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DCC in industry standards
Asset Administration Shell and Industrial Digital Twin Association

                     

                  

DCC in numbers for a simple but relevant use case

Use Case:

 Boehringer-Ingelheim as largest German pharma company

started                    project in mid 2024

 150 000 calibrations per year globally

 45 min time saving per calibration (only admin and data

transfer )

 2  3 Mio Euro potential savings per year for one single

company   

Further use cases:

 Use of data history

 E tension of calibration intervalls from 1 to 2 years

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

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

Additional authors: Nil 

Keywords: Certificates, Interoperability, Calibration, W3C, UNTP 

Abstract 

Following the July 2025 publication of United Nations Economic Commission for Europe 

(UNECE) Recommendation No. 49 [1] dealing with digital supply chains, it may be timely to 

consider whether the design principles for platform-independent exchange of product data, as 

outlined in this document, could play a role in facilitating the exchange of Digital Calibration 

Certificates. Numerous implementations of these design principles are proceeding under a 

specification known as the United Nations Transparency Protocol (UNTP) [2] . A central ele-

ment of U TP is a ‘conformity credential’ which is designed to digitally capture basic product 

conformity information within a hosted JSON LD file and which also links to an issued con-

formity certificate (which may be in analogue, digital or hybrid form and may also be encrypted). 

World Wide Web Consortium (W3C) protocols provide an interoperable basis for exchanging 

such credentials, while also ensuring that the credential is cryptographically verifiable back to 

the issuing party in a tamper-evident manner. This talk will consider possible relevance of W3C 

protocols within the legal metrology and scientific measurement sectors, as one potential sup-

port mechanism for the traceable exchange of Digital Calibration Certificates. It is hoped that 

awareness of these approaches may facilitate discussion among the scientific, trade measure-

ment and wider conformity assessment communities. 

[1] UNECE (2025): Recommendation No. 49: Transparency at Scale - Fostering 

Sustainable; Value Chains  

[2] UN Transparency Protocol (2026), https://untp.unece.org, last accessed: 6 January 2026 

Back to Table of Contents above 
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U  CEFACT Project Lead

                     

United  ations Economic Commission for Europe (U ECE)
 ecommendation  o  49  Transparency at Scale  describes an e uitable
and scalable approach for the digital di  o ery and  eri i ation of
information supporting claims made about a product 

                                                

This may be interesting based on potential relevance for:

 Certified commercial  uantities in trade

 Product claims based on measurement

 Support for DCCs   metrological traceability

 Support for traceability chains in legal metrology
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 Enhancing the reliability of

sustainability claims includes the

possibility of using digitally verifiable

documents  issued by recognized

authorities as formal declarations of

compliance  sustainability  or product

characteristics  This would also

involve trustworthy actors such as

government bodies and accredited

conformity assessment

organizations  

                              

                                      

         

       

       

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  ations Sustainable Development Goals depend on the
reliability of claims being made about product sustainability 

Digitali ation  an  elp   i t t e  alan e  a o ring a ra e to t e top
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Digital Products Passports (DDPs) emerged under EU regulations
re uiring products to have an associated data set  accessible from a
data carrier (such as a Q  code) on the product Consumers or
authorities can use this to e amine declarations and product
information relating to product sustainability 

The concept is already being applied within EU  egs for product
attributes beyond sustainability  such as hazardous substances in toys 

Separate to regulatory re uirements  DPPs are also emerging as a
general mechanism for aggregating product data along supply chains -
various standardization initiatives are underway including IS  JTC5
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U  CEFACT is responsible for the reference implementation of
 ecommendation  0  49  known as the United  ations Transparency
Protocol (U TP) 

U  CEFACT facilitates national and international transactions  through
simplification harmonization of processes and information flows 

It represents a relevant forum for discussionregarding access to and
e change of conformity data relevant to international supply chains 

                                    
                     

To encourage ma imum 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 such as W3C verifiable credentials

( Cs) and decentralized identifiers (DIDs)

 adopting an open architecture  so that stand-alone technology

platforms do not add friction to data e change  or be leveraged to the

disadvantage of some participants

 providing a backbone of trust by making  trust anchors   including

Quality Infrastructure  verifiable by any participant
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                          but link it together when needed

                          so long as it conforms to protocols

                       

               

U  CEFACT does         to specify certificate formats  certificate

content or conformity assessment processes 

 ather  the focus is providing a surrounding framework for certificates -

whether analogue  digital or hybrid - that offers:

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

a tamper-evident   machine-readable manner 

2   erifiable connections between data points  including any trust anchors

like testing certification bodies  accreditation bodies and regulators 

3  Compatibility with confidentiality re uirements of supply chain actors

(including third party selective redaction) 
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1 Many aspects of traceability can be verified without even reading
the DCCs  This is achieved through digitally matching the
e uipment item identity  confirming DCC issuer s identity 
accreditation status and certificate validity  for all branches of the
calibration chain  all the way back to primary reference standards 

2 This is not the same thing as achieving true metrological
traceability  which re uires ingestion of the DCC data  yet it may
still be satisfactory for many use cases 

3 The non-proprietary protocol provides a roadmap for discovering
and ingesting relevant DCC content  subject to access permissions 

4 It provides a potential protocol for interoperability across any
national or regional data spaces that may be used to host DCCs 
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1 Digital identifiers (eg  DIDs) for reference materials as well as for
measurement devices

2 Protocols for generating full device calibration history based on
matching calibration verification certificates - possibly issued by
different CABs and held on different data platforms  but still
matched to a common device identifier

3 Machine representation of Calibration   Measurement Capability
statements) for digital verification of competence for transferring
metrological traceability

All U TP resources are open source  available without charge and are

royalty free
https:  untp unece org docs about 

Industry adoptions of U TP can be registered  either as an

 implementation  (for selected U TP elements) or as an  e tension  (with

e tensions owned and managed by the party undertaking the e tension) 
https:  untp unece org docs implementations 

https:  untp unece org docs e tensions 
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U TP deals with trade-related data  Standards for metrology certificate
digitalisation and traceability are outside the activities of U  CEFACT 

However cross-domain e change is welcome  noting the degree of
overlap that e ists:

1 Trust in the attributes of traded goods and the outputs of scientific legal
measurement both rely on national Quality Infrastructure

2 Laboratories providing test results for traded goods also undertake
metrology activities in some cases

3 Most accreditation bodies work across testing calibration certification

            

                                                      

 

U TP-Conformity Group
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Brett Hyland brett hyland nata com au

Thank you 



 

2026-05-11 18:53 Page 40 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

P02 Mark Kuster: Modeling measurement data with the 
Measurand taxonomy 

Presenting author: Mark Kuster [1], Independent Researcher, Consultant, USA 

Additional authors: Nil 

Institute: 

[1] NCSL International 141 MII and Automation Committee 

Email: mjk@ieee.org 

Abstract 

The NCSL International 141 MII and Automation Committee continues to emphasize careful 

conceptualization for use in agile digitalization processes in order to instill value in digital trans-

formation. Long-term value in digitalization depends on interoperability across systems and 

time and universal applicability across data types. This work presents an updated conceptual 

model designed for interoperable digitalized measurement data suitable for representing infor-

mation in accreditation scopes, instrument specifications and calibration certificates. The tech-

nology-agnostic model, suitable for implementation in any exchange format (JSON, XML, etc.), 

rests on  CSLI’s open-source Mil measurand taxonomy and M-layer. We encourage industry 

collaboration to further extend and refine the model. 

Back to Table of Contents above 
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Parallel Session “DCC in digital QI” 

Session Chair: Brett Hyland 

001 Gennie A. Ordoña:  
Implementing Blockchain-Enabled Digital Certificates 
and a Verification Portal at DOST-ITDI: A Use Case for 
Enhancing Quality Infrastructure 

Presenting author: Gennie A. Ordoña [1],  

Email: gordona@itdi.dost.gov.ph 

Additional authors:  

• B. A. Ordoña 

Institute: 

[1] Department of Science and Technology, Industrial Technology Development Institute, 

Metrology Building, Bicutan Taguig City, Republic of the Philippines, 1631 

Keywords: Blockchain technology; Digital document verification; Verifiable credentials; Digital 

certificates; Quality Digital Infrastructure. 

Abstract 

Document verification plays a critical role in ensuring the authenticity, integrity, and legal 

validity of official records within quality infrastructure frameworks. Traditional paper-based 

methods often lead to inefficiencies, increased risks of forgery, and delayed processing times, 

highlighting the need for robust, standardized digital solutions. The Industrial Technology De-

velopment Institute, under the Department of Science and Technology (DOST - ITDI), issues 

a variety of test certificates for technical services, including training, Formula of Conversio, 

laboratory testing and calibration certificates. These documents validate critical aspects such 

as proficiency, compliance, product safety, international traceability and quality assurance. 

To address challenges around document security, efficiency, and standardization, DOST-

ITDI has pioneered a blockchain-enabled digitalization of certificate platform. This innovative 

solution leverages a decentralized ledger to create immutable, tamper-proof records with 

unique identifiers, cryptographic hashes, and digital signatures. The platform also comes with 

real-time online verification of certificates issued by DOST - ITDI, significantly reducing turna-

round times for validating stakeholders and eliminating the need for physical copies. The sys-

tem supports seamless verification by stakeholders, including regulatory bodies and partner 

agencies, through a secure web interface. Launched on 13 May 2024 at Diamond Hotel Ma-

nila, the "ITDI Technical Services Certificates Verifiable Credential" initiative exemplifies effec-

tive application and standardization within digital quality infrastructure. The event gathered di-

verse stakeholders from different government institutions and academia, underscoring the col-

laborative effort to harmonize certification processes via interoperable frameworks. 

This use case demonstrates how integrating blockchain technology with established quality 

assurance practices can foster greater trust, operational efficiency, and compliance in regula-

tory environments. It serves as a scalable model for future inter-agency collaboration and na-

mailto:gordona@itdi.dost.gov.ph
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tionwide adoption, supporting the broader goals of digital transformation and standardized 

quality infrastructure development. 

 
Figure 1. Digitalization Framework and The Verification Portal 

Back to Table of Contents above 
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002 Jens Schüür: 
A web-based revision validation system for (digital) cali-
bration certificates 

Presenting author: Jens Schüür [1] 
Email: j.schueuer@elmtec.de 
Additional authors: Nil 
Institute: 
[1] ELMTEC Ingenieurgesellschaft mbH, Kattreppeln 28, Königslutter am Elm, 38154, Ger-

many 
Keywords: revision control, workflow, validation, database 

Abstract 

A digital calibration certificate, once issued and signed by the laboratory, is a static docu-
ment. In case a revision of the calibration certificate is issued, the use of the withdrawn cali-
bration certificate is still possible as there is no feedback implemented. 

