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PTB Welcome 

Presenting author: Cornelia Denz, President PTB, Germany 

Presentation of Cornelia Denz 

Dear Ladies and Gentlemen, 

It is a great pleasure welcoming you to the 4th International Conference on the Digital 

Calibration Certificate - DCC number 4 - and especially, I am happy that you have joined the 

digital conference site of Physikalisch-Technische Bundesanstalt(PTB). The conference will 

be attended by more than 1000 participants. Last year, in my welcome speech on the occasion 

of the 3rd DCC conference, I referred to the German saying “Aller guten Dinge sind Drei” – all 

great things come in three. It is a great pleasure to open today the fourth edition of this 

extremely successful conference series. 

Four is the number of wholeness and thus is more than ever an allegory to this year’s DCC 

conference.  

Four embodies the four weeks of the month, the four elements, or the four basic states of 

matter. And in about four weeks we will welcome the first of the four seasons, eagerly awaited 

spring. Four also stands for the seldomly found four petals of the clover leaf, which is in almost 

all cultures believed to bring luck, since each of it symbolizes an aspect of live: hope, faith, 

love, and luck. 

Maybe the most important metaphor today for our number 4 is the compass, with the four 

celestial directions marking the relevant directions of the compass itself. 

A compass provides orientation, it helps to find the right path, be it the path to a goal or the 

path to success. Today, a compass also stands for orientation in a rapidly changing world, 

because the multitude of demanding technological and social challenges requires a strong 

moral stance - especially against war, violence and threats to democracy - on the one hand, 

and a scientific attitude to develop our future in the best technological way on the other.  

You might also describe this situation symbolically as sailing in rough seas. For many 

people, a compass therefore also stands for protection, guidance, and safety. In a way, the 

"Digital Calibration Certificate”, the DCC, also represents such a compass: it is our guidance 

with respect to the upcoming challenges associated with the digital transformation in metrology 

and with the future of digital certificates. 

Ladies and Gentlemen, 

Let me illustrate this role for the digital calibration certificate with a few timely national 

projects that show future directions of the DCC within a full digital quality infrastructure: 

First, the implementation of the DCC is strongly connected to the future of the Digital 

Product Passport - the DPP - one of the key elements of a future fully circular economy. While 

the DCC provides information on sensors or complex measuring devices, ensuring a high 

quality of a measurement based on traceability to international standards and thus stands for 

quality assurance and trust, the DPP includes the full life cycle perspective.  

Second, these certificates represent important elements on industry 4.0’s goal to image 

machines and systems in all their processes of manufacturing, and are effectively united with 

the asset administration shell, ASS, which in turn is implemented into practice by the 

InterOpera project in which researchers and in-dustry are developing together standardized 

methods for ASS - and thus also for the DCC and the DPP. 

Third, the national flagship project GEMIMEG, funded in its second phase by the Federal 

Ministry for Economic Affairs and Climate Action, brought the DCC into the focus of various 

areas of metrology including mechanical measurands like torque and lengths, acoustic as well 

as thermodynamic and electrical measurands, thereby reaching clearly its goal to create 
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secure and robustly calibrated measurement tools for the digital transformation, and to 

significantly in-crease cooperation und participation of industry. Also, the national 

harmonization process for the DCC was intensified by the Germany Calibration Service, DKD. 

Forth, the project Quality Infrastructure Digital (QI Digital), another flagship of the Federal 

Ministry for Economic Affairs and Climate Action, just recently finished its second Forum 

Conference in October 2023. It was centered around the future of digital quality certificates. 

Over two days, 500 enthusiastic participants including high-ranked international speakers from 

industry and science, from associations and politics, discussed the pressing issues of interna-

tional harmonization of the digital quality infrastructure. 

For me, the most important progress of Quality Infrastructure Digital is manifested by the 

implementation of real applications for industry. Especially sand box realizations that combine 

digital quality infrastructure with smart approaches in additive manufacturing, hydrogen fueling 

stations, and medicine instrumentation, were particularly tangible. 

More and more industrial production steps are today controlled by intelligent and AI-

supporting computer algorithms. The interaction of machines as well as the use of digital twins 

has already been established in industry 4.0. 

Smart interaction between people and machines within a sustainable environment will 

determine the future of digitization of industry, and is often referred to as industry 5.0. 

As a consequence, the quality of data and databases is becoming increasingly important in 

such intelligent digital applications. Digital quality documents boost the transformation of the 

classic quality infrastructure into the digital world, and are key elements to strengthen the 

German industry and economy in digital transformation. 

In a changing perspective, the DCC is thus no longer a simple calibration certificate. With 

respect to the different types of digital quality infrastructure documents, the structure and 

format of DCC represents the blueprint for those Digital Quality Documents (DQDs). Thus, the 

DDC can be considered as a foresight instrument, thinking calibration certification in a new, 

integrated way. 

For this vision, the current version of the DCC needs to be adapted, becoming also suitable 

for all other quality data document schemes. However, the needle of the compass already 

points clearly to the desired destination. 

Dear Ladies and Gentlemen, 

today, it is more important than ever to use the digital transformation as an opportunity to 

shape the world of tomorrow responsibly and reliably, while acting in an energy-efficient, 

environmentally friendly, and sustainable manner. 

Since product quality and safety do not stop at the borders of nations, only an internationally 

shared understanding of the quality and safety of products will establish trust and promote 

digital innovation worldwide. Thus, an international harmonization of the digital quality 

infrastructure will be of utmost importance. 

Also, in this area, the past year has witnessed a tremendous progress. 

On the European level, the EURAMET Technical Committee on Interdisciplinary 

Metrology - TC-IM - has established the working group on 'Metrology for Digital 

Transformation' (WG M4D), and is bringing together the expertise of EURAMET Members in 

data management, digital processes, digital certificates, as well as in the internet of things 

including sensor net-works. 

The working group aims to establish a continuous collaboration and exchange on digital 

transformation with corresponding bodies and organizations within the European quality 

infrastructure as well as with engaging external partner countries to promote metrological 

principles for data quality. 

For this latter reason, The Global Project Quality Infrastructure (abbreviated GPQI) was 

established in 2017 on the initiative of the Federal Ministry for Economic Affairs and Climate 
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Protection (BMWK) with the aim to engage in international cooperation and international 

dialogue on the harmonization of quality infrastructures with important trading partners outside 

Europe such as Brazil, China, India, Indonesia and Mexico. This cooperation also extends 

today to Canada and the United States. 

GPQI facilitates a special format of bilateral political and technical dialogue bringing 

together different stakeholders from different nations. As an example, recently, on November, 

30th, 2023, experts from the Bureau of Indian Standards (BIS) and TÜV - the German body for 

technical monitoring within the quality infrastructure, came together to meet with industry 

representatives. They discussed the role of standards in the digitized world in order to create 

a safe place for industry and consumers. The need for strong cybersecurity has been identified 

as an increasingly relevant international issue, playing a key role in the development of 

solutions for a digitized, resilient, and safe digital quality infrastructure. 

I also like to mention the strong role of the “Digital Transformation” Working Group of the 

Inter American Metrology System, SIM, which provides support to SIM Working Groups in all 

fields related to the digital transformation, laboratory automation, cloud technologies, digital 

certificates and also includes artificial intelligence, smart devices testing, big data processing, 

machine learning, metrology for IoT, and industry 4.0 projects. 

In addition, members of this working group provide support to the national metrology 

institutes, as well as to local industries of SIM countries in metrological challenges that involve 

applications of digital transformation. 

Finally, the strong activities of the newly founded Forum on Metrology and Digitalization of 

the CIPM, the Committee International des Poids et Mesures, focusing on harmonization in 

digital data quality, and emphasizing the international role of the DCC therein as an enabler of 

the digital transformation in metrology are also worth being highlighted here. 

Dear Ladies and Gentlemen, 

These four examples of international metrology are also all-encompassing in digitization, 

and thus also refer to the international digital quality infrastructure, or, more general, to the 

digital future of international metrology. 

In my opinion, these four examples show impressively another meaning of the number 4: it 

is also referenced to as the perfect number. 

The Pythagoreans believed that the Tetrad was a perfect object, since it has four corners. 

They were convinced that this simple object with all geometrical objects corners (or points), 

lines, surfaces and three-dimensional forms - symbolized God. In the Pythagorean philosophy, 

four parts constitute space and life by characterizing the soul: mind – opinion – science – 

sense. 

In a way, these for features are also needed for a concise digital framework. 

Therefore, I am utmost happy that this digital conference represents the international 

metrology community with its more than 100 countries – and I am sure that together, we are 

strong enough to face the challenges of international and smart digitization of industry and 

make it more and more perfect. 

Challenges of the near future will be numerous. Let me name the measures to develop test 

procedures for a trustworthy and reliable artificial intelligence, but also ensuring their 

appropriate inclusion in advanced DCCs that may themselves be utilizing smart analyzing 

techniques. 

Third, the inclusion of digital quality certificates into the EU New Legislative Framework 

Directive. This framework aims to foster international trade by strengthening accreditation, 

regulation, market surveillance, and quality labels of products as conformity assessments. It 

has transformed radically since its adoption in 2008, mainly due to the ongoing digital and 

green transitions. 
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Thus, its further development to include digital quality certificates, and develop new quality 

labels for upcoming smart products and complex value chains is of utmost importance to pave 

the way for a future secure and robust metrology within a digital world. Our aim should 

therefore be to incorporate the DCC into use cases and make it applicable. 

And finally, as different institutions within the quality infrastructure, we have now the chance, 

but also the strong obligation to integrate all these needs into a unifying framework for digital 

data and processes. This includes software solutions for the integration and uptake of FAIR 

data features – being findable, accessible, interoperable, and reusable – as well as concepts 

and frameworks for the interoperability in a digital quality infrastructure. 

These four actual challenges are the motivation for us to organize this International DCC 

Conference, which is held naturally as a digital event since its first launch in 2020. The aim 

was and still is to continuously foster an international framework to bring together stakeholders 

of the calibration community with those of digital certifications. 

In the beginning, I was referring to the compass and how its needle indicates the right 

directions of development. This is also true for this DCC conference on its fourth edition. This 

makes it the fourth great opportunity to bring together best practice examples and current 

advances of the international DCC community from all over the world, but also unite all 

stakeholders, from NMIs over academia to the different accreditation bodies and industry 

representatives. 

The conference will - and here the circle closes – give a clear compass for the most 

important challenges of today I mentioned – from reliable AI over international harmonization 

to methods to prevent cybersecurity. 

At the end of my short glimpse on highlights and challenges of DCC, I would like to take the 

opportunity to express my sincere gratitude to the DCC Core Team at PTB Benjamin Gloger, 

Thomas Krah and Shanna Schönhals, who did all a tremendous job organizing this huge 

conference together with Antje Junge and Sascha Eichstädt, who mastered perfectly the 

technical infrastructure as well as Sigfried Hackel who passed the baton after three successful 

DCC conferences to the new team. I’m also grateful to the 15 active and engaged members of 

the International Program Committee headed by Carlos Galvan, that selected the highly 

attractive 55 presentation with their high expertise.  

I want to close by wishing you a great conference with the big four: inspiring talks, intensive 

discussions, many personal interactions, and finally, innovative, forward-looking ideas – all for 

extraordinary digital certificates of tomorrow. 

Thank you very much. 

Back to “Table of Contents” above 



Proceedings 4th International DCC-Conference 2024-02-27 to 2024-02-29 

 2024-06-18 00:52:33 Page 13 of 510 

 

Presentation of Siegfried Hackel 

 
 

 
 



Proceedings 4th International DCC-Conference 2024-02-27 to 2024-02-29 

 2024-06-18 00:52:33 Page 14 of 510 

 

 
 

 
 



Proceedings 4th International DCC-Conference 2024-02-27 to 2024-02-29 

 2024-06-18 00:52:33 Page 15 of 510 

 

 
 

 
 



Proceedings 4th International DCC-Conference 2024-02-27 to 2024-02-29 

 2024-06-18 00:52:33 Page 16 of 510 

 

 

 
 



Proceedings 4th International DCC-Conference 2024-02-27 to 2024-02-29 

 2024-06-18 00:52:33 Page 17 of 510 

 

 
 

  

Back to “Table of Contents” above 



Proceedings 4th International DCC-Conference 2024-02-27 to 2024-02-29 

 2024-06-18 00:52:33 Page 18 of 510 

 

01 What is the M-layer aspect? 

Presenting author: Blair Hall, Measurement Standards Laboratory of New Zealand (MSL) 

Email: blair.hall@measurement.govt.nz 

Additional authors: Mark Kuster mjk@ieee.org 

Abstract 

The International System of Units (SI) is based on the Maxwellian formalism for unit 

systems. However, the modern SI has evolved from a strict Maxwellian form. Its evolution 

reflects a need to express measurable properties that are not formally physical quantities, as 

well as pressure from society to accommodate some customary forms of expression. 

