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Day 1 2025-02-25 (Tuesday) 

Plenary Session (Chair: Martin Koval) 

Welcome address of the president of PTB, 
Prof. Dr. Cornelia Denz, Germany 

Dear representatives of the National Metrology Institutions, dear speakers of the 5th DCC 

conference, dear attendees, it is a great pleasure welcoming you to the 5th International 

Conference on the Digital Calibration Certificates - DCC number 5. I am happy that you have 

followed the call to the digital DCC conference in such a large number. 

In previous years, I have referred to the corresponding number of our DCC conference 

series in my welcome speech. On the occasion the 3rd DCC conference, I referred to the 

German saying Aller guten Dinge sind Drei or All great things come in three. On the occasion 

of the 4th DCC conference, I referred to a compass with its four celestial directions. 

And I would like to continue this today. With the 5th edition of the DCC conference, we 

celebrate a special birthday.  

For most children, reaching the age of five means starting school and increasing their 

independence. This is why the 5th birthday is often considered a milestone. 

This is without any doubt also true for the 5th DCC conference, especially with respect to 

the number of participants and their world-wide representation.  

The number five is often accompanied – saying it in metrological terms – by the prefix Big. 

In Africa, the Big Five represent royal animals as the lion, the leopard, the rhinoceros, the 

elephant, and the buffalo. The term was originally coined by hunters to refer to the five most 

difficult animals in Africa to hunt. Nowadays it is widely used by safari tourists for spotting these 

animals. The Big Five animals of Africa are also famous since they appear on South African 

Rand banknotes. 

Trait theory is another field referring to the role of number five. The Big Five model describes 

human personality in five core dimensions:  

openness, conscientiousness, extraversion, agreeableness and neuroticism.  

The model is often referred to as the OCEAN model due to the initial letters of the English 

names of the five trait dimensions.  

Extraversion is sociability, being bold and energetic; agreeableness is kindness, being 

sympathetic or cooperative; openness to experience, intellect, or imagination includes 

creativity and intrigue; conscientiousness is thoughtfulness in the sense of efficiency and being 

organized; neuroticism refers to emotional stress. 

The rational of the model is the assumption that a personality is made up of varying degrees 

of the five core elements. Specific personality profiles are then created from the individual 

distributions. 

Is it possible to transfer the idea of the Big Five traits to the DCC? To do so, I’d like to take 

a closer look at the successes, challenges and developments of DCC since the last conference 

and compare them to the five personality profiles.  

First, considering the challenges of the DCC in the near future, one definitely finds the trait 

of openness. A high degree of openness shows a thirst for knowledge, a willingness to 

experiment and to tackle new aspects with imagination, interest, and joy of abstract thinking.  

The harmonization as well as the variability of DCC schemas require precisely these 

aspects of openness. Openness to different formats for example that can be exchanged or 

transferred from one to another in a variable way is important for the future of the DCC.  
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This includes openness to harmonization of various metrological disciplines as well as 

harmonization of certificates for different purposes. For example, harmonization will be 

important between DCC and DCR, the digital calibration request, between DCC and DPP, the 

digital product pass, or between DCC and DRMC, the digital reference material certificate. The 

challenging future question is, if these certificates can be directly derived or adapted from the 

DCC schema, or if it needs to be schematically different.  

I am absolutely confident that there is world-wide a very high level of openness and many 

ideas how to face this challenge. Let me name some examples.  

In September 2024, the metrological community was meeting at the premier event in 

measurement science and applications in Hamburg. The IMEKO World Congress brought 

together more than 1.000 metrological minds, and digitalization in metrology and the DCC 

played a prominent role in many sessions and workshops.  

A timely workshop was held in conjunction with the Conference International de Poids et 

Measure, CIPM, and its newly founded horizontal structure Metrology and Digitalization. It was 

focused on basics of metrological traceability in the digital era, especially traceability in today’s 

digital measurement infrastructure, and subsequently addressed applications such as digital 

twins, virtual data spaces, sensor networks and the DCC, all with respect to traceability and 

also provenance of data.  

Furthermore, due to the fact that digital calibration certificates are developed both by 

national metrology institutes and calibration laboratories worldwide, a workshop dedicated 

solely to the DCC took also place at the conference.  

It provided a deep insight into the international status of the DCC development. It combined 

short pitches with news from different Regional Metrology Organizations, and project results 

of the EURAMET Technical Committee TC-IM 1448. The newly established CIPM Task Group 

on Harmonization of DCC and DRMC, one of seven task and working groups of the Forum 

Metrology and Digitalization of CIPM, was also introduced and contributed user success 

stories. 

These examples show that the DCC is also a social animal, that loves to gain energy by 

cooperation - a strong characteristic of extraversion. I assume that the DCC is highly scoring 

in extraversion as it is likely to start more and more effective interactions, allowing the DCC to 

attract a wider circle of interested stakeholders.   

Furthermore, the DCC is highly scoring in agreeableness because it tends to be cooperative 

and includes attributes such as FAIRness. Being findable, accessible, interoperable and 

reusable can be interpreted as features for common understanding, contributing to the 

harmonization – and with it the satisfaction of different stakeholders with the DCC.  

This can also be associated with the dissemination of the DCC. In the digital transformation 

era, new opportunities emerge almost every day in trade and industry through digital data 

traffic. This upheaval is challenging for the quality infrastructure, consisting of metrology, 

standardisation, accreditation, conformity assessment and market surveillance.  

Here, the DCC can contribute digital traceability, provenance as well as FAIR data quality 

as a highly relevant profile for quality infrastructure and industry: it enables the seamless 

integration of calibration data into industrial processes and ensures a greater 

transparency - for more quality, productivity and lower costs. 

One of the companies that collaborates with PTB on this avenue, is Testo Industrial 

Services, which relies on the digital calibration certificate and encourages its customers to 

digitize. For this purpose, a best practice example for a caliper gauge was established together 

with PTB. Also, the implementation of the DCC by large pharma industry companies as 

Boehringer Ingelheim shows, how important the DCC is for different industrial sectors.  
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In order to establish secure and robust calibrated measurement systems for the digital 

transformation, it is also important to develop internationally agreed basic standards to ensure 

reliable communication of digital information and certificates in the world-wide quality 

infrastructure processes.  

An important standard is the International System of units in the digital version - the SI 

digital reference point. It has now been fully established by the international Metrology at BIPM. 

It is a tremendous enabler of the digital transformation in metrology and gives the DCC the 

right base for traceability of the measurements behind the certificates.  

At the same time, digitalization has implications for development cooperation. For example, 

digital transformation can lead to a mitigation of existing economic or social disparities for 

developing countries and allows them to connect to the digital services of the quality 

infrastructure as DCC.  

The fourth of the five personality traits I like to connect to the DCC is the way in which 

negative emotions are dealt with. And that is Neuroticism.  

In such a dynamic and at the same time protracted process as digitalization and the 

necessary interaction of different stakeholders, with different interests, priorities and 

sensitivities, it would be perfectly understandable that worries about different aspects of 

digitalization are appearing. However, I experience that neuroticism is nearly not existing in 

the community around the DCC. This is on the one hand because it actually leads to many 

advantages, to efficiency, stability, and resilience, but also because the community is 

discussing together important developments of the DCC in conferences like today and come 

quickly to common grounds.  

This is also true within today’s conference program: Advances in machine-actionable 

format, data tailored to the quality infrastructure, industrial implementations and convincing 

use cases and success stories of digital certificates, and  solutions enabling uptake of FAIR 

data across systems and processes, fostering interoperability within a digital quality 

infrastructure are all hot topics that will be will be presented and discussed in different sessions 

throughout the three days of the conference.  

Last but not least there is conscientiousness as the fifth personality trait. It is defined by 

high levels of thoughtfulness, and goal-directed behaviors. This is not only fully true for the 

DCC but also for this conference. 

In this spirit, I would like to take the opportunity to express my sincere gratitude to the DCC 

team at PTB, head by the powerful trio of Wiebke Heeren, Franziska Decker and Shanna 

Schönhals, who did a tremendous job organizing this large conference, together with the 15 

active and engaged members of the International Program Committee. Please give them a 

very warm digital applause.  

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

discussions, many interactions, expanding networks, and innovative, forward-looking 

ideas – all for versatile digital certificates of tomorrow.  

Thank you. 
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P01 Interoperable conformity data exchange in a digital 
quality infrastructure - update from UNECE  

Presenting author: Brett Hyland, Project Lead at UN/CEFACT, NATA Australia 

E-mail address: Brett.hyland@nata.com.au 

Additional authors: Nil 

Abstract 

Conformity data related to traded goods differs in quite fundamental ways compared with 

calibration and other equipment assurance data, yet there are potential payoffs if a degree of 

interoperability could be achieved. The United Nations Economic Commission for Europe 

(UNECE) has presented for public review a draft policy recommendation for governments, 

UNECE Recommendation 49 - Transparency at Scale, which outlines the need for 

interoperable and platform-independent streams of information for substantiating claims about 

product sustainability attributes. A central element of this recommendation is a conformity 

credential, designed to digitally capture basic product conformity information within a hosted 

file that also links to the underlying conformity certificate (which may be in analogue, digital or 

hybrid form and may also be encrypted). Numerous implementations of this general approach 

are proceeding under a specification known as the United Nations Transparency Protocol, in 

which the credential file is cryptographically verifiable back to its issuing body in a tamper-

evident manner and includes provision for referencing relevant endorsement credentials (such 

as those issued by accreditation bodies) in either digital or analogue form. 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. 

                 

mailto:Brett.hyland@nata.com.au
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Update from UNECE

25 February 2025

            

NATA Australia

& UN/CEFACT Project Lead

                                     

A new                                                      

Recommendation is now     for Public Review:

                     
                     

 This a draft recommendation to member states, promoting the value of

transparent supply chain data exchange using international and

interoperable standards and based on an open architecture

 To be considered for adoption at the July 2025 UN/CEFACT Plenary
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To encourage maximum inclusion, digital trade systems cannot favour

rich countries or create unjustified barriers for small businesses.

This means:

 adopting internationally accepted approaches, emphasising open

development and free resources

 adopting an open architecture, so that stand-alone technology

platforms do not add friction to data exchange or be leveraged to

disadvantage certain participants

 providing a backbone of trust to supply chain data and making the trust

anchors verifiable by any participant - but leaving decisions regarding

the acceptability of specific trust anchors up to the buyers.

                                        

Perhaps we should start at the beginning
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Consumer

confidence

improves

Higher

prices are

justified

Business is

motivated to

make provable

claims

         

       

       

Consumer

confidence drops

Low confidence

means no price

differential

Even well-intentioned

businesses must fake

claims to survive.

                           

United Nations Sustainable Development Goals depend on the
reliability of claims being made about product sustainability.

Digitalisation can hel  shi t the  alance  a ouring a race to the to 

                     

UNECE Recommendation 49  Transparency at Scale  is about finding
equitable and scalable ways for discovering and verifying information that
supports a claim made about a product.

But does it have anything to do with Metrology?                 if
product claims are based on measurement and where access to a testing
laboratory s certificates (DCC/DRMC/ ) may become relevant. Or if a
certified cargo quantity is included in the trade data.
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A completely different question (but possibly still interesting) is whether

entire chains of measurement traceability might be constructed using a

similar architecture, noting some common ground with trade data:

 A common need to                                and a potential role

for                  (for instrument/artefact/material as well as for

traded goods)

 A common need for                  to certificates/reports

 Both involve certificates/reports that are                               

 Common                         frameworks exist

 Data confidentiality may not suit                              

         

The                                                           
           is an intergovernmental body, established in 1966, which
aims to deliver simple, transparent and effective processes for global
commerce.

In particular, UN/CEFACT facilitates national and international
transactions, through the simplification/harmonization of processes and
information flows.

                        

Digital exchange of trade data that supports product sustainability claims.
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Some suppliers exploit non-verifiable data points to give non-compliant
products the appearance of compliance.

                  

Closed (non-interoperable) data exchange systems mean that many
participants adopt a  wait and see  approach to digitalisation, due to the
dependency on other supply chain actors for enabling data flow.

                                 

There is tension between requirements for disclosure and protection of
commercially sensitive data.

June 2022  a workstream was created for the development of a standard
for conformity data exchange/access

July 2024 - a Business Requirements Specification was published titled:
Digital Product Conformity Certificate Exchange  High Level Process

October 2024  The United Nations Transparency Protocol (UNTP)
released as a specification for testing

February 2025 - Public review version of UNECE Rec#49 lists UNTP as a
representation of relevant principles uncefact.unece.org/display/uncefactpublicreview
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Let s take a quick dive into UNTP

                                                      

                                                                   

The certificate - whether analogue, digital or hybrid - remains the key

reference for conformity data and so the focus is providing a surrounding

framework offering:

1. A means of discovering relevant certificates from products of interest in

a tamper-evident & machine-readable manner.

2. Verifiable connections between data points, including any trust anchors

like testing/certification bodies, accreditation bodies and regulators.

3. Compatibility with confidentiality requirements of supply chain actors
(including third party selective redaction).
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                       but link it together when needed

                          so long as it conforms to UNTP

Thousands of platforms, millions of value-chains, billions of transactions
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All UNTP resources are available without charge and are royalty free
                         

 UNTP embraces relevant international protocols, including the open source and free

World Wide Web Consortium (W3C) protocols for Decentralised Identifiers (DID),

Verifiable Credentials and compatible alternatives

Industry adoptions of UNTP can be registered, either as an

 implementation  (for selected UNTP elements) or as an  extension  (with

extensions owned and managed by the party undertaking the extension).
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It would be very nice to leverage existing communication channels
(formal and informal) to exchange ideas between the trade data world
and the world of metrology, noting that:

 Some laboratories are involved in providing test results for traded
goods while also undertaking metrology activities and, similarly, most
accreditation bodies work across both testing and calibration (often
certification as well)

 Exchanging ideas across different domains might enhance
compatibility and assist in planning for future directions

On a personal note, I would like to express my deep gratitude to the
International DCC Conference for doing exactly this  
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P02 Advancing Digital Calibration Certificates: The INM’s 
Role in Modernizing Metrological Services in Latin 
America 

Presenting author: Giro Alberto Sanchez, Instituto Nacional de Metrologia de Colombia (INM) 

Email: csanchez@inm.gov.co 

Abstract 

The digital transformation of quality infrastructure has become a key driver for enhancing 

efficiency, traceability, and interoperability in metrological processes. Digital Calibration 

Certificates (DCC) are central to this transformation, offering machine-actionable information 

that supports seamless data exchange among laboratories, accreditation bodies, and 

stakeholders. This abstract focuses on the pivotal role played by the National Metrology 

Institute (INM) in promoting the adoption and development of DCCs, highlighting its efforts in 

preparation, standardization, and socialization. 

The INM has been actively involved in initiatives under the Inter-American Metrology 

System (SIM) to promote the digitalization of metrological services. Its general experience in 

this field includes the production of reference materials via a timestamped environment and 

participation in various seminars organized by the PTB of Germany, BIPM, and SIM, which 

provided key guidelines on the development of digital infrastructures. These efforts have laid 

the groundwork for future DCC implementation. 

A real-world use case from the INM’s Temperature and Humidity Laboratory illustrates the 

early stages of a project aimed at integrating DCCs into routine calibration processes. 

Supported by standards for digital languages provided by PTB, this initiative anticipates 

national industry needs and enhances compliance with ISO/IEC 17025 requirements regarding 

traceability and reporting. The adoption of DCCs not only enhances data integrity and reduces 

errors but also supports the modernization of metrological services. 

                    

Brett Hyland

Brett.Hyland nata.com.au

Thank you 

mailto:csanchez@inm.gov.co
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Key challenges encountered during the implementation include ensuring interoperability 

with existing quality management systems, meeting stakeholder expectations for usability, and 

aligning with international frameworks for digital quality infrastructure. By addressing these 

challenges, this project contributes to the development of a harmonized approach to DCC 

adoption across the region. 

This work concludes by outlining recommendations for future developments, including the 

creation of regional guidelines for DCC implementation, further stakeholder engagement, and 

the exploration of software solutions that facilitate integration. These efforts aim to foster 

greater consistency in the application of DCCs, ultimately supporting the modernization of 

metrological services in Latin America. 

          Digital Calibration Certificates, ISO/IEC 17025, quality infrastructure, metrology, 

interoperability, Latin America. 

