown emissivity of the surface, which value strongly changes during the braking process.
An alternative approach, based on phosphor thermometry, is proposed. At INRiM a phosphor-based
luminescence decay thermometer has been developed. The phosphor selected as a temperature sensor
is Chromium-doped YAlO3 (Cr:YAP), a phosphor which exhibits a wide dynamic range, a high
temperature sensitivity and a long luminescence lifetime. A dedicated system for simulating the
operative thermal conditions of a brake testing rig has also been constructed. The core of this system
consists in a special tool, i.e.an instrumented brake pad, which houses both the termocouples and the
phosphor sensors. This brake pad has been used for a laboratory comparison of phosphor temperature
measurements against thermocouple measurements in the temperature range from ambient to 450 °C.
A hot plate calibration system has been employed to reproduce the comparison reference
temperatures. A complete uncertainty budget has also been established. This tool has been further
exploited as a transfer standard for on site measurements of surface temperature in the brake testing
rig at ITT’s industrial facilities to circumvent the critical issues mentioned above. The activity presented
here has been performed in the framework of the EMPIR 17IND04 EMPRESS2 Project “Enhancing
process efficiency through improved temperature measurement”.
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Abstract n°76:
The most reliable tests for COVID-19 diagnostics are PCR based tests. During these PCR tests a small
amount of virus DNA is amplified to a detectable level amount via an enzymatic chain reaction called
polymerase chain reaction (PCR). Diagnostic laboratories use thermal cyclers that quickly alternate
between two temperatures to enable this PCR reaction. The PCR reaction is temperature critical. Small
temperature deviations of only half a degreed can already cause the reaction to run less efficient or in
the worst case to fail. In case the reaction fails, this will result in COVID-19 positive patients to be
diagnosed as negative, with all associated consequences of infecting more patients. So knowing the
performance of the thermal cyclers used for COVID-19 diagnostics is of utmost importance in order to
generate reliable diagnostic results. This paper discusses the comparison of the temperature
performance of thermal cycler models which are typically used for COVID-19 diagnostics. The
performance tests were done according to the newly published ISO 20836:2021. The performance of
different brands and models of thermal cyclers has been determined, but evaluating the temperature
accuracy, deviation and uniformity. Furthermore ramp rates, overshoots and hold times have been
measured and compared. The results showed substantial differences between thermal cyclers which
can strongly affect reliability of COVID-19 tests.
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Abstract n°88:
Analysis and research of methods for measuring the temperature of rotating objects showed that when
measuring temperature with pyrometers, the methodological error can be ten times higher than the
main error of the measuring instrument due to lack of reliable information about the value of the
object's radiation coefficient and the influence of background radiation.To measure the temperature of
thermoelectric and thermoresistive transducers rotating together with the object, and the transmission
of signals from the thermocouple to the secondary device, slider contacts are used, which have unstable
resistance between rings and brushes and can be a source of parasitic thermo-EMF. change in the
resistance of the connecting wires, which causes additional methodological errors. To eliminate this
shortcoming, mercury-tube washers are used to reduce parasitic thermo-EMFs and inductive, capacitive
couplings, or ultra-high-frequency circuits that work in conjunction with thermoelectric converters or
thermistors. However, the use of an electronic circuit and a power supply on a rotating temperature
object limits the measuring range and reduces the accuracy of the method. Installation of thermocouple
on the object of measurement causes a methodical error from heat dissipation, which can significantly
exceed the error of the measuring instrument. Measuring the temperature with thermometers with
friction sensing elements, such as a tape thermocouple, allows you to measure the temperature of 30
... 180 ° C at a working interval of 0.2 ... 0.4 mm with an error of 2 ... 4, 5 ?. The measurement error of
the temperature measuring device described in requires quantitative measurement of the power of the
reflected light, which depends on the distance at which the light source, heat-sensitive indicator and
photodetector are located. Fixing the thermocouple at a distance from the object of measurement can
create additional methodological errors of the order of ± 100K, and the use of thermal indicator coatings
with different transition temperatures also does not allow to obtain high accuracy and narrows the
temperature measurement range. The results of research and modeling of our proposed optical method
for measuring the temperature of rotating objects can significantly improve the accuracy of measuring
the temperature of rotating objects. This is possible by reducing the methodological error from heat
dissipation and high accuracy of the calibration characteristic, the specific values of the temperature of
which are tied to the interference minima of birefringence of the sensitive element of the
thermocouple. The use of thermocouples made of anisotropic LiNbO3 single crystals allows to realize
high-precision measurements of temperature in the range of 20 ... 550 ?? with an error of about ± 0.5
K and frequency with digital reading. The method also makes it possible to measure the temperature
for cases of its rapid and cyclic change and to provide remote measurements with minimal heat
dissipation, as well as in the presence of electric potential on objects with one window.
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Abstract n°123:
Air temperature measurements, for meteorological and climate purposes, are performed by different
combinations of thermometers and radiation shields. The response of each system (thermometer +
radiation shield) to air temperature changes, residual sun radiation, wind, humidity, etc. depends on
the system itself, i.e. on the model of both components, shield and thermometer. This makes the
comparability of air temperature measurements, taken around the world, limited, creates
inconsistencies in climate data series and reduces the accuracy and reliability of long-term air
temperature data. The most powerful tool for increasing the comparability of measurements taken at
different times and in different places is the intercomparison of instruments in field. This fact has been
recognized by the WMO in multiple documents and recommendations. WMO, aware of the importance
of air temperature measurements in meteorology and climatology and the strong influence of external
factors on air temperature measurements, regularly performs comparisons of thermometers and
radiation shields at different climate conditions. But, at present, an intercomparison of thermometers
and radiation shields in polar climate is still missing. In this frame, the project COAT -Increasing the
comparability of extreme air temperature measurements for meteorology and climate studies- was
proposed and selected to be funded by the European Metrology Research Program, EMPIR of Euramet:
European Association of National Metrology Institutes. COAT project aims at organizing, conducting and
analysing an intercomparison of thermometers and radiation shields in the arctic research area of NyÅlesund – Svalbard. It is a three years project, starting in October 2020 and its consortium is composed
by an international multidisciplinary team, including meteorologists, Earth science researchers and
metrologists. The present communication intends to present the project, highlighting its contribution in
the improvement of the air temperature measurement quality in polar region and of the comparability
of air temperature measurements, as well as it describes the expected outcomes. This project has
received funding from the EMPIR programme co-financed by the Participating States and from the
European Union’s Horizon 2020 research and innovation programme
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Abstract n°125:
This work describes the construction of high temperature fixed points (HTFPs) of Fe-C (1153 ºC) and PdC (1492 ºC) within the frame of the joint EMPIR research project Real-K. It has been used a hybrid-type
crucible [1] and the piston method, firstly developed by LNE-CNAM [6, section 4]. A series of 5 HTFPs
have been constructed, 2 Fe-C with blackbody diameter aperture of 3 mm, 1 Fe-C with blackbody
diameter aperture of 6 mm and 2 Pd-C with blackbody diameter aperture of 3 mm. The graphite
crucibles were supplied by SGL Carbon with a purity better than 5 ppm. Pd powder is 99,99% pure (Acros
Organic), Fe powder 99,99% pure (Sigma Aldrich) and graphite powder 99,9999% pure (Alpha Aesar).
Samples of Fe and Pd powders along with Fe-C and Pd-C samples, obtained in the filling process of the
corresponding cells, have been sent to the National Research Council (NRC) for its GDMS analysis. The
Fe-C cells have been filled in a single step with a 3.3 wt% C hypoeutectic composition. Points of inflection
(POIs) of the melting plateaux are repeatable after a few initial measurement cycles. Mean temperature
values of the melting plateau’s point of inflection, traceable to the International Temperature Scale of
1990, t90(POI), measured throughout several days after stabilization are: 1153.546 ºC (3 mm), 1153.504
ºC (3 mm) and 1153.458 ºC (6 mm) with an expanded uncertainty of 0.15 ºC (measurements done with
an LP4 referenced at a Cu fixed point). The Pd-C cells have been filled with a 2.7 wt% C hypoeutectic
composition. The first two cells (1Pd-C1 and 1Pd-C2) were suspected to be underfilled after their first
filling process. Therefore, it was performed a second filling process with the aim of improving their
robustness by eliminating the supposed voids and placing their discs on position. Both 1Pd-C1 and 1PdC2 were considered to be completely filled in this second step with an ingot mass of 44.1 g and 44.4 g
respectively. A third Pd-C (1Pd-C3) cell is foreseen to be filled with a single step, after designing a new
graphite extension part to contain more weight of Pd/C powder mixture. Mean temperature values of
the melting plateau’s point of inflection, t90(POI), measured throughout several days after stabilization
are: 1491.897 ºC (1Pd-C1) and 1491.899 ºC (1Pd-C2) with an expanded uncertainty of 0.38 ºC
(measurements done with an LP4 referenced at a Cu fixed point). This project has received funding from
the EMPIR programme co-financed by the Participating States and from the European Union’s Horizon
2020 research and innovation programme.
[1] J. M. Mantilla, D. J. Woods, R. Emms, M. J. Martín, A.D.W. Todd and D. del Campo. “Construction and
comparison of high temperature fixed points at NRC and CEM”. Tempmeko’19 conference, Chengdu,
China, 2019
[2] M. Sadli, O. Pehlivan, F. Bourson, A. Diril, K. Ozcan, Int J Thermophys, 30, 36–46, 2009.
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Abstract n°126:
The importance of accurate measurements for meteorology and climatology, has increase in recent
years. In fact, the World Meteorological Organization (WMO), signed the mutual recognition
arrangement (MRA) of the Comité International des Poids et Mesures (CIPM) at the Bureau International
des Poids et Mesures (BIPM) on 2010. Also, the two international associations called on the national
metrology institutes (NMIs) to take steps to improve the meteorological meassurements by applying
the best practice in metrology..In this work, we describe how the National Institute of Hydrology,
Meteorology and Environmental Studies of Colombia (IDEAM) has strengthened their measurement and
control processes for the measuring of environmental quantities through the development of a
cooperation with the National Metrology Institute of Colombia (INM) in the frame of the technical
assistance service. As a result of this cooperation, the atmospheric pressure measurements have now
been structured into a more automated system that acoomplish the ISO 17025 requirements and have
traceability to the International System of Units (SI), allowing to provide reliable data to national citizens
and stakeholders who require this information to carry out their activities. In this work we describe the
evolution of the process, the desing and implementation of the automated system and the issues that
we found and how have been solved.
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Abstract n°144:
The EMPIR Project MetForTC [1] builds research capacity and improves the metrological infrastructures
in emerging European National Metrology Institutes (NMIs) and Designated Institutes (DIs), through
collaboration and dissemination of knowledge between partners, reducing the scientific disparities
between European countries participating in European research. Since the project offers a platform for
the co-operation of developed and emerging NMIs/Dis, the less experienced NMIs/Dis will acquire the
required knowledge and expertise in temperature metrology with the objective to enable them to take
more fully part in future calls or research programmes. The scientific objective of the project is to
develop novel methods and techniques that will significantly improve knowledge on drift and
homogeneity as well as confidence in the verification of thermocouple performance for primary and
secondary calibration laboratories. The novel concept of dual-type temperature sensors, that enables
in-situ monitoring of thermocouple drift under conditions of typical use has been developed. In order
to solve the problem of the limited accuracy of thermocouples, A set of miniature fixed point cells in the
range from 232 °C (Sn FP) to 1084 °C (Cu FP) of the ITS-90 has been developed for the verification of
thermocouples performance. Additionally to this, two novel devices have been designed and
constructed for the assessment of thermocouple inhomogeneity and drift. This paper deals with these
achievements. This work is performed within the framework of the European Metrology Programme
for Innovation and Research (EMPIR) project 18RPT03 MetForTC. This project (18RPT03 MetForTC) has
received funding from the EMPIR programme co-financed by the Participating States and from the
European Union's Horizon 2020 research and innovation programme.
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Abstract n°146:
The International Temperature Scale of 1990 (ITS-90) specifies triple, melting and freezing points of
materials to realize the scale. The Temperature Laboratory of the National Metrology Institute of Turkey
(TUBITAK UME) realizes the scale in the range from Argon triple point (83.8058 K) to Silver freezing point
(1234.93 K) to calibrate standard platinum resistance thermometers (SPRT). The scale is realized in the
low-temperature sub-range by interpolation between the triple point of water (273.16 K), mercury
(234.3156 K), and argon (83.8058 K). However there are issues with the mercury fixed point such as
toxicity and transportation. The carbon dioxide (CO2) and sulfur hexafluoride (SF6) fixed points may
eventually provide alternatives to replace the mercury fixed point. This issue has been discussed on
several occasions including the EMPIR projects. In this paper, the studies on the realization of sulfur
hexafluoride (SF6) fixed-point at TUB?TAK UME to be employed instead of mercury fixed point cell for
calibration of long-stem standard platinum resistance thermometers are explained. Basically, two SF6
fixed point cells of same dimension but having different quantity of SF6 gases, were manufactured. The
triple point of SF6 cells were realized by quasi-adiabatic technique in a stirred ethanol bath which has
been characterized for high stability and perfect thermal profile. These cells were also compared with
each other on different days. The details of construction phase and the results of the metrological
characterization such as reproducibility, melting range of SF6 cells will be given in this paper.