In the DatiPilot funded project DCCiInd [1] a solution for a web-based database has been 
developed and a demonstrator will be made available for free later in Q2/2026. A similar project 
has been presented in [2] and was extended in some aspects to the presented database as 
follows: 

 each laboratory may implements a separate database so due to data privacy no infor-
mation must be given to an external provider. This bypasses and avoids potential is-
sues [3] with external web services or (metrology) clouds. 

 the database contains only general information’s of the certificate: the certificate num-
ber, the unique universal identifier (UUID) of the certificate, the date of issue and a 
string containing the hashed order number 

 the UUID or the date of issue combined with the certificate number lead to the status of 
the calibration certificate 

 hashed order number is given back to enable reverse validation of the certificate 
 in case of a revision the UUID of the new revision is added to the entry of the with-

drawn calibration certificate and a new entry for the new revision is created. 
The main parts of the demonstrator are the web-database with software for the access, a 

demonstrator for creations or modifications in the database and a demonstrator for the valida-
tion of the status of the calibration certificate as website and as a software API. 

Digital calibration certificates (DCC) offer the advantage that the information for using this 
database can be implemented in the calibration certificate, so that no external knowledge is 
required from the user. A suggestion for a template to be written in the DCC also will be pre-
sented. 
References: 
[1] www.ptb.de (2025): Home-DCC 2 Industry, [https://www.ptb.de/dcc2ind/home/], last ac-

cessed: 20.01.2026 
[2] Hall, Blair (2025): A service to authenticate documents issued by MSL, pp. 312 to 317, 

in: "5th International DCC-Conference 2025-02-25 to 2025-02-27 Proceedings", Braun-
schweig, Germany, 2025. DOI: 10.7795/810.20250619[3]; 
www.dakks.de (2024): Amtliche Mitteilung: Keine Nutzungspflicht der Datenbank IAF-
CertSearch, [https ://www. dakks. de/ de/ aktuelle-meldung/ amtliche-mitteilung-keine-
nutzungspflicht-der-datenbank-iaf-certsearch.html], last accessed: 20.01.2026 
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003 Muhammed-Ali Demir: 
An example of a DCC compatible sub schema 

Presenting author: Muhammed-Ali Demir [1] 

Email: muhammed.demir@ptb.de 

Additional authors:  

Oksana Baer [1], Oksana.baer@ptb.de 

Ingo Busch [1], Ingo.busch@ptb.de 

Johannes Ledig [1], johannes.ledig@ptb.de 

Institute: 

[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany 

Keywords: DCC, compatible sub schema, QM 

Abstract 

In the 5th DCC Conference in 2025 we explained which rules have to be followed in order 

to generate a DCC sub schema, that would still be compatible with the DCC main schema. 

Meanwhile quality management representatives of PTB had asked for a sub schema in order 

to have a stricter schema covering also requirements from internal quality management pro-

cedures. This sub schema is dedicated to enable a more uniform appearance of the adminis-

trative data, including logos and statements. In this presentation we will give a practical exam-

ple for such a DCC sub schema. 

Presentation #003 of Muhammed-Ali Demir 

 
 

                              

      

 educing comple ity with a sub schema

 ksana Baer  WG 1 24

Ingo Busch  5 23
Muhammed-Ali Demir  WG 1 24
Johannes Ledig  WG 4 12
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 Presentation at the 6th DCC Conference:

Compatible sub schemata of the DCC Schema

 Content: 9 rules that make it possible to create a DCC sub

schema compatible with the main DCC schema

2026-02-24  6th DCC Conference

            

 PTB has released an internal DCC Template for it s

departments by end of 2025

 The PTB Template covers mainly Administrative

Data of DCCs in a first step

 During development of this template  there were

re uirements that can be solved with a sub schema

 In the following we will look e emplarily at 7

re uirements and propose a solution with a sub

schema compatible to the DCC main schema

2026-02-24  6th DCC Conference
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2026-02-24  6th DCC Conference

  e uirement: every DCC has to contain at least

             (IS  17025 7 8 2 1 l)

 Solution: dcc:statements has to be obligatory in

dcc:administrativeData

                     

2026-02-24  6th DCC Conference

Main schema

Subschema



 

2026-05-11 18:53 Page 80 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

  
 

  
 

                     

2026-02-24  6th DCC Conference

  e uirement: every DCC has to have an issue date

(IS  17025 7 8 2 1 j)

 Solution: dcc:issueDate has to be obligatory in

dcc:coreData
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Subschema
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  e uirement:  amended  should not be useable in

dcc:type fChange (IS  17025 7 8 8 2)

 Solution: remove enumeration from

dcc:type fChange

                             

2026-02-24  6th DCC Conference

Main schema
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  e uirement: obligatory description of items

(IS  17025 7 8 2 1 g)

 Solution: dcc:description has to obligatory in

dcc:item
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Subschema
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  e uirement:  bligatory dcc:cryptElectronicSeal in

dcc:calibrationLaboratory (PTB DCCs are

recommended to be sealed by PTB)

 Solution: dcc:cryptElectronicSeal must be obligatory

in dcc:calibrationLaboratoryType

 A non-sealed DCC is inconsistent regarding the

sealed true and sub-schema and thus clearly

identified as a draft  a PTB DCC that is not sealed

re uires adopting template content
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Subschema
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  e uirement: obligatory eMail as contact

information

 Solution: dcc:eMail must be obligatory in

dcc:contact

 Caution: applies to dcc:customer dcc:owner 

dcc:calibrationLaboratory and dcc:respAuthority
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  e uirement: fi ed se uence in

dcc:administrativeData

(increased usability and uniformity)

 Solution: change dcc:administrativeData from  s:all

to  s:se uence

                               

2026-02-24   6th DCC Conference
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Subschema
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Subschema
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 A DCC which fulfils the sub schema created in the

previous steps is automatically also valid regarding

the main DCC  ML schema

 The resulting sub schema

 However the sub schemata is only one way  the

re uirements can also be fulfilled withSchematron

validation

                                    

                       

Bundesallee 100

38116 Braunschweig

Muhammed-Ali Demir

Phone:  49 531 592-1241

E-Mail: muhammed demir ptb de
www ptb de

From: 02 26
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 Save the sub schema on your harddisk e g : C: temp

 Create a new DCC  ML file or copy an e isting DCC

 ML file into the same directory

  ow you can validate the DCC  ML against the sub

schema
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Abstract 

Digital transformation increasingly affects the quality infrastructure and the way metrological 

traceability is established, communicated, and trusted. However, stakeholders such as na-

tional metrology institutes, calibration and testing laboratories, accreditation bodies, and indus-

try often use different definitions of the term “traceability”  This can lead to misunderstandings 

and inefficient processes. This contribution reports on a multi-stakeholder co-creation work-

shop organized by METAS on the digitalization of metrological traceability. It followed earlier 

workshops related to the digitalization of the Swiss Quality Infrastructure [1]. The workshop 

brought together representatives from metrology, accreditation, industry, and standardization 

to jointly explore conceptually and practically different aspects of traceability. One key outcome 

was the shared understanding that traceability is defined differently in standards such as ISO 

9000 and the VIM which is referenced by ISO/IEC 17025, and that this plurality can cause 

confusion in practice. Participants agreed that metrological traceability is not mainly a docu-

ment-based concept, but rather a functional relationship between input parameters and meas-

urement results. Furthermore, the definition of metrological traceability includes requirements 

on documentation, and thus on the calibration and measurement processes themselves. In 

this context, calibration certificates were recognized as partial carriers of traceability infor-

mation, but not as the sole element to constitute metrological traceability itself. 

A second important outcome concerned trust models. Participants identified that digitaliza-

tion would need a shift from implicit trust, based on institutional frameworks, accreditation, and 

human expertise, towards explicit and machine-actionable trust enabled by digital evidence 

and verifiable claims. This shift would need a fundamental change in respect to assessing the 

competence of people and systems. Digital capabilities such as structured data, persistent 

identifiers, explicit linking, and governance mechanisms were challenging to understand for 

non-experts but were seen as essential for scalable and reliable digital traceability. 

The workshop also showed some interest in model-based approaches to metrological trace-

ability, exemplified by METAS UncLib [2], and articulated the expectation that National Metrol-

ogy Institutes should involve stakeholders in the development of digital traceability solutions. 

In addition, it also became clear that the scaling factor at the top of the metrological pyramid 

is very small and therefore the business model is not obvious, as the major pain point is not 

directly the metrological traceability but rather everything surrounding it including the assess-

ment of people's competence. The results indicate that the digitalization of metrological trace-

ability is not only a technical task, but also a conceptual and socio-technical transformation 

that requires shared understanding, new trust concepts, and participatory development within 

the quality infrastructure. 

References:  

mailto:peter.blattner@metas.ch
mailto:christian.mueller-schoell@mt.com


 

2026-05-11 18:53 Page 89 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

[1] Blattner, Peter; De Feo, Oscar; Assi, Fabiano (2025): Swiss Quality Infrastructure in Tran-

sition, in: IMEKO TC-6 M4DConf 2025, Benevento, Italy, September 3-5, 2025 

[2] Zeier, Markus et al. VNA Tools - A Metrology Software Supporting the Digital Traceability 

Chain, Metrology, 2025, 5(4), 72; https://doi.org/10.3390/metrology5040072  

Back to Table of Contents above 

Presentation #004 of Peter Blattner 

 
 

  
 

                                                                

Peter Blattner (METAS)   Christian M ller -Schöll (Mettler-Toledo Int  Inc )

2026-02-24

                                  

Swiss Quality Infrastructure: Digitalization of the Traceability

         

 State Secretariat for Economic Affairs SEC 

            

 METAS
 S    CES

 SAS

        

 METAS cert
 Testing Labs

 Certification bodies

          

 Company 1  2  3  

         

 Consumer  rganizations

Initiated by

I B  K 195

(Swiss mirror committee

of IS  CASC )

 U ID 

2026-02-24 2

https://doi.org/10.3390/metrology5040072


 

2026-05-11 18:53 Page 90 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

  
 

  
 

                       paper PDF manual re-entry between
LIMS QMS E P

                           end-to-end lineage of who what when (incl 
instruments  versions  SI units) is incomplete or inconsistent

                                  heterogeneous methods units uncertainty
budgets make results hard to compare across labs

                   volume velocity variety veracity challenges for high-
fre uency or multi-site measurement data

                         conformity claims and data origins are not easily
checkable by machines

                            certificates  test reports  standards  and methods
are PDFs  lack of structured  semantic data

                                              fragmented approaches  limited
adoption of fully digital  verifiable calibration test certificates
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 QI Data Spaces

 Digitalization of the calibration process traceability  Digital Certificate

 IoT and Big Data

 Smart Standard

             