Maxwellian unit systems facilitated exchange of physical-quantity data between scientists 

working with different local units of measurement. These systems allow users to easily 

determine conversion factors for all units from just the base-unit conversion factors. The 

quantities involved, however, should already be known because unit symbols alone do not 

identify them. 

Digital representation of data should not rely on human intervention to resolve ambiguous 

cases, which is needed when only SI unit symbols annotate measurement data. So, a 

formalism that captures measured properties in sufficient detail to avoid ambiguity has been 

proposed, called the M-layer [1]. 

While conventional notation expresses the magnitude of a quantity as a number paired with 

a unit symbol (e.g., 10 kg), the M-layer records magnitudes as a number paired with an aspect 

and a scale. The M-layer scale generalises the role of conventional unit symbols in notation, 

while the M-layer aspect generalises the notion of different kinds of quantity (e.g., length, mass, 

etc.), a cornerstone of theoretical physics not included in conventional notation. 

This presentation will discuss the need for the M-layer aspect and explain why it is not 

simply equivalent to the quantity kind. Because we wish to avoid ad hoc human intervention 

when registering and processing data, and because the evolution of measurements has 

outstripped SI notation as a means for representing physical data, we find the M-layer aspect 

essential to resolve otherwise ambiguous cases. 

References 

[1] B. D. Hall and M. Kuster, Representing quantities and units in digital systems, 

Measurement: Sensors 23 (2022) 100387, 2022. DOI: 10.1016/j.measen.2022.100387 
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02 The D-SI metadata model for an interoperable scientific and 

quality infrastructure 

Presenting author: Daniel Hutzschenreuter, FB 9.4, PTB Germany 

E-mail address: daniel.hutzschenreuter@ptb.de 

Abstract: 

Since 2021, a global community of metrology organizations and measurement laboratories 

is actively developing implementations of the harmonized DCC which is the XML-based format 

for digital certificates of calibration. The DCC uses the D-SI metadata model for universal, 

unambiguous, safe, and easy-to-understand metrological data at its core for the representation 

of quantity values with units of measurement from the International System of Units. Taking up 

the user experience from over two years of practical implementation work, an update of the D-

SI was released by the end of 2023 which introduces additional features increasing the 

useability and interoperability of the format. The D-SI update is also a trailblazer for achieving 

the future interoperability of FAIR data and services with the SI Digital Framework that is 

defined and implemented by the International Committee of Weights and Measures (CIPM) 

and the International Bureau of Weights and Measures (BIPM). The updates of the D-SI and 

future developments will be presented by this contribution. 
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Session “Quality Infrastructure I” 
(Chair: Alexis Valqui) 

03 DCC2GO - Supporting the implementation of Digital 

Calibration Certificates in the European metrology 

community. 

Presenting author: Anke Keidel, PTB Germany 

Email: anke.keidel@ptb.de 

Abstract 

The outcome of this project supports the implementation of DCCs within the European 

metrology community, through the coordinated production and sharing of training material. The 

2 main outputs from this project are (1) a DCC training compendium, and (2) a DCC starter kit. 

1. The project has produced a “Freely available, DCC training compendium of basic 

knowledge for stakeholders with no prior knowledge of DCCs, with particular focus on the 

SEND community and supporting a harmonised level of basic DCC knowledge within the 

European metrology community,” which is available at https://zenodo.org/records/8199281. 

The training compendium consists of several sets of slides explaining the DCC to technical 

experts, management, and stakeholders of metrology organisations. The material is available 

for download for self-study. 

2. The project produced a “Freely available and validated, Digital Calibration Certificates 

(DCC) starter kit for DCC implementation; containing step-by-step guidance for the creation, 

practical implementation and secure delivery of temperature and pressure DCCs.” which is 

available at https://zenodo.org/records/8199700. 

The DCC2GO starter kit consists of practical guidance for metrology institutes to enable 

them to start working with DCCs. It contains step-by-step guidance for the creation, practical 

implementation, and secure delivery of DCCs. Blueprints for workflows to introduce DCCs at 

an organisation have also been established. These workflows combine the experience 

obtained by the DCC2GO project members, which are all European metrology organisations 

that have gone through the process of introducing DCCs in the past years. The DCC starter 

kit is a suite of guidelines containing the following documents: 

Guideline 1: How Metrology Institutes can start working with DCCs without any prior 

knowledge 

This guideline addresses such issues as how to create a DCC, what IT infrastructure is 

needed and how to deal with the IT tools for handling the DCC. 

Guideline 2: Collation of cryptographic tool information for DCC protection and validation 

This guideline focuses on aspects of protection and secure submission of DCCs. It 

comprises different types of mechanisms for securing the content of DCCs such as digital 

signatures. 

Examples: https://zenodo.org/records/8199718. 

This suit of slides, data, and software provides an easy-to-follow step-by-step guideline 

allowing users to create and explore their first XML DCC and PDF/A-3 DCC example based 

on temperature calibration data. It demonstrates a quick (and dirty) approach based open 

access software tools. 
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04 Ten years of TraCIM – A celebration of modern software 

and data testing for digitalization 

Presenting author: Daniel Hutzschenreuter - Chair TraCIM eV, PTB Germany 

Email: daniel.hutzschenreuter@ptb.de 

Abstract: 

As part of the digitalization within the scientific and quality infrastructure an increasing 

number of autonomous and “intelligent” operating systems for data processing are developed 

and used. Traditional analogue processes for testing of the accuracy of software results and 

the verification of the correctness and completeness of data are however barely able to keep 

up with the speed of new developments. Thus, platforms allowing a reliable and fast online 

validation of data and software by humans and automated by machines are an essential need 

for testing service in a digital era. The TraCIM association for improving traceability of 

computationally intensive metrology was established ten years ago with the mission to 

maintain a global standard for reliable and automated software testing under a joint TraCIM 

trademark. The anniversary of TraCIM celebrates recent developments. This contribution will 

give an overview on the current principles of testing under TraCIM which includes approaches 

for the verification of digital reports such as DCCs and services for testing software that are 

based on AI methods. 
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05 Digital Calibration Certificates within QIF, the Quality 

Information Framework 

Presenting author: Jacob Brooks, UNC Charlotte, USA 

Email: j.brooks@carolinarain.org 

Abstract 

As the digital footprint of industry grows, organization and transmission of associated data 

becomes increasingly critical. The Quality Information Framework, or QIF, is an XML-based 

structure designed to organize and transmit design and quality control data between software 

packages throughout a product's quality lifecycle. This standardized framework supports 

interoperability between previously unconnected fibers in the manufacturing digital thread. 

To maintain the traceability of measurements, manufacturers need to keep track of their 

measurement resources and associated calibration data. This is traditionally accomplished 

using Adobe PDF documents or paper calibration certificates. As quality control operations 

become more complex, however, the advantages of machine-interpretable calibration 

certificates become apparent. Calibration information can be transferred directly into gage 

management software packages or other measurement equipment databases without the 

need for manual data entry. Algorithms could then be used to automatically develop 

appropriate measurement strategies for given characteristics using equipment available to the 

user. Because QIF DCCs are designed to be processed automatically, the data can easily be 

translated into other machine or human readable formats. Less structured traditional 

calibration certificates, on the other hand, are far more difficult for a machine to process and 

convert. 

Currently, QIF is not designed to support the transmission of all necessary calibration 

information. For companies that already implement the QIF framework in their manufacturing 

processes, adding DCC functionality will help streamline the transmission of this data, saving 

precious quality control time. In this project, we aim to build a DCC framework that functions 

seamlessly within QIF and translates easily to other DCC formats. 
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06 Quality-X MVD: A Minimal Viable Dataspace For Quality 

Infrastructure 

Presenting author: Mehran Monavari, Bundesanstalt für Materialforschung und -prüfung 

(BAM), Germany 

Email: mehran.monavari@bam.de 

Additional authors: Matthias Prellwitz matthias.prellwitz@bam.de, Claudia Koch 

claudia.koch@bam.de 

Abstract 

The digital transformation of quality infrastructure (QI) is a critical step towards an 

interconnected and efficient industrial ecosystem. The QI-Digital initiative, a collaboration 

between prominent German QI entities BAM, DAkkS, DIN, DKE, and PTB endeavors to 

revolutionize this sector by developing and piloting digital infrastructure and assets, for 

seamless transformation integration and interoperability of legacy QI processes. 

We present our project "Quality-X MVD" a minimal viable data space for QI processes 

developed in collaboration with Fraunhofer ISST. Quality-X utilizes the International Data 

Spaces (IDS) architectural framework to facilitate issuing, tracing, verifying, and ordering digital 

assets for organizations, companies, and the public. Expanding on the developments of sector-

specific data spaces such as Catena-X for the automotive industry and Manufacturing-X for 

production, Quality-X emphasizes the integration of QI processes, addressing a gap in the 

current data space landscape by focusing on conformity assessment mechanisms. 

We demonstrate the effective implementation of QI processes within Quality-X using a case 

study centered on digital calibration certificates (DCC). This includes the accreditation of 

calibration laboratories, the generation and issuance of digital calibration certificates (DCCs), 

and the authentication of digital assets by end-users. This demonstrator shows that data 

spaces, as federated network, are inherently suited to these complex tasks. Implementing self-

sovereign identities, digital wallets, and using the Eclipse Data Space Components controlled 

data sharing via beforehand agreed policies, Quality-X facilitates the secure creation, 

collection, distribution, and verification of credentials, digital assets, and meta data. 

Furthermore, we discuss the potential of semantic models and semantic hubs in achieving 

interoperability across diverse digital assets. This interoperability is paramount for the 

seamless and automated interaction of various actors within the QI ecosystem, such as 

standardization institutes, conformity assessment bodies, and market surveillance authorities. 

We outline other QI processes that can be simulated in our Testbed: digital issuance and 

signing of certificates, tamper-proof metadata publication to neutral registries, and dynamic 

digital asset versioning from inception to lifecycle conclusion. 
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07 Digital Calibration Certificate in a quality infrastructure data 

space: a proof of concept 

Presenting author: Tomasz Sołtysiński, PTB Germany 

Email: tomasz.soltysinski@ptb.de 

Additional authors: Jens Niederhausen jens.niederhausen@ptb.de, Sascha Eichstädt 

sascha.eichstaedt@ptb.de 

Abstract 

Digital Calibration Certificates (DCC) contain several different information elements, 

structured in a way to be machine readable, to provide essential content on calibration process, 

technical requirements, metrological regulations and performance. In addition, specific 

sensitive information may be part of the information package to be shared with a DCC. Given 

the complexity of information, its unique and differential character comprising different aspects 

of metrological and industrial requirements, its trustworthy and reliable presentation constitutes 

a real challenge. Especially, if a state authority or a notified body claims an access to the 

content of a DCC it should be presented quickly, limited to defined requirements on content; 

in a restricted, secured and authorized way by means of automated protocols to be easily 

exchangeable and interoperable between involved parties. 

In our work this challenge is addressed in a framework of verifiable presentations realized 

by applications of W3C decentralized identifiers (DID) and verifiable credentials (VC) in an 

international data spaces (IDS) approach. To realize a verifiable presentation of DCC content 

on demand, a trust and identity work package of the Gaia-X environment has been adapted. 

Such an open-source-based approach, utilizing the tools of Cross Federates Services 

developed by Gaia-X and the Eclipse Foundation demonstrates a secured, restricted and 

interoperable, automated framework to present only required information of interest to a state 

authority or any government office. 

The proposed approach is easily scalable, extendable, and accessible to any authorized 

body and industrial partner or company. By accepting terms and conditions of the Gaia-X 

ecosystem, any legal participant can join the ecosystem and use the offered services exposed 

in a federated catalogue. Through application of DIDs, VCs, self-description and secured 

communication, we developed a scenario for a proof of concept, providing a use case in a 

metrology network. Such an approach is easily adaptable to any metrological infrastructure, 

especially considering a potential European Metrology Dataspace and the recently published 

Quality-X concept white paper. The presented use case constitutes a minimum viable product 

in the framework of the Gaia-X ecosystem and is directly extendable by any IDS component, 

including Eclipse connectors. 
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08 Recent advances regarding machine-actionable information 

and data in the quality infrastructure 

Presenting author: Talaat Al-Rahali, NMCC 

Email: T.rahali@saso.gov.sa 

Additional authors: Fahad Atallah Al-Mahlaki fa.muhlaki@saso.gov.sa 

Abstract 

Introduction 

The quality infrastructure (QI) is undergoing a digital transformation, empowered by 

advancements in machine-actionable information and data. This refers to data structured and 

accessible in a way that computers can readily understand and act upon, automating 

processes and driving efficiency. Recent developments in this area hold immense potential for 

streamlining and accelerating QI operations. 