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Abstract n°148:
The high level accuracy and repeatibility in temperature measurements is important issue in a wide
industrial applications where the thermocouples are the most frequent used as temperature sensor.
The thermocouple performance is critically dependent upon uniformity of physical and chemical
properties along the length of the thermo element. With use, thermocouples lose homogeneity through
heat, chemical exposure, or mechanical damage, causing the measured voltage to differ at the same
temperature, resulting in error and severely reducing the temperature measurement accuracy. Thus an
accuracy of thermocouples is limited by the effects of their inhomogeneity, drift, and hysteresis. In
addition, at continuously long term high temperature uses, the removal of these thermocouples from
using environments of materials processing furnaces for recalibration is hardly to achieve. Therefore,
the thermocouples require monitoring their drift in-situ under conditions of typical use. Within the
frame of the EMPIR Project MetForTC the work is focused on the mini fixed point cells in range from
232 °C (Sn FP) to 1084 °C (Cu FP) of the International Temperature Scale of 1990 (ITS 90).The ITS-90
provides the realization of the Kelvin by primary methods capable of exceptionally low uncertainties and
increased reliability in traceable temperature measurement. The concept of mini-fixed point cells for
thermocouple self-validation have been investigated to improve the reliability of thermocouple
performance in-situ. This paper describes development of the miniature fixed point cells that could be
utilised for the experimental characterisation of the thermocouples. This work is performed within the
framework of the European Metrology Programme for Innovation and Research (EMPIR) project
18RPT03 MetForTC. This project (18RPT03 MetForTC) has received funding from the EMPIR programme
co-financed by the Participating States and from the European Union's Horizon 2020 research and
innovation programme.
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Abstract n°167:
The International Temperature Scale of 1990 (ITS-90) specifies triple, melting and freezing points to
realize the scale. One of the major temperature fixed points in the ITS-90 scale is the triple point of
water (TPW), at which temperature solid, liquid and vapour phases of pure water coexist in thermal
equilibrium. The kelvin, SI unit of thermodynamic temperature was defined as the fraction 1/273.16 of
the thermodynamic temperature of the triple point of water until 2019. Recently it has a new definition
based on the fixed numerical value of the Boltzmann constant but ITS-90 and TPW preserves its status
especially when low uncertainty temperature measurements are of concern. Therefore although the SI
definition of kelvin has been changed from TPW to Boltzmann constant, the use of the ITS-90 and
therefore the use of temperature fixed points will continue for practical measurements. Two calibration
laboratories besides national metrology institute are accredited for the calibrations at TPW in Turkey.
Moreover there are several accredited laboratories employing TPW cells especially for the intermediate
checks of their reference platinum resistance thermometers. According to ISO EN 17025 one of the
main criteria demonstrating the competence of a calibration laboratory is successful participation in
inter-laboratory comparisons. Therefore, TUBITAK UME Temperature Laboratory organized the first
interlaboratory comparison on “Comparison of Triple Point of Water Cells” for the calibration
laboratories in Turkey. Five laboratories participated in the comparison including TUBITAK UME which
was the pilot of the comparison. The comparison protocol was prepared by pilot laboratory and
accepted by all participants. The circulating TPW cell was of borosilicate material and provided by
TUBITAK UME from its home-made batch of cells. The dry-ice method was employed by all the
participants and two cycles of measurements were carried out. This paper presents the results of the
TPW comparison and gives detailed information about the measurements made at TUBITAK UME and
participating laboratories.
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Abstract n°170:
In order to calibrate temperature probes, thermometry laboratories use temperature generators such
as thermostatic baths, furnaces or dry blocks. These generators can achieve uncertainties down to few
hundredths of a degree Celsius. Indeed their metrological characteristics such as temperature
uniformity and temperature stability limit their performances, in spite of clever work-around such as
equalization block or implementation of different heated zones or stirring/overflow system. The use of
Gas Controlled Heat Pipes (GCHPs) has proven, in previous works, great thermal performances for
improving temperature uniformity and stability in temperature generators, over wide temperature
ranges. Since four years, CETIAT develops GCHPs for its thermometry calibration laboratory. The
principle of GHCP is based on the phase change of a fluid contained in the working volume : by
controlling the pressure at which the phase change liquid/gas occurs the temperature of the system is
also controlled. The key point of these temperature generators is the adiabatic zone, in the central
volume of the system, leading to a temperature uniformity and stability at a satisfactory level for the
calibration of thermometers by comparison. In addition, as the system is controlled thanks to the
pressure: at every single pressure change a temperature change is generated, thus allowing millikelvin
level temperature control, by coupling the system with a pressure controller. In previous works CETIAT
as presented preliminary results of two GCHP, developed in cooperation with INRiM, filled with water
and ethanol respectively. The present work will present final steps of the implementation in the
laboratory, namely the low temperature enclosure dedicated to low temperature GCHP. Thus along the
temperature range from -40 °C up to +140 °C, results for temperature uniformity and stability will be
presented, as well as overall pressure stability in the system. Preliminary uncertainty budget will be
presented and a comparison with other temperature generator will be discussed.
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Abstract n°172:
In the establishment of Acoustic Gas Thermometer (AGT) at TUBITAK UME, at the first step, the
resonator which is the most important component of the system was acquired from LNE-CNAM. The
resonator named UME1, was made of copper, and has a quasi-spherical cavity to resolve the triplet
microwave resonances more clearly in the measurement of the sizes of axes. Prior to the assembly of
the complete setup of AGT, the characteristics of Argon gas–filled resonator was determined by acoustic
and microwave resonance measurements at ambient conditions. The first five radial modes of acoustic
resonances from (0,2) to (0,6) over the frequency bandwidth between 3 kHz and 18 kHz with relative
fitting precision less than and around 1 ppm evidenced having a perfect signal to noise ratio. Microwave
resonances were measured with relative fitting precision for four microwave triplets TM11, TM12, TE11
and TE12 in less than 0.5 ppm. The characteristics tests of UME1 resonator showed that it meets fulfilly
the target of AGT in the establishment of thermodynamic temperature unit, the kelvin, at TUBITAK UME
expilicitly. The paper also gives the preliminary works on the assembly of AGT set-up which comprises
thermostat, pressure vessel involving resonator, all connections and the measurement system.
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Abstract n°200:
TUBITAK UME Radiation Temperature Laboratory was established in 1996 for the realization and
dissemination of National Radiation Temperature scale. In 2020, the laboratory infrastructure was
substantially renewed and the laboratory measurement capacity was expanded. Nowadays, the UME
Radiation Thermometry Laboratory disseminates and maintains the International Temperature Scale
of1990 (ITS-90) from the Ag fixed point (961.78 ° C) to 3300 °C. The scale is realized by using one of Ag,
Au and Cu fixed points by means of Sodium Heat pipe furnace and LP5 as a reference and standard
radiation thermometers (RTs) working at the wavelength of 650 nm. In addition, the laboratory is able
to provide traceability to the new definition of the kelvin and to perform measurements of
thermodynamic temperature from 156 °C to 3500 °C(by means of several high-temperature eutectic
fixed points and high-temperature blackbody BB3500M) with different RTs (wavelengths of 650nm, 900
nm, 1100 nm and 1530 nm) relative primary radiation thermometry. In the low temperature region, in
order to improve the laboratory measurement capabilities, several blackbody sources operating in the
temperature range from -80 ° C to 350 ° C and a transfer standard radiation thermometer working in 814 um wavelength range (traceable to the contact thermometry) is utilized. Nowadays, the Radiation
Thermometry laboratory performs calibration of RTs and blackbody sources working in the temperature
range from – 50 °C to 2600 °C.
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Abstract n°214:
Over the last decade, numerous national metrology institutes (NMIs) were involved in different
international projects with the common objective of determining T-T90 at the highest level of accuracy,
over a wide temperature range. These studies are necessary to enable the mise-en-pratique of the new
definition of the kelvin with different equivalent means including using high-temperature fixed point
cells as thermodynamic temperatures artefacts. In this field, the European project Real-K 'Realising the
new kelvin' follows on the successful project InK 'Implementing the new kelvin' with a common objective
to define the thermodynamic temperature of sets of fixed points. In the high temperature range,
workpackage 1 of Real-K is dedicated to the development of a set of four additional HTFPs, among which
the peritectic transition of the tungsten carbide – carbon WC-C at a temperature of about 3022 K. LNECNAM takes part to this project and devotes an important effort to the construction of several WC-C
cells and the evaluation of three of its cells along with two cells supplied by another project partner.
This evaluation will allow to rank the cells in terms of quality of the phase transition plateaus and the
reproducibility of the transition temperature in changing thermal conditions. The best cells will be
devoted to the assignment of thermodynamic temperatures with the best uncertainties. In this
presentation, we will review the results of a preliminary work which was performed on the furnace HTBB
3200 pg to characterise and minimise the thermal effects. The effects of the regulation loop on the
plateau shape are highlighted and a simple method to position the cell in a temperature distribution of
less than 5 K along the WC-C cell is described. The cell construction, based on a promising design firstly
tested at the Co-C (1597 K), will be presented. The cell design was adapted to make the WC-C cells
insensitive to mechanical constraints due to their deep supercool, or to allow fast heating or cooling
between the ambient and the operating temperature without damaging the cells.

126

WEDNESDAY 8
Session Electricity
Development of an upgraded e-field strength probe to be used as a transfer standard for
metrological purposes
Author reference: Mr MATEUS SANCHEZ - Inmetro / Brazil
Second authors:
Mr MENG - NIM / China
Abstract n°11:
This paper describes the development of an E-field strength sensor probe based on Schottky diode
technology to be used as a transfer standard for metrological proposes. This sensor probe was designed
in a joint project between the National Metrology Institutes of Brazil (Inmetro) and China (NIM China)
to bring traceability to many facilities generating E-field strength of both Institutes. The developed
sensor allows transferring the E-field traceability from a micro-TEM Cell used as a primary standard to
secondary standards like TEM and G-TEM Cells in the frequency range of 500 kHz to 2 GHz and at E-field
intensities from 3 V/m to 70 V/m, with low uncertainty, a good dynamic range and low cost. The working
principle of the new measuring system is similar to an old system that is not manufactured anymore,
but it was re-designed in order to improve its performance and characteristics obtaining, as a result, a
reduction in size of more than 10 times. The active head of the sensor is square-shaped with a size of
10 mm x 10 mm x 2 mm, allowing to sense a single component of the E-field strenght. Performance
tests are also presented, including a new dynamic range definition based on the sensor`s accuracy.
Repeatability and stability test results show that the new sensor is suitable for future inter-comparisons
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Abstract n°83:
Electrical resistance at direct current is one of the most common measuring quantities, not only in the
field of measuring electrical quantities, but also in the field of measuring non-electrical quantities by
electrical means. In particular, when measuring the resistances of thermocouples and thermistors,
strain gages to determine mechanical stresses, pressure, displacements during temperature
measurement and during the creation of units of measuring equipment at the microelectronic level.
This is especially important in the power industry when checking shunts and in the absence of measuring
non-electrical quantities. The closest in technical essence to the proposed technical solution is a double
DC bridge to measure the electrical resistance of Thomson 'Lord Kelvin'. However, this double bridge
for measuring electrical resistance has a relatively low accuracy and reliability because the comparison
arm is made in the form of so-called double decades, rotating synchronously and equal to each other,
but in practice this equality can be performed with some accuracy, which depends on errors in the
manufacture of resistors and due to the presence of an additional term d in the equation to determine
the value of electrical resistance. If the term d ~ 0, then neglecting it leads to additional errors, which is
especially important when checking shunts and unambiguous measures of resistance 10 -5…10 Ohms.
In addition, making double decades that rotate synchronously and equal to each other is a timeconsuming task. The proposed method of measuring electrical resistance and a device for its
implementation allows to increase the accuracy of measurement by using a new algorithm for
determining the value of electrical resistance, in the absence of two bridge arms: comparison and ratio
and two connecting conductors, and taking into account inequality of resistances the first arm of the
bridge measuring resistor and the second potential output of the second arm is a reference measure
and the absence of an additional term d in the equation to determine the value of electrical resistance,
and increase its reliability because there is no synchronous rotation of the reference arms. This method
can also be used to create units of measuring equipment at the microelectronic level when measuring
non-electrical quantities in technological processes and to verify the measures of electrical resistance
and shunts.
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Abstract n°114:
The apparatus designed to be installed in high voltage grids should be tested to verify their
performances to operate under faults conditions such as lightening impulses, switching impulses and
combined or composite high voltage waveforms. During routine tests, high voltage waveshapes are
applied to the test object (High voltage cables for example) and measured in the same time with a high
voltage measuring system. Usually a high voltage divider is used to attenuate the voltage down to onekilovolt maximum, a matched shielded coaxial cable, a digitizer or a storage oscilloscope and a software
for signal processing and parameters evaluation. The voltage divider is calibrated by comparison to a
reference divider according to IEC 60060-1&2. The storage oscilloscope or the digitizer is usually
calibrated by comparison to a reference calibrator according IEC 61083-1. The software is validated
according to IEC 61083-2. Reference and commercial calibrators exist only for lightening impulse and
switching impulse measurements. Calibrators for composite and combined wave shapes, which
combined DC or AC voltage with impulses, do not exist in the market and at National Metrology
Institutes.