Back to “Table of Contents” above 

Presentation of Giro Alberto Sanchez 

  
 



 

Page 28 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                             
                               

                                 
                

                                                   

                                               

                  

                      



 

Page 29 of 487 
 

5thd international DCC-Conference 

  
 

  
 

            

                                                             
                         

                                                       

                                
               



 

Page 30 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                                  

                                             

                                                        
          

                        
          



 

Page 31 of 487 
 

5thd international DCC-Conference 

  
 

 
 

                   

                                      

                                                                   
         

                                                                     
                                     

                                                                    
                              

                                      
   

                                                                     
                        

                                                             
                                            

                                                                
                                    

                                                                    
                          



 

Page 32 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                      
                      
                

                          

                                                                   

            

                               

                                  

                 

                      

                                                       
                                                          
                           

                                                              
                                                            

                                                           
                                                                   
                                        



 

Page 33 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                     
                        

          



 

Page 34 of 487 
 

5thd international DCC-Conference 

  
 

  
 

               

                                                                
                                                           
                                                                       
                                                          

                                                             
                                                                 
                                                                   
                                                                    
                                                              
           

                                                                 
                                                             
                                       



 

Page 35 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                                   

                                                                 
                   

                    

                                                          
     

                                                             
       

                                

                                                         
                   

                                                    
                     



 

Page 36 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                       

                             

                                                

                                                                  
                     

                                                             
                                 

                                     

                                                   

                                                            
             



 

Page 37 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                                  

                        

                                                     
                                      

                                            
                                    

                         

                                                        
            

                                                   
                                                

                          

                                                 
                   

                                                  
           



 

Page 38 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                  



 

Page 39 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                

                                                        
             

                                                      
             

                         

                                                  
                        

                                                                 

                         

                                                                      
                   

                                                                  
      



 

Page 40 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                               



 

Page 41 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                              

                                                                
           

                                                                  
                 

                

                                                           

                                                                 

                                                           
                        

                            

                                                    

                                      



 

Page 42 of 487 
 

5thd international DCC-Conference 

  
 

  
 

               

                                         

                                  

                                       

                        

                                      

                                                     
                



 

Page 43 of 487 
 

5thd international DCC-Conference 

  
 

 
 

          

                                                   

                                                        
       

                                     



 

Page 44 of 487 
 

5thd international DCC-Conference 

  
 

  
 

   

           

           



 

Page 45 of 487 
 

5thd international DCC-Conference 

 

Back to “Table of Contents” above 

Day 1 (2025-02-25 Tuesday)  

Parallel Session “Key Aspects of DCC I” 

(Chair: Shanna Schönhals) 

001 Harmonisation of DCCs in DKD - an update 

Presenting author: Thomas Krah, PTB Germany 

Email: thomas.krah@ptb.de 

Additional authors: Martin Czaske, Muhammed-Ali Demir, Gisa Foyer, Julian Haller, 

Wolfgang Schmid 

Abstract 

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

format for calibration data. One aspect of the harmonisation is that the calibration laboratories 

creating DCCs need to know which information should be written in each element of the DCC. 

Another aspect is that 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 to 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. 

                  

                   

                 

   

mailto:thomas.krah@ptb.de


 

Page 46 of 487 
 

5thd international DCC-Conference 

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 all 13 technical committees, the members of the DKD 

are working on standardising the DCC. 

Several committees have already published some of their work. There are community 

specific DCC examples available, expert reports which describe the DCC examples and give 

additional explanations, and a machine interpretable dictionary for the used refTypes is 

accessible for everybody worldwide. Currently is an interoperability challenge from the sub-

committee mass in preparation to validate if their DCC example together with their expert report 

covers all relevant aspects and thus leads to an unambiguous content of the DCCs the 

participants of this challenge created. 

Furthermore, DKD experts developed an easy-to-use tool which shows if all mandatory and 

if applicable optional requirements of the ISO 17025 are covered in any given DCC. 

Back to “Table of Contents” above 
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5th International  CC Conference 2025

T. Krah, M. Czaske, W. Schmid, Section 9.1
Gisa Foyer, WG 1.14

M.-A. Demir, WG 1.24

J. Haller, Sartorius Lab Instruments
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Abbreviation for  eutscher  alibrier ienst (German Calibration Service)
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1. Direct Current and Low Frequency

2. High Frequency and Optics

3. Force, Acceleration and Acoustics

4. Length

5. Temperature and Humidity

6. Pressure and Vacuum

7. Mass and Weighing Instruments

8. Metrology in Chemical and Material Properties

9. Materials Testing Machines

10. Torque

11. Flow Quantities

12. Metrology in Laboratory Medicine

13. Measurement Uncertainty

                                           

                                              

                   

 Develop calibration guidelines: standardised

procedures accepted for accreditation.

 Organise inter-laboratory comparisons and

discusses results.

 Inform members about relevant developments

in the field of calibration and accreditation.

 Network with experts from PTB and other

calibration laboratories.

                    
                       

              

                 
        

             

25.02.2024  5th International DCC Conference 2025

                                  
                                    

                         

25.02.2024  5th International DCC Conference 2025
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1. Direct Current and Low Frequency

2. High Frequency and Optics

3. Force, Acceleration and Acoustics

4. Length

5. Temperature and Humidity

6. Pressure and Vacuum

7. Mass and Weighing Instruments

8. Metrology in Chemical and Material
Properties

9. Materials Testing Machines

10. Torque

11. Flow Quantities

12. Metrology in Laboratory Medicine

13. Measurement Uncertainty

                               

 1  CC sub-committee for each technical

committee.

 12 sub-committees for measurand specific

questions:       .

 1 sub-committee for overarching questions:

         .

                         

25.02.2024  5th International DCC Conference 2025

      

1 2 3 4 5 6 7 8 9 10 11 12

         
13

                         

25.02.2024  5th International DCC Conference 2025

                                      

 All TCs represented.

 From each TC:

 the TC chair.

 If applicable the sub-committee

chair.

 Further representatives

 Area of operations of members:

 Laboratories

 Software manufacturers

 Device manufacturers

 NMIs
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 Development of  CCs for selected important

measurands and measurement equipment types

(Good practices / templates).

 Harmonised wording.

 Expert reports.

                       

25.02.2024  5th International DCC Conference 2025
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 Development of  CCs for selected important
measurands and measurement equipment types
(Good practices / templates).

  CC mass available.

  CC length.

 Code extracts available.

 Harmonised wording.
 Thesaurus created. RefTypes machine-interpretable
and with persistent IDs
https://digilab.ptb.de/dkd/refType/vocab/

 Expert reports.
 Expert report mass available

https://www.ptb.de/cms/fileadmin/internet/dienstleistungen/dkd/archiv/Pu
blikationen/Expertenberichte/DKD-E 7-2 rev1 en.pdf

 Report length available.
https://www.ptb.de/cms/fileadmin/internet/dienstleistungen/dkd/arc
hiv/Publikationen/Expertenberichte/DKD -E 4-3 2024-12.pdf

 Report admin. block in draft version for members
downloadable.

                        

25.02.2024   5th International DCC Conference 2025

                        

25.02.2024   5th International DCC Conference 2025
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 Idea behind it:

 Provide an easy tool to check if a given  CC fullfills all
requirements of the ISO/IEC 17025 towards calibration reports.

 Simplify the work of laboratory stuff, customers and auditors.

 Realisation:

 Usage of a XSLT file to check and process the content of a
given  CC.

 Provide a web application for checking the  CCs.
The web application is running locally on a computer without
connection to any server.

 Publication:

 The Expert report general conventionsand recommendations
for a harmonised issueing of digital calibration certificates
( CCs)

 The XSLT file for checking  CCs against the ISO/IEC 17025

 The correspondingweb app

Will be released in a bundle in April.

                        

25.02.2024   5th International DCC Conference 2025

  

    

  

 Functionality:

 The XSLT file transforms a given  CC (XML)

into a HTML file which displays the result of

the check in human readable form.

 The XSLT file contains xpath expressions to

find the right data and routines for checking

against the ISO/IEC 17025 requirements .

 Output:

 If everything is ok, green entries are shown.

 In column Data is the content of the  CC

elements for the requirements shown.

 If a requirement is violated, red entries are

shown.

 If possible, it is stated what is the cause of the

violation.

                    

25.02.2024   5th International DCC Conference 2025
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 Idea:

 Can we create a  CC which everyone can read

just with the help of the DKD expert report mass

and the DKD good practice example mass.

 Assessing interoperability of mass  CCs through
comparison of test  CCs issued by different

parties.

 Output:

 For manually created  CCs: Prove that you

correctly understood the PTB  CC schema and
DKD-E 7-2.

 For  CCs created by dedicated software: Prove

that you correctly understood and implemented

the PTB  CC schema and DKD-E 7-2.

 Update the expert report and the good practice
example if necessary.

                                

25.02.2024   5th International DCC Conference 2025

   

Basic properties:

- Machine-

readable

- General structure

- Flexible

  
Community specific:

- Structural rules

- Identification

rules

- Application rules

                     :

DCCs from all

calibration labs can

be handled the same

way

 

 Information for interested participants:

 Contacts:

 Gisa.foyer ptb.de

 Julian.haller sartorius.com

 For participation, it will be necessary that you :

 Can create a  CC for a weight set either with

a dedicated software (plus possible manual

modifications) or manually.

 Follow the PTB  CC Schema in version 3.2.1

(or 3.3.0).

 Follow the DKD expert report DKD -E 7-2,

Revision 1 (01/2024) - DOI:

10.7795/550.20240119B .

                                

25.02.2024   5th International DCC Conference 2025
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002 Harmonisation of DCCs for non-automatic weighing 
instruments (NAWIs) through a DKD expert report to 
ensure full interoperability 

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

Email: julian.haller@sartorius.com 

Additional authors: Nil 

Abstract: 

The benefits of digital calibration certificates (DCC) for efficient and modern test equipment 

management and the sensible use of calibration data are well known. The PTB has created a 

very flexible DCC scheme that makes it possible to provide content in different ways. This 

carries the risk that implementations from different labs may differ from each other and that 

there will be non- interoperable realizations. 

For this reason, so-called expert reports are currently being prepared in expert groups of 

the German Calibration Service (DKD) to ensure the harmonized use of the DCC scheme for 

the respective subject areas. 

While such an expert report for the harmonized creation of DCCs for weights was already 

published in 2022 and revised in 2024, the publication of such an expert report for the 

harmonized creation of DCCs for non-automatic weighing instruments (NAWIs) in accordance 

with the calibration guideline EURAMET cg-18 is imminent. 

The aim of this presentation is to present the current status of the expert report and to give 

an overview of its contents. 

Back to “Table of Contents” above 
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003 Implementation of Digital Calibration Certificates for 
Force According to ISO 376 

Presenting author: Shanna Schönhals, PTB, Germany 

E-mail address: shanna.schoenhals@ptb.de 

Additional authors: Dirk Röske dirk.roeske@ptb.de, Christian Schlegel 

christian.schlegel@ptb.de, Moritz Jordan moritz.jordan@ptb.de, Shan Lin Shan.Lin@ptb.de 

(PTB), Alex Cocev, Daniel Reissiger (SCS Concept), Axel Grönboldt (Atlas Copco), Torsten 

Wallner (HBK GmbH), Siegfried Herbold (STAHLWILLE), Michael Melzer (BAM), Peter 

Weyrich (CEH Messtechnik), Roland Klinke (MG Sensor), Siegfried Gerber (MPA Uni 

Stuttgart), Stefan Baus (Gedore), Saher Hassan (Kessler-QMP), Torsten Hahn (GTM), 

Robert Bausch, Stephan Posch (Kistler Instrumente GmbH), Alfred Botscher (Lorenz 

Messtechnik) 

Abstract 

Machine-readable and, ideally, interpretable digital transfer documents present a promising 

approach to automating processes that require smooth digital data transfer. To ensure 

interoperability between the issuing and receiving parties, as well as between different 

stakeholders in the calibration chain, it is crucial to provide standardized solutions when 

transforming from paper-based to fully digital calibration certificates. This requires the 

metrological community to reach a consensus on good practices and guidelines for their use. 

The German Calibration Service (Deutscher Kalibrierdienst, DKD) has established a 

coordinated process to develop the required solutions, and the work presented here is the 

result of the work done by the expert group formed by the force and torque community that is 

contributing to this effort. 

In the field of force and torque calibration, specific issues relevant to the community have 

been identified, and proposed solutions will be introduced and explored in this presentation. 
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Most force calibrations, particularly in the industrial sector, follow the ISO 376 standard, so 

the expert group focused on good practices for this calibration process. ISO 376 not only 

outlines the measurement process and data handling for calibration results but also specifies 

requirements for calibration reports. As a result, ISO 376 calibration certificates are generally 

consistent in format, even across different laboratories, including descriptions of processes, 

raw data, processed results, and final classifications for different measurement ranges based 

on clear technical criteria. These standardized formats facilitate the transition to machine-

readable data structures by limiting the number of variations. 

However, machine-interpretable solutions had to be developed for various aspects and 

issues specific to the community. These included the structuring and reorganisation of tables, 

while allowing individual series of measurements made in different mounting positions and 

loading sequences to be addressed in a machine-interpretable way. The group developed 

solutions for expressing classifications according to the standard and the machine- 

interpretable interpolation function. 

The presentation reflects the current state of the work. The final results of the expert group’s 

activities will be published by the DKD in a special open-access expert report both in German 

and in English languages. 
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Starting Point: Analogue Calibration Certificate

PTB sample calibration certificate for force

transducers according to ISO 376

First draft DCC created with the Excel Tool (Dirk

Röske/PTB):

 Mapping of calibration data DCC

 Output: XML DCC

Discussion resulted in extending the XML example

to cover use cases relevant to accredited

laboratories, e.g.

 Additional components of calibration item

 Additional measuring equipment

 Influence condition (Transducer zero signal)

Source: Calibration Certificate Sample PTB Dep. 1.2

Shanna Schönhals   Implementation of Digital

Calibration Certificate for Force Calibrations

according to ISO 376

25.02.2025
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Abstract:  

The NCSL International 141 MII and Automation Committee and collaborators continue to 

develop a taxonomy to uniquely identify and distinguish measurands in machine- actionable 

digital metrology documents such as calibration certificates, accreditation scopes, and 

instrument specifications. The committee intends to link one or more measurand taxa to each 

calibration and measurement capability (CMC) contained in the key-comparison database 

(KCDB) managed at the International Bureau of Weights and Measures. Further extensions 

would cover national metrology institutes and accredited laboratories CMCs not directly 

mapped to KCDB service codes. As a FAIR reference data set, such metadata will contribute 

to the interoperability critical for metrology’s digital transformation and the DCC in particular. 

This presentation outlines the taxonomy structure and presents progress toward covering 

the KCDB CMCs in general and efforts at New Zealand’s Measurement Standards Laboratory 

to extend coverage to radiometry in particular. We report current KCDB coverage, new 

radiometric taxa, and describe the relations between the taxa and the KCDB’s services, sub 

services, individual services and quantity designations. 

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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005 A Matter of Trust 

Presenting author: Andrew Freund 

Senior Product Manager DTR TC TDS - Trusted Digitalisation Solutions M +49 (0) 171- 532 

96 42,  

Email: Andrew.Freund@bdr.de 

Additional authors: 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 

Abstract 

It is not hard to argue that in the digital world we trust too much and take a lot of things for 

granted. For example, we assume that our paying for things with our smart watches and 

phones is completely secure despite the presence of NFC Scanners that can rob us and 

defraud us in seconds. We like the convenience of solutions like our Banking Apps and Google 

Pay and the speed and effectiveness of these solutions and quickly jump over possible security 

problems with "oh, it can't happen to me. I'm careful". In the corporate world, nobody looks at 

digital security with a critical eye unless it's necessary. When it's necessary, it's usually due to 

pain. That pain usually has large monetary consequences. 

By passing the elDAS Regulations, the EU have created means to anchor and support the 

trust the world puts into digital products. In the regulation are prescribed digital certificates to 

confirm website origins or secure connections, and digital signatures and seals that have the 

same legal standing as ink and stamps are but a few examples. All of which firmly hold up our 

quickly given trust in digital solutions. 

In our presentation we will show that Qualified Electronic Seals confirm the origin of digital 

documents and protect against unnoticed changes. We will explain how a digital calibration 

mailto:Andrew.Freund@bdr.de
mailto:Peter.Schrameyer@d-trust.net
http://www.d-trust.net/
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certificate wrapped in a qualified electronic seal anchors and supports the baked in quality of 

a digital calibration certificate. A Qualified Digital Seal is a foundation for the trust the 

consumers of Digital Calibration Certificates have in those certificates. 
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Day 1 (2025-02-25 Tuesday)  

Parallel Session “Applications NMI I” 

(Chair: Brett Hyland) 

006 Concepts and frameworks fostering interoperability 
within a digital quality infrastructure: DCC development 
in Colombia and QI infrastructure interoperability under 
an Enterprise Architecture Framework  

Presenting author: Rodolfo Manuel Gomez Rodriguez 

Email: jefeoidt@inm.gov.co 

Additional authors: Jose Eduin Culma Caviedes jeculma@inm.gov.co 

National Metrology Institute of Colombia 

Abstract 

For the DCC adoption, development, and implementation in the INM Colombia, we are 

working decisively in identifying, structuring, and generating a data governance model for all 

the processes we have, including data generated during measurements. So, it has been 

recognized that it's necessary to employ a reference framework that allows us to define our 

main objectives, scopes, capabilities and maturity levels. 