Benefits of machine-actionable data in QI 

• Automated processes: 

• Repetitive tasks like data entry and analysis can be automated, freeing up human 

resources for higher-level activities. 

• Improved accuracy and efficiency: 

• Automated workflows minimize errors and lead to faster turnaround times. 

• Enhanced:  

• transparency and traceability Data becomes easily accessible and traceable, 

strengthening accountability and trust. 

• Data-driven decisions: 

• Real-time insights enable stakeholders to make informed decisions based on accurate 

data analysis.  

Examples of Application 

• Manufacturing: 

• Machine-readable quality certificates streamline supply chain processes and enable 

automated product verification. 

• Metrology: 

• Digital calibration reports facilitate remote instrument monitoring and automated data 

analysis. 

• Healthcare:  

• Electronic medical records and interoperable diagnostic data improve patient care and 

facilitate research. 

Conclusion 

The ongoing integration of machine-actionable data has the potential to revolutionize the 

QI landscape. By embracing these advancements, we can build a more efficient, transparent, 

and data-driven quality infrastructure for the future. 
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Session “Interoperability Schema” 
(Chair: Robert Hanisch) 

09 Toward standardized language and structure for machine 

interpretable DCC's 

Presenting author: David Balslev-Harder, DFM – Danish National Metrology Institute, 

Denmark 

Email: dbh@dfm.dk 

Additional authors: Søren Kynde srk@dfm.dk 

Abstract 

Digital machine interpretable calibration certificates have a high potential to improve quality, 

management efficiency and decision making, enabled through automatic digital workflows. 

However, structure and nomenclature are highly important to enable reliable algorithms that 

can make correct interpretation of the data reported in a certificate. Simplicity of the structure 

is also highly relevant in order to keep maintenance costs low for middleware and DCC 

implementations. An overall efficiency benefit must be obtained for DCC's to have a positive 

impact and ideally both clients and calibration labs will experience cost benefit. 

Within the EURAMET project TC-IM 1448, a working group (WG1) has been initiated to work 

on “Harmonising DCC structure for machine readability”. Several identified needs were 

presented at the 3rd international conference on DCC, and over the past year these ideas have 

been further clarified and exemplified in form of a new xml-schema and DCC examples, 

covering several fields of calibration e.g. temperature, pipettes, pressure and mass. By 

introducing a data-frame-structure and new meta-data-tokens specified within the schema, the 

DCC data structures are constrained to be essentially the same across different calibration 

areas. These constraints set by the new schema aim toward simplifying requirements to 

middleware and to keep maintenance costs low. 

A Graphical User Interface implemented using python and Excel is introduced as a potential 

production tool which enables both reading and generation of DCCs based on the presented 

new schema. Being able to load DCC structures into the excel tool enables excel as a viewer 

but also establish a workflow where client calibration request can be expressed as a DCC 

templates/DCR which can then be loaded directly into the interface and operate as a calibration 

task description for the lab. Finally, a tool for extraction specific data from a DCC is introduced, 

which has been requested by clients in order for them to map data into their databases. 

Outline of presentation 

• TC-IM 1448 WG1 on Harmonisation 

• Incorporating relevant nomenclature from VIM and general basics for any calibration 

Metadata requirements for machine interpretability 

• Metadata incorporated in a new xml-schema restricting the structure to be essentially the 

same for different calibration areas. 

• Low middleware complexity by using data-frames and internal link-references in schema. 

Solution available on TC-IM 1448 GitHub 

• See the implementation example in other presentation. 

• DFM's work is supported by funds from The Danish Agency for Institutions and 

Educational Grants. 
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10 Proposal to improve the interoperability of the DCC 

Presenting author: Diego Coppa, INTI Argentina 

Email: dcoppa@inti.gob.ar 

Abstract 

The consequences of the digital transformation of metrology are the improvement of 

traceability and trust in measurements, the modernization of processes, and the strengthening 

of the entire quality infrastructure. Calibration certificates are a fundamental part of this 

process, and their harmonization represents the path towards digital transformation. 

Focusing on the digitalization of calibration certificates, the digital transformation of 

metrology implies that machines are capable of interpreting metrological information written in 

the certificate. This interpretation can only occur through metrological communication based 

on state-of-the-art knowledge of a context or reference (1), and therein lies its importance. 

Interpreting a calibration certificate hinges on standards. These standards, whether explicit 

or implicit written in the certificate, form the bedrock of traceability and the origin of transmitted 

information. The context of a certificate stands as a key part in its communication. 

Digital calibration certificates ought to align with internationally accepted standards, with the 

SIRP (2) serving as the fundamental reference for crafting such certificates. 

The fundamental goal of the SIRP is to furnish referential information at the BIPM level. 

Notable elements include services at the CC level, CMCs, fundamental constants, and 

metrological concepts. 

This work proposes the adoption of CC Services delineated in the KCDB (3) as an integral 

part of the context within a Digital Calibration Certificate. Additionally, utilizing a taxonomy (4) 

recommended by the BIPM aims to offer a more comprehensive description of the context for 

humans. 

1. Hall, B. D. (2023). The FAIR principle interoperability and representation of measured 

quantities (Version 1). Measurement Standards Laboratory of New Zealand. 

https://doi.org/10.5281/zenodo.10117162 

2. https://www.bipm.org/documents/20126/71876713/DIG-MET-2022-

MILES.pdf/f0757b30-eac0-7afc-c6ec-677a5fa092f4 

3. https://www.bipm.org/en/cipm-mra/cipm-mra-documents/service-categories 

4. https://www.metrology.net/mii-approved-taxonomies/ 
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11 Good Practice” conventions for DCCs for Weights and 

NAWIs from respective DKD working groups 

Presenting author: Julian Haller, Sartorius Lab Instruments GmbH & Co. KG, Germany 

E-mail address: julian.haller@sartorius.com 

Abstract 

The step from “machine readability” to “machine interpretability” undoubtedly requires 

harmonization and conventions to make it clear for machines, which information can be found 

where in a DCC. For this purpose, several working groups of the “Deutscher Kalibrierdienst” 

(DKD, German calibration service) are working on good practice conventions for their 

respective technical field. Additionally, a horizontal, cross-sectional working group has been 

founded. 

For weights, weight sets and mass standards, the respective working group “DCC weights” 

had already published a “DKD expert report” in 04/2022 – to the authors' knowledge as the 

first respective proper documentation of good practice conventions. Meanwhile, the working 

group "DCC weights" has revised this expert report with respect to changes in the DCC 

schema and developments in the parent cross-sectional working group. 

For non-automatic weighing instruments (NAWIs), another working group “DCC NAWIs” is 

actively developing good practice conventions and is currently in the process of publishing a 

similar expert report. 

In this presentation, some of the work elaborated in these working groups will be shown 

and explained. It will further be demonstrated, how refType attributes, that allow machines to 

identify particular content, are properly defined and used. And finally, some similarities 

between the proposed structure of DCCs for weights, weight sets and for NAWIs will be shown. 
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12 Toward a measurand taxonomy for interoperable 

measurement data 

Presenting author: Mark Kuster, Independent Researcher, Consultant, USA, NCSL 

International 141 MII and Automation Committee 

E-mail address: mjk@ieee.org 

Abstract 

In order to become machine-actionable, the DCC and other digital metrology documents 

require interoperable data. Solving the interoperability problem seems the most difficult aspect 

of FAIR data. Toward this end, the NCSL International 141 MII and Automation Committee 

proposed and began developing a measurand taxonomy to serve as metadata to uniquely 

identify measurement data in digital calibration certificates, instrument specification 

documents, accreditation statements, and beyond. The draft taxonomy to date covers portions 

of several measurement areas and service categories. The Committee would now like to 

extend the taxonomy to cover all published KCDB CMCs and has begun that effort for electrical 

and photometric metrology. This presentation reports the taxonomy development strategy and 

current status. 
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13 Harmonisation of DCCs in DKD 

Presenting author: Thomas Krah, PTB Germany 

E-mail address: thomas.krah@ptb.de 

Additional authors: J. Haller julian.haller@sartorius.com, M. Czaske martin.czaske@ptb.de, 

W. Schmid wolfgang.schmid@ptb.de 

Abstract 

Harmonisation is one of the key elements for the DCC to become the common exchange 

format for calibration data. Firstly, the calibration laboratories creating DCCs need to know 

what information to write in each element of the DCC. More importantly, the users who process 

the calibration data, especially when dealing with multiple measurands, need to be able to read 

all the different DCCs in a simple way, without having to adapt their software for each 

measurand or calibration supplier. One way of harmonising the DCC could be to create a 

specification within a standard. This would probably be the most simple and effective way. 

However, it usually takes many years for a standard to become established. 

In Germany, we chose the German Calibration Service (Deutscher Kalibrierdienst, DKD) 

with its well-established structures and the extensive knowledge of its members to speed up 

the process of harmonising the DCC. In 12 technical sub-committees, the members of the DKD 

are working on standardising the DCC within their communities. A 13th cross-sectoral sub-

committee ensures that the solutions developed are consistent and do not contradict each 

other. All 13 sub-committees plan to publish their work in expert reports. There will hence be 

one guidance report for the administrative block and common elements in the results block, 

and 12 community specific reports. 

Another important practical result of the work of the DKD sub-committees is the creation of 

a dictionary of the refTypes needed to improve the machine interpretability of DCCs. This 

dictionary will be accessible to everyone in a machine-interpretable form and will contain both 

community-specific refTypes defined by the 12 technical sub-committees as well as general, 

cross-sectional refTypes defined by the cross-sectoral sub-committee. 
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14 DCC interoperability: a pilot study looking at implementation 

approaches across four Asia-Pacific NMIs 

Presenting author: Anjali Sharma 1 

E-mail address: sharmars2@nplindia.org 

Additional authors: Mark Ballico2, Blair Hall3, Pariya Thongluang4, Cui Yuxi5  
1 NPL India; 2 NMI Australia; 3 MSL New Zealand; 4 NIM Thailand; 5 A*STAR Singapore 

Abstract 

The preparation of DCCs (Digital Calibration Certificates) is being trialed by many NMIs and 

there are now a variety of approaches being used to implement them with both open-source 

and bespoke tools. An important focus for digital transformation has been the promotion of 

“FAIR” principles. The most critical of these in the context of DCCs is interoperability: DCCs 

prepared by one NMI should be practically and robustly usable by other NMIs. Although many 

people have demonstrated effective creation and use of DCCs, this has been limited to use 

and sharing with similar or identical tools. 

In this study, four NMIs from the APMP region, NPLI (India), A*STAR (Singapore), NIMT 

(Thailand) and NMIA (Australia) examined the interoperability of DCCs developed under the 

Digital Transformation Strategies of their economies. Each participant independently 

developed slightly different DCC approaches, consistent with their digital strategies. The NMIs 

prioritized issues of simplicity vs. completeness, sovereignty vs dependence, open-source vs. 

proprietary, roll-out vs. early-proof-of-concept. This resulted in some diversity in the DCCs 

although all four adopted an XML-schema-based approach. 

NPLI and NMIA had adopted a PTB version 3.2.1 schema, whilst A*STAR and NIMT each 

adopted their own simplified XML schemas, which were designed to meet the expectations of 

local stakeholders. This study compared the four types of DCC and examined both direct 

interoperability (using nominally the same schema) and the broader agreement of fields 

(informing the opportunity for inter-schema conversion at a later stage). 

The study was limited to administrative fields, as the NMIs had developed DCCs focusing 

on different measurands viz., Voltage (NPLI) , Mass (NMIA), Wavelength (NIMT) and 

Temperature (A*STAR), and the representation of measurement data is still at an early stage 

of development. Our study therefore restricted the scope to “mandatory” fields required for 

local legal and ISO/IEC- 17025 compliance. 

Comparison of the four types of DCC revealed broad agreement on what should be 

regarded as “17025 mandatory” fields and how to use them, however, a number of these fields 

were interpreted differently. Some fields were considered essential but the legal or 17025 

requirements for them was unclear, some other fields were agreed as essential (ie. currently 

on paper certificate) but are not mandatory under 17025. 

For NPLI and NMIA DCCs, which are based on the same PTB DCC schema, we found 

basic interoperability. However, the resulting DCCs were somewhat fragile in practice: due to 

slightly different interpretations of some fields, inconsistency in what should be regarded as 

mandatory, and the schema's flexibility (and associated complexity). 

Our study informs some key next steps towards international interoperability of DCCs. 
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2024-02-27 (Wednesday) 

15 Special Session: Formulas in DCC 

Presenting author: Siegfried Hackel, PTB Germany 

Email: siegfried.hackel@ptb.de 

Abstract 

Chair: Siegfried Hackel (PTB), who also gives an introduction to the problem (formatting of 

formulae in a human-readable form versus formulae that can be interpreted by a machine). 