LNE, within the European Metrology Programme for Innovation and Research (project
19NRM07 HV-com2 in Normative call 2019) is developing a new approach to generate reference
impulses in order to calibrate digitizers used for impulse measurements for voltage up to 1 kV. The
approach chosen by LNE is based on the use of high voltage and high-speed amplifiers. When they are
connected to a high speed Digital to Analogue Converter, it is possible to generate any wave shape.
Four amplifiers with different characteristics, three commercial and one LNE-made, have been tested
and studied. The results show that this method could reach high metrological performances at least
equivalent to traditional calibrators, which usually need a separate electrical bloc for any additional
wave shape. The advantage of the use of high voltage amplifier is the flexibility to generate, in one bloc,
any wave shape with any rise time higher than one microsecond for voltage up to 900 V peak to peak.
This new method, relatively cheaper than traditional calibrators reveals interest in the field. During
the conference, LNE will present the results obtained with the tested amplifiers and their metrological
performances.
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Abstract n°124:
Unconventional PD measuring systems working at high frequencies of up to 30 MHz are widely used in
high-voltage electrical grids to evaluate insulation condition of assets, however, there is no standardized
test criterion on how evaluate the technical characteristics of these instruments against the
functionalities with which they must work. It is known that these measuring systems must be able to
detect PD signals with a certain sensitivity under conditions of electrical noise, they must be able to
discriminate between different superimposed PD sources acquired by the same sensor and must also
be able to automatically identify different types of insulation defects. The use of a special PD calibrator
constituted by an arbitrary function generator that reproduces in analog form the previously saved pulse
trains from tests with insulation defects allows high reproducibility and stability, very suitable for
characterization tests. The saved signals of the PD pulse trains associated with seven different types of
insulation defects (four in cable systems and three in SF6 insulated insulation) are used as reference PD
pulse trains to reproduce them through a Synthetic Calibrator (SC). This SC has at least 50 files for each
of the seven types of defects: protrusion in SF6, surface discharges in insulator in SF6 and mobile
particles in SF6, corona in air, surface discharges in ambient air, internal defect in solid insulation and
electrode type defect at floating potential in air. The reproduction of the PD trains in the SC corresponds
to a test of duration of 300 periods of a 50 Hz sinusoidal waveshape, repeating the same sequence for
a maximum of 10 minutes, time period in which the PMV must carry out the appropriate measurements.
This article presents the elaborated procedure and its implementation to evaluate the following
functional characteristics: 1) Sensitivity of detection against electrical noise. 2) Ability to separate
sources of PDs of different defects captured by the same sensor. 3) Ability to identify patterns resolved
in phase of the tension representative of type defects. The sensitivity test is performed for a certain
type of defect by varying the amplitude of the partial discharges of the phase-resolved pattern from 5
pC to 1000 pC and for progressively high noise levels until it is not possible to identify the PD. The defect
type identification test is performed for each of the seven defects through at least ten train of PDs
selected from those stored in the SC database. The test for the ability to automatically separate defects
is established by reproducing seven cases with a mixture of pulse trains from four different defects in
each case. The amplitudes of each defect belonging to the same case may be similar or different,
provided that the value selected for the PD amplitude does not exceed the ratio 1 is to 100. The article
describes in detail the technical procedure for evaluating the described functional characteristics and
shows an example of implementation of the procedure with representative curves of the test obtained
results, this example can serve as reference.
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Author reference: Mr ALLAL - LNE / France
Second authors:
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Abstract n°174:
The work presented is carried out at LNE in the framework of a EURAMET EMPIR Joint Research Project
“TEMMT” led by NPL and involving 19 partners including 8 European NMIs together with several
European academics and global industrials. The project aim is to establish traceability for electrical
measurements at millimetre-wave and terahertz frequencies for communications and electronics
technologies. LNE as the French NMI works continuously on developing metrological references in the
different domains of physics, and specifically in the field of RF and microwaves for which the
fundamental quantities are power and S parameters. TEMMT project is an opportunity to extend our
capabilities in terms of frequency ranges, for power on waveguide and for S parameters on wafer, both
up to 170 GHz, and for S parameters on coaxial line for the newly standard defined 1.35 mm connector.
In the domain of power, a new microcalorimeter is being developed with the objective to calibrate new
generation IEC WR07 power sensors, using bolometric and thermoelectric power measurement
principles, between 110 GHz and 170 GHz. In the field of on-wafer S parameters, a calibration kit using
the TRL calibration technique has been designed on high resistivity silicon wafer and a microwave
probing system has been set up also for traceable measurements between 110 GHz and 170 GHz.
Finally, for S parameter measurement on coaxial line, a 1.35 mm connector a commercial calibration kit
has been purchased and will be evaluated for allowing traceable measurements from DC to 90 GHz.
Progress and on-going results for these three extended measurement capabilities will be presented
during the conference.

131

Session Electricity
Sensitivity threshold for high-precision coulometry and ultra-high-precision coulometry
measurements for comparison of cell performance
Author reference: Mrs PERRIN - CEA LITEN / France
Abstract n°215:
In order to compare coulombic efficiency (CE) of various electrochemical cells, we investigated the
sensibility threshold of high-precision coulometry (HPC) and Ultra high precision coulometry (UHPC)
instruments. In particular, we took into account physical effects, as electrolyte reacts at the surfaces of
the charging electrodes during the first cycle of a battery cell operation. Hence, depending on the
materials nature and on the environmental conditions, solid electrolyte interphases (SEIs) formation
passivates the electrodes against further reactions with electrolyte and induces cells maturation with
time. The cells are generally considered as « stabilized » after a maturity time of 600 hours or more.
Today, this maturity time level is commonly used before the comparison of the cells performance. Ellis
and al. reported the impact of the temperature, the voltage and the time on the SEI formation in Li-ion
cells. Now, is there any different impact of those parameters for other kinds of cells? The purpose of
this work is to define a sensibility threshold of the HPC and UHPC measurements for the comparison of
various cells. This sensibility threshold helps to limit the measurement time. Also, it gives insights on the
mechanisms of cell maturity for various cells. It allows to define the optimum cell size for the
performance comparison of various cells at the lowest material cost. This work emphasizes the cautious
interpretation of CE for the performance comparison of various cells.
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Author reference: Mr GYPPS - TRESCAL / United Kingdom
Second authors:
Abstract n°226:
Automation within the Trescal group has always been a major focus to meet the growing demands for
calibrations in all domains. One of the tools Trescal developed in the USA is DMM Robot. It automatically
performs the measurement process of up to 14 handheld multimeters without human interaction.
Unlike Bench DMM’s, many handheld DMM’s lack a communication port, the measurement acquisition
was made possible by using a camera with Optical Character Recognition (OCR) to record the displayed
value. Several lead changes, button pushes and range changes are required during the normal operation
of a handheld DMM and these are also required during the calibration process. The robot therefore had
to be able to perform these tasks. The position of displays, terminals and switches varies considerably
between products even those made by the same manufacturer. The robot therefore had to have the
functionality to be able recognise the DMM being calibrated and recall the specific layout of each front
panel. Once completed the robot also had to have the ability to move the next handheld DMM into the
calibration position.
Software was created to manage the physical and metrological functions. This required the ability for
the operator to be able to program the system to work with DMM’s of various shape, and size and
functionality
The main metrology software was created in lab view and utilised an excel spreadsheet to collect specific
information about each product to be calibrated. The calibration standard is a Fluke 552x multifunction
calibrator. The system was developed by the Trescal US team and has been deployed to UK, Germany
and Belgium.
A high volume of calibration service within the UK requires an accredited calibration in accordance with
the requirements of ISO17025:2017
The Trescal UK 17025 accreditation is assessed by United Kingdom Accreditation Service (UKAS) and in
order to meet their stringent requirements, several modifications to the existing system were required
and an extensive amount of testing to prove the accuracy and repeatability of the software, specifically
the OCR capability, were undertaken.
The system enables a fully autonomous accredited calibration of a device which has historically required
manual manipulation between tests. OCR data capture removes the potential errors associated with
manual data entry. Automated calibration on the robot requires around 60% less touch time than a
manual calibration which enables our engineers to invest more time in other development activities
such as investigating other applications where the robot could be used.
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Second authors:
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Abstract n°16:
In 2020, the BIPM started a digital transformation of one of the services used by national metrology
institutes working in the field of radionuclide metrology. The objectives of the transformation are to
improve the service by automating data analysis and the production of reports. Furthermore, digital
transformation appears to be an opportunity to enhance the quality of the service and to progress
toward more data exchange between the laboratories and the BIPM. The background to this project is
that the international reference system for radionuclide metrology (the ‘SIR’) enables national
metrology institutes to demonstrate the equivalence of their primary standards of gamma-emitting
radionuclides. Thanks to the remarkable stability of the instrument used at the BIPM laboratory (a reentrant ionization chamber), the SIR plays an important role in the harmonization of radioactivity
standards with around 800 results produced for 72 radionuclides. The SIR has been operated since 1976,
so metrology institutes can compare standards to those from their laboratory many years ago in
addition to comparing standards to those from other institutes. Driven by the FAIR principles (Findable,
Accessible, Interoperable, Reusable) promoted by the GO-FAIR initiative, a database of all the results
was built. It embeds all the historical results of the SIR in which the 800 measurements are each
described by 36 attributes. The CSV format of the database means that a simple spreadsheet can be
used to populate it, avoiding possible formatting problems that could impact the stability of output
reports. A Python code was developed to read the CSV files of the new database and to produce a
comparison report in LaTeX. However, the increasing importance of database and software in
measurement services is an upheaval for the quality system. The challenge is to implement the correct
practices to maintain compliance with the requirements of ISO17025:2017. First, the definition of a life
cycle process which is fit for purpose is required. Hence, the SIR reporting software includes validation
at three levels: unit testing to ensure the stability of the code, functional testing to check the stability
of the outputs, and the user acceptance testing through peer-review by stakeholders. Second, a robust
version control system must be used to maintain the stability of the database and the source code. The
new SIR database and the Python source code, composed only of UTF-8 text encoded files, are therefore
controlled by GIT. Third, the new process is documented in operating procedures and the software
documentation is automatically generated from the Python code (written in docstrings comments). This
new process has already reduced the time needed to produce reports on comparisons significantly.
JSON and XML versions of the SIR database are currently under development as the next step towards
more FAIR data exchange within the radionuclide metrology community.
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Second authors:
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Abstract n°30:
The FLASH radiotherapy is a new treatment modality in which the prescribed dose is delivered with very
high dose rate in less than a second. The modality is in the early stage of development, but it has already
shown advantage over conventional radiotherapy treatments as the adverse dose effect on healthy
tissue is reduced. In conventional radiotherapy with dose rates of a few Gray per minute, the linear
accelerators used to treat patients are typically calibrated by ionometry (secondary standard). The
ionization chambers used for the dose measurements are calibrated traceable to a primary standard for
absorbed dose to water which is a water calorimeter. The development of code of practice (CoP) for
new radiotherapy modalities are usually based on existing dosimetry protocols (IAEA TRS-398, AAPM
TG51, DIN 6800-2) which are modified for the specificity of the modality. The challenge with FLASH
modality is that the use of currently available ionization chambers (with existing protocols) is not
suitable due to high level of ion recombination resulting in a significant reduction of the ion collection
efficiency. In FLASH modality, the dependence of the ion recombination is not linear with the dose rate
and it needs extensive measurements to be obtained. Although similar values are obtained for ion
chambers of the same model, the variation between them is in the 2-5% range. The lack of
measurement and theoretical model of the ion recombination hampers the progress of the FLASH
modality towards its clinical application. As the development of a new dosimetry method is required for
FLASH, the development of a CoP in parallel was advised. The UHDpulse project is an EMPIR funded
collaboration to develop reliable dosimetry methods for FLASH modality and guidance for CoPs.