 Business Cases and  alue Propositions

 Establishment of seed funding mechanisms for prototyping of digital QI tools

 E change and alignment with international initiatives
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Suppose your daughter or son would like to buy

alcohol in a shop  Does the seller need to know

their date of birth 

Swiss Quality Infrastructure: Digitalization of the Traceability

Documents in the QI

Calibration Certificate

Certificate of Approval   Type-

Approval Certificate

Certificate of Conformity (CoC)

Accreditation Scope Statement

CMC Declaration (Calibration  

Measurement Capabilities)

Standards   Technical  eports

Laws   egulations (machine-

readable catalog)

Audit  eport   onconformity

 ecord

Annual Assurance  eport (e g  

lab or CAB)

Technical  ecords

A  paper  document carries too much

information for the seller because it

includes details that are not relevant to

the  transaction  

A digital ID allows for data privacy by

design 
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https:  www iso org obp 

-  162 results for  traceability 

                         (IS  IEC Guide 99 ( IM) 

used by IS  IEC 17025  )

A property of a measurement result  not of an object 

product  or information record 

                      (IS  9000:2015   )

ability to trace the history  application or location of an object

                          (IS  12176-4 IS  IEC IEEE 12207  )

traceable relationships between information elements
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property of a measurement result whereby the result can be related to a reference through a
                                           each contributing to the            
           

                                                       

non-negative parameter characterizing the dispersion of the  uantity values being attributed to
a measurand  based on the information used

The evaluation of measurement uncertainty re uires typically                          
( Measurement Functions ) between input  uantities             and the output  uantity  

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24 8
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Primary

standard

realization

Secondary

standard

time of calibration  1

  

                     
 

            

                     
      

      

                                     

Secondary

standard

time of use  2

                     
      

IS  IEC 17025:2017 (6 5 1):

The laboratory shall                       

metrological traceability of its measurement results

                                    
                    

Swiss Quality Infrastructure: Digitalization of the Traceability

Metrological

Traceability

Jacobi

GUID

                                       

https:  www metas ch unclib

https:  github com metas-ch metas-unclib-python-wrapper

-  Presentation  025

GUM Tree Calculator

https:  github com MSL   GTC

Blair Hall (2004)

D I: 10 1142 9789812702647 0017
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Assume you are a sceptical auditor 

 our task is to be creative and find reasons why you would reject a
traceability claim 

         

  Write down as many reasons to reject traceability as you can 

 ne reason per small sticker 

 For each reason add the consulted evidences ( data of issue of
the Calibration Certificate ) on a separate sticker (one for each)

  
   

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24 11

                                       
                        

Swiss Quality Infrastructure: Digitalization of the Traceability

Competence of organization not proved

Conditions for calibration not suitable

 o validated procedures

Functional relationship undocumented

 o uncertainty statements

Process not correctly described

Used outside validated range

Training records of operator missing

Subcontracting not declared

 eference not traceable to SI

Accreditation of service provider

e pired at time of calibration o serial number  uni ue ID

Missing calibration certificate
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Input:
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 alue of
Standard
(time   t0)

 utput:
Traceable
 alue of
Standard
(time   t1)

 rganization  Management System  org Structure Procedures

Competent personnel  organizations

Technical E uipment

(including maintenance of the standard s value and the associated uncertainty)

    
Measurement

  
     

  
     

Measurement

or

Calibration
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 Calibrations Certificates

 Date

  bject

  esults incl  Uncertainty

 Conditions

  

 Technical  ecords

 Uncertainty budget

  aw data   evaluated data

 Instruments   calibration status (and related documents)

 Description Procedures

  alidation    erifications

  

 Competence

 Training records

 Witnessing

  isk analysis
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Major Pain Points
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Swiss Quality Infrastructure: Digitalization of the Traceability

1 Structured  machine-readable data

2 Persistent identifiers

3 E plicit linking between objects

4 E plicit uncertainty representation

5 Machine-verifiable claims

6 Strong digital identity and integrity

7 Time-aware validity and lifecycle

8  ersioning and immutability

9 System-to-system access (APIs)

10 Selective disclosure (privacy by design)

11 Governance and policy enforcement

 digitalization of competence  

change of trust model

2026-02-24 15

  traceability  is a polysemy -  to avoid confusion state  metrological
traceability  if applicable

  etrologi al tra ea ility re uires a process  not just a calibration value
(i e  a calibration certificate is only a partial  arrier)

 functional relationships can be machine-actionable (METAS UncLib  bjects 
GUM Tree Calculator  )

 Challenges: How to make other aspects of traceability machine-actionable
( proof of competence    )  What is the value proposition 
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Abstract 

The Digital Calibration Certificate (DCC) Web Portal of the National Institute of Metrology 

(Thailand) (NIMT) originally supported automatic certificate type selection, DCC generation in 

PDF/A-3 format, and XML schema and digital signature validation. However, measurement 

capability was not explicitly represented in a structured, machine-interpretable manner. This 

paper presents enhanced DCC architecture based on measurement capability modelling, con-

sistent with the concept of Calibration and Measurement Capabilities (CMC) used in accredi-

tation and mutual recognition frameworks. The main contribution is the design and implemen-

tation of a CMC Database and an associated Scope of Accreditation Database, derived from 

authoritative accreditation body information. These databases provide a formal digital repre-

sentation of laboratory measurement capabilities, including measurement ranges, units, and 

accreditation status, enabling consistent and capability-based classification of DCC types. 

Three DCC generation scenarios demonstrate the approach: (1) calibration services accred-

ited by an ILAC MRA signatory accreditation body, represented by the Thai Industrial Stand-

ards Institute (TISI); (2) services covered under the CIPM Mutual Recognition Arrangement 

(CIPM MRA); and (3) non-accredited calibration services. The scenarios show how DCC gen-

eration workflows adapt dynamically according to recognized measurement capability and in-

stitutional trust level. The measurement capability model focuses on scope modelling and Si-

compliant unit representation. Measurement scopes are expressed as intervalbased numerical 

ranges defining the valid domain of a laboratory’s capability and enabling machine-readable 

evaluation of calibration results. Scope information is digitally linked to accreditation data using 

structured JSON representations. Unit representation follows the SI Digital Framework pub-

lished by the BIPM, with SI prefixes, base units, and exponents treated as separate semantic 

components to ensure unambiguous and standardized unit encoding. Overall, the proposed 

framework advances DCC generation from document-centric digitalization toward capability-

driven digital metrology, strengthening interoperability, traceability, and digital trust in align-

ment with international DCC, CMC, and SI digitalization initiatives. 

References: 

[1] Bureau International des Poids et Mesures (2025): Digital transformation and the SI Digi-

tal Framework, https://www.bipm.org/en/digital-transformation, last accessed: 

25.01.2026. 
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K., Hutzschenreuter, D., Park, J.S., White, R.M., 2021. International development of the 
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Abstract: 

The calibration services of Laboratory of National Measurement Standards - National 

Standardization Agency of Indonesia (SNSU BSN) have relied on PDF-based calibration cer-

tificates for more than five years. Although these certificates are digitally signed and distributed 

through a customer portal, the underlying workflow remains largely manual. Calibration data 

evaluation is performed using Microsoft Excel, followed by manual conversion to PDF, upload-

ing, and digital signing via the customer portal. This approach limits automation, machine read-

ability, interoperability, and long-term digital reuse of calibration data, which are key require-

ments for the adoption of Digital Calibration Certificates (DCC). 

To address these challenges, SNSU BSN developed a dedicated web-based application 

for generating DCCs, known as DiCCA (Digital Calibration Certificate Application). The appli-

cation is designed with a user-friendly interface to ensure accessibility for laboratory staff with-

out programming or XML expertise. As a pilot implementation, the electrical quantity domain 

was selected, focusing on Digital Multimeter (DMM) calibration. 

The system adopts a hybrid data input approach in which calibration result data are entered 

through predefined Excel templates, while all other certificate information is captured using 

structured digital forms. The Excel templates are designed to reflect the structure of calibration 

result tables commonly used in laboratory workflows, allowing users to input measurement 

values in a familiar spreadsheet environment without manual, item-by-item entry through the 

application interface. Once uploaded, the templates are automatically processed by the system 

to extract measurement values and associated units, which are then converted into an XML- 

based DCC structure using digital SI representations. 

The structured digital forms are used to capture all remaining certificate information, includ-

ing instrument identification, calibration methods, calibration statements, reference standards, 

mailto:hayatiamaliahayati@gmail.com
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and administrative metadata. To enhance efficiency and consistency, the system provides a 

pre-filled forms template feature that automatically populates recurring information when gen-

erating certificates for the same type of instrument. Users are therefore only required to update 

instrument-specific details such as serial number, certificate number, and responsible person-

nel, etc. 

The developed application enables laboratory staff to generate DCCs independently while 

reducing manual steps. The current prototype also supports digital signatures embedded in a 

QR code, providing an initial mechanism for certificate authenticity verification. However, this 

digital signature functionality has not yet been integrated with Indonesia’s official electronic 

signature providers (PSrE KOMDIGI). Although the system currently operates independently 

from the existing customer portal and is limited to DMM calibration, the results demonstrate 

the practical feasibility of transitioning from PDF-based certificates to DCCs and establish a 

foundation for future expansion and system integration. 

References: 

[1] Digital Calibration Certificate (DCC) - Wiki, Digital Calibration Certificate - Wiki (n.d.). 
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biguous digital transfer of metrological data - Second Edition», Juli 2020,  
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Abstract 

Currently, digital transformation is rapidly developing in the field of metrology. At the same 

time, the application of digital calibration certificates (DCC), which are an element of digital 

transformation, in the branches of metrology is one of the pressing issues of today. 

The purpose of this research is the application of digital calibration certificates for acoustic 

calibrators. 

In this research, a function for generating a digital calibration certificate is added to the semi-

automatic system which is developed for calibrating acoustic calibrators by the comparison 

method according to the international standard IEC 60942. This function automatically gener-

ates digital calibration certificates for acoustic calibrators based on PTB’s DCC 3 0 schema  

Developed system successfully automates the data transfer from the measurement infor-

mation to the machine-readable format that encapsulates all necessary metrological traceabil-

ity information and measurement uncertainties specific to acoustic parameters. Research work 

provides the popularization of digital calibration certificates in the field of acoustics in the inter-

national metrological community. It also develops the standardization and harmonization of 

digital calibration certificates. It is analysed how beneficial this development would be for users 

of acoustic calibrators. 
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Abstract 

One of the main barriers to the adoption of Digital Calibration Certificates (DCCs) is con-

vincing accredited calibration laboratories - many of which perceive no serious shortcomings 

in current practices - of the need for change. In the field of temperature metrology, however, 

the limitations of conventional calibration certificates become apparent when large numbers of 

instruments of the same model must be calibrated and managed. This presentation uses a 

cold chain application as an example to demonstrate the clear advantages of DCCs over tra-

ditional PDF-based certificates. 