In this regard, some activities have been carried out to recognize the different data and 

variables used in the laboratories, with the objective of achieving a data collection and 

visualization that in the future be in accordance with standards that are useful for presenting 

measurement data in a format that aligns with the consensus in the metrological world, thus 

allowing its reading and interoperability. 

To govern the data, we must identify the data we have. In this context, activities have been 

undertaken to review all management processes at the INM, allowing the identification of data 

flows for each process and enabling the initial characterization of these data. 

Furthermore, according to the criteria adopted in the country to leverage data, the INM is 

designing and implementing actions and guidelines aimed at ensuring data quality, security, 

and privacy. So, while we are working on identifying tasks to do in the future, we are also 

advancing in structuring guidelines and procedures that will guide the future creation of data 

and consequently, their utilization. This allows us to perform in data quality, becoming 

Findable, Accessible, Interoperable and Reusable (FAIR). 

Now we have an opportunity to achieve progress on another fundamental aspect of 

Enterprise Architecture: the identification of artifacts that are reusable across many tasks, 

referred to solutions building blocks (SBB). The reusability of SBB must be seen as an 

opportunity for being more effective, because some tasks that were solved by someone (area, 

laboratory or researcher), can be analysed by another regarding its viability of use and 

appropriation in another process and in the future by another institution, specially from the 

Quality Infrastructure. 

This is a key element for moving forward under a structured framework to the digitalization 

of data, and therefore the construction of the DCC in the different NMI Colombia laboratories, 

as well as in the mechanisms for data interoperability with other stakeholders, especially with 

our partners. 

mailto:jefeoidt@inm.gov.co
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The integration of Quality Infrastructure will allow us to advance collectively towards 

solutions that are useful and transversal for industries, where our new building has walls made 

by SBB as bricks and data as glue. 
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007 Calibration support system development of KTL (Korea 
Testing Laboratory) using certificate database 
established by OCR  

Presenting author: Ryu Dong-Hun 

Email: dhryu@ktl.re.kr 

Additional authors: None 

Abstract 

KTL (Korea Testing Laboratory) has developed a data-driven calibration certificate 

management system, KArgos, for the digital transformation of calibration certificates. This 

system utilizes AI-based OCR (Optical Character Recognition) technology to convert 

calibration certificates, which exist in various document formats such as PDF, Excel, Word, 

and images, into a database (DB). KArgos provides statistical data based on the accumulated 

calibration results, such as general performance level of test equipment and fault possibility in 

calibration data. This was achieved by extracting data from various unstructured documents 

and standardizing it for storage. Additionally, KArgos oƯers a function to correct the 

equipment's identification information (e.g., manufacturer, model name, serial number). As part 

of its future plans, KArgos will implement an online service for technical managers that 

automatically verify data, identify any anomalies, and notifies the technical manager during the 

digital sign stage of the calibration process. KArgos is expected to significantly enhance the 

digitization and data utilization of calibration certificates, contributing to the improvement of the 

eƯiciency and reliability of the calibration process.  
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008 The Web-Based Digital Calibration Certificate 
Generation Platform developed by NIMT  

Presenting author: Praiya Thongluang 

Email: praiyat@nimt.or.th 

Additional authors:None 

Abstract 

The National Institute of Metrology Thailand (NIMT) has continuously studied the Digital 

Calibration Certificates (DCCs) in order to find the most suitable type of DCC for our staffs and 

customers. We have investigated and have experimented with both PDF/A3 format and XML 

format. Both formats possess distinct advantages. The PDF/A3 allows attachment of additional 

files possible and facilitates the inclusion of a digital signature. This format ensures both 

versatility and ease of use. On the other hand, the XML is suitable for machine-readable 

processes and offers significant benefits for automation and integration with other systems.  

Upon these findings, NIMT has adopted a hybrid approach to DCC generation in order to 

complement strengths of both formats. Currently, NIMT’s DCC is generated in PDF/A3 format 

with an XML file as an attachment. To facilitate this process, NIMT has developed a dedicated 

web-based platform accessible from dcc.nimt.or.th. This platform is made available for the 

general XML generation. Hence, the platform consists of two sections: one tailored for NIMT 

staffs with security and linkage to other NIMT’s platforms and another part for general users.  

For NIMT’s part, the platform seamlessly integrates user information, administrative data, 

and calibration work orders with NIMT's existing systems. This integration is to ensure 

accuracy and efficiency when generate DCCs. NIMT staffs may create DCCs in PDF/A3 format 

with XML files attached, and both components are digitally signed for security and authenticity. 

For general users’ part, the platform enables the generation of DCCs in XML format only, 

fulfilling the machine-readable requirements.  

mailto:praiyat@nimt.or.th
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Additionally, the platform includes functionality verify schema and Schematron of DCCs in 

order to ensure that the DCC adheres to predefined standards. In order to validate digital 

signatures, the platform leverages the Electronic Transactions Development Agency (ETDA) 

verification service, guaranteeing compliance with recognized digital signature protocols. This 

comprehensive approach ensures that NIMT’s DCC format meets the needs of users, both 

human and machine, while maintains the highest standards of accuracy, security, and 

interoperability.  
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009 Generating Mass DCC based on DKD expert report  
using a spreadsheet 

Presenting author: Itzel Dominguez Mendoza (CENAM),  

E-mail address: idomingu@cenam.mx 

Additional authors: Carlos Galvan (CENAM), Siegfried Hackel (PTB), J. Armando Lopez-

Celis (CENAM), Gregorio Alvarez-Calva (CENAM), Luis Peña-Perez (CENAM) 

Keywords: DCC, DCC-Schema, Excel, Subschema, Machine-readable, Digitalization, 

DKD-Expert reports 

Abstract 

The DCC has been reported on in the context of many international conferences. The DCC 

format, which has been developed internationally with all parties involved (industry, 

laboratories, NMI, accreditors) under the coordination of PTB, is used and further developed 

by many. A comprehensive collection of quotations can be found in [1].  

Meanwhile, there are several activities under way to integrate the DCC into production 

operations. In particular, it should be emphasised that intensive work is being done to create 

Good Practice (GP) DCCs. In addition to the initial activities, which can be found on the DCC 

homepage [2], the DKD [3] is particularly involved in the creation of Good Practice DCCs. 

These are published in the DKD expert reports. A first expert report on the determination of 

mass is already available [4]. Further expert reports are shortly to be finalised.  

There is also a need in smaller calibration laboratories without larger IT departments, where 

Microsoft Excel is very often used to create calibration reports. To make it easier for these 

laboratories to get started with the DCC, the authors have developed a procedure [5] for 

automatically transferring the calibration measurement results to the corresponding area of the 

DCC. Based on a DCC subschema, which is tailored to the DKD expert report for determining 

the mass, an algorithm was further developed that carries out the transfer.  

mailto:idomingu@cenam.mx
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 Listing: https://doi.org/10.7795/120.20240126

 In particular, it is used in the broad area
of the pyramid
  Plenary talk tomorrow:

 DCC in production mode 

DKD Expert Report : DCC for weights
and weight sets

 1st DKD Expert Report: DCC Good Practice
 https://www.ptb.de/cms/fileadmin/internet/dienstleistungen/dkd/archi

v/Publikationen/Expertenberichte/DKD-E 7-2 rev1 en.pdf

 Many presentations about DCC Good Practice
 See e. g. parallel sessions

 Key Aspects of DCC I

 Industry Applications
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010 Real-World Applications of Digital Calibration Certificates 
(DCC): Use Cases and Implementation Stories 

Presenting author: Yoshitha Weerasinghe, Sri Lanka Standards Institution, Metrology 

Division, Sri Lanka 

E-mail address: yoshitha@slsi.lk 

Abstract 

Digital Calibration Certificates (DCC) are revolutionizing quality assurance by providing 

efficient, traceable, and automated solutions for calibration processes. This paper explores 

practical use cases and user stories that highlight the real-world applications and benefits of 

implementing DCC in diverse industries. In quality management systems, DCCs enable 

seamless integration, significantly reducing manual interventions and errors. They support 

industries in achieving regulatory compliance, such as with ISO/IEC 17025, by providing 

consistent, traceable documentation for calibration processes. Additionally, DCCs facilitate 

global collaboration by allowing stakeholders across borders to exchange harmonized and 

interoperable data smoothly. User stories from various sectors illustrate the transformative 

impact of DCCs. Metrology laboratories have reported improved efficiency and reduced 

administrative overhead by automating data handling and report generation. In industrial 

applications, companies in fields such as automotive manufacturing have adopted DCCs to 

digitize their calibration workflows, resulting in cost savings and enhanced audit readiness. 

Similarly, in the healthcare sector, the use of DCCs has improved the calibration of medical 

devices, ensuring reliability in diagnostics and better patient outcomes. The paper also outlines 

key implementation strategies for adopting DCCs, including collaboration with software 

developers to create machine-readable formats, training end-users for effective adoption, and 

building stakeholder confidence through pilot projects. These examples demonstrate the 

transformative potential of DCCs in advancing digital quality infrastructure, providing 

inspiration and a roadmap for broader adoption.  

 : www.fotalia.de
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          Digital Calibration Certificates, quality assurance, interoperability, regulatory 

compliance, healthcare diagnostics, calibration workflows. 
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Day 2 (2025-02-26 Wednesday)  

Plenary Session (Chair: Hugo Gasca) 

P03 Advances in the DCC enablement at Beamex 

Presenting author: Tuukka Mustapää, Beamex Oy Ab, Finland  

E-mail address: tuukka.mustapaa@beamex.com 

Additional authors:  

Abstract 

During the recent years, Beamex has been involved in multiple projects and co-

development Initiatives related to the adoption of the DCC in the process industry. As the 

development of the DCC has progressed, the focus of the co-development initiatives has been 

shifting from prototypes and proof-of-concepts towards the readiness to support early adaptors 

in taking the DCC into use in their production environments.  

As there are still many topics around the DCC that require further development, the 

enablement of the use of the DCC will be take place in multiple stages. This presentation 

discusses the ongoing projects and development activities at Beamex, the expected outcomes 

of those projects, and the outlines of a roadmap for the eventual support for the DCC in 

Beamex systems.  

Initially, the support for the DCC will cover the possibility for a customer to import calibration 

results directly from a DCC into their calibration management system. The capability to import 

data from DCCs will be dependent on the establishment of good practices for the application 

in question and likely requiring co-development. In practice, this means that early on the 

scalability for different applications will have some limitations.  

More extensive automation of the data exchange processes will require additional 

harmonization such as a standardized format for digital calibration requests (DCR) for enabling 

the two-way communication between the customer and calibration service provider. 

Additionally, the machine-to- machine communication can be further enhanced by use of 

centralized interfaces that can streamline the communication within calibration ecosystems 

consisting of numerous customer-service provider relationships.  

mailto:tuukka.mustapaa@beamex.com
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P04 Python-based DCC Tools Development and 
Implementation 

Presenting author: Gean Marcos Geronymo, Inmetro (Brazil)  

E-mail address: gmgeronymo@inmetro.gov.br 

Additional authors: Nil 

Abstract 

This paper introduces DCC Tools, a suite of open-source Python-based software tools 

developed to streamline the handling of Digital Calibration Certificates (DCCs). These tools 

are designed to generate DCCs compliant with the XML schema proposed by the Physikalisch-

Technische Bundesanstalt (PTB) [1] [2] and facilitate the embedding and extraction of human-

readable PDF versions of calibration certificates. The transition from traditional paper-based 

or PDF certificates to machine-readable DCCs addresses the limitations of current practices, 

which often involve manual transcription of calibration data, leading to inefficiencies and errors. 

The proposed tools aim to enhance the digitalization of calibration processes, enabling 

seamless integration with modern digital workflows and improving accessibility, 

interoperability, and efficiency.  

The DCC Tools package includes several key functionalities: dccGenerator, which 

generates PTB-compliant DCCs from JSON inputs; dccAddPdf, which embeds human-

readable PDFs into DCCs; and dccGetPdf, which extracts PDFs from XML DCCs. Future plans 

include the development of dccReader, a tool for extracting measurement data from DCCs and 

converting it into JSON or spreadsheet formats. For this task we plan to use the pyDCC library 

developed by Siemens, which is available on GitHub [3]. The system architecture is serverless, 

using AWS Lambda for scalability, cost-efficiency, and ease of integration with existing 

workflows. The tools are designed to operate within the AWS Lambda free tier, making them 

accessible to calibration laboratories of various sizes and budgets. The tools are implemented 

mailto:gmgeronymo@inmetro.gov.br
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as Python scripts, so they can be easily adapted for running on a local server or private cloud 

if needed.  

The adoption of DCCs represents a significant step toward true digitalization in calibration 

processes. Unlike traditional methods, which rely on paper or closed digital formats like PDF, 

DCCs store data in a machine- readable XML format, enabling automated processing and 

integration with digital systems. This is particularly important in the context of Industry 4.0, 

where real-time data exchange and automation are critical. The proposed tools also support 

the inclusion of digital cryptographic signatures, enhancing trust and security in the calibration 

process. DCC Tools software is freely available on GitHub [4] under the GPLv3 license, 

providing a practical and cost-effective solution for calibration laboratories seeking to 

modernize their workflows.  

In conclusion, the DCC Tools represent a significant advancement in the digitalization of 

calibration processes. By enabling the generation, embedding, and extraction of machine-

readable DCCs, these tools reduce the reliance on manual transcription, minimize errors, and 

improve productivity. The serverless architecture ensures scalability and cost-efficiency, 

making the tools accessible to a wide range of laboratories. Future work will focus on 

expanding the tools' capabilities and integrating them with emerging standards and 

technologies, such as the Digital SI (D-SI) format and metrology clouds, to further enhance 

their utility and impact.  

            

[1] Hackel, Siegfried, Shanna Schönhals, Lutz Doering, Thomas Engel, und Reinhard 

Baumfalk. „The Digital Calibration Certificate (DCC) for an End-to-End Digital Quality 

Infrastructure for the Industry 4.0“. SCI 5, Nr. 1 (2023). https://doi.org/10.3390/sci5010011. 

[2] PTB DCC Project. Available online: https://www.ptb.de/dcc (accessed on 20 th January 

2025).  

[3] PyDCC. Available online: https://github.com/siemens/pydcc (accessed on 27 th January 

2025).  

[4] DCC Tools GitHub Repository. Available online: 

https://github.com/gmgeronymo/dcc tools accessed on 27th January 2025).  

https://doi.org/10.3390/sci5010011
https://www.ptb.de/dcc
https://github.com/siemens/pydcc
https://github.com/gmgeronymo/dcc_tools
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P05 DCC in production mode 

Presenting author: Thomas Engel, Siemens AG, Germany  

E-mail address: engelthomas@siemens.com 

Additional authors: Klaus Fickinger, Sami Koskinen, André Lemke, Christian Sander, Shanna 

Schönhals 

Abstract 

In Summer 2024 a group of DCC enthusiast have teamed up to finalize, apply and validate 

the DCC for applications for a real-world application scenario of a temperature sensor in 

pharmaceutical industry. The team covers all stakeholders along the process chain, from 

system owner (Boehringer Ingelheim) to industry partners as instrument manufacturers, 

calibration service providers, calibration management systems and process automation and 

control solutions manufacturers (Beamex, Endress & Hauser, Siemens, Testo) and the 

German national metrology institute PTB as DCC development partners. The project initiative 

was structured in three phases.  

Phase 1: DCC generation and DCC harmonization among partners and alignment with DKD 

good practices  

Phase 2: Development and specification of a digital calibration request (DCR) to specify all 

requirements  

Phase 3: DCC exchange and application in the asset administration shell, digital product 

passport and dataspaces   

After 5 months, phase 1 is close to completion. The team will present the requirements and 

benefits from a sensor system owner perspective and share detailed information and lessons 

learnt when implementing a full process chain for DCC generation in sensor system production 

and recalibration. The goal of phase 1 was to have a harmonized content of the DCC 

irrespective of the issuer of the DCC as system manufacturer or calibration service provider. 

The DCCs was transferred to the calibration management system (CMS) and all calibration 

information extracted and automatically entered into the CMS. Finally, the CMS data was 

evaluated and validated by the sensor system owner with respect to completeness and 

correctness as endpoint of phase 1.  

The presentation will be concluded by an update of recent and up-coming DCC schema 

developments and a perspective on the integration of DCCs into the concepts and systematic 

of AAS and the digital product passport as they constitute the futures system of digital asset 

representation and documentation.  

mailto:engelthomas@siemens.com
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Day 2 (2025-02-26 Wednesday)  

Parallel Session “Tools & Software”  

(Chair: Anjali Sharma) 

011 Digital Calibration Exchange (DCX): Software Tools, 
Interfaces, and Workflow Integration 

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

Email: dbh@dfm.dk 

Additional authors: Søren Kynde srk@dfm.dk  

Abstract 

The Digital Calibration Exchange (DCX) framework was developed by DFM with input from 

members of TC-IM 1448 WG1 and WG2. The aim of DCX is to investigate the impact on 

software-tools and architectures when the schema emphasizes use of reference pointers 

within the DCC’s, as compared to tree-structure emphasis as applied in the PTB DCC-schema. 