Although the project is still in early stage, calorimetry is showing promising results for NMI and clinical
use. While ionometry becomes more complex, calorimetry gets simpler at Flash dose rate. In a
conventional beam, the delivery time can be of the same order as the calorimeter time constant,
therefore, the heat loss must be accounted for. There are two solutions to this issue. increasing the time
constant of the calorimeter by improving the insulation of the sensitive volume, or to use thermal
simulation. In FLASH beam, as the delivery is in a few seconds or less, the preliminary results show that
advanced insulation is not required nor the use of an heat lost correction factor. Although calorimeters
show accuracy and precision, the measurement is time consuming compared to ionometry, therefore,
other active dosimeters will also be investigated. While the absolute dose calibration of a clinical
treatment machine could be done using a calorimeter, measurement of depth dose curve and beam
profile are time consuming in a clinical context. In these cases, dosimeters such as plastic scintillators,
diodes, or diamond detectors are under investigation to determine the best option. In the talk the aims
of the UHDpulse project will be presented and preliminary results of the investigation of calorimeter
and other types of detectors will be shown
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Author reference: Mrs RÖTTGER - PTB / Germany
Second authors:
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Abstract n°91:
Radon gas is the largest source of public exposure to naturally occurring radioactivity and reliable radon
flux maps could significantly aid developers to comply with EU Safety Standard Regulations. Radon is
also used as a tracer for improving atmospheric transport models used, among other things, to evaluate
greenhouse gas (GHG) emissions origin useful for mitigation strategies. One other technique recently
applied for this purpose is the Radon Tracer Method (RTM) where measured radon flux, radon and GHG
atmospheric concentrations are used to retrieve regional GHG fluxes in the catchment area of the
measurement station. Therefore, a sound metrological system for radon flux and radon measurements
in the atmosphere at low level concentrations together with the validation of radon flux models is
needed. The EMPIR project 19ENV01 traceRadon is providing the necessary measurement
infrastructure for both, atmospheric radon and radon flux measurements. In addition, it will generate
data at four selected European sites for validation of radon flux models and inventories and will create
a first standard RTM protocol. This last is particularly important for GHG emission estimates that could
eventually support national reporting under the Paris Agreement on climate change and for their
comparison over European countries. In this context, the following metrological activities for realisation
and dissemination, are carried out in the framework of the traceRadon project: i) development of radon
activity standards ii) calibration of low-level radon air concentration monitors, iii) development of
reference infrastructure for radon flux from the soil, iv) calibration of continuous radon flux monitors in
the field and v) validation of radon flux models.In the scope of the EURATOM Treaty all European
countries operate automatic gamma dose rate systems and radionuclides air concentration detectors
for environmental monitoring. They report the information gathered to the European Radiological Data
Exchange Platform (EURDEP). This platform can be very useful to improve the information of both, i.e.,
radon air concentration and radon flux. Data on outdoor radon activity concentrations is not yet
regularly collected due to a lack of ability to measure it accurately at the stations contributing to
EURDEP. In addition, gamma spectrometry detectors are being installed at several European networks
that can provide information on the soil humidity, which is a basic parameter to model radon flux. The
project traceRadon will contribute here by characterizing and comparing several widely used monitors
both for gamma dose rate and full gamma spectrometry. An overlapping need exists between the
climate research and radiation protection communities for improved traceable low-level outdoor radon
measurements, combining the challenges of collating and modelling large datasets, with setting up new
radiation protection services. The project traceRadon works on this aspect for the benefit of two large
scientific communities. An overview will be presented, and first results will be discussed
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Second authors:
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Abstract n°177:
The paper will present two cases of the use of X-ray tomography applied to ionizing radiation dosimetry
measurements.
1- Determination of the internal volume of a primary ionization chamber used for national references
in terms of air kerma The effective collection volume of the charges produced within a primary
ionization chamber is, together with the energy required to create an ion pair, the essential parameter
for the traceability of dosimetric measurements to the international unit system. Historically, this
volume is determined by means of geometrical measurements of the constituents of the ionization
chambers (electrode, insulator, shell).
2- Determination of the detection surface of a plane parallel ionization chamber used for the transfer
of national references in terms of absorbed dose in water in radiotherapy The use of smaller radiation
fields in radiotherapy to reduce the exposure of healthy tissue around the tumor, leads to propose a
change of measurement paradigm. This means that we are moving from a measurement at a point in
the center of a very large radiation field to a measurement over the entire surface of a small radiation
field. It is then essential to know as precisely as possible the detection area of the detector used. In
recent years, X-ray tomography has sometimes been used alone or together with to conventional X-rays
radiography to check that, when assembling the detectors, the parts are correctly adjusted. The idea of
using X-ray tomography to determine the effective dimensions after assembly has been tested at CEA
LNE LNHB (national metrology laboratory for ionizing radiation). however, the results obtained so far by
X-ray tomography with image acquisition and evaluation means available to non-specialists have been
disappointing. At the last CIM in 2019, advances in X-ray tomography showed promising results. Tests
were carried out with NIKON's measurement means and personnel on prototype ionization chambers
manufactured according to the design developed by CEA LNE LNHB. The results show that the gap
between tomographic and geometrical measurements is drastically reduced. From now on, a precise
analysis of the uncertainties associated with the volume (case 1) or the effective surface of the electrode
(case 2) is essential for the comparison of the geometrical and tomographic methods. It is this
comparison that will be presented in this paper.
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Abstract n°120:
During the past decades several apparatuses for thermal conductivity measurements of solid materials
have been developed at the Institute VINČA. They were initially designed and subsequently modified
or upgraded on the basis of relating international recommendations and experience and knowledge
from other laboratories. In 2015, Institute VINČA was designated by Serbian metrology institute for the
maintenance of national standards in the field of thermophysical properties of solids and related
traceability dissemination to accredited laboratories. In 2019 Institute VINČA gained the status of a
National Institute of the Republic of Serbia, which increased its responsibility to support activities at
national level in many fields of research and development. Interlaboratory comparison at national
level is an important activity of accredited laboratories and designated institutes. In this sense, the
Institute for Testing of Materials in Belgrade, having multiple decades of experience in measuring and
developing thermal conductivity apparatuses, as well as testing various materials used in civil
engineering, , agreed with the Institute VINČA to perform together the first national interlaboratory
comparison on thermal conductivity. This paper thus presents the results of comparison using two
500 X 500 mm guarded hot plate apparatuses for thermal conductivity measurements of insulation
materials in the temperature range from 10 to 50 °C. The introductory description of comparable
laboratory capabilities of the participants is followed by the details on specimen materials, dimensions,
measurement protocol, operating temperatures and other significant parameters that were made
during comparison and finalized by results with related uncertainties, conclusions and projections of
future steps in this field of work.
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Abstract n°131:
Additive manufacturing is currently used in most segments of industries, such as automotive, aerospace
or medical industry. A large number of materials (polymers, metals, ceramics, ...) are also used in various
forms (powder, liquid, filaments, ...). When developing new products, a combination of low-cost
equipment for the initial development phase and professional equipment for final production is usually
used. Low-cost printers are mainly aimed to control the proposed design, limited capacity production,
home use or for testing new materials. Several input parameters - the material and its properties,
production parameters and state parameters of the environment influence the accuracy of production
and its qualitative parameters. The presented paper deals with the influence of setting the parameters
of printing speed and layer thickness on the accuracy of production. These parameters were chosen
because they have a major impact on the duration of production and thus on the stability of the
production process. A low-cost Witbox 3D printer (BQ),1.75 mm thick filament made of polylactic acid
(PLA) were used for production and Cura software was used as a slicer. (Ultimaker, Utrecht, The
Netherlands). The following layer thickness x printing speed settings were used for production: 0.1x50,
0.15x50, 0.2x50, 0.2x30, 0.2x70. To verify the influence of production parameters, an artifact was
designed based on the designs presented by Mahesh et al, Kruth et al, Castillo et al, Johnson et al and
Moylan et al., The artifact containing protruding and nested planar and cylindrical surfaces as well as
inclined surfaces. The measurement was performed on a Contura G2 coordinate measuring machine
(Carl Zeiss, Oberkochen, Germany) with an RDS VAST XXT rotary head. A ruby sphere stylus 2x20-10
(stylus diameter x stylus length - extension, in mm) was used for the measurement, the extension is
necessary to achieve the minimum length of the stylus system. To determine the effect of the diameter
of the stylus, 1x20-10 and 3x50 styli were used on selected elements. The measured data show, that in
general, it is best to use a speed of 50 mm/min for a given material and printer. The thickness of the
layer plays a role in elements with an emphasis on detail. For elements protruding to the sides from the
basic object, it is more appropriate to use higher speeds (50mm / min, 70mm / min), at a speed of 30
mm/min there is a thermal effect on the print.
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Abstract n°134:
Density is a material property that takes an important role in global economy, having an essential role,
for example, in the exploitation and commercial distribution of petroleum products. The Laboratory of
Properties of Liquids of the Portuguese Institute for Quality has well established methods for density
measurements of liquids at atmospheric pressure, however, it lacked a method for density
measurements at high-pressure with the required uncertainty by the end-users. It was with the goal of
developing such a system that this work was carried out, within the scope of the joint research project
17RPT02-rhoLiq. The system was designed with the aim of minimizing the required sample volume and
avoiding any air intake. It involved two main components: a commercial high-pressure density meter
and a 10 mL high pressure syringe pump. The developed measuring system was validated through
density measurements, at 20 ºC, in the pressure interval from 1 bar to 600 bar, using the values acquired
by Physikalisch-Technische Bundesanstalt for a sample of n-Dodecane as reference. The system’s
internal volume was also determined, which, together with pressure and temperature measurements,
allows its use as a variable volume pycnometer. The developed equipment and procedures will allow
the laboratory to perform measurements at high pressure (up to 600 bar). The purpose of this
communication is to describe the new IPQ’s apparatus together with the validation results.
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Abstract n°145:
Plastic waste volumes are globally expected to increase from 260 million tons per year (2016) to 460
million tons per year by 2030. In Europe, industrial and private end-users consumed about 55 million
tons per year in year 2018. Only about 17 % of this was collected to recycling, and the global share was
even smaller. However, increasing recycling of plastics will have an important role in achieving the goals
of EU Green Deal that aims making Europe climate neutral in 2050. Today, plastics is mostly recycled
into secondary raw material by applying a mechanical recycling process, i.e. collected plastics waste is
shredded/grinded, sorted, washed, dried and extruded. The basic structure of the secondary raw
material remains the same as in the collected waste. Due to inhomogeneity, produced secondary raw
material can only be used in limited number of applications. Significant advancement is expected from
chemical recycling in which waste is converted into fuels or petrochemical feedstock. Pilot plants
applying chemical recycling are running in several countries and developments for scaling up are ongoing. Measurements play an important role in running plastics recycling: many sensor technologies are
applied in sorting material and controlling process. Due to variety of materials in waste, measurements
are challenging and quality control is difficult. On the other hand, material volumes are large and
increasing, which calls for efficient on-line measurement and quality control methods. Research is
needed for developing new measurement technologies and appropriate metrology tools for quality
control that enable efficient process operation and ensure reliability of data for fair trade. This paper
reviews the current sensor technologies used in plastics recycling and studies needs for new
measurement and calibration technologies.
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Author reference: Mrs AFFORTUNATI - JKU / Austria
Abstract n°225:
Sintering occurring in tunnel drainage is a significant problem. In order to drain the mountain water
from the tunnel, it is necessary to install drainage pipes. The mountain water, portlandite from the
shotcrete of the tunnel wall and the pressure difference at the transition to the earth’s atmosphere lead
to the formation of calcite, and therefore to the formation of deposits in the pipes. For the maintenance
of the tunnel it is necessary to remove the deposits in order to ensure the successful drainage of the
mountain water. If the calcite deposits are not recognized in good time, expensive maintenance work is
necessary. For this reason, research is being carried out on various measuring systems. Impedance
tomography (EIT) and impedance spectroscopy (EIS) are two measurement methods based on the
measurement of impedance. If states in a region of interest are characterized by different electrical
conductivities and/or permittivities EIS and EIT can be used to detect them. Based on the knowledge
that water, PVC, air and calcite have different electrical properties, the application of impedance
tomography and spectroscopy to determine calcite deposits in drainage pipes was investigated. In
impedance spectroscopy, the impedance between two electrodes is measured over a frequency range.
By correctly modeling an equivalent circuit of the device under test and calculating the parameters by
fitting the model to the measurements obtained, it may be possible to establish a correlation between
the desired state and model parameters. The relationship obtained can then be used to estimate the
state. Impedance tomography, on the other hand, makes it possible to draw conclusions about the
distribution of permittivity and conductivity by means of pairwise measurements over several
electrodes attached around the circumference of the pipe. From these the distribution of the materials
inside the pipe can be estimated and the calcite thickness measured. A measurement method based
on impedance spectroscopy is presented. The hardware used for impedance tomography is briefly
explained and the results obtained are shown. The aim is to provide an overview of a possible application
of impedance tomography and spectroscopy to monitor calcite deposits.
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Abstract n°173:
One of the most promising techniques to perform quantitative measurement of thermal conductivity at
nanoscale is the scanning thermal microscopy (SThM) technique. Based on a microscopy resistive
scanning probe acting as a heat source, the method consists in measuring the variation of the probe
electrical resistance delta(R) when its tip comes in contact with the surface of the sample. Delta(R)
depends on the heat transfers between the probe and the sample. These heat transfers depend on the
thermal conductivity of the material and on the contact thermal resistance between the probe and the
sample. However, it is complicated to establish a rigorous physical model of the heat transfers involved
in a SThM experiment in order to find a direct link between delta(R) and the thermal conductivity of the
tested sample. One of the issues is that at nanoscale size effects (size of the mechanical contact, of the
probe apex) can lead to heat transfer regimes completely different from those at macroscale. As an
example within crystalline samples, heat conduction does not conform to the Fourier’s law because
heat transfer can be both ballistic and diffusive when the size of the heat source has same order of
magnitude than the energy carrier mean free path. In order to reach traceable quantitative
measurements, LNE has chosen to carry out thermal conductivity measurements by establishing a
thermal conductivity calibration curve for resistive probes using a selection of materials calibrated in
thermal conductivity at macroscale. Currently, LNE is working to improve the traceability to SI units of
SThM thermal conductivity measurements [1]. The measurements depend on several parameters such
as the probe-material nano-contact, the drift in the electrical resistance of the probe, the electrical
current through the probe, the stability of the temperature of surroundings of the probe, … [1], [2]. To
quantify uncertainties associated with the measurements, influencing parameters are studied. In this
presentation, we present the impact of some parameters (electrical current intensity, surrounding
temperature) on measurements of thermal conductivity and associated uncertainties.