Vaccines, biopharmaceuticals, and food products are highly temperature-sensitive and 

therefore require continuous monitoring during storage and transportation. Such monitoring 

typically involves hundreds to thousands of temperature sensors used in combination with data 

loggers. These instruments are generally calibrated annually in large batches at calibration 

laboratories. Although laboratories have optimized their calibration procedures to improve 

throughput, the overall workflow and the format of certificate issuance have remained largely 

unchanged. 

Even when hundreds of identical thermometers are calibrated each day at the same tem-

perature points, measurement data are entered manually, and a separate PDF certificate is 

generated for each unit using spreadsheet-based macros. This approach increases opera-

tional costs and introduces a significant risk of human error. In addition, calibration results are 

frequently underutilized. Instead of exploiting the full measurement information, a simplified 

screening process is applied, whereby instruments with correction values exceeding 1°C are 

removed from service, regardless of their repeatability or long-term stability. 

The combination of automated calibration and DCCs addresses these limitations by trans-

forming calibration results from static documents into structured, machine-readable data. Al 

camerabased optical character recognition can reduce manual data entry, while data-oriented 

management enhances traceability and enables long-term performance analysis. Calibration 

data can also be centrally managed and linked to data loggers, allowing calibrated interpreta-

tion of measurement data without directly updating individual devices. Consequently, instru-

ments with relatively large correction values may remain in service, provided their performance 

characteristics are stable. 

In conclusion, traditional PDF-based certificates are inefficient in high-volume cold chain 

environments. DCCs substantially enhance the usability and long-term value of calibration 

data. 
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Abstract 

Digital Calibration Certificates (DCCs) represent a significant advancement in digital me-

trology by enabling secure, standardized, and machine-readable representation of calibration 

data. It facilitates the automated data exchange and integration across calibration laboratories, 

industrial facilities, and quality management systems. This study presents the development 

and implementation of a DCC framework for the calibration of clamp meters used in AC current 

measurements. Traditional calibration certificates are generally issued in paper or PDF formats 

which requires manual interpretation and data entry. This increases the risk of transcription 

errors and limits interoperability with asset management and automated compliance systems. 

In contrast, in this paper the authors have transformed the calibration information into a stand-

ardized digital format, viz., XML, so that the data exchange between the laboratory information 

management system and quality management system becomes seamless. The measurement 

results, uncertainty components, instrument identification, calibration conditions, and validity 

information are encoded into the DCC to ensure data integrity, authenticity, and long-term 

traceability. The prototype DCC model can be downloaded from the QR code given here. To 

view the certificate  please use the passcode as “abed” 

Remark: A currently invalid QR code has been inserted here in the original document. 

References: 

[1] ‘Towards a  ew Generation of Digital Calibration Certificate: Analysis and Survey |  e-

 uest PDF’  ResearchGate, doi: 10.1016/j.measurement.2021.109611. 

[2] “GUM: Guide to the E pression of Uncertainty in Measurement ” 

https://www.bipm.org/en/publications/guides/gum.html, last accessed 23. July. 2025. 
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Abstract 

The ongoing digital transformation of metrology, including the digitization of measurement 

results, and of quality infrastructure (QI) includes the automated, reliable, and structured ac-

quisition of measurement data at the instrument level, which is essential for supporting ma-

chine-actionable and interoperable workflows. Within the context of Digital Calibration Certifi-

cates (DCCs), the availability of high-quality, traceable, and structured measurement data is a 

prerequisite for enabling FAIR (Findable, Accessible, Interoperable, and Reusable) data ex-

change across systems and organizations [1-3], Many laboratories continue to use cost-effec-

tive conventional weighing instruments alongside high-precision systems. In this context, an 

effort has been made to automate the acquisition and logging of measurement data from man-

ual balances to a computer system. 

This work presents the design and implementation of an automated instrument-level data 

acquisition system for mass measurements, developed in LabVIEW and interfaced with a la-

boratory analytical balance through an RS-232 communication link. The program uses NI-VISA 

to establish serial communication with defined parameters (9600 baud, 8-N-l, LF termination) 

for data transfer. In the present implementation, the balance operates in a print-on- request 

mode, transmitting measurement data only when the print command is activated. Each re-

ceived ASCII data string is processed in real time to extract the numerical mass value, which 

is then converted to a floating-point format for subsequent processing. The measurement data 

are dynamically accumulated in arrays and automatically time-stamped for structured logging, 

with output stored in a Microsoft Excel (.xls) file or exported in formats suitable for downstream 

digital calibration workflows. The implemented architecture demonstrates the integration of 

legacy RS-232 instruments into modern digital measurement systems and provides a practical 

basis for interoperable data acquisition in line with emerging Digital Calibration Certificate and 

Digital Quality Infrastructure requirements. By enabling direct digital capture of measurement 

results at the instrument level, the system addresses common challenges in laboratory data 

handling, particularly those associated with manual data transcription. This approach reduces 

the risk of transcription errors, supports data integrity, and improves reproducibility in routine 
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mass measurement processes. In addition, the system architecture can be designed for 

straightforward export of data into other machine-readable formats, such as CSV or XML. 
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Abstract 

The ongoing digital transformation of the quality infrastructure requires a fundamental shift 

from paper-based calibration documents to machine-readable, interoperable, and verifiable 

digital representations [1]. Although Digital Calibration Certificates (DCC) provide a standard-

ized container for calibration results, reliable digital verification of metrological traceability 

throughout the entire calibration chain remains a significant challenge.  

The aim of this work is to develop and describe the architecture of a web portal designed to 

automate the collection, storage, and provision of access to the results of metrological activities 

in machine-readable formats. The object of the study is the process of metrological data man-

agement, while the subject is the methods for designing a specialized web-based resource to 

ensure transparency and metrological traceability in a digital environment.  

The software implementation of the system is based on a relational data model in which 

metrological traceability is represented as a directed acyclic graph. In this graph, nodes corre-

spond to reference standards and measuring instruments, while edges represent documented 

calibration events. This approach enables the correct description of both linear and branched 

calibration chains, which are characteristic of complex measurement systems, such as those 

used in gas metering applications.  

The system architecture is implemented as a client–server web portal integrated with a re-

lational database, providing centralized data storage, access control, and automated pro-

cessing of calibration data. To enable automated traceability verification, a depth-first search 

algorithm implemented using recursive SQL queries is applied. This allows the system to in-

stantly reconstruct a continuous calibration chain from a customer’s working instrument to na-

tional measurement standards.  

A key advantage of the proposed approach is the integration of traceability verification di-

rectly into the web portal. For end users, traceability is not only verified but also visualized in 

an intuitive graphical form, enhancing transparency and confidence in calibration results. The 

system maintains a complete calibration history for each instrument, supports version control, 

and prevents inconsistent or unauthorized modifications.  

The developed solution was implemented and tested at the SE “I A  - 

F A KI SKSTA DA TMET  L G ”  with a focus on instruments for gas volume and flow 

measurement. It enables automated traceability verification and supports the transition from 
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best practices to a standardized, interoperable digital quality infrastructure, providing a robust 

foundation for future workflows based on DCC. 

References:  

[1] Eichstädt, Sascha (2021): Metrology for the digital age, in: Measurement: Sensors, vo-

lume 18, https://doi.org/10.1016/j.measen.2021.100232 

Back to Table of Contents above 

Presentation #011 of Vitalii Malisevych  

 
 



 

2026-05-11 18:53 Page 155 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 156 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 157 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 158 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 159 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 160 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 161 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 162 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 163 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 

QR: https://free-qr.com/link/XyYGdRFHsminrPsQ 

Back to Table of Contents above 

  

https://free-qr.com/link/XyYGdRFHsminrPsQ


 

2026-05-11 18:53 Page 164 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

012 Mauricio Sáchica: 
Process Automation in Metrology: A Use Case for En-
hanced Accuracy and Efficiency 

Presenting author: Mauricio Sáchica [1] 

E-mail address: msachica@inm.gov.co 

Additional authors:  

• M. Sachica [1],  

• N. Vargas [1],  

• F. Rubiano [1] 

Institute: 

[1] Instituto Nacional de Metrología de Colombia, Avenida Carrera 50 No. 26 – 55 Interior 2 

CAN, Bogotá, Colombia 

Keywords: Process automation, Electrical metrology, Characterization of measurement 

standards, Data processing, Interoperability 

Abstract 

The Direct and Alternating Current Laboratory of the National Metrology Institute of Colom-

bia has developed software tools in multiple programming languages to automate data acqui-

sition, processing, and analysis. This automation enabled process optimization, the mainte-

nance of measurement standards, and the characterization and prediction of values.  

A major advantage of most electrical measurement systems is their ease of automation 

through various communication interfaces. This is particularly important given the large volume 

of data involved in calibration and measurement processes. Thus, in a routine calibration pro-

cess, an application controls the equipment within the measurement system and automatically 

acquires measurement data, while an application records the environmental conditions. The 

generated data files are subsequently processed using an application or spreadsheet that re-

quires reference standard values. These values are obtained from an application that predicts 

the reference values and their associated measurement uncertainty by analysing instrument 

behaviour based on information reported in calibration certificates and stored in a laboratory 

database [1].  

Accordingly, the laboratory has developed a set of applications as part of the ongoing evo-

lution of its automation systems, enabling the use of multiple communication protocols and 

programming languages. These applications are used together in an interoperable manner 

within measurement and calibration processes. The next step is to further optimize the auto-

mation systems in order to reduce manual tasks, improve interoperability, and generate Digital 

Calibration Certificates (DCCs). These DCCs will also populate the laboratory database, which 

is used to predict values, characterize measurement standards, perform intermediate checks, 

determine calibration intervals, and support other metrological activities. This approach ena-

bles the laboratory to maximize the use of non-redundant information and ensure reliable 

measurement results.  

Thanks to automation, large volumes of data can be collected and used to characterize the 

behaviour of measurement standards, thereby enabling the reduction of measurement uncer-
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tainty through improved knowledge and statistical analysis [1]. Automation not only optimizes 

processes but also improves measurement accuracy, making it a key asset in metrology.  

References:  
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Abstract 

The establishment and preservation of robust digital traceability to the International System 

of Units (SI) have become a foundational requirement in modern metrology, driven by increas-

ing automation, data integration, and regulatory expectations for transparency and reproduci-

bility. In this context, the National Metrology Institute (NMI) face insistent challenges in main-

taining a consistent, verifiable, and up-to-date linkage between locally issued calibration cer-

tificates and internationally recognized reference data. 

This paper introduces a novel software architecture that automates and digitizes the critical 

traceability pathway between the services of NMCC -SASO and the authoritative international 

reference data maintained by the Bureau International des Poids et Mesures (BIPM). The pro-

posed solution is implemented as a RESTful middleware layer developed using the FastAPI 

framework, designed to interface programmatically with BIPM digital services, including the 

Key Comparison Database (KCDB). Through this interface, the system enables automated 

retrieval and synchronization of Service categories classification, SI Units, Quantities, Prefixes, 

Constants, Decisions, Certified Calibration and Measurement Capability (CMC) entries, refer-

ence values from key comparisons (KCs), and associated technical guidance documentation. 