Note on the procedure for a linear equation (f(x)=mx+b). 

This is followed by a motivation lecture by Aldo Garcia (CENAM), for which this formula 

interpretation is needed in concrete terms (examples from acceleration for the automotive 

industry with the linear equation). What does this look like in the DCC? 

The equations within the digital calibration certificates would help in this case the secondary 

calibration laboratory to offer the possibility to our customers to have more information for 

example coming from the calibration performed on the item where the response is represented 

in a linear equation, the continuous motivation when within the product testing process can 

reduce the verification time which is vital for metrology within the industrial sector. In addition 

to enabling the possibility of the development of systems that implement artificial intelligence. 

A formula that is in the Content MathML, a machine-interpretable notation in the DCC, and 

how is it handled. What does the implementation look like and what does the solution look 

like? How accurate are the calculations (default 28 numbers after zero but it can be configured 

with higher accuracy)? This lecture highlights the three elements of the solution and will be 

presented by Justin Jagieniak (PTB Germany). 

This is followed by an outlook by Aldo Garcia (CENAM), who then discusses the application 

of Content MathML in the field of temperature. The methods according to ITS90, Callendar-

Van-Dusen and direct calibration (pure temperature comparison) are discussed. 

Another use case is in temperature, where the equations will serve not only for our 

customers in the part of knowing the response of the calibration item using different methods 

such as ITS90, Callendar-Van-Dusen or a calibration by comparison but in expressing the 

uncertainties and that these are related, this is an aspect that the industry is looking for. 
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16 GEMIMEG-II – From Digital Calibration Certificates to 

Interoperable Trustchains for the IOT Landscape 

Presenting author: Thomas Engel, Siemens AG, Germany 

Email: engelthomas@siemens.com 

Abstract 

Digitalizing the metrology domain with many different stakeholders is a complex and 

challenging task in order to fulfil all requirements. A trusted quality infrastructure is crucial for 

modern IOT networks. In particular, calibrating sensors with a stringent chain of traceable 

calibration information and sensor data in machine readable and machine interpretable way is 

essential to leverage the potential of qualified and trusted sensor data in modern IOT networks. 

Furthermore, integrating an increasing number and variety of smart and / or constrained 

devices, typically with sensors of different modalities, are the main challenges for a thorough 

digital representation of the topologies, the data and process chains. 

The GEMIMEG-II project paved the way to digitalize the metrology domain with many 

different stakeholders. The digital calibration certificate (DCC) and the corresponding digital 

calibration request (DCR) as the requirement specification for calibration have been defined, 

tested and qualified in industrial routine applications. The Quality of Sensing and Quality of 

Data concept will further support an informed utilisation of sensor data and significantly add 

value. The digital solution created fits seamlessly to other digitalisation initiatives of broad 

coverage for Industry 4.0 like Asset Administration Shell (AAS) and Digital Product Passport 

(DPP) and the related industrial edge ecosystem. This paper will present the results of the 

German lighthouse project GEMIMEG-II and gives a future perspective. 

The GEMIMEG-II project is funded by the German ministry for economic affairs and climate 

action based on a decision by the German Bundestag under grant number 01 MT20001A. 
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Session “Tools & Sofware I” 
(Chair: David Balslev-Harder) 

17  Machine accessible storage of RefTypes with TemaTres 

Presenting author: Muhammed-Ali Demir, PTB Germany 

Email: muhammed.demir@ptb.de 

Additional authors: Daniel Hutzschenreuter Daniel.Hutzschenreuter@ptb.de, Thomas Krah 

thomas.krah@ptb.de, Shanna Schönhals shanna.schoenhals@ptb.de, Moritz Jordan 

moritz.jordan@ptb.de, Benjamin Gloger benjamin.gloger@ptb.de 

Abstract 

RefTypes of DCCs are important for retrieving data out of DCCs and especially making 

DCCs machine readable, interpretable and executable. RefTypes must be accessible for 

humans and machines. In this paper we show a solution for making refTypes retrievable for 

humans and machines by using TemaTres. 

As a motivation we will have a look at machine interpretability and machine executability 

regarding the DCC. We will have a look at requirements for RefTypes e.g., RefTypes must be 

accessible via PIDs etc (see Findable in FAIR principles). Then we will have a look at 

TemaTres in general. TemaTres consists of a data base and a web frontend. The web front 

end offers an api for machines and a sparql endpoint. 

When the community agrees on a certain RefType consisting of a definition and rules 

applying to the RefType, the RefType will be stored via TemaTres and is accessible globally. 
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18 The practicality of extracting data from a DCC – 

development of an interpretation and demonstration tool. 

Presenting author: Jonas Vind, DTI Danish Technological Institute, Denmark 

Email: jvin@teknologisk.dk 

Abstract 

As the calibration laboratories across the globe unlock how to generate digital calibration 

certificates (DCC) another problem must be solved from the customer's point of view: His or 

her main problem lies within reading, mapping and understanding the data that the calibration 

laboratories have filled in their own DCC template according to the common schema. Even 

though it is well structured, it can be difficult to know where to start and how do you do it 

efficiently. 

We, at Danish Technological Institute (DTI), have created our own interpretation tool as a 

parallel version of the Gemimeg tool but with the focus on presentation of data that are relevant 

to the customer. In our tool we minimize the administrative data to only relevant for the 

customer while showcasing what is important for them: the calibration results. The emphasis 

of this study is to showcase our process when extracting data from DCC's and mapping it onto 

our interpretation tool. Through this study, we will also describe which problems we 

encountered and still have when expanding the reading algorithm to DCC's from multiple 

different companies. This will exemplify how DCC's can vary and how one may remedy this. 
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19 How to handle DCC data: the DCCSearch Tool 

Presenting author: Gamze Söylev-Öktem, PTB Germany 

Email: gamze.soeylev-oektem@ptb.de 

Additional authors: Benjamin Gloger benjamin.gloger@ptb.de 

Abstract 

Retrieving the correct data from a DCC is a very important topic for everyone interested in 

DCC. Various approaches can be used for this task. One opfton is to rely on attributes of the 

DCC. The DCC Schema offers different attributes to help with this task. Namely reftype and 

refId. The DCCSearch tool is written by the DCC core team by using open-source libraries to 

demonstrate how these attributes can be used to extract data from any DCC. 

The tool is written in Python and the main library that is used is 'saxonche'. It works with 

any DCC. The user fi’rst needs to choose a DCC. After that, all 'reftype' and 'id' attributes of 

the selected DCC are found and offered to the user in tables to choose from. The user can 

choose any number of attributes. 

The elements that the 'id' attributes belong to are also shown and it is possible to display 

them by clicking on the element name. The 'id' attributes are used as 'refId' for the search. 

The given attributes can either be attached to one single element or they may be attached 

to two separate elements that are in a parent-child relaftonship. For instance, in cases where 

there are multiple objects or multiple parts of an object, we may need to use same 'reftype' 

attribute for mulitple elements and need addiftonal attributes to be able to idenftfy them 

correctly. So, only giving one attribute might not be enough to get the specifi’c data. In such 

cases, one of the ancestor elements of the wanted element will have another 'reftype' or 'refId' 

attribute. By choosing the necessary 'reftype' attributes, it is possible for the user to get the 

specifi’c informafton that they need. 
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20 Implementation of Management and Calibration Software: 

Data Digitization and Reflections on FAIR Principles in 

Laboratory Routine 

Presenting author: Igor Fernando Modesto Garcia,  Health Products Laboratory - 

LABPROSAUD, Brazil 

Email: lem.labprosaud@ifba.edu.br 

Additional authors: Jeovana Santos Ferreira, Eric Matos Macedo, Marcus Vinicius Teixeira 

Navarro and José Guilherme Pereira Peixoto 

Abstract 

What technologies derived from the Fourth Industrial Revolution can we implement to 

optimize laboratory activities? What concepts and frameworks can be used for the 

interoperability of administrative and technical data related to DCCs and reports? How can we 

consider software solutions to improve quality management and calibration processes? And 

to what extent can we apply FAIR principles when user data is linked? 

This work shows a use case of management and calibration software that was applied in 

the routine activities of a laboratory (ISO 17025 accredited), the main data that was digitized 

and a brief reflection on the application of FAIR principles. 

The Pandora IRTech software was built based on a conceptual model derived from a 

doctoral thesis which mapped the processes, risks, and steps necessary to digitize the quality 

infrastructure of a laboratory that calibrates quantities of ionizing radiation. 
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21 Case study of digital certificate using various formats 

suitable for the transitionperiod from paper to digital form 

Presenting author: David Mahovský, Cesky Metrologicky Institut 

Email: dmahovsky@cmi.cz 

Additional authors: Martin Koval mkoval@cmi.cz 

Abstract 

The Digital Certificate is expected to be in a machine-readable, platform-independent 

format. Such formats that are widely known include XML, JSON, and YAML, but also others 

such as NEON. The common characteristic of these formats is their relatively easy creation 

and modification using simple text editors. However, this poses a significant secu¬rity 

challenge regarding the forgery of such certificates. This work explores the possibility of locking 

the aforementioned digital formats within a PDF/A-3A container, which com¬plies with the ISO 

19005-3 standard for document archiving. After sealing this PDF/A-3A with an electronic 

signature, the attached files are protected against editing. For the veri¬fication of downloaded 

attachments, each file can be equipped with a cryptographic hash function. 

The technical part of the work focuses on unifying the electronic version of a paper 

calibration sheet with selected attachments in the MS Excel environment. The SHA-256 

cryptographic hash function is used, and Python language libraries are employed for its 

calculation. The creation of the resulting PDF/A-3A makes use of the LATEX program. The 

combination of the electronic version of paper certificates with machine-readable attachments 

results in a hybrid form of DCC, facilitating users in transitioning from paper to digital calibration 

certificates. This hybrid form is suitable, especially in calibration laboratories where is difficult 

to change old habits or to unify dozens of laboratories in a short period. 
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22 Python-based development libraries and Web Applications 

to process array-like DCC data using a internal JSON 

representation. 

Presenting author: Benedikt Seeger, PTB Germany 

Email: benedikt.seeger@ptb.de 

Additional authors: Vanessa Stehr, Dr. Thomas Bruns 

Abstract 

In certain scenarios, opting for JSON over XML offers significant benefits, as JSON has a 

lightweight structure and is intuitive to use with popular programming languages such as 

Python, Java, and JavaScript. In addition, JSON's native ability to handle array formats 

increases its usefulness. To facilitate the integration of JSON into DCC utilising software, we 

have designed a lightweight Python library. This library converts XML to JSON and vice versa, 

while preserving the content of tags, attributes, and comments. We have also developed a 

user-friendly Web-API and GUI that are conveniently packaged in a Docker container. This 

eliminates the need for external XML libraries in software development processes. 

Our endeavours further extend to the creation of a library that is specialized in managing 

vectorized data and arrays of such data in the JSON DCC format. This library simplifies the 

process of automatic visualization of DCC formated data and supports the export into formats 

like CSV, ODF and XLSX. It is also equipped to handle the conversion and serialization of 

relative and absolute uncertainties to ensure that data is accurately represented in XML format. 

Based on these fundamental libraries, we have introduced a web application that efficiently 

retrieves and presents tabulated data within the DCC. Users can conveniently download this 

data in CSV, ODF or XLSX format. Within the application D-SI units are converted into their 

LaTeX representation for increased clarity. It also supports multilingual functionality allowing 

users to switch between different language options as required, if the DCC is multilingual. 

To integrate tabulated data generated by various calibration systems and software into a 

DCC or a DCC template, we have developed the DCCTableTool. This web-based tool is built 

upon our aforementioned libraries and features a REST API backend. This backend enables 

the conversion of data from formats like XLSX, CSV, or ODF into JSON/XML, guided by a 

user-defined control file. The backend is complemented by a web GUI that displays tabulated 

data and allows users to select columns representing values and uncertainties. The selected 

data is then integrated into the DCC. Once integrated, the tool generates a control file to 

facilitate the automation of these tasks via the REST API, thus, streamlining the process of 

reading and writing tabulated data from the DCC using existing systems and software. The 

DCCTableTool was developed in Python and will be available both as a Docker container and 

as a Python library. 
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Session “Industry Applications” 
(Chair: Aldo Adrian Garcia Gonzalez, CENAM) 

23 Serializing uncertainty to enhance traceable measurements 

Presenting author: Blair Hall, Measurement Standards Laboratory of New Zealand (MSL) 

Email:  blair.hall@measurement.govt.nz 

Additional authors: Joseph Borbely joseph.borbely@measurement.govt.nz 

Abstract 

Digitalisation of information passed along traceability chains offers enhanced value to end 

users of measurement data. Digital records can deliver detailed information about 

contributions to the uncertainty of measured values, leading to better-informed decision 

making at the end of chains. 