References:
[1] : Ramiandrisoa et al., Meas. Sci. Technol. 28 (2017) 115010
[2]: Ramiandrisoa et al., Review of Scientific Instruments, 88, 125115 (2017)
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Abstract n°15:
Cameras are widely used in industries for quality control, non-destructive testing, robotics, 3D
measurement, and so on. When we use the camera in the absolute real-time temperature profile
measurement, the camera’s spectral responsivity would be needed. Theoretically, if the light emission
from a black body object at a certain wavelength can be measurement, the temperature of the object
can be calculated based on Planck's law. For the object which has a temperature distribution, the image
of the object emission will carry the temperature distribution information. The image consists of the
radiance distribution of the object. The temperature distribution can be concluded if the spectral
responsivity of the camera is given. We developed an optical spectral responsivity calibration method
for camera with our monochromator based spectral responsivity calibration system which is traceable
to NMC primary standard. The method is based on comparison of the gray scale image of the camera
with optical power measured by the working standard under the same optical beam illumination. The
double monochromator selects a single wavelength. The optical power measurement standard is a
silicon photodetector calibrated by using spectral responsivity scale facility in the wavelength range
from 250 nm to 1050 nm. Under the illumination of the same optical beam, the camera image will give
the size of the beam. By comparing the image from the camera and the optical power measured by the
reference standard under the same beam illumination, the absolute spectral responsivity of the camera
can be obtained. By using this method, we completed the calibration of camera at 650 nm and 850 nm
under various operating conditions and the results are presented in this paper. We summarized the
results of measurements against the gain and the exposure time under fixed illumination condition. As
the camera output is the signal integration over exposure time, the absolute spectral responsivity of the
camera across exposure time under the fixed gain setting can be linear-fitted, while the gain in dB
indicates the amplification of the camera signal, the absolute spectral responsivity of the pixel across
gain in dB under the fixed exposure time can be exponential-fitted. From the calibration results, we
modelled the optical spectral responsivity as the function of the exposure time and gain of the camera
at different wavelengths. The repeatability and linearity of the absolute spectral responsivity of the
camera were also studied. Under the same illumination, longer exposure time can suppress the random
noise, which improves the repeatability. Gain amplifies the signal as well as the noise, hence, high gain
cannot enhance repeatability. Repeatability is a dominant component in the uncertainty of the
measurement. The expanded uncertainty of the measurement decreases from 8.3% at 50 us exposure
time to 1.6% at 800 us exposure time. The average difference between the model and calibration result
across the operating condition is less than 2%. The modelling provides responsivity with good
uncertainty and it is convenient for use in real applications, which will better support the camera
application as a measurement tool.
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Session Photonics
Metrological monitoring of spectrophotometric Standard Reference Materials (SRMWavelength) over a ten years period
Author reference: Mr ZARUBICA - Analysis / Serbia
Second authors:
Mr ZARKOV - DMPM / Serbia
Mr KUBICELA - Analysis / Serbia
Mrs SRECKOVIC - Faculty of Electrical Engineering / Serbia"
Abstract n°24:
Spectrophotometric solutions and filters-wavelength standards used for wavelength absorption
spectrophotometers calibration, used in absorption spectrophotometry (i.e. calibration of the
wavelength scale of the before mentioned instruments) are subject of this paper. Metrologically
characterized materials, which are mostly used as wavelength standards in absorption spectrometers
calibration processes are presented and analysed during ten years. The term “metrologically
characterized materials” represent equivalent of the materials, which precisely define spectral
coefficients of transmittance (e.g. absorption), as well as determined influencing parameters which may
appear, thus contributing to the uncertainty of the measurement. The aim of the paper was comparison
of measurements made ten years ago and today, in order to track changes of standard during this time.
The most applied wavelength standards in absorption spectrophotometry are holmium-oxide in
perchloric acid solutions, holmium-oxide glass filters, as well as glass didymium filters. Although
emission lamps can be used for the calibration of absorption spectrometers, which will be further
explained in the paper, application of spectrophotometric filters proves to be more practical and simple.
The authors’ intention in this paper was to present various contributions to the total measuring
uncertainty by spectrophotometric calibration, also, the intention was to verify stability of
etalons/standards of wavelength during ten year period . The contribution to the uncertainty of
wavelength standards, i.e. spectrophotometric filters will be emphasized. Further metrological
estimations of influencing parameters will refer to two spectrophotometric filters-wavelength
standards, used in spectrophotometric measurements.
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Session Photonics
A new method for measuring the spectral irradiance at LNE-CNAM
Author reference: Mrs VALIN - LNE CNAM / France
Second authors:
Mr OBEIN - LNE CNAM / France
Abstract n°119:
LNE-CNAM has developed a new method for measuring the spectral irradiance of a source. This method
allows calibration of absolute spectral irradiance of a standard lamp based on the comparison with a
high temperature black body (HTBB). HTBB’s temperature is assessed by measuring its irradiance with
a calibrated filter radiometer and then deducting its spectral radiance at one wavelength. The
calibration method is similar to those previously developed in other National Measurement Institutes.
Until now, the LNE-CNAM spectral irradiance scale was linked to the thermodynamic temperature
reference and our Calibration and Measurement Capabilities (CMC) ranged from 300 nm to 2500 nm.
Thanks to this method, our reference is now traceable to cryogenic radiometer that is our radiometric
reference. We have extended our measurement capacity to cover the spectral range from 250 nm to
2500 nm. It also allows us to reduce by at least a factor two our measurement uncertainties over almost
the entire range. With this new measurement facility, France participates in the ongoing CCPR k1.a key
comparison. This is a key comparison of the Consultative Committee of Photometry and Radiometry for
Spectral irradiance from 250 nm to 2500 nm of tungsten halogen lamps. This communication shows
the method used, and its validation.
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Session Photonics
POLight - Pushing bOundaries of nano-dimensional metrology by Light
Author reference: Mr CAEBERGS - FPS Economy (for the POLight consortium) / Belgium
Second authors:
Mr EL GAWHARY - TU Delft / The Netherlands
Mr BODERMANN - PTB / Germany
Abstract n°211:
European High-Tech Industry operating in the semiconductors, photonics and nanoelectronics sectors
rely on processes dependent on the availability of advanced optical measurement techniques for
process control, accurate alignment of parts, detection of defects. The constant evolutions and
innovations of optical systems see their spatial resolution continuously challenged by the increasingly
smaller sizes of the new generation of devices fabricated, and also their extension in depth. The friction
between what is needed to progress technology and what is currently achievable by optical metrology
systems results in a metrology dilemma: to measure at high spatial resolution (i.e. at shorter
wavelengths), but only at surface level, or to measure in depth (i.e. at longer wavelengths) but at lower
spatial resolution? The EMPIR funded new project, POLight gathers 15 partners, from national
metrology institutes and universities, to address this metrology gap by defining novel paradigms that
enable optical metrology to access spatial resolutions at 10 nm level while keeping the penetration
depth at several micrometers range. During this 3 year project, the partners will develop accurate
methods for measuring lateral features size below 10 nm at uncertainty levels of 0.1 nm using far-field
illumination far-field detection optical methods, will investigate the use of diffraction-based optical
methods that integrate the classical Rayleigh regime with inelastic, nonlinear and resonant regimes for
nano-dimensional metrology, will determine the accuracy (a target of 1 nm) and traceability of novel
optical methods, such as iterative phase-sensitive methods, structured-illumination and pump-probe
microscopy and will develop traceable quantum-optics measurement methods using engineered
quantum states of light in order to achieve super-sensitivity in nanodimensional measurements. In
this project we intend to exploit the full diversity of information available in electromagnetic fields in
the optical domain: spectral, angular, spatial, polarisation diversity and metamaterials-enhanced
scattering. We will investigate the use of diffraction-based optical methods (like optical scatterometry,
Mueller matrix ellipsometry, bright field and phase sensitive imaging) that integrate the classical
Rayleigh regime with inelastic, nonlinear and resonant regimes to establish novel techniques. In order
to set-up the metrological foundations of iterative phase-sensitive methods, structured-illumination
and pump-probe microscopy we will create new artefacts, use advanced inversion algorithms (e.g,
Bayesian inversion, machine learning-based) to establish the proper metrology chain for these
innovative methods. Through quantum-optics measurement schemes that use engineered quantum
states of light we intend to achieve super-sensitivity in dimensional measurements.
This project
encourages the inter-cooperation among the scientific excellence in materials science, instruments
design, classical and quantum optics, and stimulates these communities to unite their efforts to push
forward, altogether, the boundaries of optical nanometrology. It also aims to engage at early stage, with
key stakeholders operating in the targeted industries. In this way, applications relevant to the end-users
can be assessed and tested in a relatively short time
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Session Quantum
Sample fabrication and metrological characterisation of single photon emitters based on
nitrogen vacancy centers in nanodiamonds
Author reference: Mrs HIRT - PTB / Germany
Second authors:
Mr HOFER - PTB / Germany
Mrs RODIEK - PTB / Germany
Mr KUECK - PTB / Germany
Mr CRISTINCK - PTB / Germany
Abstract n°65:
Quantum metrology requires a stable single-photon emission and a high single-photon purity. Since
nitrogen-vacancy (NV-) centers provide both features at room temperature, they are promising
candidates for the usage in this field. The knowledge about a suitable sample preparation technique is
crucial, because of the quality of the single photon emission depends strongly on the sample purity and
on the spatial resolvability of the emitters. This work presents the comparison and optimization of
various sample fabrication techniques of nitrogen vacancy doped nanodiamonds on standard cover
glasses. The preparation is followed by a comparative characterization of the centers of the various
samples. The sample fabrication includes the removal of contaminants on the cover glass surface. This
was carried out by using peroxomonosulfuric acid in comparison to Hellmanex. After cleaning the cover
glasses, volumes of various nanodiamond dilutions were applied via spin coating. In subsequent steps,
the nanodiamonds themselves were cleaned with peroxomonosulfuric acid to remove contaminants
resulting from the manufacturing process, e.g. graphite. The samples were analyzed by using a confocal
laser scanning microscope with an oil immersion objective. Single photon purity was determined by
measuring the second order correlation function with a Hanbury Brown and Twiss setup. Spectral
analysis revealed the presence of NV-- and NV0-centers. It was shown that a suitable cleansing method
has an immense impact on single photon emission, as was proven by a comparative characterization of
differently manufactured nanodiamonds. Further details and results of the compared preparation
techniques as well as of the characterization of the NV-centers will be presented at the conference.
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Session Quantum
Absolute calibration of a single-photon avalanche diode with a semiconductor quantum
dot as a non-classical light source
Author reference: Mrs GEORGIEVA - PTB / Germany
Second authors:
Mr LÓPEZ - Physikalisch-Technische Bundesanstalt / Germany
Mr HOFER - Physikalisch-Technische Bundesanstalt / Germany
Mr KANOLD - Institut für Festkörperphysik, Technische Universität Berlin / Germany
Mr RODT - Institut für Festkörperphysik, Technische Universität Berlin / Germany
Mr REITZENSTEIN - Institut für Festkörperphysik, Technische Universität Berlin / Germany
Mr KÜCK - Physikalisch-Technische Bundesanstalt / Germany
Abstract n°138:
The field of quantum radiometry addresses the precise and traceable measurement of extremely low
optical powers. Powers in the femtowatt and picowatt range are common in all areas of light-based
quantum information processing, where quantum information is encoded into a single photon. The
most widely used light detector in this regime is the single-photon avalanche diode (SPAD) operating in
Geiger mode, which possesses single-photon sensitivity. However, the large difference in the detection
range of a SPAD compared to a classical analog detector makes direct calibrations often impossible. In
this case, a laser is usually used as a light source, whose emission has to be attenuated by several orders
of magnitude, implying additional calibration of the attenuation factors that contribute to the
measurement uncertainty. Moreover, the detection efficiency of a SPAD has a strong dependence on
the photon statistics. To overcome this problem, we implement a single-photon source based on a
single InGaAs quantum dot in a cylindrical mesa located on top of a distributed Bragg reflector. This
specific structure directs the emitted light and increases the extraction efficiency. Our source has a
nearly monochromatic emission with an emission bandwidth below 0.1 nm, which enables accurate
measurements of the optical power at a well-defined wavelength. By improving the setup transmission,
we were able to reach up to 2.8 million photons per second at saturation coupled into a multimode
optical fiber. This photon flux is high enough to be measured by a low-noise analog reference detector.
Consequently, we were able to conduct an absolute calibration of a SPAD by a direct comparison with
an analog detector.
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Session Time-frequency
Fiber-based optical frequency reference at 1542 nm
Author reference: Mr MANAMANNI - Laboratoire de Physique des Lasers / France
Second authors:
Mr CHAOUCHE-RAMDANE - Laboratoire de Physique des Lasers / France
Mrs STESHCHENKO - Laboratoire de Physique des Lasers / France
Mr RONCIN - Laboratoire de Physique des Lasers / France
Mr DU-BURCK - Laboratoire de Physique des Lasers / France
Abstract n°68:
Optical frequency references find many applications in both laboratories and industrial context such as
optical telecommunications [1]. Numerous applications in the space domain are also reported such as
fundamental laws tests, gravimetry, Earth observation, navigation and positioning [2, 3, 4]. Optical
references are achieved by locking the optical frequency of a laser to an atomic or molecular transition.