This presentation will explore these developed software-tools and discuss aspects relevant to 

user-interface. In particular software tool implemented using Python and Excel, which allows 

users to read, edit and export data to xml, will be presented. 

Additionally, we will introduce a query tool designed for clients to efficiently lookup specific 

data within Digital Calibration Certificates (DCCs) which the client may want to transfer to 

internal databases. This tool simplifies the process of preparing the data retrieval, to enable 

quick and accurate access to essential calibration information.  

The presentation will also cover the generation of PDF documents from DCX data, 

emphasizing the use of human-readable headings for all elements. This feature enhances the 

readability and usability of the generated documents, making them accessible to a wider 

audience. Finally, we will discuss the workflow and architecture of DCX in relation to the XSD 

mailto:dbh@dfm.dk
mailto:srk@dfm.dk


 

Page 180 of 487 
 

5thd international DCC-Conference 

schema, providing a comprehensive understanding of how these components interact to 

ensure data integrity and consistency. In conclusion, the DCX user-interfaces and software 

tools provide important steps toward offering a powerful and intuitive solution for managing 

calibration data, streamlining processes, and enhancing the overall user experience.   

Outline of presentation  

  What is DCX  

  Availability of software tools for DCX  

  o User interface for DCX for: reading, editing and eporting to xml  

  o Querry tool for clients to lookup data in xml  

  o PDF generation - utilizing Human readable headings for all elements.  

  Workflow and architecture relation to DCX schema  

  Solution available on github.com/TC-IM-1448/DCC-Tables   

  See the other presentations for information on DCX schema and DCX certificate 

examples.   

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

Grants. 
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012 GEMIMEG 2.0: Evolution of the concept and 
implementation of the GEMIMEG Tool 

Presenting author: Alexander Reissert 

Email: alexander.reissert@ptb.de 

Additional Authors: Samuel Eickelberg samuel.eickelberg@ptb.de, Petra Tsesmetzi 

petra.tsesmetzi@ptb.de, Abdul Rehman abdul.rehman@ptb.de 

Abstract 

GEMIMEG II is a successor of the GEMIMEG tool [1] that strives to fulfil the purpose and 

goals of the predecessor. GEMIMEG II is designed to provide an accessible graphical user 

interface (GUI) for human users to create a Digital Calibration Certificate (DCC) without 

requiring prior knowledge of the underlying XML structure nor the DCC schema. It continues 

the successful work of the previous software tool. Furthermore, it produces a human readable 

format of the DCC, to facilitate the work of auditors and streamlining accreditation procedures. 

GEMIMEG II supports for the first time the DCC schema version 3.3.0 and the support of 

the Digital System of Units (D-SI) [2] and its corresponding interlinked schema. This improves, 

e.g., the expanded measurement uncertainty and its correct notation in the digital realm.  

GEMIMEG II is provided as a webservice and can be easily accessed via an Internet 

browser like a web page. A desktop version for offline use will be provided for all major 

operating systems. By employing container technology, GEMIMEG II is independent of the 

underlying operating system. 

Additionally, GEMIMEG II provides a standardised application programming interface (API). 

This facilitates the seamless integration of GEMIMEG II into an existing laboratory workflow [3]. 

Implementing standardised REST interfaces enable a seamless communication and data 

exchange of upstream process steps and specialised software tools. This provides the 

opportunity to employ GEMIMEG II without media discontinuity. Furthermore, laboratories can 

create a fully automatised DCC creation workflow in their customised working environment.  

mailto:alexander.reissert@ptb.de
mailto:samuel.eickelberg@ptb.de
mailto:petra.tsesmetzi@ptb.de
mailto:abdul.rehman@ptb.de
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GEMIMEG II is published under an Open-Source license and will be free of charge. This 

allows to use the tool without restrictions including the right to copy, to change, to publish, to 

distribute, to lend or rent it, or use it commercially. 

  [1] Machine-readable and machine-actionable digital calibration certificate (DCC) and its 

use in practice S. Hackel, S. Schönhals, T. Krah, L. Doehring – Technisches Messen 

2024; 91(1): 51–62, DOI: https://doi.org/10.1515/teme-2022-0117 

  [2] SmartCom Digital System of Units (D-SI) Guide for the use of the metadata-format 

used in metrology for the easy-to-use, safe, harmonised and unambiguous digital transfer 

of metrological data - Second EditionHutzschenreuter, Daniel, et al., Zenodo. DOI 10 

(2019). 

  [3] Digital transformation in metrology: Building a metrological service ecosystem A 

Oppermann, S Eickelberg, J Exner, T Bock… - Procedia Computer Science, 2022 
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013 Formula Evaluation and MathML: Processing in Python: 
A High-Precision Framework for XML documents like the 
DCC 

Presenting author: Justin Jagieniak, PTB Germany 

Email: Justin.Jagieniak@ptb.de 

Additional authors: Siegfried Hackel, Jan Loewe 

Abstract 

This presentation introduces a Python library designed for processing and evaluating 

mathematical expressions with high precision, leveraging sympy library. A key feature of this 

library is its ability to parse and process XML-based MathML content, enabling the extraction 

and evaluation of mathematical formulas represented in MathML format. The library supports 

dynamic variable management, symbolic expression handling, and high-precision numerical 

computations, making it suitable for applications in scientific computing. By integrating MathML 

processing capabilities, the library bridges the gap between symbolic mathematics and XML-

based mathematical representations, providing a versatile tool for working with complex 

mathematical data. The presentation will highlight the library's core functionalities, its use 

cases, and its advantages in scenarios requiring both high computational precision and 

interoperability with MathML standards for the DCC. 

mailto:Justin.Jagieniak@ptb.de
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014 Consistent Representation and Usage of Tabulated Data 
in the DCC. Enable Easy-To-Use Computer-Aided 
Processing and Visualization of Your Data 

Presenting author: Benedikt Seeger  

Email: benedikt.seeger@ptb.de 

Additional authors: Eva Vanessa Stehr vanessa.stehr@ptb.de , Thomas Bruns 

thomas.bruns@ptb.de 

Abstract 

In metrological measurements, tabulated data is omnipresent - almost all data consists of 

different values that stand in relation to each other. The Digital Calibration Certificate (DCC) 

presents us with a unique opportunity to make this data accessible more efficiently than ever. 

The accessibility of the data enables direct processing of the data, e.g. as human-readable 

plots, such that the data becomes easy to understand and interpret correctly. The current state 

of the DCC schema definition allows for multiple different representation of tabulated data. For 

efficient use of the DCC as a universal exchange format for metrological data between different 

applications, it is crucial that the table format is consistent across all DCCs, regardless of 

calibration task. One such format is proposed in which all kind of tables can be represented, 

and which can then be efficiently parsed by suitable software. 

It is discussed how computers process relational data and how modern design principles 

enable efficient interaction with and consistency of such data. The different possible structures 

of the DCC that could represent the relations of the data are discussed. A suitable, efficient 

format for representing tabulated data is proposed, and its efficiency and reliability is 

evaluated. We present an open-source reference implementation project in Python to show 

the underlying de- sign principles that could analogously be used in all object oriented 

programming languages.  

        : Tables; DCC; Indexing 

                  

        

               

                             

         

                       

                        

                

                              

                        

mailto:benedikt.seeger@ptb.de
mailto:vanessa.stehr@ptb.de
mailto:thomas.bruns@ptb.de


 

Page 216 of 487 
 

5thd international DCC-Conference 

Back to “Table of Contents” above 

Presentation of Benedikt Seeger   

  
 

 
 

                                                       
       

5th DCC Conference

Benedikt Seeger, Vanessa Stehr, PTB, 1.73

       

1 Data in the DCC

1 Tables

2 dcc:quantities

2 Representation options of this data

1 Motivation

2 dcc:quantities

3 Tables
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             Establishes a             between known        
      (with uncertainties) and                         under
                     C            International  oca ular  o  metrolog 

 Tables are used in analog and digital domain to store calibration
data efficiently.

 Relational databases and tables share the same basic principles

 They store  rows  with identical kind and structure of information

 We look up a specific  row/dataset  by searching for one (or more) specific
value

26.02.2025  

                              

26.02.2025

Quantity

Name

Unit
Values

Label

Table Columns are

Phyiscal Quantites
Index
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 Dcc:quantities are structures containing

 Name (multi language)

 Description (multi language)

 Unit as D-SI string

 Values (scalar) or      
 Uncertanties (scalar) or      

 Rich metadata as XML elements

 Nested quantities are allowed here

 Software should use              as the

smallest unit of information.

 

                     

26.02.2025

Implement desired

functionality

Implement basic

functionality

Extract data from

elements

Filter matching

elements
Parse XMLRead DCC file
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Implement basic

functionality

Extract data from

elements

Filter matching

elements
Parse XML

DccQuantities-

Library

Implement desired

functionality

Read DCC file

 

                     

 Read DCC and parse quantities

 Standard Python functions

 Arithmetic operations
with uncertainties

 Serialize quantities back into
DCC-XML

26.02.2025  

Work in

Progress

Work in

Progress



 

Page 220 of 487 
 

5thd international DCC-Conference 

  
 

  
 

                  

                             

 Most data is tabulated

 We need to be able to work with this data
digitally 

 We want to parse the data into a format
that is easy to understand for humans, e.g. as plots

        : There are a large number of ways to represent

tabulated data in the DCC 

26.02.2025  

             

                        

 First, we would need to find every table
format that is used anywhere

 Some formats increase the size of file
so much that it can not be easily parsed

 Every format needs its own parser

26.02.2025   
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 Keep in mind: DCC is not intended
to be directly read by humans 

  

                         

                

 Rows of data taken under the same
conditions

 Columns of the same kind of data,
taken under different conditions

 Entries can be found via the index
columns

26.02.2025   
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 Indexing

 One, two, or n dimensions

 Most cases only have one dimension

 Numeric or categorical indexes

 Can be mixed in multi-dimensional tables

 Some metadata (like units) is the same for each element,
include option to avoid repetition

26.02.2025   
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 In most cases, it s
sufficient to repeat index
vector values ( long
format )

 Then, format can follow
1D case

26.02.2025
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 Avoiding index value repetition is
only necessary for very large tables
( 1000 entries,  2 dimensions)

 We are working on a proposition for
such a format ( flat format )

 Please contact us if you have use
cases, so we can take them into
account

26.02.2025   
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015 A framework for digitising dimensional metrology 

Presenting author: Arif Sanjid 

Email: sanjid@nplindia.org 

Additional authors: Naveen Garg, R Srinivas Rao 

CSIR- National Physical Laboratory, New Delhi, India 

Abstract 

The ISO 17450 (2011) entitled Geometrical product specifications (GPS)—General 

concepts: Model for geometrical specification and verification recommends framework of 

                              

 Proposed format covers all use
cases we know of

 Writing a parser for a strict
format is very easy

 Enables better software, and
thus greatly increases usability

26.02.2025   

          

       

Benedikt Seeger

benedikt.seeger ptb.de

gitlab1.ptb.de/Seeger

Vanessa Stehr

vanessa.stehr ptb.de

gitlab1.ptb.de/stehr01
      : Illustrations CC0, Screenshots own work

                      gitlab1.ptb.de/digitaldynamicmeasurement/dccQuantities/ -
/tree/devel-class-restructuring
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dealing developing models for dimensional metrology applications. Moreover, its part 2, 

describes operators of the coordinate measurement data. Likewise, there are assorted 

document standards, literature and standard operating procedures to perform dimensional 

metrology calibrations. The KCDB (the BIPM key comparison database) web portal enlisted 

the calibration services of length along with their key comparison data. Accordingly, Calibration 

and measurement capabilities the national measurement institutes (NMIs) across the globe 

are endorsed after an approved peer reviewed audit. 

In the era of industry 5.0, a framework that transforms metrological activities into digital 

format is inevitable. National Physical Laboratory, India has identified the significance of 

digitalising the dimensional metrology and initiated the efforts to device digital calibration 

certificates (DCC) in collaboration with the centre for calibration and testing (CFCT) of NPL, 

India. These attempts may lead to an evolution of the generic framework to meet the 

requirement of (Findable, Accessible, Interoperable, and Reusable data and services) FAIR.  

This work aims to discuss a framework to digitalise the dimensional metrology practices 

and application. Present, the proposed abstract model is explained with a dimensional 

measurement application. The proposed model involves a process flow which emphasizes (1) 

metrological traceability of the reference measures and materials (2) Geometric product 

specification of the device under test (3) static and dynamic characteristics of the metrological 

loop of the measuring system (4) measurement process and raw measurement data. In 

dimensional metrology, the metrological loop comprises of the influences due to the structural 

rigidity, geometric imperfection – orientations of the workpiece, and the kinematics - the kinetic 

interactions. The abstract model is used to compose the measurement data in a format to 

supplement the requirement of FAIR. The procedure of measurement data is suggested in 

ISO 17450-2. The digitalization of the dimensional metrology also includes development of 

digital twins by implementing simulations using different artificial intelligence algorithms and 

techniques. 

        : DCC, FAIR, Artificial intelligence  
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 Substitution method - The circumference of the

piston is scanned to detect the peaks (i.e.,

reversal points) of its curvature.

 

 The zenith point searching and the misalignment  

        
the ability to locate the centre of a rectangular GB in mechanical

comparison calibration is limited to 0.5 mm. Then the uncertainty

contribution due to imperfect form is 2 nm

The scanned circumference constitutes the ROI for the given specimen.

                       

The optimal angle between ROIs that minimizes the uncertainty of the

measured quantity is 120 for the radius and the Euclideancentre

position
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 he operator decides the reversal point based on the least change (i.e.
by one least count) in the reading of probe .

 Instead, the coordinates of the circumference of the specimen under

test are sampled.

 The peak of this profile curve is determined by employing the

                                                           

                 

 Such an interpolation improves the uncertainty as we can

convincingly assign a triangular distribution to the detection of peak.

          
F meli et al scanned three spheres with a resolution 10o (5o) in

longitude (latitude), respectively to map their radius. This method

measures the variations of radius as a function of angle

          

The parameters associated with the circular cross-section of the

specimen are roundness and diameter. Other additional parameters

such as straightness, and parallelism, are required for cylindrical

surfaces.
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                : The matrix of the definition of

geometric features and their interrelationships are

illustrated in ISO 14660-1

 The diameter measurement is associated with (i) at least

three measurements of roundness along the length of the

cylindrical specimen, (ii) measurement of straightness and

parallelism of the cylindrical surface parallel to its axis

[Calibration Guide, EURAMET/cg-06/v.01, 2007]

            

 The profiles of the diameter and faces of the reference GB is

extracted using two LVDT displacement sensors.

 Asymmetric datum is constructed from the coordinates of these

profiles. The displacement of translation is read perpendicular to the

constructed datum.

 The laser beam of displacement measuring interferometer is set

coaxial to the constructed datum line [Meas. Sci. Technol. 8 (1997)

849 856.]. Consequently, the kinematics of the experiment is

aligned referring to this datum.
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 Usually, the coordinate data is registered by considering their root

mean square of residue.

 The consolidated discrepancy has been accounted for the

uncertainty estimation.

         
 A spindle axis serves as a datum for the roundness measurements.

 On the contrary, the diameter does not need a datum.

 However, the fusion-based diameter measurement needs a center

to construct a reference circle
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016 Instructions for using the DCC scheme to create a digital 
calibration certificate for gauge blocks 

Presenting author: Christian Sander; Testo Calibration Services GmbH 

Email:  

Additional authors: Katharina Janzen 1, Guido Bartl 1, Daniel Heißelmann 1,,Ralf Liske 2 

1 Physikalisch-Technische Bundesanstalt (PTB) 
2 L & W GmbH 

Abstract 

             

In the course of digitization in metrology, the Physikalisch-Technische Bundesanstalt (PTB) 

developed the digital calibration certificate (DCC), which enables the reporting of calibration 

results for all measurands in a machine-interpretable format and meets the requirements of 

DIN EN ISO/IEC 17025:2018 for the reporting of results. For this purpose, an XML schema 

definition (XSD) was created, which specifies the data types and structure of an XML 

document. The developed XSD schema offers flexible and diver se solutions for presenting 
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the results for each individual measured variable, provided they are reported in a schema-

compliant XML document. Within each metrology community, the uniform use of terminology 

for the communication of measurement results is also essential, which is why the universally 

defi ned XML elements must be supplemented with human- and machine-interpretable 

information. This additional information must be individually coordinated in each community to 

ensure the interpretability of the data exchange. For this reason, a good practice example (GP) 

for a DCC for gauge blocks was developed within the framework of the DKD Technical 

Committee on Length in cooperation with PTB, which is presented in this expert report.  