This presentation shows how data modelling with adequate representations for measured 

data can produce serializable digital records for measured values with full uncertainty budgets. 

When these records are passed along a traceability chain, downstream agents can take 

advantage of a more nuanced representation. 

The approach draws on guidance in the Guide to the Expression of Uncertainty in 

Measurement (GUM) [1]. GUM-compliant data processing is facilitated by adopting the abstract 

notion of an uncertain number, which is straightforward to implement in software [2, 3]. Digital 

records, produced by serialising the results of uncertain-number data processing, can be 

passed from one stage of a traceable measurement to the next, typically inside calibration or 

measurement reports. At the end of a traceability chain, where data is used to inform a decision 

process, accurate inferences about a measurand are produced by rigorous handling of the 

various contributions to measurement uncertainty. 

References 

[1] BIPM; IEC; IFCC; ILAC; ISO; IUPAC; IUPAP; OIML. Evaluation of Measurement Data—

Guide to the Expression of Uncertainty in Measurement JCGM 100:2008 (GUM 1995 with Minor 

Corrections), 1st ed.; BIPM Joint Committee for Guides in Metrology: Paris, France, 2008. 

[2] B. D. Hall, Computing uncertainty with uncertain numbers, Metrologia 43(6):L56, 2006, 

DOI: 10.1088/0026-1394/43/6/N07 [3] B. D. Hall, The GUM Tree Calculator: A Python Package 

for Measurement Modelling and Data 

Processing with Automatic Evaluation of Uncertainty, Metrology 2(1):128, 2022, 

DOI: 10.3390/metrology2010009 
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24 DCC for FAIR principles in the quality infrastructure 

Presenting author: Christian Müller-Schöll, Mettler-Toledo Int. Inc., Greifensee, Switzerland 

Email: christian.mueller-schoell@mt.com 

Additional authors:  

Abstract 

A number of documents (GUM, ISO 17025, ILAC, EA and accreditation bodies' documents) 

require the rounding of reported calibration results and their uncertainties to a certain level of 

accuracy. Yet, none of these documents states the purpose of this requirement. There are 

some terms for characterizing an excessive number of digits like "overprecision", "false 

precision" or in German "Scheingenauigkeit" ("apparent accuracy").  

The author is convinced that all these terms are justified only by the property of the human 

being to be susceptible to be misled by overprecision. The German word 

"Scheingenauigkeit" underpins this since "Schein" means "apparent", but only the human 

perception is susceptible to this while a machine is not. The purpose of the above 

requirement is therefore obviously, to protect the human reader of a calibration report from 

being misled or fooled. 

A machine would not be fooled by a large number of digits: When the DCC is used for 

communicating numbers to machines (e.g. to LIMS or to manufacturing systems), no rounding 

is necessary. If the very final measuring result using the calibrated instrument is meant to be 

communicated to a human, this final result may be rounded. The effect is less rounding error 

of the final result. Therefore, calibration results communicated in DCC's should not be rounded. 

Documents requiring rounding should be amended to state the purpose of the requirement. 
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25 Automated Generation and Utilization of accredited 

temperature DCCs 

Presenting author: Michael Melzer, Bundesanstalt für Materialforschung und -prüfung (BAM), 

Germany 

Email: michael.melzer@bam.de 

Additional authors: Nanine Brunner nanine.brunner@bam.de, Keerthana Nattuveettil 

keerthana.nattuveettil@bam.de, Marcus Thomas, Carlo Tiebe  

Abstract: 

The accredited calibration laboratory of the German Federal Institute for Materials Research 

and Testing (BAM) has established verified XML digital calibration certificates for calibrations 

of resistance thermometers within the scope of its accreditation. Hence, all necessary 

information according to ISO/IEC 17025 and the DKD-R 5-1 calibration rule is provided in a 

machine-readable and machine-interpretable form. 

For the automated DCC generation, a self-implemented middleware is compiling the meta-

data (i.e. customer-, order-, item- and method data) and combines it with the measured 

calibration data and influence conditions into a process- and lab-specific DCC template. This 

DCC software is able to handle both, single probe calibrations (e.g. Pt 100) as well as 

measurement chains (e.g. thermometers and temperature loggers) and also supports multiple 

item calibrations with the automated creation of individual DCC files. All generated DCCs can 

be readily validated against the DCC scheme (v.3.2.1). 

The validated and authorized DCCs are equipped with the novel digital accreditation 

symbol, that was recently piloted with the German national accreditation body (DAkkS), to form 

`eAttestations´. This advanced electronic seal with a qualified certificate, after successful 

validation by the receiver, provides three basic functionalities in a DCC: 

1. Authenticity: It confirms that the issued certificate actually originates from the BAM 

calibration laboratory (D-K-11075-08) 

2. Integrity: It protects all the data and information in the DCC from change and 

manipulation 

3. Accreditation: It verifies the active accreditation status of the issuing body at the time of 

sealing (authorization) 

Thus, this accreditation seal can fully replace an electronic signature on an accredited DCC. 

In order to demonstrate the added value of DCCs also on the receiver side, the BAM 

DCC- team started to develop a simple but capable DCC demonstrator. For the use case of 

thermal process monitoring, the software reads out the metrological data of an incoming DCC, 

performs a linear regression of the temperature calibration values, uses the obtained 

calibration function to correct the raw sensor readings, extends the DCC measurement 

uncertainty values with further contributions (e.g. from the correction and the hysteresis) and 

adjusts the process-defined acceptance limits to account for the measurement uncertainty, all 

in real-time. Hence, it automatically utilizes a DCC to obtain metrological traceability and a 

quality-assured process conformity assessment, practically at the push of a button. 

In the talk, the automated DCC generation in the scope of our accreditation, including the 

electronic sealing with the digital accreditation symbol, as well as the one-click DCC utilization 

with our demonstrator will be presented. 

The work was performed within the national QI-Digital initiative.  
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26 Consumer-centric data mapping in temperature DCCs 

Presenting author: Siniša Prugovečki, LorisQ One d.o.o., Croatia 

E-mail address: sinisa.prugovecki@lorisq.com 

Additional authors: Mirna Lerotić mirna.lerotic@lorisq.com, Mirna Fakin 

mirna.fakin@metroteka.com 

Abstract 

Accredited (ISO/IEC 17025) calibration in the temperature field is widely available and 

important to the customers. Apart from all kinds of thermometers (liquid-in-glass, 

thermocouple-based, resistance, NTC etc.) it includes other instrument types such as 

temperature chambers, thermal baths, autoclaves, dry blocks, thermal imagers and much 

more. Future platforms that will read and interpret DCCs to bring real benefits to the human 

customer will need an additional level of DCC standardization. It will be necessary to 

understand and interpret the distinction between the calibration data formats for different types 

of these instruments. In other words, the platform needs to map the data in the DCC depending 

on the instrument type. 

We will show how we solved this problem in LorisQ app and discuss the importance of this 

instrument-type-based DCC standardization in temperature and other calibration fields for the 

quicker adoption of the DCCs by the users, especially those from ISO/IEC 17025 test 

laboratories, manufacturing SMEs, healthcare, and non-metrology scientific institutions. 
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27 Use case of digital calibration certificate implementation at 

VW Mexico  

Presenting author: Alfonso Cotera, Volkswagen Group services, Mexico 

E-mail address: alfonso.cotera2@vw.com.mx 

Additional authors: Cotera A. alfonso.cotera2@vw.com.mx , Guevara D. 

david.guevara@vw.com.mx, Niño L. , Galván C. CENAM: Echeverría J., García A., López A, 

Martinez E., Dominguez I. 

Abstract 

The national metrology centers (NMI's), being referents of measurements, provide the 

quality infrastructure with traceability that allows the industry in this case to reduce the time 

spent on administrative processes and make their production systems more efficient with 

digitization. Through the digital calibration certificate (DCC) the National Metrology Center of 

Mexico (CENAM) and Volkswagen Mexico (VW-M) seek to trigger innovation in the value chain 

of the automotive industry. 

This collaboration has allowed the development of the necessary tools to safely transfer the 

results of calibration measurements in pilot services of the magnitudes: 

• DCC-Vibrometer-Acceleration 

• DCC-Standard Blocks- Dimensional 

• DCC-Platinum Resistance Thermometer-Thermometry 

This 6-month project has generated the development of metrological tools that allow sharing 

the DCC generated using within the process, for example; Excel, LabVIEW and Python, so 

that a web application within the CENAM server generates the DCC with digital signature and 

in turn sent to VW-M to be read with the software developed in LabVIEW and to be integrated 

into the calibration process of the laboratory in the industry. 

The digitization actions in collaboration between CENAM and VW-M are part of VW-M's 

digitization plan that aims to have the DCC information used within the different industrial levels 

up to the testing part of the production line. 
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28 Machine interpretable DCC structure exemplified for 

pipettes 

Presenting author: Søren Kynde, DFM – Danish National Metrology Institute 

E-mail address: srk@dfm.dk 

Additional authors: David Balslev-Harder dbh@dfm.dk 

Abstract 

Reliable automatic transfer of calibration data from laboratory to customer is the main 

objective for a DCC. For the automation to add value to the customer, the process should be 

identical or at least very similar for all calibration areas and for data from all providers. 

We showcase an example of how such a data transaction can occur. The example governs 

calibration of pipettes, but all labeling of data is generic and extensible to the vast majority of 

calibration areas. Customer specific requirements are as far as possible handled by the 

customer in the ordering process without interfering with the standard procedure at the 

laboratory. Extra information and statements provided by the laboratory do not alter the 

location of the data of specific interest to the customer. 

The software and tools for creating and reading DCC's are available on 

https://github.com/TC-IM- 1448/DCC-Tables/ 

This presentation serves as an introduction to this material and as an invitation for the 

audience to go and try it out for their own calibration area. 

Outline of presentation 

• Generating a mapping table for data that the customer wants to extract 

• Excel production user-interface for generating DCC task order 

• Excel production user-interface for reading DCC task order and generating an DCC. 

Description of the structure of the DCC as related to schema. 

• Tool for extracting specific data from DCC. 

• What is known from structure vs task? What will vary between different calibration areas, 

providers and clients? 

DFM's work is supported by funds from The Danish Agency for Institutions and Educational 

Grants. 
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Session “Schema” 
(Chair: Thomas Krah) 

29 What`s New in the DCC Schema Pre-Release v3.3.0-rc.1 

Presenting author: Benjamin Gloger, PTB Germany 

E-mail address: Benjamin.Gloger@ptb.de 

Additional authors: Siegfried Hackel siegfried.hackel@ptb.de, Gamze Söylev Öktem 

gamze.soeylev-oektem@ptb.de, Shanna Schönhals shanna.schoenhals@ptb.de 

, Justin Jagieniak Justin.Jagieniak@ptb.de, Lutz Doering lutz.doering@ptb.de, Jan Loewe 

jan.loewe@ptb.de, Muhammed Ali Demir muhammed.demir@ptb.de, Moritz Jordan 

moritz.jordan@ptb.de, Kai Mienert kai.mienert@ptb.de, Christian Keilholz 

christian.keilholz@ptb.de (all PTB) 

A pre-release with version 3.3.0-rc.1 has been available since mid-December 2023. 

The plan is to publish it as a new DCC schema in version 3.3.0 in mid-April 2024. Backwards 

compatibility with version 3.0.0 is guaranteed. 

Almost a year has passed since the last release, during which time many DCCs were 

created with schema 3.2.1. All changes are of course fully downward compatible. In this 

presentation we will first discuss the conditions for downward compatibility. The changes will 

then be checked for this. We will also take a closer look at the changes. 

The versions to be compared are: 

• - DCC Schema 3.2.1 (https://www.ptb.de/dcc/v3.2.1/dcc.xsd) 

• - DCC Schema 3.3.0-rc.1 (https://www.ptb.de/dcc/v3.3.0-rc.1/dcc.xsd) 
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30 DCC in Thailand: DCC conversion, schema validation and 

accessibility control process 

Presenting author: Praiya Thongluang, NIMT, Thailand  

E-mail address: praiyat@nimt.or.th 

Additional authors: Jariya Buajarern 

Abstract 

NIMT's primary tool for issuing calibration certificates has been Microsoft Excel. At the early 

stage of DCC project, we relied on developer functions as a bridge to transform MS Excel 

based calibration certificates to XML based calibration certificate. However, the developer 

function in MS Excel has limitation due to complexity of XML schema if the content in excel file 

is required to export in XML file. This prompted us to seek another solution and to develop a 

tool for schema validation. To overcome this hurdle, we adopted Python for DCC creation 

approach. 

Our initiative involved designing a schema that is complied with requirements in ISO/IEC 

17025. This schema served as a blueprint guiding the design of MS Excel template used in 

measurement result calculation. Additionally, through our developed programming, we devised 

a process to extract content from MS Excel files, to convert MS Excel file into XML format, and 

to present the XML in human-readable HTML format. 