The maturity of technologies at 1.55 µm, allows compact designs combining stable and reliable
metrological devices for those embedded solutions. However, some parasitic effects inherent to optical
fibres such as spurious reflections and significant sensitivity of polarization with the environment, limit
the performances of such fiber-based setups [5]. We describe hereafter a fiber-based optical frequency
reference at 1542.38 nm using the transition P(16) of the (v1 + v3) overtone band of acetylene (13C2H2).
The frequency of this transition belongs to the BIPM list of recommended values of standard frequencies
for applications including the practical realization of the metre and secondary representations of the
second [6]. In our setup, the saturation signal is detected in a 30 cm long free space sealed-off lowpressure cell (2.5 Pa). Frequency modulation transfer allows the detection of the sub-Doppler signal
without the linear absorption background. The rest of the setup is entirely fibered which gives this
solution a great compactness potential. The frequency stability is evaluated by comparison to a stable
(better than 1e-14 at 1 s) and accurate (? 1e-13) optical frequency reference at 1542.14 nm (shifted by
30 GHz from our laser) transmitted through a fiber link from LNE-SYRTE (Observatoire de Paris, CNRS)
to our laboratory [7]. A relative short-term stability of 5e-13 t-1/2 has been demonstrated, limited in
the 10s - 2000s range by interferences due to parasitic reflections on the fiber components
superimposed on the detected signal. Long-term stability (> 2000 s) remains in the 1e-13 range. A
detailed study of the interferences origin was performed, leading to a reduction of interference’s
amplitude to 0.1% of the detected signal. Other limitations are analysed (effect of residual amplitude
modulation, fundamental effects) and possibilities for further stability improvements are discussed.
[1] D. J. E. Knight et al., in Frequency-Stabilized Lasers and their Applications, Y. C. Chung, ed., Proc. SPIE
1837, 106–114 (1992). [2] S. Thomin et al., International Conference on Space Optics, ICSO 2016, Ed.
B. Cugny, N. Karafolas and Z. Sodnik, Proc. of SPIE Vol. 10562, 105624P, Biarritz, France, (2016) [3] R.
Koop, R. Rummel, Report from the Workshop on The Future of Satellite Gravimetry, ESTEC, Noordwijk,
The Netherlands (2007) [4] P. Wolf, Physics 9 (51), (2016) [5] Athee et al., IEEE Trans. Instrum. Meas.
48(2), 563, (1999)
[6] https://www.bipm.org/fr/publications/mises-en-pratique/standardfrequencies.html [7] H. Jiang et al., J. Opt. Soc. Am. B 25, 2029 (2008 )
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Session Data/Uncertainties
Digital connectivity unlocks the true potential of 3D measurement data for manufacturing
processes
Author reference: Mr MARQUET - PolyWorks Europa / France
Abstract n°39:
Our daily lives have been radically transformed by digital connectivity. For example, the way we
communicate, watch TV, listen to music, and read books have all been made easier with digitally enabled
innovations. For manufacturing organizations, digital transformation allows responding faster than ever
before to changing markets and increasing product and process complexity. Digital enterprises manage
all their key data globally and implement digital processes. They provide employees with a digital
framework that defines, streamlines, and supports all processes. They manage the flow of information
to facilitate teamwork and communications. They enforce traceability which is essential to raise the
quality of its products and services. How does that apply to 3D measurement processes involving
product engineering, manufacturing, and metrology teams? The next big gains will come from the
entreprisewide sharing of 3D measurement data and results, and digitally interconnecting all team
members that capture or need access to 3D measurement information. This presentation explores two
fundamental elements that set the foundation for the digital transformation of 3D measurement
processes: building a professional data management infrastructure and implementing digital
collaboration technologies. A robust, scalable, and IT compliant data management infrastructure allows
enterprises to optimally handle the vast amount of 3D measurement data produced by 3D
measurement activities. The key is providing all teams with a centralized database to store 3D
measurement data, inspection projects, and their revisions. This central platform is the “single source
and single version of truth” for rich 3D measurement information. Why is that so important? Having
multiple versions of the truth can lead to confusion, paralysis and bad decision making. Inconsistent,
contradictory data erodes trust in the numbers and impedes the ability of an organization to understand
its current performance or forecast into the future with confidence. From useful knowledge to powerful
insight, digital collaboration technologies significantly increase the value of 3D measurement data. They
transform the processes and human interactions of the teams that capture or need access to 3D
measurement data. Thanks to multiplatform digital framework and concurrent access capabilities, they
allow to monitor and analyze 3D measurement in real time, simplifying the investigation of
manufacturing issues. They improve the global performance of 3D measurement processes by providing
the ability to concurrently analyze, edit, and measure. Providing access to 3D measurement data to all
stakeholders, digital connectivity directly contributes to the enhancement of manufacturing companies’
competitivity, regardless of their size, by reducing their operational costs and enabling more
collaborative processes.
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Session Data/Uncertainties
Why and how to test the normal distribution in metrology
Author reference: Mr DUBOIS - Deltamu / France
Abstract n°62:
On a result from a test, a calibration, or a R&R study, a normality test is often requested. Which one to
take? A Chi-square, a Shapiro-Wilk, a Kolmogorov, a Normal probability plot…? The first part of this
presentation lists various most frequently used normality tests, but more importantly their
advantages/disadvantages compared to the need for metrology. The objective is also to understand the
'physical' principle and the hypotheses of application of these tests. The second part discusses the
actual need for testing this normality, which should be the advantage of the normal distribution
properties. I will explain the properties commonly used in metrology that require the hypothesis of
normality in order to understand the origin of the need. It is also necessary to understand that normality
is often only an approximation model, but that real data are not perfectly normal and that any model
has its limits. In practice, do the proposed tests, on a small sample of about ten values, really allow us
to affirm normality? Most of the time not, and we will see that these tests are often rather used to
identify outliers, normality often being an already known hypothesis, to be validated. Conversely, a
normality test on a large amount of data often gives inconclusive results. Indeed, although graphically,
a histogram of values seems to give satisfaction, the test often does not validate the hypothesis of
normality. This is often due to the limitations of modelling a normal distribution of real physical
phenomenon: the measured values are discrete (resolution), not the normal distribution. the physical
phenomenon is bounded, not the normal distribution, ... How to interpret the tests in these cases. To
conclude, we will catch a glimpse of the case of non-normal phenomena. The objective of this
presentation is to really understand why we are using normality test, and how to correctly interpret the
different tests and not use them as esoteric methods.
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Session Data/Uncertainties
Procedure to estimate and use a calibration function
Author reference: Mrs YARDIN - LNE / France
Abstract n°199:
Estimating the calibration function of a measuring instrument and then using it are common practice in
metrology. However, despite many years of experience, instrumental measurement and its associated
uncertainty are often poorly evaluated. Either the calibration laboratory has not provided sufficient
information or the user did not know how to combine the items listed in the calibration certificate with
its conditions of use. To improve the practices, we propose a four-step procedure that explores the
entire process: from the pairs (standard values, indications) obtained by the calibration laboratory to
the measurement result evaluated by the user in his environment. At each stage, the usual difficulties
are identified and some solutions are proposed. The first three steps concern the calibration laboratory:
In the first step, it organises the calibration data by distinguishing two groups of uncertainty, those
related to standard values and those related to indications. When the calibration result contains an
overall uncertainty, it must be possible to retrieve its components in order to reassign them to the
corresponding group. In addition, the covariances of the values are indicated. In the 2nd step, the
laboratory defines a calibration function and then selects a statistical estimation method. The
uncertainties associated with the pairs (standard values, indications) generally guide this choice, but the
laboratory may use a more practical method. Also, it is not uncommon to approximate the instrument
response with a simple function. In any case, the laboratory should ensure that the uncertainty
associated with the function is correctly assessed. Finally, in the 3rd stage, the laboratory provides the
information necessary to assure the correct use of the calibration results. Thus, the calibration
certificate includes the calibration range, the estimated function with its associated uncertainty and the
calculation method of the measurement result. At this stage, the laboratory ensures that its calculation
is reproducible. The fourth and final step is the responsibility of the user. He performs three main tasks:
First, he has to identify the deviations between the exploitation and calibration conditions, including
how the way he uses the calibration function. Then he must determine whether the measurand is an
individual (observed) or average (theoretical) value. These tasks include the evaluation of additional
uncertainty components and possibly corrections. He must then ensure that these uncertainties are
propagated to the measurement result through the calibration function or an equivalent calculation.
The procedure is applied to an example of calibration realised in our laboratory. We used LNE-RegPoly
software, which estimates a polynomial function taking into account uncertainties associated with the
input values. The 'estimation' module evaluates the coefficients of the function and the associated
variance-covariance matrix. The 'forecast' module propagates these uncertainties to the output value y
= f(x). The calibration uncertainty is given in a values table figuring the calibration range. The additional
component resulting from the using conditions can be associated with the input value x to be
propagated through the function f.
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Session Mechanical
Analysis with R-shiny of cross- float measurements with pressure balances
Author reference: Mrs HIGUERA - Instituto Nacional de Metrologia / Colombia
Second authors:
Mr MORALES - Instituto Nacional de Metrologia / Colombia
Abstract n°19:
The calibration of pressure balances involves determining the value of null pressure area, and the
pressure distortion coefficient. These values define the effective area of the piston-cylinder assembly
as a function of pressure, within common results, for low pressure balances (with ranges of less than 10
MPa) behaviors can be modeled, such that the effective area, is a constant value directly related with.
On the other hand, for a measuring range close to 17 MPa, the effective area is modeled as a linear
function of the reference pressure, in this case is extremely important the application of Least Squares
Method, for evaluating the line of best fit estimators, who turn out to be related with to null pressure
area, and the pressure distortion coefficient . Fort the validity of best fit, the analysis is centered, in the
residuals behavior, product of Least Square Regression, the assumptions around hypotheses about the
residuals are evaluated (homoscedasticity, normality, independence). Furthermore, since the
visualization of data plays an important role in this procedure, in this framework it is easier to analyze
data and complex relationships with R language, various packages have been used, they allow to
manipulate the data in an elegant way without having to do and program, code again and again to
generate graphs and analytical results, so, this statistical regression analysis for the effective area, is
then constructed, creating dynamic and interactive graphs as well as results from important statistical
hypothesis who evaluate the validity of the regression model since the versatile R-Shiny tool that allows
to build an interactive web application directly from R.
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Session Mechanical
Thermal comfort enhancement by multiple lobed jets
Author reference: Mr MEDAOUAR - Hasssiba Ben Bouali University Chlef / Algeria
Second authors:
Mr LOUKARFI - Hasssiba Ben Bouali University Chlef / Algeria
Mr HASSANE - Université d'Artois Béthune / France
Mr BRAIKIA - Hasssiba Ben Bouali University Chlef / Algeria
Mr KHELIL - Hasssiba Ben Bouali University Chlef / Algeria
Abstract n°35:
In this work, an experimental study of a five air jets configuration with lobed diffusers was carried out.
The principal objectif is to characterize the best configuration of multiple jets with lobed diffusers
allowing the enhancement of thermal and dynamic homogenization, in the aim of its integration in the
air diffusion units used in the fields of HVAC (Heating, ventilation and air conditioning). For this, three
arrangements of the configuration with five lobed jets are experimentally tested by modifying the value
of the spacing `` S '' between the central nozzle and the peripheral nozzles, the studied values of the
spacing `` S '' are the following: 100mm for the 1st arrangement, 130mm for the 2nd and 160mm for
the 3rd which gives spacing rates, 'S / D' respectively of 2.5 3.25 and 4 where 'D' is the diameter of the
lobed nozzle. The temperature is used as a passive scalar to quantify the mixture of the injected air with
the ambient air, its distribution will indicate the quality of the mixture. After the design and realization
of the experimental facility, we conducted a serie of mesures, the temperatures of the multiple jets was
mesures by an anemometer type VELOCICALC PLUS, in addition, a digital thermometer is placed in the
room outside the jet to allow the instantaneous measurement of the ambient temperature. Note that
the measurements were carried out in the same conditions, with the same blowing device and with the
same initial conditions imposed on the three arrangements. From the obtained results, it turned out
that among the three configurations tested, the one with five lobed jets, with a spacing ratio 'S/D' equal
to 2.5, proves to be the most suitable in terms of improving the thermal homogenization of atmospheres
for the benefit of users.
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Session Mechanical
Analytical solutions of some model cases of the piston-cylinder assemblies
Author reference: Mr PRAŽÁK - CMI / Czech Republic
Second authors:
Mr HAJDUK - Czech Metrology Institute / Czech Republic
Mr KRAJICEK - Czech Metrology Institute / Czech Republic
Mrs SAFARIKOVA-PSTROSZOVA - Slovak University of Technology / Slovak Republic
Mr TESAR - Slovak University of Technology / Slovak Republic
Abstract n°44:
The pressure balances are an important part of the sets of the primary pressure standards in many
national metrology institutes. The most critical factor determining their accuracy is the effective area of
their piston-cylinder assemblies (PCAs). It can be determined (for pressure undistorted PCAs) by
applying a numerical procedure based on a theory of Dadson while knowing a gap-profile (of an
axisymmetric PCA approximation). The pressure balances are also a base of the primary pressure scale
of the Czech Metrology Institute (CMI), namely type PG7601, manufactured by Fluke-DHI. The pressure
department of the CMI took a chance to improve the primary characterisation of the respective PCAs
using the newly improved measurement capabilities of the length department of the CMI. However, as
the first step, we improved a programme for a computation of effective area from the geometrical data
which is based on that published by Dadson but in this case written in C++. We wanted to confirm a
correctness of this programme. Hence, we solved the analytical formulas of Dadson for several simple
geometries. And this topic is also subject of this presentation. First, we decided to test our programme
on some simple geometries with a constant width of the gap which are easy to be calculated analytically.