The developed and presented DCC is based on schema version 3.3.0. As the schema 

definition is subject to continuous further development, this presentation represents the status 

of the discussion at the time of publication.  

                   

Gauge blocks (e.g. according to EN ISO 3650:1998) made of steel, ceramic or carbide are 

cuboid blocks with two parallel functional surfaces with very high surface quality and accuracy 

(distance, parallelism, flatness). Gauge blocks can be assembled to different lengths, which is 

referred to as 'wringing'. In practice, gauge blocks are used as individual items or in the form 

of ready-made sets of individual gauge blocks with specific increments of the nominal size (e.g. 

125-piece set). A set can contain several gauge blocks of the same nominal size and different 

materials. 

          

The use of the machine-readable DCC eliminates the error-prone manual transfer of the 

determined calibration results, such as the centre dimension or the deviation of the centre 

dimension from the nominal dimension, on the user side when using gauge block sets for 

metrological purposes. To avoid interpretation errors between the generating and processing 

systems of the DCC, a uniform representation of the usable data in DCC format is desirable. 

For the example of gauge block sets, a solution is presented in this report as “good practice”. 

Back to “Table of Contents” above 
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Katharina Janzen 1, Guido Bartl 1, Daniel

Hei elmann 1, Ralf Liske 2, Christian Sander 3
1 Physikalisch-Technische Bundesanstalt(PTB)
2 L & W GmbH
3 Testo Calibration Services GmbH

DKD  German Calibration Service a
forum of PTB

 More than 400 calibration laboratories

 Goal: promote uniformity in metrology

 13 technical committees

 Implementation of good practice
examples of DCCs

 Standardized DCCs for various device
types

 First DCC of TC Length  calibration of
gauge blocks
(https://doi.org/10.7795/550.20250131)

2024-04-16 2

            



 

Page 242 of 487 
 

5thd international DCC-Conference 

 

  
 

Gauge blocks (ISO 3650:1998)

 cuboid blocks with two parallel functional

surfaces to transfer the length quantity

 Used as reference standards for dimensional

calibrations in industry

 Can be joined/wrung with low uncertainties

 Sets of blocks with various nominal lengths

 Made of steel, ceramics or carbides

 Available in different grades/accuracy classes

 Identification of individual block by marking

2024-04-16 3

            

Gauge block calibration

 Functional tests

 Visual inspection

 Wringability

 Dimensional calibration

 a) central length lc or

 b) deviation of central length lc from nominal
length ln

 Optional: deviation span  o and  u

 Method: VDI/VDE/DGQ 2618 3.1:2004-01

2024-04-16 4

            

ln lc

 o
 u
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Structure of DCC with focus elements

2024-04-16 5

                 

dcc:items

dcc:item refType "length gaugeBlockSet" id " setOfItems"

dcc:subItems

dcc:item refType "length gaugeBlock" id "Item 1"

dcc:item refType "length gaugeBlock" id "Item 2"

/dcc:subItems

/dcc:item

/dcc:items

dcc:items structure

2024-04-16 6

                 

60 mm 70 mm
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dcc:items

dcc:item refType "length gaugeBlockSet" id " setOfItems"

dcc:subItems

dcc:item refType "length gaugeBlock" id "Item 1"

dcc:item refType "length gaugeBlock" id "Item 2"

/dcc:subItems

/dcc:item

/dcc:items

dcc:items structure

2024-04-16 7

                 

DCC schema 3.3.0

enables a structred

representation of set

of calibration objects

dcc:identificationsof the set of gauge blocks

 Information for identifying the complete set of gauge blocks

2024-04-16 8
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dcc:itemQuantitiesof the set of gauge blocks

 Properties valid to the complete set of gauge blocks

2024-04-16 9

                 

dcc:itemQuantitiesof the set of gauge blocks

 Properties valid to the complete set of gauge blocks

2024-04-16 10

                 



 

Page 246 of 487 
 

5thd international DCC-Conference 

  
 

  
 

dcc:itemQuantitiesof the set of gauge blocks

 Properties valid to the complete set of gauge blocks

2024-04-16 11

                 

dcc:item (individual gauge block in the set)

 Properties valid to idividual gauge blocks

2024-04-16 12
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dcc:item (individual gauge block in the set)

 Properties valid to idividual gauge blocks

2024-04-16 13

                 

dcc:item (individual gauge block in the set)

 Properties valid to idividual gauge blocks

2024-04-16 14
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Structure of DCC

2024-04-16 15

                 

dcc:usedMethod

 Description of the test or calibration method

2024-04-16 16

                 



 

Page 249 of 487 
 

5thd international DCC-Conference 

  
 

  
 

dcc:measuringEquipments

 Applied reference standards (optical flat)

2024-04-16 17

                 

dcc:results (for functional test - wringability)

2024-04-16 18

                 

Boolean quantity types

urgently needed
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Structure of DCC

2024-04-16 19

                 

dcc:results

 Dimensional calibration results

2024-04-16 20
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dcc:results

 Dimensional calibration

results

2024-04-16 21

                 

dcc:results

 Dimensional calibration

results

2024-04-16 22
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dcc:results

 Dimensional calibration

results

2024-04-16 23

                 

dcc:results

 Dimensional calibration

results

2024-04-16 24
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dcc:results

 Dimensional calibration

results

2024-04-16 25

                 

Summary

 Machine interpretable DCCs for gauge blocks can be implemented using

schema 3.3.0 with specific refTypes and ids/refIds

 Sets of objects are well represented by dcc:item and dcc:subitems

 General structure is assumed to be easily adapted to other dimensional

artefacts

 The schema 3.3.0 should be extended to boolean quantity types

2024-04-16 26
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017 Automation in calibration process using DCC, primary to 
secondary labs. 

Presenting author: Aldo Adrián García González 

Email:  

Additional authors:  

Abstract 

This work shows how DCC can be implemented at acceleration primary laboratory to 

calibrate accelerometers that can be implemented directly to acceleration secondary labs.  The 

solution uses excel sheets, python and LabView to generate results subscemes. The 

integration of all good practices allows to reduce calibration process.  

The work also will show.  

  Implemented method.  

  Developed software.  

  Results and future work.  

                                     

                       

Bundesallee 100

38116 Braunschweig

https://www.ptb.de/cms/de/metrologische-dienstleistungen/dkd.html

https://www.dkd.eu
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018 Semantic registration of DCC and DCoC onto 
Information Model of International Data Spaces 

Presenting author: Tomasz Sołtysiński; Physikalisch-Technische Bundesanstalt (PTB), 

Abbestraße 2-12, D-10587 Berlin-Charlottenburg, Germany   

Email:  

Additional authors:  

Abstract 

Many processes in the quality infrastructure require the provision of a document of 

compliance or conformity with legal, contractual or regulated requirements. For digital quality 

infrastructure, these proofs need to be provided using digital communication protocols and 

connected data sources. Data spaces allow to comprise an ecosystem connecting different 

participants offering their assets, like resources, services and exchanging protocols with 

metadata and data. Focused on such applications, we discuss and demonstrate different 

scenarios allowing us to exchange specific protocols, like a digital certificate of conformity 

(D-CoC) or digital calibration certificate (DCC), as used for instance, in legal metrology.  

To enable a semantic-driven flow of content carried by D-CoC and DCC within an 

ecosystem adhering to the principles of digital quality infrastructure, such as Quality-X, based 

on International Data Spaces (IDS), a unified and interoperable framework is essential. In this 

context, a new approach is proposed: registering the vocabulary embedded in certificates onto 

a semantic information model of the de facto standardized IDS. This ensures secure, 

traceable, and harmonized metadata exchange. Such a framework lays the foundation for 

efficient implementation of digital processes, including quality assurance through 

interlaboratory comparisons and round trials, as well as the validation of AI methods and 

software.  

Combining our approach with specific standardized interfaces being operated by industry, 

like asset administration shell (AAS), the unified data communication protocol OPC UA and 
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the industrial digital twin association (IDTA), we discuss solutions paving the way towards 

effective, interoperable, automated, machine -readable pipelines shaping prospective digital 

quality infrastructure framework.  
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019 DCC in a Mass Calibration Software 

Presenting author: Lisa Busser, Keysight Technologies Deutschland GmbH  

Email: lisa.busser@maro.de 

Additional authors:  

Abstract 

ScalesNet is an already existing and well-known Software in mass metrology. As such a 

stakeholder the developing team of ScalesNet has been asked to be the industrial partner of 

PTB with the goal of embedding the DCC in an already existing software.  

This presentation includes a short demonstration of the already existing possibilities to 

generate a DCC automatically with results of a real measurement that validates against the 

schema of PTP. On top of that, the current state of development regarding the import of the 

data out of the DCC and into the software will be shown. Finally, two suggestions for changing 

the schema will be made. These proposals aim to facilitate repeatability of development for 

other software developers and to improve the interoperability of DCCs from different software 

vendors. In addition, it is particularly important to be able to make the import of data from the 

DCC back into software as automated as possible. The general data fields into which 

continuous text is inserted are particularly problematic here. Because different spellings of a 

company name or address are not automatically recognized as the same by software. This 

lecture promotes a suggestion as to how these text fields can be handled in the import to make 

importing possible with as little intervention as possible, without having to resort to a globally 

central database or having many duplicates of the same entry in your own database.  
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020 Progress Towards Producing DCC with Standard 
Structured Measurand Information 

Presenting author: Jens Leinhos  

Email:  

Additional authors: Mark Kuster, Colin Walker, Mike Schwartz, and Jonathan Harben 

Abstract 

Advances in machine-actionable information and data for the quality infrastructure require 

further exploration. This includes the implementation of Digital Calibration Certificates (DCC) 
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by producing real-world measuring instrument examples to investigate potential use cases with 

consumers. The integration of units and quantity information from three primary 

sources — ISO 80000 quantities and units, DCC Reference Types, and NCSLI measurand 

taxonomy will be examined. The study will review the progress made so far and identify any 

gaps, outlining goals for future work. This investigation aims to provide a foundation for further 

research and development in the field.  

Back to “Table of Contents” above 
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Day 2 (2025-02-26 Wednesday)  

Parallel Session “Applications NMI II”  

(Chair: Jariya Buajarern) 

021 Digital Calibration Certificates for Radioactivity and FAIR 
Data Exchange 

Presenting author: Henrike Fleischhack 

Email: henrike.fleischhack@ptb.de 

Additional authors: Stefan Röttger stefan.roettger@ptb.de, Matthias Oliver Stein 

matthias.stein@ptb.de (PTB) 

Abstract 

The future is digital: Our increasingly interconnected world requires fast, accurate exchange 

of data and information. DCCs (digital, machine-interpretable calibration certificates) will play 

a large role in digitalizing our quality infrastructure, allowing for automated, streamlined 

communication between calibration laboratories, research institutes, and manufacturing 

facilities. Simultaneously, the scientific community needs machine-interpretable data formats 

to support the exchange of complex datasets and measurement results.   

In this contribution, we present work towards implementing DCCs for radioactivity and 

related calibration quantities, following the XML -DCC pioneered by PTB. Calibration 

certificates must describe the calibration item (activity standard) in terms of its size, shape, and 

isotope composition, as well as the calibration quantities such as activity, activity concentration 

or uniformity. We will also discuss a proposed data exchange format based on the DCC 

schema that allows the addition of raw data such as count rates or gamma-ray spectra, and 

meta data such as observing times and experimental setup. This new data format will support 

the sharing of datasets following the FAIR principles (findable, accessible, interoperable, 

reusable), in particular improving the aspects of interoperability and reusability over existing 

data formats. 

mailto:henrike.fleischhack@ptb.de
mailto:stefan.roettger@ptb.de
mailto:matthias.stein@ptb.de
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022 Transport of DCC with cryptographic signature in PDF/A 

Presenting author: Diego Coppa (INTI), 

Email: dcoppa@inti.gob.ar 

Additional authors: Siegfried Hackel siegfried.hackel@ptb.de, (PTB), Héctor Laiz 

laiz@inti.gob.ar, (INTI) 

Keywords: DCC, PDF-A, Machine-readable, Digitalization, Cryptographic signatures, DCC 

transport  

mailto:dcoppa@inti.gob.ar
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Abstract:  

The DCC has been reported on in the context of many international conferences. The DCC 

format, which has been developed internationally with all parties involved (industry, 

laboratories, NMI, accreditors) under the coordination of PTB, is used and further developed 

by many. A comprehensive collection of quotations can be found in [1]. One question that has 

come up again and again over time is how DCC is transferred from the laboratory to the 

customer. Several methods have emerged, which have one thing in common: the DCC must 

be passed on with integrity and authenticity. This can be solved by using cryptographic 

signatures. There will probably also be presentations from industry at this conference on this 

topic. In some cases, there are government restrictions on the selection of cryptographic 

methods. For example, in some countries the algorithms are specified, and some of them are 

not implemented in PDF/A. In other countries, such as Argentina, only PDF/A is allowed for 

sending cryptographically signed documents from the government. This presentation will 

discuss how the DCC XML file can be transported using the PDF-A transport container. It will 

also be discussed how the human-readable content should be handled, which can then be 

seen in the PDF-A. In this context, PDF-A should not be viewed as a machine-readable 

Calibration Certificate. It is only with the DCC-XML in the PDF-A container that this composite 

becomes machine-executable or even machine-interpretable. [1] [2].  

          :  

  [1] Hackel, Siegfried, et al., Digitization versus Digitalization & Digital Transformation in the 

field of calibrations and their subsequent use (2024). Physikalisch-Technische 

Bundesanstalt (PTB). Available at: https://doi.org/10.7795/120.20240126  

  [2] D. N. Coppa, et al., "Software for the Creation of Machine-Readable and Human-

Friendly Reports" in 3rd International DCC Conference 2023-02-28 to 2023-03-02 

Proceedings, p.18, 2023. doi: 10.7795/810.20230331. Available at: 

https://oar.ptb.de/resources/show/10.7795/810.20230315 
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023 A service to authenticate documents issued by MSL 

Presenting author: Blair Hall; Measurement Standards Laboratory of New Zealand 

Email: blair.hall@measurement.govt.nz 

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

Standards Laboratory of New Zealand  

Abstract 

This talk describes an online service that is being developed at the Measurement Standards 

Laboratory of New Zealand (MSL) to authenticate documents. The service will allow clients to 

check whether a digital document in their possession was issued by MSL and is currently valid.  

mailto:%20blair.hall@measurement.govt.nz
mailto:joseph.borbely@measurement.govt.nz
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Currently, MSL issues calibration reports either as PDF files or paper documents. PDF 

reports are sent to clients as email attachments, accompanied by a digital checksum to allow 

an integrity check of the file received.  

The planned new web-based service will provide greater flexibility. By submitting a 

document's checksum to the service, clients can query its status at any time. The service will 

return one of three possible responses:  

  Valid: The document was issued by MSL and is currently valid.  

  Cancelled: The document was issued but has since been cancelled and is no longer valid. 

  Unrecognised: There is no record of the document, indicating it is not valid.  

To ensure confidentiality, the service relies on checksums and does not expose document 

contents. Additionally, it does not require user authentication, simplifying the verification 

process for both MSL and clients.  

This new service will enable MSL to indicate a cancelled report status, which is difficult to 

communicate effectively under the existing system. It will allow clients to perform dynamic 

document verification, protecting against inadvertent corruption at any time after receiving a 

file. Furthermore, the service can authenticate other file types, such as spreadsheets. This 

capability will enable MSL to provide supplementary information alongside reports in formats 

suited to clients' needs.  

Back to “Table of Contents” above 
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024 Progressive Shift towards Digitalization in TUBITAK 
UME Mass Laboratory 

Presenting author: Beste Korutlu 

Email: beste.korutlu@tubitak.gov.tr 

Additional authors:  

Abstract 

In this rapidly evolving digital era, the adoption of Findable, Accessible, Interoperable and 

Reusable (FAIR) Data Principles is inevitable in metrological data and metadata. Digital 

mailto:beste.korutlu@tubitak.gov.tr
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calibration certificates (DCC) and digital comparison reports emerged as the outcome of the 

comprehensive work within this period. The concept of this paper is built on progressive work 

towards a synergic co-operation of mass metrology and digitalization.  

In mass metrology, the calibration of the test weight is typically performed by substitution 

weighing with reference standard of higher accuracy class. The most commonly used weighing 

cycle is Reference-Test-Test-Reference (or in-short ABBA-cycle where “A” represents 

weighing the reference standard and “B” represents weighing the test weight), thereby 

eliminating the linear drift. The ABBA-cycle is repeated at least by the minimum number 

specified in the relevant international recommendations/standards/guidelines for the particular 

accuracy class of the test weight. The average weighing difference between the test weight 

and the reference standard is used in finding the error in the mass of the test weight. During 

the calibration, the environmental conditions are recorded in order to take into account the air 

buoyancy effect in the weighing process.  