To validate schema, we collaborate with the Electronic Transactions Development Agency 

(ETDA), a government body dedicated to advancing Thailand's digital economy and society. 

ETDA provides a platform, serving as both a database management system and a public 

service platform. We registered and uploaded "NIMT's schema version 1.0" onto ETDA's 

schema repository, enabling NIMT's customers or users of DCC to easily validate the XML 

based DCC through the validation.teda.th website. 

This strategy enables DCC to be created from MS Excel files with fewer limitations. 

Moreover, schema can be validated by users from anywhere under the user-friendly ETDA 

platform. 
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31 Developing the DCC Ontology: A Progress Report and 

Methodological Insights 

Presenting author: Moritz Jordan, PTB Germany 

E-mail address: moritz.jordan@ptb.de 

Additional authors:  

Abstract: 

This presentation provides a comprehensive overview of the ongoing development of the 

Digital Calibration Certificate (DCC) ontology, a framework aimed at enhancing the structured 

representation and interoperability of digital calibration information. Attendees will gain insights 

into the current state of the ontology, its key components, and the methodology applied in its 

creation. 

The DCC ontology is designed to provide a standardized and interoperable representation 

of digital calibration certificates, facilitating seamless integration into various domains. The 

presentation will outline the ontological constructs and relationships that underpin the DCC 

ontology, emphasizing its adaptability and utility in diverse contexts. 

The methodology employed in crafting the DCC ontology will be explained, highlighting a 

systematic approach that combines domain expertise with semantic technologies. This method 

ensures a robust representation of digital calibration certificates, allowing for clear and 

unambiguous communication of calibration-related metadata. 

In addition to discussing the DCC ontology's development, the presentation will draw 

parallels with related works such as the Digital SI (System of International Units) ontology. This 

work provides valuable context, contributing to the refinement of the DCC ontology and 

fostering interoperability within the broader digital calibration landscape. 

Looking to the future, the presentation will explore the potential for utilizing the DCC 

ontology in the development of a knowledge graph specifically focused on force and torque 

calibrations. This initiative aims to leverage the ontology's standardized representation to 

create a cohesive and interconnected knowledge graph, enhancing our understanding and 

application offeree and torque calibration practices. 

Attendees can anticipate a detailed exploration of the DCC ontology's methodology, 

challenges faced during development, and potential applications in real-world scenarios. The 

presentation aims to engage the audience in discussions about the evolving landscape of 

digital calibration certificates and encourages collaboration for further advancements in this 

critical domain. 
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32 The Digital NIST: Update on the Digital Transformation of 

Reference Materials 

Presenting author: Dinis Camara, NIST, USA 

E-mail address: dinis.camara@nist.gov 

Additional authors: Itzel Domínguez Mendoza, CENAM, Mexico 

Abstract: 

At the beginning of 2022, NIST embarked on a pilot project to produce a few examples 

digital calibration reports and certificates of analysis for the purpose of assessing the scope 

and challenges of digital transformation in these measurement services. After completion of 

the pilot project, it was determined that a Digital Reference Material Certificate (DRMC) will 

require a new model for the data and schema. NIST identified the modelling of Reference 

Material Data and creation of a database to store the values contained in current certificates 

as a first step towards digital transformation of Reference Materials. To dive deeper into 

modelling the types of values, NIST and CENAM collaborated throughout the year. Utilizing 

the vast scope of over 1,100 NIST Standard Reference Materials (SRM) available, a sample of 

more than 130 different SRM were reviewed to determine the relationship between the data. 

The analysis led to a structure able to accommodate the wide variety of values, multipart 

materials, serialized materials, traceability statements, and other information related to 

measured values currently expressed in Reference Material Certificates. 
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33 Development of digital calibration certificates for coordinate 

metrology applications 

Presenting author: Katharina Janzen, PTB Germany 

E-mail address: katharina.janzen@ptb.de 

Additional authors: Daniel Heißelmann; daniel.heisselmann@ptb.de 

Abstract: 

Traceability in calibration hierarchies within the dimensional metrology is partly established 

via measurement standards such as spheres, ring gauges as well as ball and hole plates. A 

standardized representation of results for characteristics of these standards in the DCC 

schema is essential for the fully digital exchange of information enabling a traceable and robust 

machine-to-machine interaction. 

In the BMWK-funded lighthouse project GEMiMEG-II, we have developed digital calibration 

certificates for a selection of frequently used measurement standards in coordinate metrology 

following the evolution of the DCC capabilities. Therefore, we have analyzed the special 

requirements and needs for reporting measurement results in dimensional metrology. Based 

on this analysis, we have proposed solutions for a machine-interpretable representation of the 

results within the current DCC structure. The DCC solutions for the investigated standards 

correspond to the current DCC schema and are under test for use in fully digitalized processes. 

We will present a selection of common result structures from coordinate metrology and the 

corresponding solutions representing these results within a DCC. This comprises both, simple 

and rather sophisticated demands arising from the variety of tasks in dimensional 

measurements. Furthermore, we take equal account of the needs of the issuer and the user 

of the DCC with regard to the representation and interpretation of the measurement results. 
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34 Digital Certificate of Conformity as the Key Means for the 

Digitalization of Certification 

Presenting author: Tatyana Sheveleva, PTB Germany 

E-mail address: tatyana.sheveleva@ptb.de 

Additional authors:  

Abstract: 

The ongoing digitalization of the quality infrastructure brings with it many challenges. One 

of these challenges is the realisation of clear and seamless communication between all parties 

involved. In this case, communication takes place primarily through the transmission or 

exchange of relevant documents. Communication in the digital environment in turn requires 

the existence of documents that can be read and interpreted by a technical application. The 

development of a digital Certificate of Conformity (d-CoC) is intended to contribute to the 

realization of digitally supported communication between all parties involved in a conformity 

assessment and to completely replace existing paperbased certificates. 

The d-CoC is one of the digitalization subprojects within the QI-Digital initiative and is being 

developed as part of the "Reliable hydrogen filling stations" pilot project. It is a certificate of 

conformity that is issued for legally regulated measuring instruments as part of the conformity 

assessment procedures according to the Measures and Verification Act (MessEG), the 

Measures and Verification Ordinance (MessEV) and the European Directive for non-automatic 

weighing instruments (2014/31/EU), the Measuring Instruments Directive 2014/32/EU, the 

Directive for the equipment and protective systems intended for use in potentially explosive 

atmospheres (2014/34/EU) and as its national implementation Product Safety Act (ProdSG) 

and 11. Explosion Protection Products Ordinance (11. ProdSV). It focuses on the conformity 

assessment modules for a type examination (Module B), quality assurance in production 

(Module D) and product testing (Module F). 

The d-CoC is realised as a complex data structure that is intended to cover the entire 

content of a conformity assessment certificate. It is modular and contains three sub-data 

structures, each representing a specific content module of a certificate of conformity. Two of 

the following data structures have a generalised structure and are therefore suitable for cross-

system use. These are "certification data" with the general information on the certification, the 

certification body, the manufacturer and the object of conformity assessment and the 

“comment” area in which all necessary certification-relevant comments are realised. The third 

sub-data structure is intended for the presentation of information specific to conformity 

assessment procedures, e.g. type examination. It is planned to create a separate sub-data 

structure for each of the certification schemes. This makes the global data structure of the d-

CoC adaptable to different conformity assessment systems and schemes by exchanging the 

specified partial data structure as required. 

As the d-CoC is intended to be integrated into the QI, its structure must be adaptable to the 

other QI relevant data structures. For this reason, existing data structures will be taken into 

account during development and integrated as far as possible. For example, the complete 

Digital System of Units (DSI) has already been integrated into the partial data structure of the 

Type Examination Certificate. 

The d-CoC is available in XML format, whereby its data structure can also be transferred to 

other formats such as JSON or OWL. The aim is also to harmonise the concept of the d-CoC 

with the DCC so that both data structures can be integrated into a higher-level system that 

may be required. 
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35 Pilot Implementation of DCC at primary acceleration 

laboratory at CENAM 

Presenting author: Aldo A.Garcia González, CENAM Metrology Institute; Mexico  

E-mail address: algarcia@cenam.mx 

Additional authors: Arellano Pérez Hugo A. josehugoarellanoperez@gmail.com, Marín 

Quebrado Neftalí, Rueda Ruiz Arturo, Gonzalez Duran Manuel A, Andres E. Pérez 

Matzumoto 

Abstract: 

Following the digital transformation strategic vision at CENAM, the group of acoustics and 

vibrations has implemented the usage of structured XML in the Digital Calibration Certificate 

(DCC) to improve the calibration process, reducing time and human error. Also, this 

development was used for a CABUREK project as a delivery and then showed the benefits of 

DCC to our stakeholders in México as a quality infrastructure strategy. 

The strategy to generate a full DCC was planned as this:  

1. Find a calibration service to implement the DCC to the industry. 

2. The DCC will be generated with: 

a. Administrative sub-scheme with CENAM database from industrial services. 

b. Results sub-scheme with results from primary calibration laboratory. 

c. Will implement a digital signature. 

d. Must be compatible with the developed platform that generates the complete DCC 

as mentioned in the related paper called “Global System for DCC at CENAM”. 

The implementation of the DCC will allow us to improve the following: 

1. Traceability between laboratories in acceleration quantities (primary to secondary)  

2. Reduction of error inside the calibration process 

3. Enabling tools to have communicated systems (Ambient conditions and calibration 

process) 

4. Implementation of a methodology to develop the project. 

We compare the calibration process between actual calibration certificate against digital 

calibration certificate. 
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With this project some software was developed: 

1. XML generators (excel, python), with DCC result sub-schemes. 

2. XML readers (excel, python) 
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36 Use case: DCC captured and transmitted using blockchain 

technology. 

Presenting author: Inga Urbina, Keysight Tecnologies Industry; Espania 

E-mail address: inga_urbina3@keysight.com 

Additional authors:  

Abstract: 

Keysight Technologies provides today all of its customers with access to calibration 

certificates through an online customer portal where they can view it online and can download 

it in pdf or xml format. Last year the company wanted to explore via a proof-of-concept the 

creation of Digital Calibration Certificates (DCCs) but using blockchain technology to capture 

the calibration information and the delivery of the certificate; understanding that soon the 

conventional pdf and paper certificates will be something of the past. We began with a 

hypothesis wondering if the data produced for conventional calibration reports could be 

captured using the DCC standardized format and be securely transmitted to customers using 

blockchain technology. We also wanted to explore the required infrastructure to be able to 

process, store and securely transmit this FAIR (Findable, Accessible, Interoperable and 

Reusable) data. The capture and transmission of data using Blockchain technology offers 

traceability, trust, and reliability. It can also be used and considered as a single source of truth. 

If true, the resulting digital file can lower forgery risk and provide vendor-neutral machine 

readability. By using DCC Schema definition they can also be a standardized way of sharing 

calibration information between a calibration laboratory, its customers, with certification bodies, 

and other ecosystem members in a distributed, permissioned private ledger. 

We also assumed that DCC had to had additional security requirement, meaning that DCCs 

had to be trusted, from a verifiable source, had to be securely transmitted and any alteration 

could be spotted. 

The objectives of the PoC were: 

• Explore the creation of a blockchain-based system for calibration data/ certificates.  

• Provide customers with a DCC. 

• To be able to certify the authenticity of DCC and track its provenance.  

• Check the information of the DCC is complete and accurate. 

We teamed up with Amazon Managed Blockchain Services who helped design the 

infrastructure. We built the infrastructure that sits on top of Hyperledger Fabric infrastructure 

using Amazon microservices, integrating to our infrastructure using APIs (Application Protocol 

Interfaces). 