In this case we were able to determine not only the limit formulas of effective areas for gauge and
absolute modes but also as a function of both the measured and ambient pressure. Second, we found
a gauge mode limit formula for a general case with a tapered piston and cylinder. Third, we found a
gauge mode limit formula for a general case with a straight piston and a cylinder having such profile
that the width of the gap changes with the third root. It is shown that the comparison of the analytical
results with the results of our programme was always perfect. This success confirms the overall accuracy
of our programme. However, it also points out a problem of discretisation which can be non-negligible
even in the case of the relatively simple geometries. In this way, we confirmed correctness of our
software for the new primary characterisation of the PCAs of the CMI. However, we think that the
analytical formulas obtained can be of a practical use of any other pressure metrology laboratory
wishing to have another way to confirm their own software.

156

Session Mechanical
Measurements of gauge blocks by optical interferometry
Author reference: Mrs NUÑEZ PORTELA - Universidad de Los Andes / Colombia
Second authors:
Mr MORALES - Instituto Nacional de Metrologia / Colombia
Mr GALVIS A. - Instituto Nacional de Metrología / Colombia
Mr GOMEZ - Universidad de Los Andes / Colombia
Abstract n°77:
The fourth industrial revolution has become a great challenge for Colombia due to the exponential
growth of new technologies and the improvement of the measurement systems. As consequence, the
National Institute of Metrology of Colombia (INM) has been adapting and changing its technologies to
guarantee and ensure the traceability chain of the most recent and innovative measurement systems.
The gauge blocks calibration is an important task because it preserves and maintains the traceability to
the definition of the length unit “the meter”. Different kinds of methods have been developed for the
gauge blocks calibrations. The most significant are the mechanical comparison between primary gauge
blocks and the length measurements using interferometric techniques. The evolution of lasers,
computers and CCD cameras have improved the evaluation process of the interferometric
measurements. In this work, in a joint effort with the Universidad de los Andes, we will present the
results of length measurements of gauge blocks using interferometric techniques. A Twyman Green
interferometer was built and characterized by a measurement of the wavefront of the laser beam using
the phase stepping technique. The preliminary results show an error around 140 nm for a 2 mm gauge
block by measuring the excess fraction. This result is the first step for the comparison between length
measurements obtained by the excess fraction using interferometric techniques and measurements
from mechanical comparisons between gauge blocks. This interferometer has the intention to be the
first prototype of an interferometer for the measurement and calibration of gauge blocks in Colombia.
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Session Mechanical
Development of a dynamic pressure standard of low amplitudes and frequencies
Author reference: Mr DÍAZ TEY - University of Costa Rica / Costa Rica
Abstract n°80:
Within the framework of the Doctorate in Engineering program of the University of Costa Rica, a
dynamic pressure standard was developed to calibrate the pressure measurement systems used to
measure the height of the gravitational wave. The climatology of the gravitational waves on the coasts
of the Costa Rican Central Pacific Ocean is characterized by wave trains of low amplitude and frequency,
therefore, three pressure generators were developed: one stationary, to estimate the sensitivity
coefficient by direct comparison with a standard, metrologically traceable to the INM of Costa Rica,
another aperiodic, to estimate the parameters of the characteristic equation, and finally, the periodic,
to evaluate the effect of the frequency of the disturbance on the amplitude of the response. In the case
of the aperiodic disturbance generator, based on the shock tube technology, its performance was
validated as a function of the stabilization time and the variability of the air pressure disturbed by the
first reflection of the shock wave, using a system of measurement previously evaluated in the TC10
prototype of the LMD-ENSAM. The bias of the actual expansion of the shock wave was estimated by
comparison with the theoretical value of the pressure of the disturbed gas according to the theory of
the normal shock wave, based on the measurement of the pressure of the undisturbed air and the
number of Mach. In the case of the periodic disturbance generator, the prototype developed allows
the amplitude of the signal to be previously adjusted, regulating the volumetric air flow with a fine
adjustment valve, installed at the inlet of the PVC cylinder, while the frequency of the signal and the
number of cycles to be reproduced are established with two solenoid valves: one at the inlet and the
other at the outlet, activated automatically in an alternative and synchronous way by a PLC. The
reproduced periodic signal is similar to a triangular one, but its periodic condition allows, under the
superposition principle, to estimate the response of the measurement system, which will be modified
in amplitude and phase. In this case, the standard previously calibrated in the shock tube carries the
necessary information to establish the characteristics of the periodic signal, which becomes a reference
to evaluate the deviation of the calibrating response. The validation of the periodic disturbance
generator showed that the effect of the frequency on the amplitude of the constitutive harmonics of
the reproduced periodic signals is practically null for the range of frequencies of interest of the project,
allowing to apply the GUM framework to evaluate the uncertainty of pressure measurements and
manage the metrological traceability of measurement systems through the static sensitivity coefficient.
In the end, a measurement system used routinely to measure the height of the sea waves was
dynamically calibrated according to the described procedure, and its response was evaluated in the
wave channel of the Laboratory of Maritime Engineering, Rivers and Estuaries of the University of Costa
Rica.
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Abstract n°108:
A novel ionisation vacuum gauge, denominated as “ISO gauge”, was developed in the frame of the
European project 16NRM05*. One of the main objectives was to design a gauge suitable for the pressure
range 10-6 Pa to 10-2 Pa, with a total uncertainty of 1 %. After the design process with the help of
software simulations, several copies of the ISO gauge were produced. The metrological characteristics
such as repeatability, short-term reproducibility and linearity were studied in comparison to two
commercial models of ionisation gauges known to have a good accuracy and generally used by
calibration services. The experiments so far of this study show a clear superiority of the ISO gauge over
the existing models.
*This work was supported by the European Metrology Programme for Innovation and Research
(EMPIR). The EMPIR is jointly funded by the EMPIR participating countries within EURAMET and the
European Union.
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Abstract n°111:
The determination of the calibration intervals of the different measuring instruments has become a
relevant factor during the time of COVID-19, due to the restrictions that have affected transportation
and calibration services. These restrictions caused in many cases an extension in calibration intervals.
Usually, the calibration intervals are determined by manufacturer recommendations, associated
standards or monitoring of the instruments supported by the metrologist’s experience. The most used
monitoring methodologies are described in the guide ILAC-G24 OIML D 10 “Guidelines for the
determination of calibration intervals of measuring instruments”. However, it is the responsibility of
each laboratory to establish the guidelines for the determination of the calibration intervals of its own
equipment. The main goal of this study is to establish a methodology for determining the calibration
intervals for force measuring instruments, using the average value of the deflections with rotation (or
average of the measurements) as a control variable. The calibration of these instruments follows the
guidelines described in the international standard ISO 376:2011 “Metallic materials - Calibration force proving instruments used for the verification of uniaxial testing machines”. The measurement average,
the components of the budget of uncertainty and a period of validity of the calibration certificate of
maximum 26 months are found in this standard. The period of validity is generally used as a calibration
interval. However, it is considered important to establish a methodology for the determination of the
interval, understanding that each instrument has its own metrological properties. In this study, 6
alternatives were formulated based on the control chart methodology. These alternatives were
evaluated using the historical data of the calibrations of more than 20 force measuring instruments of
different capacities and load directions, owned by the INM of Colombia. The advantages and
disadvantages of each of the alternatives were identified and the best option was selected. The chosen
methodology uses historical data to determine the central control limit, considers guard bands based
on the measurement uncertainty and applies control limits based on the maximum permissible errors
of the reproducibility error defined for each instrument’s class in the standard ISO 376:2011. The
selected methodology uses as input data the measurement average, measurement uncertainty and
instrument’s class. It is easy to implement and maintain and allows identifying and penalizing possible
anomalies in the measurement results, proving the methodology to be reliable, robust, and rigorous.
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Abstract n°129:
Sensors are electro-mechanical devices that allow us to measure parameters such as temperature,
pressure, acceleration, force, power, speed, etc. Generally, they need an electrical signal. However,
piezoelectric load cells don’t need a power supply. Voltage output is generated by the piezoelectric
material which is proportional to the deformation of load cell. A load cell is a sensor that converts a
load or force acting on it into an electronic signal. This electronic signal can be a voltage variation, a
current variation, or a frequency variation, depending on the type of load cell and circuit. There are
different types of loadcells which are Single Point, digital, beam, canister, ring torsion load cells. The
structure consists of a specially selected and shaped metal chassis, called a spring element, and a
Wheatstone bridge built with strain gages. When a physical force is applied on the spring element, it
causes a deformation. this deformation in the spring element is output as an electrical signal through
the Wheatstone bridge. This signal obtained is processed in a microprocessor based indicator and
displayed as force or weight information. Usage places. They are various industrial weighing devices
such as scales, electronic scales, bagging devices, belt control scales, boost test setups and flow scales.
In this study. methods and approaches for load cell calibrations and measurement uncertainty
calculations will be explained and also, DAkkS-DKD-R 3-3 and ISO 376 standard requirements will be
announced. DKD-R 3-3 A method is similar to ISO 376. Generally, ISO 376 is applied instead of method
A. In this method in addition to hysteresis and repeatability errors, test procedure should perform by
rotating loadcell 0, 120 and 240 degrees so possible flatness errors can be determine. B method is used
if the customer wants to see both hysteresis and repeatibility errors. C method is used if the customer
wants to see only hysteresis errors and D method is used if the customer wants to see just repeatability
errors, in this method decreasing force steps are not significant. Point of consideration, in order for the
axial force to be applied, the force gauge is placed in the appropriate force calibration machine so that
the force gauge stands perpendicular to the ground or completely horizontal. In devices with display,
calibration is performed with the indicator. They are considered as a whole system. In devices without
indicator, output voltages are read using a multimeter connected to the reading unit of the device as
the indicator element. mV output of sensor per 1 V excitation is measured. Before starting the
calibration of force gauge, the zero signal is recorded. Preload should be applied 3 times with maximum
force in tension and compression mode. According to ISO 376, 10 measurements shall be taken, on
the other hand, according to DAkks standard, number of measuring points vary according to the chosen
method. Measurement uncertainty contributions are relative reproducibility error and repeatability
errors, relative interpolation error, relative zero error, relative reversibility error and relative creep
error.
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Abstract n°158:
Automation within the Trescal group has always been a major focus to meet the growing demands for
calibrations in all domains. Also the health-care of the Trescal personal is a major concern to the
company. One of the tools Trescal developed in Benelux is an automatic weight calibration system. It
automatically performs the measurement process of multiple weights in a single cycle machine. The
manual calibration of weights, especially those over 1 kg up-to 50 kg, can be physically demanding for a
technician, and even though automation is widespread for weights under a kilogram, we have tried to
optimize our entire process: from administrative management, planning, calibration and the making of
the certificate. And in this we succeeded. The system designed in collaboration with external supplier
consists of the following elements:
- An articulated pneumatic arm dedicated to mass handling,
- A set of conveyor belts that can handle up to 20 masses (in / out feed),
- A scale on which the weights are deposited via a pneumatic tray and connected to a PC.
- A feed out region were corrections to mass items when applicable can be performed.
The main element of our system is the computer software used (Pegasus). It allows at the same time:
the encoding of the weights received in connection with our ERP, the launching of the automatic
calibration procedure, the validation of the measurements, the creation of the certificate and the
updating of the ERP. In addition to improving the technician's working conditions, thanks to the
pneumatic arm which eliminates the force needed to handle. The installation has also metrological
benefits by the created method: in its R111 standard, the OIML, the International Organization of Legal
Metrology, presents the tolerances and uncertainties expected in the context of weight calibration.
Sources of uncertainty such as repeatability or eccentricity are directly reduced by the use of an arm
fitted with a clamp dedicated to the installation of the standard mass during the measurement cycles.
The installation for weights class up to M1 from 10 to 50 kg has run through a validation circuit and a
presentation of our work to the Belgian Accreditation Body (BELAC). It has been added to our
accreditation scope. There was also attention for the safety characteristics of the various elements such
as the articulated arm.