By embedding live, authoritative international metrology data directly within the NMCC labora-

tory management environment, the platform enables automated validation of locally issued 

calibration certificates against the most current SI realizations and comparison outcomes. This 

approach eliminates reliance on manual data searches, substantially reduces the risk of tran-

scription and interpretation errors, and ensures that each calibration certificate is accompanied 

by a transparent and auditable digital extraction linking it directly to the KCDB. The paper de-

tails the system architecture, including data flow design, API security and key management 

strategies, and mechanisms for ensuring data integrity and availability. A case study from an 

operational electrical standards laboratory is presented to demonstrate the system’s effective-

ness in streamlining compliance workflows, enhancing traceability assurance, and supporting 

sustained conformity with international metrological requirements. The proposed architecture 

mailto:s.qoud@saso.gov.sa
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provides a scalable and extensible framework for advancing digital SI traceability across na-

tional calibration infrastructures. 

Presentation #013 of Saad Bin Qoud  

The printed version of the proceedings originally required submissions in .pdf or .pptx for-

mat. Unfortunately, the author did not submit their presentation in one of the requested formats 

by the end of the editorial deadline. 

Please contact the author directly for more insights in the topic. 
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014 Alexander Knaak: 
Presentation of the new website “Digital Metrology” 
(PTB) and open exchange 

Presenting author: Alexander Knaak [1] 
E-mail address: alexander.knaak@ptb.de 
Institute: 
[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany 
Additional authors: Nil 
Keywords: Digitalization, Metrology, Digital Metrology 

Abstract 

This presentation will highlight the main features of the upcoming new PTB website “Digital 
Metrology”, which will be accessible publicly in the next months.  

The website will display all currently ready and planned digital certificates of PTB as well as 
many helpful tools and utilities to simplify the application of digital certificates. Furthermore 
there will be basic information about the Digitalisation of Metrology in general as well as the 
digitalisation of PTB itself.  

After an overview of the structure of the website and some highlights, a discussion with the 
participants will hopefully generate new insights about expectations and needs from users out-
side of PTB and Germany.  

 
References:  
[1] https://www.dmet.ptb.de/  
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Plenary Session  

Session Chair: Anjali Sharma 

P03 James Fedchak: 
Challenges in Creating DCCs 

Presenting author: James Fedchak [1]  

E-mail address: james.fedchak@nist.gov 

Additional authors:  

• Wei Ren [1] 

Institute: 

[1] National Institute of Standards and Technology: Physical Measurement Laboratory, 100 

Keywords: DCC, calibration certificate generation, semantics, taxonomy. 

Abstract 

NIST was founded in 1901 and presently offers between 400 and 500 calibration services. 

Many have evolved organically over time; consequently, there are now a wide variety of cali-

bration report (certificate) formats, data formats, and data repositories with formats and loca-

tions unique to various services. Report data and metadata come from several sources: an 

ecommerce system that contains customer metadata, the technical personnel performing the 

calibration, data and metadata contained in repositories local to the service, and data acquisi-

tion and analysis applications specific to the service. The digital transformation of such a large 

array of services and data sources with little to no harmonization of data and information for-

mats among them is a daunting task. Nevertheless, we defined a goal to be able to generate 

a digital calibration report upon customer request. This task has several key elements: first we 

are developing an application to collect the calibration data and metadata and map it into a 

calibration report data model. The elements of that data model can then be mapped into a 

digital calibration certificate (DCC) [1], saved to a common repository, and used to generate a 

human readable report. We have now undertaken the project of creating a report generation 

application to accomplish these tasks. However, we have encountered many challenges in 

creating a DCC for  IST’s services  For e ample  proper semantics and synta  for the uni uely 

identifying measurands for the plethora of quantities and measurands reported by  IST’s ser-

vices is a challenge. Creating an application flexible enough to handle the variety of human 

readable reports and data formats is another. And, after creating a DCC, can it be machine 

readable and interpretable by the applications of external customers? We will discuss these 

challenges and possible solutions in our evolving project to transform our measurement ser-

vices. 

References: 

[1] https://www.ptb.de/dcc/DCC.xsd, version 3.3.0, last accessed: 01.01.2026 
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P04 Christian Sander: 
Digital accreditation symbol: machine - readable, 
fraud - proof, and verifiable - benefits and experiences 
for the DCC 

Presenting author: Christian Sander [1],  

E-mail address: csander@testotis.de 

Additional authors: Nil 

Institute: 

[1] Testo Industrial Services GmbH, Gewerbestraße 3, Kirchzarten, 79199, Germany 

Keywords: Digital Quality Infrastructure, Digital Accreditation Symbol, Trusted Digital Attesta-

tions, Electronic Seal (elDAS), Digital Calibration Certificate (DCC) 

Abstract 

The increasing digitalization of quality infrastructures and conformity assessment processes 

is transforming how accredited calibration laboratories create, secure, and communicate con-

formity statements. As industrial ecosystems adopt fully automated workflows, digital product 

passports, and machine-readable documentation, the need for trustworthy and technically ver-

ifiable digital attestations has become essential. This presentation introduces the concept, mo-

tivation, and practical experiences associated with the Digital Accreditation Symbol as im-

plemented by the German Accreditation Body (DAkkS), and its integration into digital calibra-

tion certificates (DCCs) and other electronic conformity assessments. 

The digital accreditation symbol acts as the machine-readable, tamper-evident counterpart 

to the traditional visual accreditation mark used in conformity assessments. Based on a quali-

fied electronic seal—issued according to the EU elDAS Regulation (EU No. 910/2014)—the 

system links the legal entity, accreditation number, accreditation activity, and issuing accredi-

tation body into a cryptographically protected trust anchor. This ensures that digital conformity 

statements can be verified globally and in real time, independent of document format (PDF or 

XML), software environment, or data exchange platform. 

The presentation outlines the technical architecture underlying the digital seal, the issuance 

and verification mechanisms, and the interoperability enabled through widely used validation 

services such as the EU DSS (Digital Signature Service) platform. Practical demonstrations 

illustrate how authenticity and integrity can be automatically validated in both PDF calibration 

certificates and XML-based DCCs, including detection of even minor modifications. 

Finally, the presentation highlights the value for calibration laboratories and their customers: 

global real-time validation of accreditation status, strengthened protection against manipula-

tion, the ability to replace legacy signature methods, and the acceleration of fully machine-

driven processes. By enabling secure digital evidence chains, the DAkkS digital accreditation 

symbol forms a cornerstone for future-ready digital conformity assessment and supports the 

international deployment of digital calibration certificates. 

Back to Table of Contents above 
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                     such as calibrations by accredited bodies  are re uired in
international trade as evidence that products and services are          

 Secure trust in conformity assessment

 Chains of evidence are becoming increasingly digital (e g   DPP)

 Industry and conformity assessment bodies are increasingly working in a digital
interconnected and automated framework

                                    such as      are being introduced

 The digital space poses risks for the reliability and recognition of conformity
statements
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                     such as calibrations by accredited bodies  are re uired in
international trade as evidence that products and services are          

 Secure trust in conformity assessment

 Chains of evidence are becoming increasingly digital (e g   DPP)

 Industry and conformity assessment bodies are increasingly working in a digital
interconnected and automated framework

                                    such as      are being introduced

 The digital space poses risks for the reliability mutual recognition of conformity
statements
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                             to the e isting  pictorial  DAkkS
                      which can be technically verified worldwide in real
time

 The legal basis is the                (EU)  o  910 2014  legal
framework for electronic signatures  electronic seals  and electronic time
stamps

 Technical basis is                 digital company stamp with           
                         

  ame of the legal entity (authenticity)

 Intactness of document (integrity)

 Uni ue accreditation number

 e g   DAkkS00-DE-K0-15070-01-00

  eference to accreditation body  country  and accreditation activity

                               

10Testo Industrial Services31 03 2026

 Qualified Certificate

  ualified certificate from a Qualified Trust Service Provider (QTSP)

 granted EU-wide legal presumption of integrity and correctness

 Contains public-key

 Qualified Electronic Seal Creation Device

 Secure private-key storage (a digital safe for
cryptographic keys)

 Creation of legally recognized  ualified seals

 Compliant workflow for seal application

 generated seal (signed hash   certificate metadata)
is attached to or embedded in the electronic document

 Service is often provided by third-party providers
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 Application process has been running since April 2024 for all CABs at DAkkS

 Process duration appro   three months   eceipt of certificate and private-key

 Costs for certificate: appro   500    year

 Works with all formats commonly used in conformity assessment (PDF   ML  etc ) eAttestation

 Sealing process

 By proprietary software in own IT development

 Compliant WF   security and updates is personal responsibility   

 By third-party providers

 Compliant WF guaranteed   monthly updates guaranteed

 Typical Costs

 10 000 sealing year: 1 200   year (0 12   seal)

 100 000 sealing year: 12 000   year (0 05   seal)

 1 000 000 sealing year: 18 000   year (0 018   seal)
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P05 Gisa Foyer: 
A challenge to test interoperability of DCCs for weights 

Presenting author: Gisa Foyer, [1]  

E-mail address: gisa.foyer@ptb.de 

Additional authors:  

• Julian Haller [2] julian.haller@sartorius.com 

• Christian Müller-Schöll [3] christian.mueller-schoell@mt.com 

• Stuart Davidson [4] sd@npl.co.uk 

Institute: 

[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany 

[2] Sartorius Lab Instruments GmbH & Co. KG, Goettingen, Germany 

[3] Mettler-Toledo Int. Inc., Greifensee, Switzerland.  

[4] National Physical Laboratory, Teddington, United Kingdom.  

Keywords: digital calibration certificate, interoperability, mass, weights 

Abstract 

The digital calibration certificate (DCC) was established for various reasons, one of them is 

to achieve interoperability of calibration certificates between laboratories. As a basis for the 

use of the DCC for weights, the Technical Committee on Mass and Weighing Instruments of 

the German Calibration Service (DKD) started working towards this aim in 2020. The result is 

an extensive expert report on how to write mass DCCs for weights, weight sets and mass 

standards [1], The logical consequence, after discussing rules for mass DCCs, was to validate 

XML files against those rules and also test the interoperability. For this purpose, the DCC mass 

Interoperability Challenge started in the beginning of 2025 [2], 

The challenge was addressed to international mass calibration laboratories including 

mostly, but not solely, national metrology institutes. Three scenarios for mass calibrations with 

different complexities were created by listing the relevant data in an unstructured way. The 

laboratories were then asked to “translate” these into DCC format while considering all pub-

lished rules and publications. Overall, seven laboratories participated with one or more exam-

ple files. These were first tested against the expert report rules using Schematron and then 

evaluated against e pected results to calculate an overall “interoperability score”  

The immediate result of the challenge was a list of questions and comments for the DCC 

Wiki, the DKD refType database and for the Expert report DKD-E 7-2 [1], These are very val-

uable as they identify errors in descriptions, existing contrary information and included sug-

gestions for improving the documents to be more helpful for users. 