At the end of our first Proof of concept we proved that it is possible to link information across 

databases (or nodes) with API's and share it securely on-demand with customer databases 

(or nodes) via a private permissioned network. We successfully built a front-end prototype of 

the DCC portal and proved that we were able to spot forgeries or files issued by an 

unauthorized source by using a distributed ledger system visible to Keysight or the end user 

with varying levels of permission. We tested the PoC with forgeries and were able determine 

if the original file had been changed and by whom. 
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37 UN/CEFACT update on interoperable conformity data 

exchange in a digital quality infrastructure 

Presenting author: Brett Hyland, Project Lead at UN/CEFACT 

E-mail address: Brett.Hyland@nata.com.au 

Additional authors:  

Abstract: 

Conformity data related to traded goods differs in fundamental ways compared with 

equipment assurance data, yet there are potential payoffs if a degree of interoperability could 

be achieved. This is especially true given that the national accreditation bodies (ABs) and, in 

some cases the conformity assessment bodies (CABs) involved, are the same. The United 

Nations Trade Facilitation and E-business group (UN/CEFACT) has been advancing a work 

stream dealing with the exchange of product conformity attestations in the context of a digital 

trading environment based on electronic product passports. A Business Requirements 

Specification titled Digital Product Conformity Certificate Exchange is currently under 

development and an update on this work will be provided. Building upon previous UN/CEFACT 

outputs, the work conceptualises a platform-independent ‘digital envelope' issued by CABs 

that may be linked to by product passport registries, while remaining verifiable back to the 

issuing body and providing insight into the assurance type, regardless of whether the 

‘enclosed' certificate is analogue, digital, or hybrid and whether this certificate is made 

accessible to external parties or not. It is hoped that increased awareness of these 

developments may facilitate discussion regarding digitalisation matters between the scientific 

and trade measurement community and the wider conformity community. 
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Session “Tools & Sofware II” 
(Chair: Jakob Fester) 

38 PyDCC 

Presenting author: Andreas Tobola, Siemens AG, Germany 

E-mail address: andreas.tobola@siemens.com 

Additional authors:  

Abstract: 

For the programming language Python, an array of support libraries exists for almost every 

data structure and interface. This diversity facilitates the rapid creation of new applications. In 

this context, PyDCC emerges as a valuable library. Developed as part of the GEMIMEG-II 

project in collaboration with various partners, PyDCC is designed for handling Digital 

Calibration Certificates (DCCs). The software component, PyDCC, has undergone further 

development and is now available as an open-source project under the MIT license. 

To explore and contribute to PyDCC, visit its repository on GitHub:  

https://github.com/siemens/pydcc 

 

This talk introduces PyDCC and delves into its practical applications. With its open-source 

nature, PyDCC encourages collaboration and paves the way for an accelerated development 

process for applications centered around DCCs. 
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39 GEMIMEG Tool Advancements 

Presenting author: Muhammed-Ali Demir, PTB Germany 

E-mail address: muhammed.demir@ptb.de 

Additional authors: Moritz Jordan moritz.jordan@ptb.de, Jan Loewe jan.loewe@ptb.de, 

Justin Jagieniak Justin.Jagieniak@ptb.de 

Abstract: 

This presentation highlights the latest strides in the development of the GEMIMEG Tool, a 

user-friendly software designed to simplify the creation of Digital Calibration Certificates 

(DCCs) without the need for XML expertise. The tool's recent advancements focus on 

improving user experience, enhancing the Human Readable, introducing signature features, 

and transitioning to a complete single-page application. 

The GEMIMEG Tool has undergone careful layout improvements, offering users an intuitive 

and streamlined interface for creating DCCs. The enhanced layout guides users through the 

DCC creation process, ensuring a more user-friendly experience and accommodating 

individuals with varying levels of technical proficiency. 

The Human Readable feature in the GEMIMEG Tool has been expanded to accommodate 

a broader range of versions for the digital calibration certificate. This extension ensures that 

the human-readable representation remains adaptable and inclusive, supporting various 

versions of Good Practice examples. Researchers and stakeholders can now benefit from a 

more comprehensive and flexible interpretation of the digital calibration certificate, fostering 

usability and accessibility across different versions and standards. 

A noteworthy addition to the GEMIMEG Tool is the ability to display signatures of signed 

DCCs, contributing to increased transparency and trustworthiness of the generated calibration 

certificates. 

In response to user feedback, the GEMIMEG Tool has transitioned into a complete single-

page application. This transformation enhances the tool's performance and responsiveness, 

allowing users to seamlessly create DCCs and adjust the settings within a unified interface. 

The presentation aims to showcase these advancements in the GEMIMEG Tool, providing 

insights into the tool's evolution and its role in promoting standardized digital calibration 

practices. Attendees will gain a deeper understanding of how these improvements contribute 

to a more accessible, transparent, and efficient process for creating digital calibration 

certificates. 
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41 Generating a Torque Digital Calibration Certificate (DCC) 

according to DIN 51309 using Python" 

Presenting author: Kai Mienert, PTB Germany 

E-mail address: kai.mienert@ptb.de 

Abstract: 

This presentation focuses on the utilization of Python for the generation of a Digital 

Calibration Certificate (DCC) specifically tailored for torque calibrations in accordance with the 

DIN 51309 standard. The GEMIMEG-II Project, dedicated to advancing reliable and robust 

calibrated measurement systems in the realm of digital transformation, employed the Digital 

Competence Center for Wind Energy at PTB Braunschweig as a practical testbed. 

The talk covers the creation of a DIN 51309-aligned DCC. A software library was written in 

Python for this purpose. This enables the processing of measured values in accordance with 

DIN 51309. This data was then copied into the Measurements result area of a DCC template. 

The development of the python library is not yet complete. A graphical user interface has not 

been implemented. 
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42 Parameter Extraction from Digital Calibration Certificates for 

Sensor Data Quality Analysis 

Presenting author: Tim Ruhland, Siemens AG; Germany 

E-mail address: tim.ruhland@siemens.com 

Abstract: 

The digitalization of the Quality Infrastructure (QI) has led to a paradigm shift in the way we 

perceive and manage data quality, particularly in the realm of IoT sensor systems. Digital 

certificates and reports have opened new avenues for enhancing sensor data accuracy, 

timeliness, consistency, and completeness based on the ISO/IEC 25000 and ISO 8000 

standards. This paper focuses on extracting parameters from digital calibration certificates 

(DCC) and using them for sensor data quality analysis. 

We present an implementation of a DCC using the open-source pyDCC library, which 

provides explicit parameters. These parameters are extracted and utilized for data quality 

algorithms and machine learning, thereby providing a framework for sensor data quality. Our 

use case involves an IoT sensor box with acceleration and temperature sensors, a typical 

setup in many modern IoT applications. The extraction of parameters and hyperparameters 

from DCCs provides valuable information that preconfigures data quality algorithms and 

machine learning models. The use of the pyDCC library simplifies this process, making it 

accessible to a broader range of applications. 

The results of our implementation demonstrate the effectiveness of this approach to the 

ongoing efforts in the digitalization of QI, with significant improvements in the sensors' data 

quality. 
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43 Global Web platform for DCC at CENAM 

Presenting author: Carlos Galvan Hernandez, CENAM; Mexico 

E-mail address: cgalvan@cenam.mx 

Additional authors: Lopez-Celis J.A. jolopez@cenam.mx, Dominguez-Mendoza I. 

idomingu@cenam.mx, García- Gonzalez A. algarcia@cenam.mx, Gasca-Aragon H. 

hgasca@cenam.mx 

Abstract: 

CENAM has designed and implemented a centralized scheme for DCC generation. It is a 

web tool that allows the management of digital calibration certificates. This platform making 

use of the existing customer and equipment records in the databases for the administrative 

data and allow upload the measurement result section. 

In the platform, it is possible to retrieve administrative information related with the equipment 

under calibration (customer data and equipment data as serial number, Id, etc.), which are 

previously registered by clients. To complete the administrative data section, it is necessary 

select the real dates of calibration, the responsible and approval metrologist, with this the 

generation of the DCC starts. 

In the next step, the responsible area of the calibration can load the XML file of the 

measurement results section. This file could be generated directly by specific software created 

for this task in more automated calibration process or by means of template spreadsheet where 

a sub-scheme of DCC schema is already loaded. The selection of the way to create the XML 

file is according to the degree of automation of each laboratory. 

The use of the spreadsheet tool perhaps will be the most used tool for generate 

measurement results XML files at CENAM. Once the sub-scheme with lightly changes has 

been uploaded, so that can map the schema fields to link it, one by one with the existing cells 

in the measurement result sheets. It is necessary modify or update just once the usual tables 

contained in the spreadsheets so that they contain all the necessary fields of DDC schema of 

the measurement results section. 

The platform integrates the measurement results section, validates against the schema, 

and join it with the administrative data section. Finally, the certificate signers are selected. 

Usually, two people sign the certificate. The platform makes use of digital signatures with PKI 

technology. The platform adds the hash of each signature in the corresponding layer of the 

DCC. 

At the moment, the CENAM DCC team is working in the integration of the spreadsheets 

template in different services, in order to generate XML files corresponding to the 

measurement results section. 

CENAM has shared the first DCCs with an automotive industry customer in Mexico, who 

already reads and uses the DCC data in its processes in a direct way. 
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Session “NMI Use Cases” 
(Chair: Diego Coppa) 

44 Reporting on the achievements of issuing digital calibration 

certificates at NMIJ, AIST 

Presenting author: Domae Atsushi, NMIJ, Japan 

E-mail address: domae-atsushi@aist.go.jp 

Additional authors: TANABE Takehiko, TAKETOSHI Naoyuki n-taketoshi@aist.go.jp 

Abstract 

The NMIJ started trial issuing of digital calibration certificates (DCCs) for selected items in 

November 2022 [1]. Then, full issuance of DCC began in April 2023 (beginning of the fiscal 

year in Japan). NMIJ's DCCs are issued in PDF format to meet client requests and to ensure 

consistency with conventional certificates printed on paper [2]. NMIJ's DCCs are also machine-

readable because electronic files containing calibration data, client's information, etc., are 

attached to the PDF file. 

In recent years, NMIJ has issued approximately 700 paper calibration certificates per year. 

The number of DCCs issued from April to the end of November was 105, with DCCs accounting 

for 15% of the annual number of certificates issued. The breakdown of our DCCs shows that 

the number of certificates issued was high in some specific fields. This report provides details 

of our issuance achievements. 

In addition, DCCs are often discussed in terms of how they are created. However, in order 

to actually issue DCCs to clients, it is necessary to reconsider a series of task associated with 

the issuance of certificates, including reception procedures for calibration, the verification of 

certificates at the calibration laboratories, and the safe delivery of DCCs to clients. In this 

report, associated tasks being reconsidered at NMIJ will also be reported. 

 

[1] Kazuaki Yamazawa, “Development of PDF based Digital Calibration Certificates at NMIJ, 

AIST,” Abstracts of the 3rd International DCC Conference, page 17, March 2023. 

[2] Kazuaki Yamazawa, “Activities related to DX in metrology at NMIJ,” APMP-DXFG 

Webinar: 28 November 2022. 
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45 Interlaboratory comparison in ionizing radiation metrology: 

challenges to fair principles and 4.0 technology absorption 

Presenting author: Eric Matos Macedo – IRD/CNEN and Labprosaud/IFBA; Brazil  

E-mail address: ematosmacedo@gmail.com 

Additional authors: Igor Fernando Modesto Garcia lem.labprosaud@ifba.edu.br, Matheus 

Rebello do Nascimento, Jeovana Santos Ferreira, José Guilherme Pereira Peixoto, Marcus 

Vinicius Teixeira Navarro. 

Abstract 

Proficiency Testing activities, especially interlaboratory comparisons in ionizing radiation, 

are an essential tool for continuously monitoring the performance of laboratories in their 

processes and maintaining the reliability of participants and other interested parties. However, 

those events bring operational challenges, mainly logistics. Our work used technologies from 

the fourth industrial revolution and metrology 4.0 to mitigate these difficulties. We developed a 

technical framework for comparisons in terms of air kerma between digital twin laboratories. 

But how do we manage those data since we have challenges incorporating the FAIR 

principles into existing comparison processes? How can we pave the way to absorb new 

technologies? 

The pilot project of the digital twin calibration lab will be presented, as well as its challenges, 

generated data, used quality infrastructure (QI), and perspectives for the future. Additionally, 

a short review of tools can be used as a north of one (or more) solution(s). 
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46 TUBITAK UME Digital Metrology Pilot Project and 

Dissemination to Turkiye 

Presenting author: Erkan Danacı, TUBITAK UME, TURKIYE 

E-mail address: erkan.danaci@tubitak.gov.tr 

Additional authors: Bulent Aydemir bulent.aydemir@tubitak.gov.tr  TUBITAK UME, TURKIYE 

Abstract 

In September 2023, the TÜBİTAK UME Digital Working Group (DWG) was formed from 

metrology experts working in different groups within TÜBİTAK UME. This group has 

determined the road map for metrological digital transformation in Türkiye with the pilot project.  

The objectives of the TÜBİTAK UME digitalization pilot project are as follows: 

• Transferring Metrological Scientific Outputs to Digital Media 

• Creating the Digital Calibration Certificate (DCC) and digital Test Reports (DTR) 

• Creating smart Calibration Systems with Digital Measurement Device Twins 

Sub-work packages and tasks have been defined by DWG to realize these objectives.  

With the completion of the digitalization pilot project,  

• The duties and responsibilities of metrology players in transferring metrological outputs to 

the digital platform will be explained. 

• DCC-creating activities will be started in TUBITAK UME and Türkiye. 

• A road map will be determined to transfer the process that would start at DCC to the DTR.  

• The road map for the smart calibration system, the digital twin creation, and metrological 

applications on the clouds will be completed for Turkish quality system players.  