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Abstract n°163:
Instrumented indentation testing (IIT) has become a usual technique for the mechanical
characterization of materials at the nano- and micro- metric scales. IIT allows the identification of
mechanical behaviors (elasticity, plasticity, viscoelasticity, toughness, etc.). Although it is known as an
easy-to-apply technique (with respect to classical macro techniques), the testing protocols,
interpretation and analysis of the obtained data could be very complex, which emphasize the need of
integrating a metrological approach in this field based on a thorough use of the JCGM (Joint Committee
for Guides in Metrology) guides. This work presents our research approach in the past recent years,
based in the integration of a metrological approach to instrumented indentation testing. Our strategy
has mainly explored analysis methods for the determination of mechanical properties, rigorous testing
protocols and uncertainties evaluation. One of the estimated properties from load-displacement curves
from IIT is the elastic modulus. This property is typically obtained by approximating the unloading curve
to a power law function (Oliver and Pharr model). Although this approach generally fits properly the
data, the convergence is occasionally questionable. In this regard, we proposed an inverted approach
to the classical model. This methodology facilitates the convergence during the minimization and
improves the robustness of results demonstrated by means of Monte-Carlo simulations. The inverted
approach was applied to a variety of materials within a multiscale range of loads and penetration depths
by using different IIT instruments. This research work was a clear hint that the “standard” analysis
methods in IIT need a more profound revision and also the uncertainties related to it. Acknowledging
uncertainties evaluation as a straightforward step in IIT, we proposed an approach based on the virtual
machine concept to IIT at the nanometric scale, to perform the uncertainties evaluation of the elastic
modulus (measurand). This approach represented a first insight for a deeper consideration of the
uncertainties in IIT. Initially, the uncertainty sources in IIT were identified and quantified. Therefore, we
applied the virtual machine concept by applying a model that schematized and simulated the testing
process, evaluating the uncertainties through Monte Carlo simulations. The application of the virtual
machine concept to IIT seeks to ensure the consistency between calculations and the physical reality of
the tests by using a metrological approach. The analysis revealed that the most relevant sources of
uncertainty were related to the elastic modulus of the reference material during the calibration
procedure. Seeking for improved analysis methods, we also developed an approach to analyze
indentation data of functionally graded materials. This approach needs to choose a parametric law of
variation of hardness by the distance to the surface. The evaluation of uncertainties would provide a
tool to test the relevance of the parametric law. The goal is to achieve a multiscale IIT traceable to the
units which still requires a lot of work. Further works are needed for a more in-depth comprehension,
including the incorporation of the residual imprint shape in the determination of the mechanical
properties (e.g. data fusion strategy)
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Abstract n°198:
Abstract. Dynamic pressure has an important role in multiple fields of industry, for example, combustion
analysis and automotive industry, aerospace applications, turbomachinery, aerodynamics as well as in
industrial process control. For example, increasingly stringent emission regulations and an increase use
of alternative low-emission fuels, has set even higher demands on engine control and optimization
achieved through accurate dynamic pressure measurements. Pressure transducers used for dynamic
measurements are commonly calibrated by means of static methods. It is, however, known that
pressure transducers have a specific dynamic behavior where the sensitivity under dynamic input load
deviates from that with static load. By neglecting the impact of the dynamic load, offsets as high as 10
% might take place. Furthermore, pressure transducers applied for dynamic measurements are often
exposed to elevated temperatures influencing the sensitivity of the transducers as well. A secondary
dynamic pressure calibrator generating dynamic pressures in range 6 – 350 bar in temperature range
25 – 200 °C has been developed. Consequently, the temperature and generated sinusoidal pressure
signal corresponds well to the condition inside an internal combustion engine, thereby providing a
reliable reference for cylinder pressure sensor calibrations. Once calibrated against a primary dynamic
pressure standard, the device performs as practical, traceable and cost-effective calibration solution for
industrial applications.
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Abstract n°201:
The main aim of the Taguchi approach is to find the optimal configuration of the influencing factors
studied with the minimum of trials, while trying to hide /camouflage the noise due to uncontrollable
factors without worrying about the causes. Robustness is not always achieved after optimization, for
example optimizations got by the methodology of design of experiments DOE where the same optimum
can be obtained from several points of the explanatory values Xi of the postulated model. ln this work,
we proposed a robust process optimization method, with application on plastic injection process, by
using GUM, based on law of propagation of uncertainties and then Monte Carlo simulations. Two
responses are studied and been optimized simultaneously. After obtaining a model adjusting to the
experimental data (good model), here by the methodology of design of experiments (Taguchi design).
As a source of uncertainty are considered the domains of variation of the influential factors and then
the experimental variance. The results obtained made it possible to determine the optimal configuration
of the influential factors for robust optimization. The robust optimum were compared with Taguchi
approach or robust parameter design (RPD).
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Abstract n°209:
Impact tests are mainly carried out in the automotive, aeronautics and space (civil and military) fields in
order to guarantee the reliability of the equipment and the safety of individuals. Many standards exist
in this area. Shocks are transient phenomena generally characterized by high acceleration and short
duration, generated by a sudden change in speed during a fall or impact, and in the form of a 'half-sine'.
They can be quantified by their peak amplitude (in m / s²), their duration (in ms) and their frequency
content.
During testing, shocks can be generated in different ways:
1 / The piloting consoles can simulate a quasi-sinusoidal shock on a vibration generator (vibrating pot).
2 / The shock can be generated by a real fall (fall shaft) or by a pendulum: its amplitude is then adjusted
by the height and its duration by the impact surface.
3 / The shock can be carried out in real conditions (Crash-Test).
4 / The impact can also be generated by a shock hammer (instrumented by a force sensor), whose
dimensions and masses are very variable, which makes it possible to excite an electronic card or a large
structure.
The different tips that are attached to the hammer condition the shape of the shock (a soft plastic tip
will only excite low frequencies while a metal tip will create a high peak containing high frequencies).
Shocks are usually measured using accelerometers and are expressed in m / s² (SI) or g. The value of g
being variable locally and with altitude, a nominal value of g is defined for its conversion (gn = 9.80665
m/s²). The force can then be calculated, knowing the mass (F = mA) The most versatile accelerometers
used in this field are either piezoelectric: they generate a charge proportional to the stress undergone
via a reactive mass and their sensitivity is expressed in pC/(m/s²). A charge converter is then necessary
to exploit the signal if it is not integrated into the accelerometer. Either resistive or piezoresistive:
gauges or semiconductors are mounted in a gauge bridge supplied with direct voltage. Their sensitivity
is expressed in mV/(m/s²). To ensure the reliability of these impact tests, accelerometers must be
regularly calibrated. In our laboratory, we calibrate under accreditation the accelerometers in frequency
vibration up to 10 kHz, or even 20 kHz, by a method of comparison with a standard accelerometer, but
the amplitude is limited by the exciter to 750 m/s² (which is often insufficient for sensors used at
thousands of m / s²). However, the calibration uncertainties in vibration are better than in shock (ratio
close to 2). Thus we characterize its frequency response with the exciter at relatively low amplitude (750
m / s²), then perform a shock calibration at the operating amplitudes. The shock calibration is performed
using a machine consisting of a ball which strikes an anvil to which the standard shock reference
accelerometer is attached. The calibrated accelerometer is screwed onto the latter on the opposite side.
The measurement of the peak values of the two signals, carried out using a spectrum analyzer, allows
us to filter the parasitic signals to calculate the sensitivity of the sensor in shock. The shock machine is
configurable (the stroke of the ball and the pressure at which it is projected) which allows us to achieve
repeatability at a desired amplitude. When the shock accelerometers are linked in a chain with nonmovable conditioners and software, we intervene on site and carry out measurements by comparison
using the real shock test bench.
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Abstract n°10:
Commercially available calibration systems typically come with a software that takes care of the signal
processing and the calculation of the calibration results. Especially for National Metrology Institutes
(NMI) it is a problem that the vendor is usually not willing to open the source code of the software for
verification. This paper will present an approach that allows the user to verify the software of a
calibration system without opening the source code. Additionally it would allow the user to exchange
customize parts of software e.g. for research purposes. A main part of commercial calibration systems
for dynamic measurands is software that signal conditioning and calculation of the calibration results.
For the user of such systems the software is usually a black box and he has to trust the manufacturer
that he has implemented the signal processing algorithms correctly and according to the corresponding
calibration standards. Especially for NMIs this can be a problem if they decide to buy such a system.
They need to make sure that the purchased system works according to the standards and thus should
be able to evaluate any physical as well as software part of the system. The main idea is to implement
open software interfaces between the main modules of the commercial software that allows to
compare the output of the software module with the output of a similar trusted software provided by
the user. E.g. the raw data stream from the A/D converter of the system can be fed into signal processing
software that was written for a former calibration system and is well approved and trusted. The output
of this processing software from the user can then be compared to the output of the commercial
software module. This procedure would allow to verify the commercial software by a third party without
having the souce code of the commercial software. The approach offer some more advantages. While
the commercial calibration system will usually only be used work on calibratiuon orders, it can now also
be easily used for experimental work by simply exchanging some of the commercial signal and data
processing software modules with new experimental software. The big advantage is that the
experimental setup could use the same user interface as the commercial software and could even use
the same data representation and data storage modules. Thus, for the operator nothing would change
but a scientist or engineer could test new software modules.
Conclusion: Many customers and especially NMI wish to have commercial calibration systems that allow
an easy operation for calibration orders on the one hand but is also open for verification of the software
as well as for experimental purposes. The suggested approach offer both possibilities without forcing
the manufacturer of the calibration system to open the source code of his software.
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Abstract n°47:
Product a batch at the desired nominal quantity is a major challenge in the food industry. An underdosage leads to non-compliance with the regulations (consumer code) and an over-dosage generates
economic losses for the company. What are the best practices in the field of prepackage control?
Manufacturing controls in the food industry are carried out on a metrological batch which corresponds
to all prepackages of the same nominal quantity, the same model, the same manufacture, filled in the
same place and subject to the control. The regulations impose authorized shortages on the lot. The
manufacturer checks the production batch using criteria on the average of the batch and the level of
defective product in the batch (product for which the lack is greater than that authorized by the
regulations). Before establishing the control plan, manufacturers must first demonstrate control of their
manufacturing process by ensuring the absence of tare variability and the capability of the production
chain. Experimental designs make it possible to demonstrate mastery of their procedure. Control plans
are established by the manufacturer (frequency, number of samples, etc.). The mean and standard
deviation control charts are commonly used. Control plans can be optimized using operational periods.
Through the experiences encountered by the CT2M, we will discuss the methodologies for the
declaration of a batch of prepackaged goods and level of risk associated with the declaration of
conformity in the food industry.
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Abstract n°50:
Ukrainian Parliament had adopted the Law on joining the Convention establishing International
Organization of Legal Metrology on the 5-th of November 2020. For Ukraine it means the transition
from Corresponding State status to joining OIML as the Member State. Joining the OIML Convention
and obtaining the Member State status is the lain?h platform and gives the opportunity to perform the
process of great significance – to implement (on official all-state level) the provisions and procedures of
OIML Certification System (OIML CS), requirements of OIML Recommendations and Documents into
Ukrainian Legal Metrology System regarding the legal measuring instruments. Ukrainian metrological
legislation, comprised by Law on metrology and metrological activities, which came in force since 2016
and more than 40 sub-law acts, is generally in line with provisions of either acting OIML D1 or its new
version 2021 «Revision of D 1 National metrology systems – Developing the institutional and legislative
framework», submitted to the adoption of CIML. The system of measuring instruments conformity
assessment is established since the 1-st of January 2016. Implementation of OIML CS system and
involving in its functioning Ukrainian legal metrology bodies means the close communication with OIML
Technical Commeeties coordinated by National Secretariate, activity of which is de-facto performed by
SE “Ukrmetrteststandart” under Ministry of Economy patronage. But the Secretariate is not determined
officially. SE “Ukrmetrteststandart” had been a designated as conformity assessment body in
September 2016. It provides the corresponding activity and we consider that this activity supports the
assuring necessary level of protection for each individual and society in total, avoiding the hazard from
contrafact products and simultaneously eliminating technical barriers in measurement instruments
trade. National metrology system structure is headed by governmental body on metrology (for both
forms: scientific and legal) – Ministry of Economical Development and Trade (Mineconomy). This body
has status of National Metrology Institute in frame of CIPM MRA. Metrological structure includes
therefor four designated institutions – scientific metrology centers and 29 legal metrology bodies in
regions. It is considered as expedient in the aim of advanced harmonization with new OIML D1
provisions:
• Mineconomy shall determine officially national secretariates for Meter Convention and OIML.
• Mineconomy shall provide, as governmental body on metrology, periodical detailed monitoring of
metrological system stay (for all its forms), as it is recommended by new OIML D1, aiming supply the
Government with information on metrological system stay and its needs for all forms: scientific,
industrial and legal in favor of economy, science and technology development.
• The institutional statuses and roles of four designated organizations should be determined in
compliance with of 5.3.1 of new OIML D1 in order to create the distributed system of NMI. This will
correspond the historically given reality in Ukrainian scientific metrological centers roles distribution
and will allow to communicate efficiently with all parts of international metrological society in the field
of scientific and legal metrology.
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Abstract n°213:
The CFM, Collège Français de Métrologie has a main mission of diffusing information and knowledge
about metrology in companies and laboratories. In order to fulfill its mission, it organizes technical
meetings of various size and scope and edits books in particular with Afnor. For all of these actions, it
relies on a network of academic and industrial experts in the field of metrology. In 2020 the CFM
decided to lauch a new service, a label called « Trust Metrology » whose goal is to objectivate the
practices in metrology of various kind of organizations : from SME, metrology labs of big companies,
public laboratories,….It is based on the judgment of a committee of qualified experts from industry and
consulting companies in metrology that mandates an evaluator on site for a typical one day audit. The
evaluation is based on an analysis grid that encompasses around 50 questions sorted in 8 families :
product, management, method, equipment, traceability, influence factors, uncertainties, datas. The
label Trust Metrology is neither a certification nor an accreditation. It is inspired by the ISO 10012 norm
and the experience of the members of the experts committee. Organizations may be interested to get
the label Trust Metrology to attest their good pratices in metrology an possibly communicate about it
to their customers, to show that they may trust their products as they are based on a solid background
and practices. Today it is operated in France only but its perimeter could be enlarged to a broader
perimeter with an adapted organization.
Note : « Trust Metrology » is a deposited mark
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