TUBITAK UME Mass Laboratory has recently undergone an infrastructure renewal in 

weighing instruments in the range of 2 kg – 50 kg. The calibration reports by these instruments 

are in human readable Tanner Database format with .tdb extension. We reconstruct the 

calibration report into a machine-readable Extensible Markup Language format having .xml 

extension by developing precise functions in Python Programming Language. The calibration 

report is composed of two parts as administrative data and measurement results. Initially, the 

report is split into two so that the administrative data is stored for further producing a digital 

calibration certificate while the measurement results for determining the error in the mass of 

the test weight. The analysis of the data is performed using the calibration data in the 

measurement results and the relevant data of the reference standard.  

On the onset of this work, we use GEMIMEG tool in order to generate a DCC for the 

reference standard with .xml extension. Once the reference standard data is in the machine-

readable format, it will be possible to call it into the same environment with the measurement 

results and assign the mass error for the test weight without human-intervention. In this paper, 

we demonstrate how the mass error of a single test weight is determined with minimum 

involvement of the operator.   
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025 Practical Applications of Digital Calibration Exchange 
(DCX) covering Certificates, Requests, and Templates 

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

Email: srk@dfm.dk 

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

Abstract 

This presentation provides a comprehensive exploration of the Digital Calibration Exchange 

(DCX) through practical examples and scenarios. We begin by examining four general 

scenarios of calibration, and how this creates a basis for simplifying the representation of 

calibration results in a FAIR maner. These scenarios will be demonstrated with XML examples, 

highlighting the versatility and adaptability of the DCX framework. A key focus will be on the 

PDF representation of XML data, demonstrating how similarities across these scenarios can 

be leveraged to create standardized and easily interpretable documents. The presentation will 

also delve into the commonalities observed across different metrology areas, showcasing how 

DCX facilitates a unified approach to calibration data management. By presenting examples 

of Digital Calibration Certificates (DCCs), Digital Calibration Requests (DCRs), and Digital 

Calibration Templates (DCTs), we will illustrate the practical implementation and benefits of 

DCX in real-world settings. Furthermore, we will outline the workflow involving templates, 

requests, and certificates, providing a clear understanding of how these components interact 

within the DCX framework. This workflow ensures a seamless and efficient process for 

managing calibration data, from initial request to final certification. In conclusion, the DCX 

framework offers a robust and standardized solution for the digital management of calibration 

data, enhancing accuracy, traceability, and interoperability across the metrology community. 

Outline of presentation  

  Four general scenarios of calibration  

  PDF representation of xml certificates utilizing the similarities across the four scenarios  

  Similarities across different metrology areas   

mailto:srk@dfm.dk
mailto:dbh@dfm.dk
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  Workflow with templates, requests and certificates  

  Examples of Digital Calibration Certificates (DCC's)  

  Examples of Digital Calibration Requests (DCR’s)  

  Examples for Digital Calibration Templates (DCT's)  

  Solution available on github.com/TC-IM-1448/DCC-Tables 

  See other presentations for information on schema and software tools. 

 

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

Grants. 
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Day 3 (2025-02-27 Thursday)  

Plenary Session  

(Chair: Hector Laiz) 

P06 Motivation for using DCC  

Presenting author: Martin Koval, CMI, Czech Metrology Institute  

Email: mkoval@cmi.cz 

Additional authors: Nil 

ABSTRACT  

The concept of DCC emerged in the field of digital metrology almost a decade ago. Despite 

its long history and many advances in this field, DCC has not yet gained wide acceptance by 

the metrology community. Over the years, several key steps have been taken in the promotion 

and implementation of DCC. Working Groups have been set up, allowing the coordination of 

activities at international level. Projects that have provided practical examples of DCC 

implementation. A number of conferences, trainings and workshops have been held and are 

planned to help disseminate information on DCC. There are even freely available software 

tools and case studies. DCCs off er a multitude of benefits including, better access to data, 

efficiency in process management (time savings, data analysis, flexibility) and many more.  

From the many discussions in terms of motivation, we can identify three main key groups. 

Group 1 Users who want to benefit from the majority of DCC benefits. This group often manage 

hundreds to thousands of devices and need an effective digital solution. Group 2 Users who 

have a positive attitude towards DCC but are waiting for final solutions or a broader consensus 

in the metrology community. This group needs to work with calibration data, but for the time 

being makes do with the different mix of solutions available, whether it is classic PDF or paper. 

Group 3 are users who only need a calibration certificate for auditing purposes. Usually these 

are instruments that are in lower units and the value of the information from the calibration 

mailto:mkoval@cmi.cz
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certificate is not very meaningful to them. Hence, we can also deduce several remaining 

barriers to full implementation of DCC which include financial but also capacity constraints. 

Many organizations do not have the resources to create additional jobs or to maintain digital 

systems. Most importantly, they are concerned about price increases for IT-related services. 

Another major barrier is the conservative approach where practices in metrology prevent the 

adoption of innovative technologies where information on paper with a stamp is trusted more 

than data in digital form. Thus, the question remains how to effectively motivate users to adopt 

DCC. 

One of the key problems is that society has lost its understanding of the importance of 

calibration and metrology in general. We are increasingly seeing metrology confused with 

meteorology, which is a sign that metrology has a weaker awareness. One of the first steps 

for motivation should be to raise awareness of metrology. Despite the fact that every person 

is surrounded by thousands of sensors every day, few are aware of the fact that the quality of 

services and products often depends on the correct calibration of instruments and sensors 

and, above all, the correct and efficient use of calibration data. Metrology is so often a 

background issue. Therefore, one of the necessary steps is to raise awareness of metrology, 

which will undoubtedly contribute to the growing curiosity and interest in what accurate and 

reliable data looks like. At the same time, a period is coming when the emphasis will again be 

on quality of services and products over quantity, where DCC can play a key role.  
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P07 Modeling Digital Calibration Certificates Using Object -
Oriented Technologies to Address Heterogeneity and 
Harness FAIR Principles  

Presenting author: Dr. Anjali Sharma; NPL, India  

Email: anjali@nplindia.res.in 

Additional authors: Niharika Bhatia   
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ABSTRACT  

The increasing digitization of calibration processes necessitates a unified and standardized 

approach to managing calibration data. This work explores the application of object-oriented 

technologies in the development of Digital Calibration Certificates (DCCs) to address the 

heterogeneity of calibration data formats and protocols. By employing a structured object- 

oriented model, the system resolves compatibility issues across diverse instruments, 

laboratories, and measurement standards, enabling seamless integration and data exchange. 

The proposed DCC model leverages key object-oriented concepts such as encapsulation, 

inheritance, and polymorphism to defi ne and manage calibration entities such as certificates, 

instruments, calibration methods, and environmental conditions. These objects are mapped to 

essential attributes in calibration systems, ensuring consistency and reusability across 

platforms. Through this approach, the model promotes interoperability, extensibility, and the 

ability to handle complex data relationships inherent to calibration activities. 

Presentation of Anjali Sharma 
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P08 DCC Sharing within a Government Agency 

Presenting author: Sajiv Perera, Measurement Canada 

Email: sajiv.perera@ised-isde.gc.ca 

Additional authors: John Scott john.scott2@ised-isde.gc.ca, Daljit Dhaliwal 

daljit.dhaliwal@ised-isde.gc.ca, Ayad Harake ayad.harake@ised-isde.gc.ca 

ABSTRACT  

Measurement Canada [1] is the legal metrology agency responsible for trade measurement 

within the Government of Canada. Calibration of our primary standards is traced through and 

performed by the National Research Council of Canada, [2] and in some cases other 

designated laboratories as well. We provide calibration and certification services that are used 

by Measurement Canada’s post market sector and which in turn provides services to 

Measurement Canada Authorized Service Providers (ASPs) [3].  

In this presentation we will briefly show how our agency’s size and narrow scope allows for 

rapid implementation and is ideal for early testing of machine-readable information and allows 

us to be agile in changes to the DCC standard. We will demonstrate our rationale for starting 

our digital certificate project with electricity measuring standards, as well as the wider context 

in how that information can be used in subsequent certifications. We will demonstrate how we 

transmit this information from our labs to our customers while maintaining traceability. We will 

highlight the potential increase in efficiency and improved quality which can be achieved by 

incorporating machine readable certification data within our department.  

Finally, we will outline our goals for cooperating with other government organizations to 

receive and distribute FAIR [4] measurement data. This will demonstrate a use case for DCC 

that does not simply encompass a single agency or process, but how the DCC may be used 

across sectors and organizations. 

          

                   

                      

                                                          

           

mailto:sajiv.perera@ised-isde.gc.ca
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Organisational Structure

Traceability

Modernisation

Project Scope

Automated DCC Generation

Roadmap

      

 

                        

Minister of Innovation, Science and Economic Development

National Research Council of Canada (NRC)

  4000

Ministry of Innovation, Science and
Economic Development

Small business and marketplace services
branch

Measurement Canada

  300
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Primary standard for electrical
power traceable to NRC

Incoming calibration information
from the NRC still manual entry in
our systems.

Our certificates generated by
directly reading this information
from database.

 

 Calibration results still transmitted in a static format, not machine-readable.

 Opportunity for improvement through digital transformation of this traceability
chain.
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Narrow scope of work allows for quick implementation and

acceptance.

Large impact due to large volume of data transmitted.

Beneficial to increase efficiency of existing process.

 

 Chosen due to:

 Certification procedure already largely
automated

 Large amount of repetitive data created

 Low cost to calculate error values

 Large set of correction values

 Machine readable data saves input time and
reduces transcription errors
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Receiving data from NRC

Tool for automatic
parsing of existing
calibration data

Receive FAIR
traceable data for
primary standard

Reading data from local database

Convert SQL
Queries from VBA

API Layer in
Python

Generating JSON
test results

Generating DCC

DCC generator in
python with GUI

Reading JSON
results directly into
generator

Fully replace Excel
method

Transmission and Input

Method for direct
input into field
consoles

Tool to regenerate
human-readable
certificate

Replace legacy
certificates with DCC
by default
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 Further opportunities

 DCC for Gas Mixtures

 Acceptance of external
DCC

 Timeline

 Lab calibration-to-DCC process
complete by spring 2025

       

Thank you  / Merci 
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Day 3 (2025-02-27 Thursday)  

Parallel Session: Schema & Semantics  

(chair: Robert Hanisch) 

026 Augmenting the DCC Framework with the DSI Ontology: 
Enabling Semantic Web Integration in Calibration Data 
Management 

Presenting author: Moritz Jordan  

Email: moritz.jordan@ptb.de 

Additional authors: Giacomo Lanza Giacomo.Lanza@ptb.de, Daniel Hutzschenreuter 

Daniel.Hutzschenreuter@ptb.de 

ABSTRACT  

The Digital System of Units (DSI) Ontology represents a crucial step toward enabling 

seamless interoperability, reasoning, and traceability in metrology within the framework of 

Digital Calibration Certificates (DCCs). This presentation highlights the role of the DSI 

Ontology as a bridge between related standards and schemas, including the SI Reference 

Point, the DSI XML Schema, and the DCC Schema/Ontology. By aligning these frameworks, 

the ontology ensures consistency and coherence in the representation and exchange of 

calibration data. 

Through its modular structure, the DSI Ontology formalizes essential concepts such as 

quantities, units, and measurement uncertainties, enabling not only smarter querying but also 

logical reasoning over calibration data. This reasoning capability facilitates the inference of 

implicit knowledge, validation of data consistency, and automation of workflows within 

metrology knowledge graphs. A core focus will be on showcasing its connections to related 
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ontologies and standards via an intuitive diagram, as well as demonstrating its use in real-

world calibration scenarios. 

The presentation will also delve into the ontology’s adherence to international standards, its 

validation process, and tools supporting its development and application. Finally, we explore 

future directions for expanding the ontology to further facilitate automation, reasoning, and 

precision in calibration processes, driving innovation in the metrology domain. 

Presentation of Moritz Jordan 

  
 

  
 

                 

Enabling Semantic Web Integration into the DCC

Moritz Jordan, Giacomo Lanza,

Daniel Hutzschenreuter, PTB

                                

05.05.2025  Moritz Jordan et al., PTB
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 Benefits of using ontologies: interoperability,

formal semantics, automated reasoning

 Reasoning can detect inconsistencies,

 BIPM SI Reference Point -  metrological

perspective, not complete

 QUDT -  Community Project, application

perspective

05.05.2025  Moritz Jordan et al., PTB

                             

 Quantity values (Real, Constant, Complex, etc )

 Measurement uncertainty (Standard, Expanded,

Multivariate )

 Measurement units (D-SI, BIPM SI Ref. Framework)

 Quantity kind (BIPM SI Ref. Framework, QUDT)

 Fundamental constants as instances of Constant (i.e. Planck)

05.05.2025  Moritz Jordan et al., PTB
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dsio :QuantityValue

dsio :Real

:hasDateTime

:hasLabel

:hasSignificantDigit

:hasValue

:hasUnitIdentifier

dsio :Constant

:hasDateTime

:hasLabel

:hasSignificantDigit

:hasValue

:hasUnitIdentifier

dsio :Complex

:hasDateTime

:hasLabel

:hasSignificantDigit

:hasUnitIdentifier

dsio :CartesianCoordinateForm

:hasValueReal

:hasValueImag

dsio :PolarCoordinateForm

:hasValueMagnitude

:hasValuePhase

:hasUnitPhaseIdentifier

                                      

                                  

                                     

                                     

dsio :MeasurementUncertainty

:hasDistribution

dsio :Measurement -

UncertaintyUnivariate

dsio :StandardMU

:hasValueStandardMU

dsio :ExpandedMU

:hasValueExpandedMU

:hasCoverageFactor

:hasCoverageProbability

dsio :CoverageIntervalMU

:hasValueStandardMU

:hasCoverageProbability

:hasIntervalMax

:hasIntervalMin

dsio :Measurement -

UncertaintyMultivariate
dsio :CovarianceMatrix

dsio :EllipsoidalRegion

:hasCoverageProbability

:hasCoverageFactor

dsio :RectangularRegion

:hasCoverageFactor

:hasCoverageProbability

dsio :Column

dsio :Covariance

:hasValue

:hasUnitIdentifier

05.05.2025  Moritz Jordan et al., PTB
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dsio : Constant

: hasDateTime

: hasLabel

: hasSignificantDigit

: hasValue

: hasUnitIdentifier

dsio : Constant

: hasDateTime

: hasLabel

: hasSignificantDigit

: hasValue

: hasUnitIdentifier

dsio : QuantityType

dsio : Constant

: hasDateTime

: hasLabel

: hasSignificantDigit

: hasValue

: hasUnitIdentifier

dsio : QuantityType qudt : QuantityKind

dsio : Constant

: hasDateTime

: hasLabel

: hasSignificantDigit

: hasValue

: hasUnitIdentifier

si : QuantityKind dsio : QuantityType qudt : QuantityKind

dsio : Constant

: hasDateTime

: hasLabel

: hasSignificantDigit

: hasValue

: hasUnitIdentifier

si : QuantityKind dsio : QuantityType qudt : QuantityKind

si : MeasurementUnit

planck constant [Constant ]

:hasDateTime  '2018-05-20T00:00:00Z'

:hasLabel  'planckConstant '

:hasValue  '6.62607015 E-34'

:hasUnitIdentifier  ' joule hertz tothe -1 '

measurement uncertainty [StandardMU ]

:hasValueStandardMU  '0.0'

:hasDistribution  'normal '

joule .hertz-1 [si :UnitProduct ]
quantitykind :Action

[si :UnitPower ]

:hasNumericExponent  '-1'

units :hertz [si :SISpecialNamedUnit ]

units :joule [si :SISpecialNamedUnit ]

                 

05.05.2025  Moritz Jordan et al., PTB
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 Python Mapping for converting XML D-SI data to DSIO

instances

 Testing conversion with pytest for each instance of

QuantityValue

 Reasoning with RDFS, OWLRL and HermiT

 Validating data instances with SHACL

 Limitations of OWL to map XML Simple Type with restrictions

on xsd:double

05.05.2025  Moritz Jordan et al., PTB

                         

 Metadata4Ing

 DCC Ontology

05.05.2025   Moritz Jordan et al., PTB
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027 Changes in DCC Schema V.3.3.0 

Presenting author: Muhammed-Ali Demir  

Email: muhammed.demir@ptb.de 

Additional authors: Et. al. 

ABSTRACT  

In this presentation we will show the latest changes in the DCC schema version V.3.3.0 with 

examples. The changes consist of changes to the documentation. Changes due to update of 

the referenced SI schema, consistency changes and additions to the schema.  

                     

 Expanding ontology coverage (List, RealXMLList, Hybrid..)