In this study, the duties of TÜBİTAK UME DWG and its work plans and projections will be 

given in detail for the next five years. 
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47 An Integrated Digital Calibration System for Frequency 

Source Calibration at SNSU-BSN 

Presenting author: Marizsa Rahima Indra, SNSU-BSN, Indonesia 

E-mail address: marizsa.rahima@bsn.go.id 

Additional authors: Reggi Aryunadi, A.M. Boynawan, Ratnaningsih, Yulita Ika Pawestri, 

Brillyana Githanadi (All SNSU-BSN) 

Abstract 

Digital transformation is an essential element in measurement systems, aiming not only to 

minimize errors but also to improve efficiency and effectiveness. An integrated system is 

required in the calibration process, starting from data acquisition to generating the certificates. 

The Time and Frequency Laboratory of National Measurement Standard - National 

Standardization Agency of Indonesia (SNSU-BSN) has developed software to integrate 

frequency source calibration systems using Python. The system uses a frequency counter, 

which is controlled by the software in setting and data acquisition. Additionally, the software 

automatically saves the calibration data into a spreadsheet for the calculation of error values 

and measurement uncertainties. A calibration report is generated using the same spreadsheet 

based on these calculations. Subsequently, the calibration report is sent to the existing system 

for review and approval by supervisors, digitally signed, and then dispatch to the calibration 

customers. 

This system has the capability to reduce manual intervention and enhance precision and 

consistency in calibration. In order to expedite the fulfillment of frequency source calibration 

service needs in healthcare and disaster management, especially below 1 Hz, this 

development contributes to a decrease in time and effort in calibration activities. 
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48 Recent advances regarding machine-actionable information 

and data in the quality infrastructure of BSTI Bangladesh 

Presenting author: Abdullah Al Mamun, Deputy director, Bangladesh (BSTI) 

E-mail address: mamun.bsti@yahoo.com 

Additional authors: 

Abstract 

Data 

Data is information that has been translated into a form that is efficient for movement or 

processing. 

Machine actionable data and information 

In the sense of computer language data is information converted into binary digital form. 

Data represents values attributed to parameters, and knowledge signifies understanding of 

real things or abstract concepts. 

The machine actionable data is a structured in a consistent way so that machines, or 

computers, can be programmed against the structure. 

Quality infrastructure 

Quality infrastructure (QI) is the system put in place to ensure products and services are 

safe and of high quality. It covers everything from standardization and conformity assessment 

(testing, inspection and certification) to accreditation, metrology and market surveillance. 

FAIR principles  

The FAIR principles (Findable, Accessible, Interoperable, Reusable) describe how data 

should be organized to be more easily accessible, understood, exchangeable and reusable. 

Digital Calibration Certificate 

Digital calibration certificate (DCC) is intended to become a globally standardized format for 

calibration data defined in the form of an XML (Extensible Markup Language) schema. The 

DCC contains all relevant calibration data, the method, uncertainty, and results of the 

calibration. 

DCC for FAIR Principle in QI 

The main benefits of the DCC are increased reliability, transparency, efficiency, and 

traceability in the calibration process, as well as reduced costs and time. FAIR principles aim 

is to facilitate, encourage and guide researchers towards making their data easily findable and 

accessible Within QI system, experts and QI institutions work together to protect people, health 

and the environment. QI in metrology works and following FAIR concept DCC aim to do the 

jobs for globally standardized way by using data and information by software for more reliable 

the calibration and traceability. 

DCC of BSTI, Bangladesh 

Bangladesh Standards and Testing Institution (BSTI) committed to comply with DCC in 

metrology. BSTI already update the service by e-application process and machine readable 

Quick Response (QR) code certificate. It is easy for service provider and taker with more 

reliable way. But the service is not globally standard format or XML Schema. Before developing 

the software by the third party not aware the global standard format. Presently by dint of 

digitalization of metrology focus group activity BSTI takes the initiative to comply in the XML 

format applying python software for globally standardized format. 
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Session “Quality Infrastructure II” 
(Chair: Jariya Buajarem) 

50 Use Case “ eAttestation ”: Roll-out of digital accreditation 

symbol for German accredited CABs and enabling DCC for 

accredited CABs as fully machine readable 

Presenting author: Florian Witt, Head of Technical Unit 1.1, DAkkS; Germany 

E-mail address: florian.witt@dakks.de 

Abstract 

As national accreditation body, DAkkS developed a temper-proof digital version of the 

accreditation symbol that is also machine readable. 

In this contribution, DAkkS will shortly present the results of the pilot phase of the digital 

accreditation symbol on DCCs by three accredited calibration laboratories. 

From 30th March 2024 onwards, all accredited CABs in Germany can apply for the digital 

accreditation symbol, since the symbol can be applied to all digital attestations and on different 

file formats, such as PDF or XML. By using machine readable formats for attestations, the 

combination allows the integration of digital test reports in fully automated processes. It further 

creates the possibility for an easy international roll-out for every national accreditation body 

and can contribute to a paperless system of attestations for international trade. 

This contribution will further address the necessary requirements for CABs regarding 

accreditation procedures as well as the necessity of general guidelines from experts regarding 

the correct implementation of normative requirements for a certain measurand in the DCC XML 

scheme. 

The project is integrated within a broader initiative of the central players in German quality 

infrastructure (QI) - DIN, DKE, DAkkS, PTB, and BAM. The joint initiative “QI-Digital” develops 

digital and interlinked processes and solutions for a modern quality infrastructure that serves 

the analogue as well as the digital product world. 
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51 Real or fake? - Trust is good, proof is better… 

Presenting author: Robert Hilgers, Bundesdruckerei; Germany 

E-mail address: Robert.Hilgers@bdr.de 

Additional authors: 

Abstract 

Our presentation will explain how digital information sources are electronically secured. 

Qualified electronic seals help to create value in the form of trust in modern information 

societies but also in business contexts. In order to illustrate this, we will look at the high quality 

camera Leica M11-P, the world's first camera to use content credentials to create a seamless 

chain of authenticity from capture to publication. Furthermore, we will describe how non-

standard digital document formats, such as XMLs, are easily and securely electronically 

sealed. 

A TÜV-approved eIDAS qualified electronic seal from the Bundesdruckerei | D- Trust is 

easy to integrate into existing laboratory software architectures to deal with digital calibration 

certificates (DCC). Implementation works quick and easy. 

Technical contact: 

Peter Schrameyer, Product Management Fiskalisierung, DTR M PB 

D-Trust GmbH | Ein Unternehmen der Bundesdruckerei 

Kommandantenstr. 15, 10969 Berlin 

Tel + 49 (0) 170 – 301 85 77, Peter.Schrameyer@d-trust.net, www.d-trust.net 
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52 A new Era for Measurements: The DCC makes Tolerances 

superfluous 

Presenting author: Christian Müller-Schöll, Mettler-Toledo Int. Inc., Greifensee, Switzerland 

E-mail address: christian.mueller-schoell@mt.com 

Abstract: 

For decades measuring instruments have been classified and rated by tolerances and 

tolerance classes. Even for calibrated instruments, the corrections are not applied, but 

adherence to tolerance used instead. Why is this so? – The author claims this is pure laziness! 

– It is owed to the fact that calculating a correction used to be complicated and error prone in 

the "paper, pencil and slide rule" times. 

However, with the DCC and modern computerized LIMS or manufacturing systems, 

calculations are done for free and with no risk of calculation errors. Furthermore, the use of 

tolerances for establishing traceability is sometimes questioned (ref. Klauenberg) and ignoring 

known systematic errors clearly contradicts the rules of the GUM. 

The advantages of using the DCC to perform computerized corrections to the measured 

values are: 

• More accurate measurements, smaller uncertainties 

• Longer calibration periods 

• No need for adjusting instruments any longer 
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53 Importance of open exchange of data in DCC-based 

calibration processes 

Presenting author: Tuukka Mustapää, Beamex Oy Ab, Finland 

E-mail address: tuukka.mustapaa@beamex.com 

Abstract: 

Harmonized data formats and frameworks such as the digital calibration certificate (DCC) 

are in a key role in enabling digitalization of processes where metrological data is used or 

transferred. As a result, a lot of effort has been put into standardization and harmonization 

initiatives. The diversity of the actors within the metrology infrastructure means that also the 

systems used can be very different due to different requirements. Introducing new formats for 

representing data will require significant changes to existing systems or new solutions 

altogether. 

Ensuring the interoperability of the data and systems will require a paradigm shift and 

revising of system design philosophies, as openness of the data exchange between systems 

will be essential in taking the DCC fully into use and exploiting all the potential benefits. In this 

presentation, we will discuss what challenges we have observed in the uptake of the DCC from 

a system provider's point of view. We also present how the DCC could eventually be taken 

into use in the calibration management on the industry level and what kind of changes would 

need to be introduced in the existing solutions by using the Beamex calibration ecosystem as 

an example. 
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54 Making QI data available for research 

Presenting author: Ulrich Harmes-Liedtke, Mesopartner and TU Berlin, Germany 

E-mail address: uhl@mesopartner.com 

Additional author: Ann-Sara Ramkissoon ar@mesopartner.com 

Abstract: 

The national, regional and international quality infrastructure organisations regularly 

generate a large amount of data. Examples include the BIPM key comparison database 

(KCDB), the ISO Survey of Management System Certification and the IAF Cert Search 

Database. 

This data is necessary for analysing the development and general trends of national QI 

systems. Reliable data is particularly important for scientific research into the impact of QI on 

the economy and sustainable development. Panel data should be made available to construct 

panel datasets over an extended period (time series). These datasets must also be 

comparable across the various QI components and be sufficiently granular in geographic and 

sectoral terms. 

The Global Quality Infrastructure Index (GQII) compiles an international QI ranking based 

on available data. The GQII uses only publicly available data from the official organisations for 

metrology, standardization and accreditation. The database comprises around 60,000 data 

points from 185 countries and economies. This index is supported by German development 

cooperation and the PTB. 

The article provides an overview of the current availability and quality of QI data and 

explains how digitalisation can improve the databases for economic analysis and QI foresight. 

Centralised and decentralised models of data provision are compared. It also addresses the 

question of which indicators are best suited to measure the level of development and 

performance of national QI systems. 
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55 Realising the benefits of digital calibration data: a dialog 

between disciplines 

Presenting author: Vashti Galpin, University of Edinburgh Research Institute/University; 

United Kingdom of Great Britain and Northern Ireland 

E-mail address: Vashti.Galpin@ed.ac.uk 

Abstract: 

In its analog form, a calibration certificate provides information about a single calibration of 

one instrument. It would take significant manual and programming effort to develop an 

understanding of calibration over that one instrument's life time, or more generally over 

instruments that do the same measurement from analog calibration certificates. 

The introduction of digital calibration certificates (DCCs) opens up new possibilities for 

understanding measurements across instruments. Our earlier work [1] show how temporal 

databases can be used to track changes in DCCs. This approach supports versioning of DCCs 

but allows much more than this. Examples of using temporal database features include: 

• storing data from all calibrations for an instrument, and using "snapshot" queries (queries 

that provide the data at a specific time instance) to define the data that goes into a 

particular DCC, 

• comparison of calibration data across calibration events for a single instrument (or 

collection of instruments) to understand changes in calibration with a possible goal of 

providing a drift function that can then be used between calibrations, decreasing the 

frequency of calibrations, and 

• comparing the data from two DCCs for a single instrument, and providing an explanation 

for the changes between them as a form of quality assurance by assessing the 

consistency of the changes. For example, a change of unit without a change of 

measurement values would be unusual and could be flagged for further investigation. 

Since the standards and processes for creating and managing DCCs are currently still in 

development, ongoing interaction between metrologists and database researchers presents 

an opportunity early in this process to match up the needs of metrology and the technology 

that is often inaccessible in database and related computer science research papers. This 

research landscape has important pieces of the puzzle regarding technical solutions for data 

storage and provenance. However, without input from metrologists, it is difficult to determine 

which problems are more important and which solutions will have the most impact, if done well, 

on the success of standards. Dialog in both directions is called for. 

The goal of this presentation is to describe some use cases of temporal database features 

including those listed above, to stimulate dialog around the future requirements for digital data 

in metrology, and to contribute to ensuring that the developing standards actually do enable 

important needs. The alternative is not addressing these needs at all, or the development of 

ad hoc future work-arounds to address them. After the presentation, an online survey that will 

be available to record information and feedback from conference attendees. 

[1] V. Galpin, I. Smith, J.-L. Hippolyte, Tracking and viewing modifications in digital 

calibration certificates, Acta IMEKO 12(1), 2023, https://doi.org/10.21014/ actaimeko.v12i1.1407 
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Presenting author: Carlos Galvan Hernandez, CENAM; Mexico 
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