The evaluation of the XML files revealed a wide range of possibilities to solve the given 

challenge  The overall “interoperability score” was 56   for the single weight scenario meaning 

56% of the interoperability relevant information such as serial number of weights and the con-

ventional mass result were findable and correct (i.e. in accordance with the data given in the 

scenario description). The reasons for the remaining 44 % were caused mostly by typograph-

ical errors in the refType attributes or in measurement units, but also by (human) misinterpre-

tation of the given scenarios which cannot be assigned to interoperability. With higher com-

plexity of the scenarios the interoperability score got smaller. However, it can be pointed out 

mailto:gisa.foyer@ptb.de
mailto:julian.haller@sartorius.com
mailto:christian.mueller-schoell@mt.com
mailto:sd@npl.co.uk
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that most of these errors are 1) easily correctable and 2) detectable with a Schematron valida-

tion.  

 

Figure 1. Assumption of full interoperability when adhering to the DCC schema and community specific rules 

References: 

[1] G. Foyer, M. Häfner, J. Haller, C. Müller-Schöll, S. Osang, and A. Scheibner, (2024): 

“E pert report DKD-E 7-2 Instructions on how to use the DCC schema to create a digital 

calibration certificate for weights and weight sets  Edition 01 2024   evision 7 ” 

https://oar.ptb.de/resources/show/10.7795/550.20240119B 

[2] J  Haller and G  Foyer (2025)  “Interoperability of DCCs for weights and weighing instru-

ments through standardization f in IMEKO TC-6 International Conference on Metrology 

and Digital Transformation - M4DConf 2025,  

https://www.imeko.org/publications/tc6-2025/IMEKO-TC6-2025-009.pdf 
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Basic properties:

- Machine-readable

- General structure

- Fle ible

Community specific:

- Structural rules

- Identification rules

- Application rules

                     :

DCCs from all

calibration labs can
be handled the same

way

  

Assessing interoperability of mass DCCs through comparison of

test DCCs issued by different parties

 

                   

 DKD e pert report published in April 2022

 Focus: weights

 Instruction on how to fill the DCC template

 Mostly applicable for mass standards as well

 https:  doi org 10 7795 550 20220419B
(English version)
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1 E amples for testing          
 Create scenarios

                                  

      
      

                         

1 Finished in
February March 2025
 3( 5) scenarios

                   

                

1 E amples for testing          
 Create scenarios

2 Means to test interoperability
         
 Create e ample  MLs
 Create  SLT and Schematron
file to validate rules from the
e pert report

3 Check if it works          
 Test  SLT and Schematron
and discuss results

                                  

      
      

                         

1 Finished in
February March 2025
 3 scenarios

2 Finished in August 2025

3 Started in September
2025 - ongoing
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Looks worse

than it is 

There are

more errors in

interventions

                   

                                

For each information piece:

Score 100   IF same as e pected  0    THE WISE

Average interoperability score   79   for scenario1
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Correction of obvious mistakes that have nothing to do with
interoperability: score reaches 82  

                      

Why To prove that you can  detect   forecast  interoperability

What 

General structure issues

D-SI units

Correct and or add essential refTypes

 esults: errors over all e amples reduced from 476 to 45

                   

       
         

        
                        

      

              

       
         

        
                        

       

          

 eduction of errors

After corrections

Also: detecting new errors

Before corrections



 

2026-05-11 18:53 Page 209 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

  
 

  
 

                      

 esults: errors over all e amples reduced from 476 to 45

 esults: interoperability score raised from 79   to 85  

                   

                      

Summary

Challenge to draft DCCs to test interoperability

Development of tools to test interoperability

Check for open topics

More detailed analysis still needed

Define more error cases e g refType   

Correct e amples for each case

Check results again to test whether better
schematron results give better interoperability
(several iterations necessary)

 efine analysis

Some more discussions
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https://www.imeko.org/publications/tc6-2025/IMEKO-TC6-2025-

009.pdf 
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Day 2 2026-02-25 Wednesday 

Parallel Session “DCC Ecosystem” 

Session Chair: Martin Koval 

015 Bin Wang: 
Research and Application of Digital Reference Material 
Certificate System by NIM 

Presenting author: Bin. Wang [1] 

Email: wangbin@nim.ac.cn 

Additional authors:  

• Xiaohua. Lu [1] 

Institute:  

[1] National Institute of Metrology, No. 18, Bei San Huan Dong Lu, Beijing 100029, China 

Keywords: Digital Reference Material Certificate, Information system, Research and Applica-

tion 

Abstract 

Reference material (RM) certificates are indispensable for proper use of reference materi-

als, playing an important role in guiding users to store and use reference materials correctly. 

However, limitations have been found in paper certificates of reference materials, such as 

waiting long for their preparation, high risk of loss, and lack of security measures.  

NIM has actively carried out the research on digital certificates of reference materials to 

explore more efficient technologies. NIM has studied bar codes for management of reference 

materials and has established a digital reference material certificate system with authority con-

trol, electronic seal, time stamp and other encryption mechanisms involved. 

Based on the varieties and batches of reference materials, the coding rules for two-dimen-

sional codes of reference materials are formulated and employed to uniquely manage each 

unit of reference materials. A complete process of certificate template making, review and re-

lease has been designed as part of the manufacturing process for reference materials. Using 

the interface development function of major social media platforms, the method of generating 

and previewing documents by scanning the QR code on the label of a reference material with 

a mobile phone is designed. Users may view and download all digital certificates generated by 

their scanning through the special certificate management website page. The system has been 

implemented and is currently in use.  

In October 2020, NIM started the pilot project of the digital reference material certificate 

system. Up to December 23, 2025, it had provided more than 2400 reference materials and 

more than 901,000 copies of electronic documents for more than 90,000 users. The digital 

certificate system not only improves the efficiency of document query and use, but also greatly 

reduces the cost for document production and transportation. Through the user information 

provided by the end-users, the reference material producers may obtain the specific applica-

tion fields of reference materials more accurately, establishing a more convenient communi-

cation channel between the reference material producers and users. 

References:  

[1] ISO 33401 (2024) Reference materials — Contents of certificates, labels and accom-

mailto:wangbin@nim.ac.cn
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panying documentation 

[2] ISO 17034 (2016) General requirements for the competence of reference material pro-

ducers 

[3] ISO/IEC 17025 (2017) General requirements for the competence of testing and calibration 

laboratories 
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016 Punith Durga Prasad Arumilli: 
The Digital Reference Material Document (DRMD): 
Transforming Static Certificates into Machine-Interpreta-
ble Quality Infrastructure 

Presenting author: Punith Durga Prasad Arumilli [1] 
Email: punith-durua-prasad.arumilli@bam.de 
Additional Authors:  

 Michael Melzer [1] michael.melzer@bam.de 
 Mehran Monavari [1] mehran.monavari@bam.de 
 Silke Richter [1] silke.richter@bam.de 
 Johannes van de Kreeke [1] johannes.kreeke@bam.de 

Institute:  
[1] Bundesanstalt für Materialforschung und -prüfung (BAM), Unter den Eichen 87, 12205, 

Berlin. 
Keywords: Reference Materials, Digital Quality Infrastructure, ISO 33401, XML Schema, Vi-

sion Language Models, Industry 4.0 

Abstract 

Reference materials (RMs) serve as anchors of measurement reliability in analytical labor-
atories, yet their documentation currently remains trapped in static PDF formats creating a 
critical bottleneck for Industry 4.0 automation. While digitization has advanced for calibration 
through the Digital Calibration Certificate (DCC), RM certificates still require manual data entry, 
a time-consuming and error-prone process incompatible with modern quality infrastructure. 
This paper introduces the Digital Reference Material Document (DRMD), a standardized XML 
schema that transforms RM certificates into machine-interpretable assets aligned with 
ISO 33401. 

Developed by BAM (German Federal Institute for Materials Research and Testing) within 
the QI- Digital initiative, the DRMD schema encodes essential metrological data through six 
structured containers: administrative metadata, material descriptions, property measurements 
with uncertainties, statements (e.g. on intended use and storage), comments, and digital sig-
natures. By integrating the Digital System of Units (D-SI) and limiting document types to "ref-
erenceMaterialCertificate" or "productinformationSheet," the schema ensures semantic in-
teroperability within federated data spaces like Quality-X and GAIA-X. Digital trust mechanisms 
including PKI infrastructure, DAkkS’s digital accreditation symbol, and W3C verifiable creden-
tials guarantee authenticity and data integrity throughout the document lifecycle. 

To accelerate digitization of legacy certificates, we developed an Al-powered DRMD Gen-
erator leveraging state-of-the-art Vision Language Models (VLMs). This pipeline employs doc-
ument layout analysis and LLM-based entity recognition to extract complex tabular data and 
relationships from PDFs, outputting validated XML through a human-in-the-loop workflow. Ini-
tial deployment on BAM's 400+ reference materials demonstrates high accuracy in extracting 
certified property values and metadata, enabling rapid integration into COMAR, the BAM-
hosted international RM database. 

DRMDs enable laboratories to automatically load RM information into analytical instru-
ments, eliminating manual transcription while maintaining backward compatibility through dual 
PDF- XML export. Through international collaborations, and integration with Asset Administra-
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tion Shells (AAS), the DRMD initiative will establish a cornerstone of digital quality infrastruc-

ture, enabling FAIR (Findable, Accessible, Interoperable, Reusable) metrological data for 

global Industry 4.0-compatible quality assurance systems. 
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017 David Balslev-Harder: 
DCX in Practice: Workflow and Generation of Digital Cal-
ibration Requests 

Presenting author: David Balslev-Harder [1] 

Email: dbh@dfm.dk 

Additional authors:  

• Søren Kynde [1] srk@dfm.dk 

Institute: 

[1] Danish Fundamental Metrology – Danish National Metrology Institute (DFM), Kogle Allé, 

DK-2970 Hørsholm, Denmark 

Keywords: DCC, DCR, cross-cutting, process-flow, standardisation 

Abstract 

The Digital Calibration Exchange (DCX) framework provides an emerging foundation for 

structuring calibration-related information in a machine-readable and domain-independent 

manner. In this contribution, we present practical experiences with applying DCX concepts to 

support the full workflow leading to a Digital Calibration Request (DCR). 