 Links to VIM, Links to chapters in GUM

 Publish D-SI Ontology (Documentation, Use Cases, Tools

XML2DSIO)

05.05.2025   Moritz Jordan et al., PTB

About

                                    

                       

Bundesallee 100

38116 Braunschweig

Moritz Jordan

Telefon:0531 592-1245

E-Mail: moritz.jordan ptb.de
www.ptb.de

mailto:muhammed.demir@ptb.de
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Muhammed-Ali Demir et al., WG1.24

                      

 Release date: 29th of October 2024

 Source of changes:

 DKD cross sectional group

 DCC Core Team

 Let s have a closer look 

2025-02-27  
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 Schema documentation

 D-SI Schema Update

 Consistency

 Additions

2025-02-27  

                    

 Updated xs:documentation-Tags

2025-02-27  
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 Update from D-SI version 2.1.0 to 2.2.1

 primitiveQuantityType/ quantityType now contain also:

si:complexListXMLList

 Example: dcc:quantity

               

2025-02-27  

               

2025-02-27  
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2025-02-27  

 Update from D-SI version 2.1.0 to 2.2.1

 Deprecated uncertrainty types -  use

measurementUncertaintyUnivariate instead

               

2025-02-27  
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2025-02-27  

Possible children of

si:measurementUncertaintyUnivariate
 :
- standardMU

- expandedMU
- coverageIntervalMU

               

 Added dcc:link everywhere parallel to dcc:reference, in order

to make it possible to specify links specifically e.g., in

equipmentClassType

 Updated type from dcc:link to xs:anyURI instead of string

(machine interpretability of the schema)

2025-02-27   
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 contactType now has a refType (compare to

contactNotStrictType)

2025-02-27   

               

 Added attribute  refId  everywhere, where attribute  id  was

defined e.g., in softwareType

2025-02-27   
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 Added id & refId to itemListType

2025-02-27   

             

 Items can now be nested to any depth, examples: PXI

system with slots/sensors, MEMS  Inertial measurement unit

2025-02-27   
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 measuringEquipmentType now has installedSoftware to

specify software for dcc:measuringEquipment

2025-02-27   

             

 It is now possible to place quantities in dcc:usedMethod so

that quantities can now be specified in a machine

interpretable manner

2025-02-27   
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 Now usedMethods, usedSoftware, measuringEquipments,

influenceConditions and measurementMetaData can be

placed in dcc:measurementResults

2025-02-27

when data is equal

  

                   

 D-SI V.2.2.1: link

 D-SI example for si:complex: link

 DCC release page: https://gitlab.com/ptb/dcc/xsd-dcc/-
/releases/v3.3.0

 DCC schema link: https://www.ptb.de/dcc/v3.3.0/dcc.xsd

 Documentation:
https://www.ptb.de/dcc/v3.3.0/autogenerated-docs/Doku
Oxygen 3.3.0.html

 Some XML fragments from the BAM temperature GP
(Michael Melzer et al.) link

2025-02-27   
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028 An In-Depth Look at the DCX Schema 

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

Email: dbh@dfm.dk 

Additional authors: Søren Kynde srk@dfm.dk  

ABSTRACT  

The advent of Digital Calibration Certificates (DCC) marks a significant advancement in the 

field of metrology, offering enhanced accuracy, traceability, and interoperability. This 

presentation delves into the DCX Schema, a pivotal component in the implementation of 

DCCs.  The DCX schema has been developed by DFM, with input from members of TC-IM 

             

DKD Cross sectional group

& Muhammed -Ali Demir,

Lutz Doering,

Benjamin Gloger,

Siegfried Hackel,

Frank H rtig,

Wiebke Heeren,

Daniel Hutzschenreuter ,

Justin Jagieniak,

Moritz Jordan,

Hans Koch,

Thomas Krah,

Shan Lin,

Jan Loewe,

Shanna Schönhals ,

Thorsten Schrader,

Gamze Söylev- ktem,

Thomas Wiedenhöfer,

2025-02-27   

About

                                    

            

Bundesallee 100

38116 Braunschweig

Muhammed-Ali Demir

Phone:  49 531 592-1241

E-Mail: muhammed.demir ptb.de
www.ptb.de

Version: 02/25

mailto:dbh@dfm.dk
mailto:srk@dfm.dk
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1448 WG1&2, aiming to investigate the use of reference pointers within the XML rather than 

the tree-structure emphasis applied in the PTB DCC-schema.  

We begin with an overview of the DCX Schema's overall XSD structure, highlighting its 

robust framework designed to ensure data integrity and consistency. The schema's alignment 

with ISO 80000 standards is discussed, emphasizing its role in maintaining uniformity in the 

representation of physical quantities. Additionally, the integration of the BIPM-SI-Reference 

point within the schema is explored, underscoring its importance in providing a universally 

accepted reference for measurements.  

A critical aspect of the DCX Schema is its ability to restrict entry-data, thereby preventing 

erroneous or non-compliant data entries. This presentation will outline the specific restrictions 

imposed by the schema, providing a comprehensive list of relevant constraints that ensure the 

accuracy and reliability of calibration data.  

Furthermore, the schema's design includes human-readable fields on all elements, 

facilitating ease of interpretation and verification by end-users. This feature enhances the 

usability of DCCs, making them accessible to a broader audience, including those without 

extensive technical expertise.  

In conclusion, the DCX Schema represents a significant step forward in the digitalization of 

calibration certificates, offering a standardized, reliable, and user-friendly solution for the 

metrology community.   

Outline of presentation  

  DCX Schema Overview  

  Incorporation of VIM, ISO 80000 and BIPM-SI-Reference point   

  Data interpretation integrity using xsd restrictions  

  Human-Readable Fields  

  Solution available on github.com/TC-IM-1448/DCC-Tables   

  See the implementation examples and user-interfaces in other presentations.   

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

Grants. 
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029 Compatible sub schemata of the DCC Schema 

Presenting author: Muhammed-Ali Demir 

Email: muhammed.demir@ptb.de 

Additional authors: Et. al. 

Abstract: 

A need has arisen for a smaller, stricter version of the DCC schema with reduced flexibility. 

Rather than creating an entirely incompatible schema, it is possible to develop a subschema 

of the DCC schema that is both smaller and more restrictive. If certain rules are followed during 

mailto:muhammed.demir@ptb.de
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the subschema's creation, DCCs generated using it will remain valid under the main DCC 

schema.  

Presentation of Muhammed-Ali Demir 

 

 

                              

          

                 

Muhammed-Ali Demir et al., WG1.24

                                  

 Questions:

 The main DCC schema is flexible -  complexity

 Flexibility may not be what small laboratories need -  small
resources

 Needs:

 Simpler & less flexible schema may be requested

 Problems:

 This may lead to different incompatible schemas

 This incompatibilities already have happened before  

2025-02-27  
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2025-02-27  

        

 There is a solution to have a simpler sub schemata, derived from

the DCC (main) schema

 When specific rules are followed, the DCC XML files generated

from the sub-schema are automatically valid against the DCC main

schema.

 DKD expert reports should also be considered for the generation of

sub schemas e.g., see the presentation of: Itzel Dominguez, Carlos

Galvan, Siegfried Hackel et al. from our colleagues of CENAM with

the title of  Generating Mass DCC based on DKD expert report

using a spreadsheet  from Tuesday at this conference

2025-02-27  
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 Optional schema elements can be made mandatory 

 Example: Manufacturer has to be specified in items

    not relevant for minimal schemas

2025-02-27  

                                       

 Optional schema elements can be deleted 

 Example: Item elements should not have any sub items

    deleting some optional elements can make references with id/refId necessary

2025-02-27  
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 Choices can be simplified

 Example: We only want to keep si:real and si:realListXMLList

in dcc:quantity

2025-02-27  

                                       

 Optional attributes can be made mandatory  

 Example: every item has to have an id

    not relevant for minimal schemas

2025-02-27  
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 Optional attributes can be deleted:

 Example: item elements should have no refId

2025-02-27  

                                       

 Maximal cardinality of elements can be limited if they are unbounded

 Example: at max. 2 dcc:equipmentClass elements in dcc:item

  

2025-02-27   
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 Minimal cardinality of elements can be set to 1 (or higher if maximal cardinality is unbounded)  

 Example: at least one equipmentClass element has to be sepecified in itemType

    not relevant for minimal schemata

2025-02-27   

                                       

 Don t delete mandatory elements from the main schema

2025-02-27   

Marie-Lan Nguyen, Public Domain
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 Don t introduce new elements, that don t exist in the main schema

 

2025-02-27   

Marie-Lan Nguyen, Public Domain

                   

 Itzel Dominguez et al. - Generating Mass DCC based on

DKD expert report using a spreadsheet

2025-02-27   
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030 Calibration and metrological traceability 

Presenting author: Blair Hall; Measurement Standards Laboratory of New Zealand 

Email: blair.hall@measurement.govt.nz 

Additional authors: Christian Mueller-Schoell christian.mueller-schoell@mt.com, Mettler-

Toledo Int. Inc., Switzerland 

Abstract: 

In 1980, Belanger considered four alternative explanations of the term metrological 

traceability [1]. In 1982, Nicholas and White, in their monograph Traceable Temperatures, 

proposed a variation of one of Belanger’s suggestions [2]. Then the first edition of the 

Vocabulary of Metrology (VIM), published in 1984, included an entry for traceability based on 

another of Belanger’s suggestions [3], Since then, subsequent editions of the VIM have 

elaborated on traceability. The current edition not only refers to three specialized terms—

measurement result, calibration, and measurement uncertainty—but also includes eight 

explanatory notes. The VIM now defines the terms metrological traceability chain and 

metrological traceability to a measurement unit [4]. 

The current VIM definition is: 

  metrological traceability 

  property of a measurement result whereby the result can be related to a reference through 

a documented unbroken chain of calibrations, each contributing to the measurement 

uncertainty 

About
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This highlights calibration and uncertainty; however, these concepts are absent in some of 

the earlier definitions. Are these elements essential? 

Metrological traceability provides reliable information about the accuracy of a measurement, 

and we contend that its true value is realized when decisions are informed by measurements 

of real-world quantities. Calibration, as a metrological process, establishes some of the links 

in the traceability chain, but it is not sufficient on its own to complete the chain-measurement 

is also required. 

This talk will explore metrological traceability through the lens of three key questions: why 

is traceability needed, what does traceability deliver, and how is traceability achieved? From 

this perspective, we frame the role of calibration - and, by extension, calibration reports - in the 

broader context of metrological traceability. 

References:  

[1] Belanger, B. C., Traceability: an evolving concept, ASTM Standardization News, 8(1) pp 

22—28,1980. 

[2] Nicholas, J. V, White, D. R., Traceable temperatures: an introductory guide to temperature 

measurement and calibration, 1982. (Now published by John Wiley & Sons) 

[3] BIPM, lEC, ISO, OIML, Vocabulary of metrology, Part 1, basic and general terms 

(international), 1984. 

[4] BIPM, lEC, IFCC, lUPAC, lUPAP, ISO, OIML, International Vocabulary of Metrology - 

Basic and general concepts and associated terms, 3"^ ed., 2012. 
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031 Traceability chains using the DCC  

Presenting author: Christian Mueller-Schoell, Mettler-Toledo Int. Inc., Switzerland 

Email: christian.mueller-schoell@mt.com 

Additional authors:  

Abstract: 

It is often claimed that a link (or even a digital hyperlink) in a DCC to the DCC of the higher-

level reference standard used would be useful, or the prerequisite, or even the only prerequisite 

mailto:christian.mueller-schoell@mt.com
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to prove metrological traceability [1], [2], [3]. This is a false concept. It is based on a very 

simplified conceptual model of metrological traceability. 

Metrological traceability is a property of a measurement (or calibration) result. The 

measurement result is the outcome of a measuring process, which, in turn (and obviously) has 

more inputs than just the calibration result of the higher level reference standard from the from 

the time of its calibration. 

There are only a few sources [4], [5] where we can find a list of the necessary contributors 

to metrological traceability, these are (compiled, re-sorted, and re-worded by the author): 

  calibration delivering metrologically traceable calibration results to establish the 

metrological traceability of all measuring instruments of the measuring system  

  defined and reviewed calibration intervals for the measuring instruments ( the calibration 

program) serving both to establish the metrological traceability by each calibrations, and 

to maintain the metrological traceability during service life after a calibration,  

  a documented, controlled, proven, accepted measurement procedure,  

  documented measurement uncertainty,  

  competence (not only of individuals, but of the organization in the sense of ISO 17025),  

  established measurement process assurance. 

From this list, it is obvious that in order to deliver proof of traceability, we need much more 

than just a link to a higher-level DCC. This complete list is also in principle reflected in ISO 

17025 and therefore, a measurement result gained under the scope of a laboratory 

accreditation according to ISO 17025, can be considered metrologically traceable. However, 

cancelling just one of the components of the list will breach metrological traceability. 

In the context of calibrations and DCCs, particular attention must be paid to the second bullet 

point: Even for all the calibrated equipment used in the process, it is not enough to refer to 

the metrological properties established at the point of calibration: We need to consider the 

metrological properties of the equipment at the point and the time of use, after the calibration 

has taken place. Determining these (as all other points except the first one), is only possible 

to be done by the user of the equipment and consequently can never be part of a DCC 

issued by the calibration laboratory. 

The reason that this misconception seems to be popular, is probably rooted in an unfortunate 

phrasing of the definition of metrological traceability in the VIM [6] which puts the focus on 

calibrations only. 

[1] Oleg Korzhak, Vitalii Malisevych, Taras Kepeshchuk, Denys Serediuk, Volodymyr Hulyk, 

Digitalization, creation, and implementation of digital calibration certificates. Measurement: 

Sensors, 2024, 101467, ISSN 2665-9174, https://doi.Org/10.1016/j.measen.2024.101467 

[2] Hackel, S.; Schönhals, S.; Doering, L.; Engel, T.; Baumfalk, R. The Digital Calibration 

Certificate (DCC) for an End-to-End Digital Quality Infrastructure for Industry 4.0. Sci 

2023, 5, 11. https://doi.Org/10.3390/sci5010011 

[3] Thomas Engel, Alexandru Popescu, GEMIMEG -Digitalization of calibration processes in 

metrology. Measurement: Sensors, 2025, 101474, ISSN 2665-9174, 

https://doi.Org/10.1016/j.measen.2024.101474. 

[4] NISTIR 6969 Selected Laboratory and Measurement Practices and Procedures to 

Support Basic Mass Calibrations (2019 Ed), GMP-13 

[5]  ILAC, Newton, Australia, ILAC P-10:2002 (sic!) 

[6] BIPM, Paris, VIMA, https://jcgm.bipm.org/vim/en/index.html 

https://doi.org/10.1016/j.measen.2024.101467
https://doi.org/10.3390/sci5010011
https://doi.org/10.1016/j.measen.2024.101474
https://jcgm.bipm.org/vim/en/index.html
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What is Metrological Traceability? 2

Metrological Traceability:

 Is the property of a measurement (or calibration) result (not of an instrument)

 Is the result/effect of a measurement (or calibration) process

 Is the linking of the result to "a reference" (e.g. an SI unit)

 Is expressed by a result value and the measurement uncertainty

                            

 The uncertainty qualifies the result. It expresses that, with a certain likelihood,

the interval given by the uncertainty, embraces the true value of the measurand.
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What is a metrologically traceable Calibration?

 A special kind of measurement process

 Is executed on a measuring instrument

 Establishes metrologically traceable results, at the point of calibration

 "Establishes a relation for obtaining a measurement result from an indication"

Attention:

 The results of this process are established at the time and location of the calibration (is

a snapshot)

 Rarely does the calibration provider know under which circumstances and how long the

calibrated instrument will be used

 The instrument will change its behaviour (performance) after the snapshot (time,

location, temperature, gravity, air density,  )

 The user of the instrument is responsible for taking into account any changes after the

calibration

3

Modelling the behaviour after calibration

                                                                              

                     

This can be done in various ways:

 A) assume the calibration values stay constant and increase the uncertainty to account

for any changes (e.g. weights according to OIML R111,  )

 B) model the calibration value to account for any changes and increase the uncertainty

by the modelling uncertainty (e.g. high accuracy resistors, Pt -Ir standards after

nettoyage-lavage,  )

 Note, that these values are dependent on the length of the calibration interval, chosen by

the user

 We see: The values from the calibration certificate are not the ones being used during

the service life of the instrument

4
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What do we need apart from a calibrated instrument?

                                                                                             

What is releveant during the service life?

 Prerequisites for a process delivering metrological traceability (similar to ILAC P-10:2002 (sic ))

- Metrologically traceable calibration of the instrument s (establish the metrological traceability by

a calibration)   the calibration certificate, the DCC

- Modelling the behaviour of the instrument after the calibration

- defined and reviewed calibration intervals for the measuring instrument s used ( the calibration

program),

- a documented controlled, proven procedure,

- documented measurement uncertainty,

- competence,

- established measurement process assurance.