We describe a generic process flow that starts from an informal calibration need and pro-

gresses toward a structured DCR. The workflow includes identifying relevant measurands, de-

fining calibration points, uncertainties, and conditions, and preparing query expressions that 

formally describe the requested results. While the implementation details differ between do-

mains, our experience suggests that the underlying approach is largely transferable across 

metrology fields such as mass, temperature, pressure, and others. 

Particular attention is given to the preparation of queries within the DCX framework. We 

observe that many query structures show strong similarities across domains, even when the 

specific physical quantities differ. This observation may indicate that a shared conceptual basis 

for queries is feasible and could support harmonized digital requests without removing neces-

sary domain-specific flexibility. 

The presentation also reflects on the requirements and foundations needed for standard-

ized DCRs and, by extension, Digital Calibration Certificates (DCCs). Rather than proposing a 

finalized or authoritative solution, we outline practical prerequisites such as consistent termi-

nology, clear semantics, and alignment between request and result structures. 

The aim of this contribution is to share lessons learned from early implementations, highlight 

both benefits and limitations, and invite discussion within the DCC community on how DCX-

Figure 1. Illustration of the full DCX process flow, from generation of DCR and xpath-querries, to calibration lab conversion 

of received DCR into DCC and finally application of prepared xpath-querries to extract calibration data into client data-base.  

mailto:dbh@dfm.dk
mailto:srk@dfm.dk
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based workflows and standardized DCRs might gradually support more efficient, transparent, 

and interoperable digital calibration processes. 

References:  

[1] 5 minute video introduction to DCX: https://www.youtube.com/watch?v=AmXMWAHjakw  

[2] Webpage (2025): https://github.com/TC-IM-1448/DCC-Tables 
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018 Martin Østerlund: 
Comparing the DCC with the DCX: Advantages, disad-
vantages and the tools developed 

Presenting author: Martin Østerlund [1] 

Email: mard@dti.dk 

Additional authors: Nil 

Institute: 

[1] Danish Technological Institute, Kongsvang Allé 29, 8000 Aarhus C, Denmark 

Keywords: DCC, DCX, Tools 

Abstract 

The DCC project was started almost 10 years ago. In that time, calibration laboratories and 

metrology institutes all over the world have followed its development with keen interest, with 

the hopes of an internationally accepted standardized format. 

The work with DCC has led to the development of the DCX (Digital Calibration Exchange) 

by the Danish National Metrology Institute DFM. The DCX format attempts to combine the 

DCC with the DCR (Digital Calibration Request) into a single format, where the act of creating 

a DCC corresponds to filling out the received DCR. Additionally, the tabular structure of the 

DCX allows for a simpler format, which comes at a cost of the customizability and freedom of 

the DCC tree structure. 

In this presentation, we will be showing the main differences between the DCC and the 

DCX, namely the differences in how measurement data and results are presented. We will be 

discussing the main advantages and disadvantages of the respective formats. 

We will also be presenting the tools we have developed at DTI to work with DCC and DCX. 

These tools are designed to help users visualize and build DCC and DCX, to gain a better 

understanding of the formats. 
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019 David Balslev-Harder: 
DCX from DCR to DCC: Digital Results and 
Round‑Robin Evaluations 

Presenting author: David Balslev-Harder [1] 

Email: dbh@dfm.dk 

Additional authors: 

• Søren Kynde [1] srk@dfm.dk  

Institute: 

[1] Danish Fundamental Metrology – Danish National Metrology Institute (DFM), Kogle Allé, 

DK-2970 Hørsholm, Denmark 

Keywords: Nil 

Abstract 

Building on structured Digital Calibration Requests (DCRs), similarly structured Digital Cal-

ibration Certificates (DCCs) offer the possibility of using calibration results directly in digital and 

automated processes. In this contribution, we share experiences with converting DCX-based 

DCRs into DCCs and applying the resulting method in implementation evaluations. 

We describe a workflow in which a DCR serves as a common digital reference for multiple 

calibration laboratories. In a small round-robin exercise, three laboratories independently im-

plemented their own DCCs based on the same received DCR and an equivalent traditional 

paper certificate  This setup allowed a comparison between laboratories’ digital interpretations 

while maintaining established calibration practices. 

A key aspect of the work is the reuse of DCX query expressions throughout the process. 

Queries defined at the request stage were applied to the resulting DCCs to extract and process 

calibration results in a consistent manner. This approach supported partial automation of data 

handling and helped reduce manual interpretation when comparing results across laboratories. 

The contribution does not aim to demonstrate a fully automated or standardized solution. 

Instead, it focuses on practical insights gained from the round-robin activity, including differ-

ences in implementation, interpretation challenges, and areas where additional guidance or 

harmonization may be beneficial. 

 

Overall, this presentation seeks to illustrate how DCX concepts can link DCRs, DCCs, and 

round-robin evaluations in a coherent digital workflow. By sharing early experiences rather 

Figure 2. Process for the 2025 DCX round-robin, implementation comparison. 

mailto:dbh@dfm.dk
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than definitive answers, we hope to contribute constructively to the ongoing discussion on the 

role of digital certificates and structured queries in future calibration and comparison activities. 

References:  

[1] 5 minute video introduction to DCX: https://www.youtube.com/watch?v=AmXMWAHjakw  

[2] Webpage (2025): https://github.com/TC-IM-1448/DCC-Tables  
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Day 2 2026-02-25 Wednesday 

Parallel Session “DCC Tools and Development I” 

Session Chair: James Fedchak 

020 Lisa Busser: 
Importing a DCC with the help of Globally Unique Iden-
tifers 

Presenting author: Lisa Busser [1] 

Email: lisa.busser@maro.de 

Additional authors:  

• Robert Matzinger [1] robert.matzinger@maro.de,  

• M. Busser [1] 

Institute: 

[1] MARO Elektronik, Silvanerweg 6, Brezenheim, 55559, Germany 

Keywords: Import, GUID, Automatization, Interoperability 

Abstract 

This presentation will focus primarily on the import of DCCs with the aim of further increas-

ing the degree of automation. 

Therefore, this presentation uses a brief demonstration in ScalesNet, a software for mass 

calibration, to show how the use of Globally Unique Identifiers (GUIDs) has significantly in-

creased the efficiency and the degree of automation of the data import. To demonstrate the 

use case of GUIDs and the potential to further increase the degree of automation, thereby 

enabling faster data processing and reducing human interaction two different installations will 

be used for simulating the calibration laboratory and the customer to whom the DCC is send. 

The goal is to show a minimalistic easy-to-understand example within an existing application 

to demonstrate the benefits of GUIDs from the user's perspective. 

Furthermore, the technical aspect is examined. It will be shown how the GUIDs were em-

bedded into the existing XML-schema and what local management of the GUIDs is necessary 

to enable the decentralized chaining of database entries between different installations and 

even different software products to improve the interoperability whose positive effects were 

already shown in the initial demonstration. This approach does not explicitly concern the spe-

cific measured values, but rather the exchange and import of all other types of data that are 

also part of the DCC. In other words, the types of data for which text or numbers were entered 

manually into the local database at some point which applies not only to administrative details 

mailto:lisa.busser@maro.de
mailto:robert.matzinger@maro.de
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such as customer names or addresses, but also to descriptions of individual test objects, such 

as their design or material. 

The examples and demonstration are tailored to mass metrology, as ScalesNet is a soft-

ware for calibrating mass, but the approach and handling of GUIDs is analogous for all other 

types of DCCs. 

Presentation #020 of Lisa Busser 

 
 

 
 



 

2026-05-11 18:53 Page 292 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 293 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 294 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 295 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 296 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 297 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 298 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 299 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 

Back to Table of Contents above 

  



 

2026-05-11 18:53 Page 300 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

021 Moritz Jordan: 
Semantics of Digital Calibration Certificates: The DCCS 
and SIS Ontologies 

Presenting author: Moritz Jordan [1] 

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

Additional authors:  

• Giacomo Lanza giacomo.lanza@ptb.de [1] 

Institute: 

[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany 

Keywords: Digital Calibration Certificate, Digital SI, Interoperability, Semantics 

Abstract 

This presentation provides an update on recent advancements in the development of the 

DCCS Ontology (Digital Calibration Certificate Semantics) and the SIS Ontology (SI Seman-

tics, D-SI Ontology), two complementary semantic frameworks for digital metrology grounded 

in ISO/IEC 17025 and in the International Vocabulary of Metrology (VIM). 

We report on the latest developments in the SIS Ontology, including its embedding and 

practical application within the Metadata4Ing Ontology, which demonstrates growing interest 

in shared Si-based measurement semantics. In parallel, we present the current state of the 

DCCS Ontology and its evolving support for interoperable Digital Calibration Certificates, cov-

ering certificate structure, metadata, stakeholders, instruments, and provenance. 

The presentation also situates these developments with respect to related efforts such as 

the Ontology for Measurement Terminology (OMT) [1], clarifying differences in scope and de-

sign. Finally, we highlight how DCCS and SIS integrate with each other and align with estab-

lished ontologies such as QUDT, the SI Reference Point, the Organization Ontology (ORG), 

the Provenance Ontology (PROV-O) and, Schema.org, and provide information on how to ac-

cess and reuse both ontologies. 

References: 

[1] Wang S, Du M, Liu Z, Luo Y, Xiong X. Design and Implementation of an Ontology for 

Measurement Terminology in Digital Calibration Certificates. Sensors (Basel). 2024 Jun 

19;24(12):3989. doi: 10.3390/s24123989. PMID: 38931773; PMCID: PMC11207306. 
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 Cross-laboratory interoperability

 Automated consistency checking

 Semantic search across calibration repositories

 Knowledge graph for metrology asset management

 Traceability chain representation

 Interlink calibration data with broader semantic ecosystems
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022 Jaime Gonzalez-Gomez: 
dccQuantities: A Python library for the Automated Evalu-
ation and Uncertainty Propagation of Digital Calibration 
Certificates 

Presenting author: Jaime Gonzalez-Gomez [1] 
Email: jaime.gonzalez-gomez@ptb.de
Additional authors: 

Institute: 
[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany 
Keywords: DCC tables, quantities, D-SI units, uncertainty propagation 

Abstract 

The Digital Calibration Certificate (DCC) provides a standardized XML schema for the ex-
change of structured calibration data. While the DCC format ensures machine-readability, the 
complexity of its nested structures — particularly regarding tabulated measurement results, 
like in analogue formats — presents significant integration challenges for developers for me-
trology software. The DCC data follows Physikalisch-Technische Bundesanstalt (PTB) policies 
for a good practice to store tabulated measurements with uncertainties [1][2], which will be
briefly introduced in this contribution to define the bases and need for additional libraries. 

As example for the latter, we present dccQuantities. This open-source Python library is de-
signed to bridge the gap between the DCC data and functional metrological algorithms. By 
transforming static XML data into a dynamic object-oriented structure, dccQuantities simplifies
data access and understanding while maintaining strict adherence to the DCC schema. A key 
feature of the framework is the seamless integration of the Metas UncLib package [3], The 
target is to allow access and subsequent calibration results through mathematical means, au-
tomatically carrying over the uncertainty propagation associated with the measurements. 