1. The snapshot values gained at calibration are meaningless during service life

2. The calibration provider can impossibly deliver the "traceability information" for the service life.

5

The metrologically traceable measurement Process

 So the metrologically traceable Process is    :

6

       

Traceable
Calibration

Service life of
instruments

           

Traceability through

value,

uncertainty



 

Page 417 of 487 
 

5thd international DCC-Conference 

  
 

 

Back to “Table of Contents” above 

032 Applying FAIR Principles to Quality Infrastructure Data 
for Economic Analysis - Approaching Challenges in Data 
Availability, Accessibility, and Interoperability 

Presenting author: Ulrich Harmes-Liedtke 

Email: uhl@mesopartner.com 

Additional authors: Ann-Sara Ramkissoon Annsara.Ramkissoon@unifi.it 

The metrologically traceable measurement Process

 The metrologically traceable Process is       :

            

 Linking a calibration value to the values of a calibrated reference ALONE is meaningless and useless

 It conveys a false understanding of how "metrological traceability" is built

 Traceability is not a simple "chain"

7

       

Traceable
Calibration

Modelling

Recalibration

Procedure

Uncertainty

Competence

Q-Assurance

Service life of
instruments

           

Traceabilily through
value,

uncertainty

8
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Abstract: 

Painting a complete picture of the true value of Quality Infrastructure (QI) remains an 

insurmountable challenge since a significant portion of its value is derived from its contribution 

to public goods, such as the support it provides in the health, environment, social, and safety 

sectors, which are difficult to quantify. Easier to quantify is the value of the trade-based 

economic benefits of QI, such as imports, exports. Gross Domestic Product, etc. However, 

researchers are hindered by disparate data sources, varying levels of accessibility, and a lack 

of standardized frameworks that hamper effective data sharing and utilisation. The integration 

of FAIR (Findability, Accessibility, Interoperability, and Reusability) principles into the 

management and dissemination of QI data presents a transformative opportunity to address 

the critical data gaps that currently exist. This paper explores how applying FAIR principles 

can improve existing QI data repositories and guide the collection and curation of QI data in 

the coming years as we transition to a digital QI ecosystem. 

The FAIR framework aligns with the requirements for reliable, interoperable datasets that 

underpin the digital transformation of QI services. It offers a roadmap for improving metadata 

standards, ensuring data traceability, and facilitating the harmonisation of datasets across 

organisations and borders. 

We analyse existing QI data repositories, such as the BIPM Key Comparison Data Base 

(KCDB), the ISO Survey and initiatives like lAF CertSearch and composite indexes like the 

Global Quality Infrastructure Index (GQII) and the Quality Infrastructure for Development 

(QI4SD) Index, highlighting their strengths and limitations in terms of compliance with FAIR 

principles. Particular emphasis is given to the challenges of metadata standardization, the 

need for machine-readable formats, and the lack of timeseries data for longitudinal analyses. 

In addition, we explore the different Ql-digital initiatives, such as digital calibration 

certificates, smart standards, eAttestation and the digital product passport, applying FAIR 

principles in our recommendations on collecting and building datasets that facilitate economic 

analysis. 

The paper proposes actionable solutions, including adopting linked data technologies, 

enhancing cross-institutional collaboration, and developing open-access tools for QI data 

integration. By showcasing the potential of FAIR-aligned practices, we advocate for a future 

where QI data is accessible and reliable as we continue our efforts to quantify the value of QI. 

        : FAIR principles. Quality Infrastructure, Ql-Digital, Digital Calibration 

Certificates, Data Interoperability, Smart standards, composite indexes 
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033 A new data structure for improved scientific data 
reporting in a FAIR compliant manner  

Presenting author: Jon Gabirondo-López; Department of Physics, University of the Basque 

Country UPV/EHU 

Email: ion.gabirondol@ehu.eus 

Additional authors: Inigo Gonzalez de Arrieta (inigo.gonzalezdearrieta@ehu.eus); Inigo 

Arredondo (inigo.arredondo@ehu.eus); Gabriel A. Lopez (gabrielaleiandro.lopez@ehu.eus); 

Klaus Anhalt (Klaus.Anhalt@ptb.de); Josu M. Igartua (ion.igartua@ehu.eus) 

Abstract: 

Scientific papers often lack effective methods for representing experimental results. Data is 

typically not provided in machine-readable formats, which hinders its accessibility and 

reusability. Additionally, the reported experimental information may omit crucial elements such 

as uncertainty values or details regarding data processing, making it difficult to reproduce 

results and conduct comparative studies. This issue is particularly acute when comparing 

measurement results obtained using widely differing methods, as is the case for the authors 

when determining the thermophysical properties of materials at very high temperatures. 

To address these issues, we have developed PER (Framework for Experimental Results), 

which allows reporting data in a way that ensures its reusability and reproducibility. This 

framework consists of three main components: a data structure that determines how results 

are stored, a set of scripts to reproduce the results from the given raw data, and an open 

database or repository that will store both the data files and the scripts. The first step in 

developing FER is to define a data structure that ensures compliance with the FAIR principles 

of the data-reporting process. The presentation of this data structure forms the core of this 

contribution. Given the emphasis on uncertainty propagation at the core of FER, this data 

structure has been designed to be consistent with current practices in metrology, adopting a 

rigorous VIM-compliant nomenclature and allowing measurement uncertainty propagation 

following all the possibilities allowed by the GUM. Even though the data structure itself is 
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format-agnostic, we present a use-case using JSON as a working example (accessible at 

https://github.com/jongablop/fer) and developed a Python library to work with it: ferpy 

(available at https://github.com/jongablop/ferpy). 

Widespread adoption of FER and the creation of domain-specific databases or repositories 

will ensure complete compliance with the FAIR principles and a more robust and transparent 

communication of scientific data. 
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Abstract: 

The project team at Novo Nordisk A/S is conducting pilots to implement the Digital 

Calibration Request (DCR) for digital calibration certificates from suppliers. The company's 

calibration process is managed through a centralised database where equipment information 

and calibration requirements are stored. The requirements transferred to the DCR XML files 

include calibration points, adjustment limits, maximum calibration uncertainty, and calibration 

methods for example the orientation of measuring equipment during calibration. The project 

team and IT developers have access to this data, which can be extracted from the database 

via middleware and used to generate a DCR XML file. Certain necessary data, such as contact 

information for the employee requesting the calibration, return address for the equipment, and 

whether the calibration is on-site or at a laboratory is not available in the database and must 

be manually entered into the middleware during the ordering process. Additionally, standard 

text that appears in all requests sent to suppliers, such as accreditation requirements 

according to ISO 17025 or Quality Agreement with Novo Nordisk A/S, is included. Excel is 

currently being utilised as the middleware tool for the pilot phase. Upon further development 

of the DCC (Digital Calibration Certificate) and DCR processes, full integration with the 

database is envisioned. Currently, the project team is mapping data to be implemented in the 

middleware. It is noted that not all data stored in the database is machine-readable or in a 

standardised format. This initiative serves an input for future standardisation and digitalisation 

of Novo Nordisk's work processes. For the execution of pilot projects, Novo Nordisk is 

collaborating with DFM, the NMI of Denmark, as well as various large and small calibration 

suppliers. 
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Novo Nordisk  

Novo Nordisk Corporate Metrology Process

Corporate Metrology Process:

 Ensures reliable and traceable measurements for

critical processes

 Strategic goals:

 Remove manual transfer of data

 Have FAIR and relevant data for decision -making

 Pilots for implementation of Digital Calibration

Certificates (DCC) and Digital Calibration Request

(DCR)

2025.02.27 Implementation of Digital Calibration Request, DCR2

Novo Nordisk  

Novo Nordisk Calibration Programme

          

 Define what to measure

 Identify the requirements for the measurand

 Calibration requirements for the measuring equipment is based on the

requirements for the measurand

 Calibration intervals are specified based on a risk assessment assessing impact,

probability and mitigation

 If measuring equipment does not comply with requirements  Deviations are

created to evaluate the use in the entire period back to the last passed calibration

 Outsourcing:

 Execution of calibration can be outsourced

 Responsibility of result evaluation cannot be outsourced

 Conformity statements in calibration certificates are not wanted

 Calibration certificates must be delivered to Novo Nordisk

2025.02.27 Implementation of Digital Calibration Request, DCR3
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Novo Nordisk  

Calibration Data Flow

 Corporate IT system manages
calibration program

 Centralized database used to
records results from Novo
Nordisk and supplier
calibrations

 Manual entry of calibration
data into the system

 IT system evaluates if a
calibration is pass or fail

 Performance monitored using
dashboards

2025.02.27 Implementation of Digital Calibration Request, DCR4

Future goals

 Predict equipment failure

 Optimize calibration program for efficiency and avoid over -processing and under -processing

Sim l   eing stored in a data ase does not guarantee that the data is  AI .

DCR

DCR

Novo Nordisk  

Digital calibration process  focus on DCR

           

                 

               

                 

           

           

           

         

           

            

        

                   

               

                 

     

               

                   

               

         

Implementation of Digital Calibration Request, DCR5 2025.02.27

DCR is generated by NN
DCC is generated by the

supplier

Corporate NN

database

Calibration work order in NN IT system Calibration data is transferred to NN IT system

DCR

DCR
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Why focus on the DCR

 The process commences with a calibration request rather than the issuance of a

calibration certificate.

 It's crucial to emphasize that the entire calibration process holds significance, not just

the ultimate deliverable, the certificate.

 Suppliers are also eager to digitize and automate, which is a prerequisite for NN to

receive DCC.

2025.02.27 Implementation of Digital Calibration Request, DCR6

Novo Nordisk  

What is a DCR

 A DCR is a Digital Calibration Request in an

XML format file sent from the customer to

the supplier.

In the NN pilot project:

 Plan to use an empty DCC and complete it

with the necessary information, such as:

 Administrative data

 Calibration points

 Requirements Calibration Method

2025.02.27 Implementation of Digital Calibration Request, DCR7
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Pilot project

 The purpose of the current pilot project is to evaluate whether we can successfully pass

a DCR through a chain of three stakeholders

2025.02.27 Implementation of Digital Calibration Request, DCR8

                                        

DFM

NMI of Demark

creates a DCR

standard

Novo Nordisk

creates DCRs

Teknologisk

Institut receives

and reads the

DCRs

Progress

Novo Nordisk  

Input sources for the DCR

2025.02.27 Implementation of Digital Calibration Request, DCR9

Standard text in the DCR:

DCR

middleware

tool

DCR XLM file

Data from the database:

Manual data collection:

SchemaInput Validation
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Novo Nordisk  

Input sources for the DCR

2025.02.27 Implementation of Digital Calibration Request, DCR10

DCR

middleware

tool

DCR XLM file

Data from the database: SchemaInput Validation

Data from the database:

 Calibration points

 Equipment ID no and description

 NN IT system identification no.

 Maximum calibration uncertainty

 Adjustment limits

Novo Nordisk  

Input sources for the DCR

2025.02.27 Implementation of Digital Calibration Request, DCR11

DCR

middleware

tool

DCR XLM file

Manual data collection:

SchemaInput Validation

Manual data collection:

 Contact information

 Return adders for equipment and

DCC
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Novo Nordisk  

Input sources for the DCR

2025.02.27 Implementation of Digital Calibration Request, DCR12

Standard text in the DCR:

DCR

middleware

tool

DCR XLM file

SchemaInput Validation

Standard text in the DCR:

 Calibration must be performed accredited or

according to Quality Agreement

 One calibration certificate for one calibration

of one equipment

 As found calibration and as left must be

documented in two individual DCC

 No conformity statements in the DCC

Novo Nordisk  

DCR middleware tool

2025.02.27 Implementation of Digital Calibration Request, DCR13

DCR

middleware

tool

DCR XLM file

SchemaInput Validation

Pilot phase:

 An Excel application is used as a pilot tool to

generate the DCR

 Data from ADA database pulled automatedly

using the calibration work order

 Manual data is typed in to a table

 Standard text is in a table

ADA database

calibration work order
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Novo Nordisk  

DCR XML structure

 In creation of a DCR, the structure of the DCC is followed for relevant content:

2025.02.27 Implementation of Digital Calibration Request, DCR14

Novo Nordisk  

DCR XML structure

  1    mandatory

  0    not mandatory

2025.02.27 Implementation of Digital Calibration Request, DCR15
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Novo Nordisk  

Passing the DCR to Teknologisk Institut

 In the pilot NN will pass the DCR to TI by mail

2025.02.27 Implementation of Digital Calibration Request, DCR16

DCR XLM file email
TI

DCR

middleware

tool

WHY
- 20.000 supplier calibrations a year

Current status:

 Calibration certificates are analogue and not

machine readable or interoperable

 In average it takes 20 minutes to transfer data from
the calibration certificate to the IT system including

second person review

2025.02.27 Implementation of Digital Calibration Request, DCR17

 Communication from Novo Nordisk to
supplier is manual

 In average it takes 25 minutes to transfer data from

IT system to a letter

 5  of all revised calibration certificates are revised
due to errors in NN calibration request

 Trending on calibration data

 Transparent data insight via the dashboard above

 Machine Learning under development to trend on
data including metadata, and classify between

equipment exhibiting systematic drift or not
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036 Benefits of developing DCR with a focus on machine 
readability and automation. 

Presenting author: Martin Cradock Østerlund, Teknologisk Institut, Denmark  

Email: mard@teknologisk.dk 

Additional authors:  

Abstract: 

As with the DCC, the development of a standard for a Digital Calibration Request (DCR) 

has huge implications for the transfer of calibration data and calibration requests. Moving away 

from the current standard of paper-based requests allows for automatic validation of calibration 

parameters, smoother integration into software and quality systems, and allows machines to 

parse data into a readable format, thus minimizing human error. 

Additionally, a common DCR standard has massive implications for the development of fully 

automated calibration processes. By integrating DCR with calibration software, calibration 

laboratories have the potential to format a given DCR directly into instructions for calibration 

software to perform. Coupled with a standard for the DCC, this enables full automation of all 

steps in the calibration process, including validation of requests, performing the calibration, 

sending of calibration results and validating the results for the customer. 

In this presentation, we discuss our visions for a DCR standard. We discuss what a DCR 

is, and what sort of information it should include. We will discuss the potential for developing 

a DCR standard with input from industry partners and how DCR can be integrated into fully 

automated software solutions. Along with this, we will discuss potential pitfalls that should be 

considered when developing DCR, with regards to automation and validation. 

mailto:mard@teknologisk.dk
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037 The Digital Reference Material Document Derived from 
the DCC 

Presenting author: Michael Melzer  

Email: michael.melzer@bam.de 

Additional authors: Silke Richter, Mehran Monavari, Johannes van de Kreeke (all from 

Bundesanstalt für Materialforschung und -prüfung (BAM), Unter den Eichen 87, 12205 

Berlin) 

                              

           

                                     

                                            

      

                                        

                             

                                 

                                      

                      

                                 

               : This study was supported by a grant from Danish Technological Institutes

performance contract 2025-2028, entered with the Danish Agency for Higher Education and Science,
under The Ministry of Higher Education and Science Denmark.Collaborators are greatly acknowledged.
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Abstract: 

The DCC enables automatization in the metrological traceability of measurements and the 

dissemination and processing of data from calibration services. Many calibration and 

measurement procedures, however, rely on certified reference materials (CRMs) to obtain 

metrological traceability, especially in the broad field of chemical quantities and analytics. The 

metrological information of those reference materials is also provided in the form of certificates, 

and hence, their digitization bears the same automatization potential for quality assurance and 

traceability as the DCC itself. 

Although fairly similar, a reference material certificate contains some different information, 

and has a variable structure and proprietary requirements compared to a calibration certificate, 

as it relies on the dedicated ISO 33401 standard (formally known as ISO Guide 31) rather than 

the ISO/IEC 17025. Accordingly, the established DCC-schema does not fully fit the purpose of 

machine-readable reference material certificates. At the German Federal Institute for Materials 

Research and Testing (BAM), we started to adapt the DCC-schema in order to derive a 

dedicated schema for CRM certificates. For the seamless digital dissemination of its certified 

values, including expanded uncertainties, this schema also utilizes the Digital-SI and thus 

provides a direct link to the BIPM’s digital reference point for a global harmonization of 

metrological quantities. Furthermore, it should also be suitable for non-certified reference 

materials to form a common data structure for digital reference material documents (DRMD) 

in general. As a validated XML report, a DRMD is also compatible with established digital 

security and verification infrastructure, such as electronic seals and the novel digital 

accreditation symbol. 

In this presentation we will highlight some of the essential differences between reference 

material documents and calibration certificates, but also point out their similarities, which well 

justify the derivation of the DRMD-Schema from the DCC. In addition, the first related tools, 

e.g. a DRMD generator app, the DRMD availability in the COMAR reference material database 

and an LLM-supported certificate conversion algorithm will be presented briefly. 

This work was supported in part by national Ql-Digital initiative funded by the German 

Federal Ministry for Economic Affairs and Climate Action. 
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038 The Digital NIST: Update on the Digital Transformation 
of Reference Materials 

Presenting author: Dinis Camara, NIST, USA 

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

Additional authors: 

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. This talk will give an 

update on the progress and transition from prototype to production. 
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