The utility of dccQuantities is demonstrated through practical use cases, included reading 
DCC measurement data and generating calibration results. This contribution also outlines the 
library's documentation, intended to enable developers to use the library. 
References: 
[1] DCC - Wiki (2026): Tables in the DCC, [https://wiki.dcc.ptb.de/en/tables], last accessed: 

08.01.2026 
[2] Hutzschenreuter, D., et al. (2020): 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 Edition 

[3] Wollensack, M. (2021): Introduction to Metas UncLib [https://www.metas.ch/dam/me-
tas/en/data/fachbereiche/hochfrequenz/unclib/metas_unclib_intr o_3_fullprint-e.pdf] 
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dccQuan�ties: A Python library for the Automated 
Evalua�on and Uncertainty Propaga�on of Digital 
Calibra�on Cer�ficates

6th DCC Conference

Jaime Gonzalez-Gomez, Benedikt 
Seeger, Vanessa Stehr, PTB, 1.73

DCC data in XML files

▪DCC provides a standardized XML schema.

▪Calibration data is stored in tables.

▪ Tables are composed by:

▪ Index Quantities: independent input to the experiment.

▪ Value Quantities: measured result, dependent to index 
quantities.

▪ Other metadata

2
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Index Quantities Value Quantities

DCC Tables and Quantities

Name

Label (symbol)

Unit

Values and
uncertainties

DCC v3.3.0

<dcc:listrefType="basic_1IndexTable">

<dcc:quantity>

<dcc:quantityrefType="basic_tableIndex0">

<dcc:quantity>

<dcc:measurementMetaData>

<dcc:influenceCondition>

<dcc:quantity>

<dcc:quantity>

<dcc:quantity>

<dcc:quantity>

<dcc:quantity>

<dcc:quantity>

<dcc:quantity>

<dcc:quantity>

DCC Tables and Quantities
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Long Table representation

Long Table representation

DCC v3 4 0

Where lies the problem?

<dcc:list tableDimension="1">
<dcc:name><dcc:content lang="de">Ladungsübertragungskoeffizenten</dcc:content><dcc:content lang="en">Charge transfer 

coefficents</dcc:content></dcc:name>
<dcc:quantity refType="vib_frequency vib_nominalFrequency" index="0"><dcc:name><dcc:content lang="en">Frequency</dcc:content><dcc:content

lang="de">Frequenz</dcc:content><dcc:name><si:realListXMLList><si:valueXMLList>10.0 12.5 16.0 20.0 25.0 31.5 40.0 50.0 63.0 80.0 1.0e+02 
1.25e+02 1.6e+02 2.0e+02 2.5e+02 …</si:valueXMLList><si:unitXMLList>\hertz</si:unitXMLList></si:realListXMLList></dcc:quantity>

<dcc:quantity refType="vib_nominalAccelerationAmplitude vib_accelerationAmplitude"><dcc:name><dcc:content lang="en">Acceleration 
Amplitude</dcc:content><dcc:content lang="de">Beschleunigungsamplitude</dcc:content></dcc:name><si:realListXMLList> <si:valueXMLList>5.0 
5.0 5.0 10.0 10.0 10.0 10.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 …</si:valueXMLList><si:unitXMLList>\metre\second\tothe{-
2}</si:unitXMLList> </si:realListXMLList></dcc:quantity>
<dcc:quantity refType="vib_magnitudeTransferCoefCharge"><dcc:name><dcc:content lang="en">Charge transfer coefficient 
magnitude</dcc:content> <dcc:content lang="de">Ladungsübertragungskoeffizent Betrag</dcc:content></dcc:name><si:realListXMLList>
<si:valueXMLList>0.13017 0.13017 0.13016 0.13016 0.13017 0.13017 0.13017 0.13016 0.13013 0.13013 0.13012 0.13012 0.13012 0.13012 0.13014 
…</si:valueXMLList> <si:unitXMLList>\pico\coulomb\per\metre\second\tothe{-2}</si:unitXMLList> 
<si:expandedUncXMLList><si:uncertaintyXMLList>0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 
0.00026 0.00026 0.00026 0.00026 …</si:uncertaintyXMLList> <si:coverageFactorXMLList>2.0</si:coverageFactorXMLList>
<si:coverageProbabilityXMLList>0.95</si:coverageProbabilityXMLList> </si:expandedUncXMLList> </si:realListXMLList>
<dcc:relativeUncertainty> <dcc:relativeUncertaintyXmlList> <si:valueXMLList>0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 
0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 …</si:valueXMLList> <si:unitXMLList>\one</si:unitXMLList> </dcc:relativeUncertaintyXmlList>
</dcc:relativeUncertainty> </dcc:quantity>
<dcc:quantity refType="vib_phase"> <dcc:name> <dcc:content lang="en">Phase delay</dcc:content> <dcc:content
lang="de">Phasenverzögerung</dcc:content> </dcc:name> <si:realListXMLList> <si:valueXMLList>-0.0003 -0.0004 -0.0004 -0.0003 -0.0001 -0.0002 
-0.0003 -0.0001 0.0000 0.0002 -0.0002 -0.0002 -0.0000 -0.0000 0.0001 …</si:valueXMLList> <si:unitXMLList>\radian</si:unitXMLList>
<si:expandedUncXMLList> <si:uncertaintyXMLList>0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 
0.0035 0.0035 …</si:uncertaintyXMLList> <si:coverageFactorXMLList>2.0</si:coverageFactorXMLList>
<si:coverageProbabilityXMLList>0.95</si:coverageProbabilityXMLList> </si:expandedUncXMLList> </si:realListXMLList> </dcc:quantity>
<dcc:quantity refType="vib_phase"> <dcc:name> <dcc:content lang="en">Phase delay W Distribution given </dcc:content> <dcc:content
lang="de">Phasenverzögerung</dcc:content> </dcc:name> <si:realListXMLList> <si:valueXMLList>-0.0003 -0.0004 -0.0004 -0.0003 -0.0001 -0.0002 
-0.0003 -0.0001 0.0000 0.0002 -0.0002 -0.0002 -0.0000 -0.0000 0.0001 …</si:valueXMLList> <si:unitXMLList>\radian</si:unitXMLList>
<si:expandedUncXMLList> <si:uncertaintyXMLList>0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 
0.0035 0.0035 …</si:uncertaintyXMLList> <si:coverageFactorXMLList>2.0</si:coverageFactorXMLList>
<si:coverageProbabilityXMLList>0.95</si:coverageProbabilityXMLList> <si:distributionXMLList>normal</si:distributionXMLList>
</si:expandedUncXMLList> </si:realListXMLList> </dcc:quantity>
</dcc:list>

Where lies the problem?
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Leave it to the software

What should you do?

Already released at PyPI

dccQuantities – Python library

https://pypi.org/project/dccQuantities/
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• Extract tables directly from XML files
• Create tables from existing data
• Apply math operation over Quantities
• Automatic D-SI unit handling*
• Automatic uncertainty propagation**
• Export table objects as XML strings

*Performed using dsiUnits Python package
**Performed by metas_unclib Python package

dccQuantities – Python library

dccQuantities – Quantity serialization

from dcc_quantities import DccQuantityType
d = DccQuantityType.from_single_quantity_value (

name=“Distance”, value=2.5, uncertainty=0.05, unit=“\\metre”
)
t = DccQuantityType.from_single_quantity_value (

name=“Time”, value=0.45, uncertainty=0.015, unit= “\\second”
)
v = d / t
v.set_label ("V")
v.set_name ("Velocity", "en")
print(v)

Velocity 'V': [5.555555555555555 ± 0.21596118129056666] \metre\per\second
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dccQuantities – Table initialization

11

from dcc_quantities import DccFlatTable, DccLongTable

index_quantities = {0: q_idx0, 1: q_idx1, …, N: q_idxN}
value_quantities = [q_val0, q_val1, …, q_valM]

flat_table = DccFlatTable(
index_quantities, value_quantities, …

)

long_table = DccLongTable(
index_quantities, value_quantities, …

)

Are the value quantities defined 
through all inputs for each index 

quantity?

Yes No

dccQuantities – Read an XML file

12

<dcc:list tableDimension="1">
<dcc:name><dcc:content lang="de">Ladungsübertragungskoeffizenten</dcc:content><dcc:content lang="en">Charge transfer 

coefficents</dcc:content></dcc:name>
<dcc:quantity refType="vib_frequency vib_nominalFrequency" index="0"><dcc:name><dcc:content

lang="en">Frequency</dcc:content><dcc:content lang="de">Frequenz</dcc:content><dcc:name><si:realListXMLList><si:valueXMLList>10.0 12.5 
16.0 20.0 25.0 31.5 40.0 50.0 63.0 80.0 1.0e+02 1.25e+02 1.6e+02 2.0e+02 2.5e+02 
…</si:valueXMLList><si:unitXMLList>\hertz</si:unitXMLList></si:realListXMLList></dcc:quantity>

from dcc_quantities import extract_dcc_elements , DccQuantityTable

xml_tables = (xml_file_path )
table = DccQuantityTable.from_dcc_data (xml_tables[0])

print(“Loaded table of type: ” , type(table))

Loaded table of type: DccLongTable

extract_dcc_elements
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User documentation

dccQuantities – Export as XML

13

from dcc_quantities import extract_dcc_elements , DccQuantityTable

# Both ‘DccFlatTable’ and ‘DccLongTable’ inherit from ‘DccQuantityTable’
table: DccQuantityTable
table_xml_str = table.export_as_xml_structure ()

print(table_xml_str )

<dcc:list id="Ufa0553d7-866c-49b9-815b-335b3afaa038" refType="basic_1IndexTable">
<dcc:name>
<dcc:content lang="de">Ladungsübertragungskoeffizenten</dcc:content>
<dcc:content lang="en">Charge transfer coefficents</dcc:content>

</dcc:name>
<dcc:quantity id="U929b2584-5989-45ed-b956-59adcae4e233" refType="vib_frequency vib_nominalFrequency

basic_tableIndex0" index="0">
<dcc:name>
…



Upcoming features

SQL-like Quantity Access

15

table: DccQuantityTable
sliced_table = table.get_sliced_table (

(“Frequency” < 50) “&&” (“Frequency” > 10)
)

Still not released!

User requested feature: Math module

16

from dcc_quantities import DccQuantityType, dcc_math

# Trigonometry over angles
angle = DccQuantityType(…, unit=“\\radian”)
factor = dcc_math .sin(angle)

# Math over quantities
quantity = DccQuantityType(…, unit=“\\one” )
res = dcc_math .log10 (quantity)

All math functions are explained in the documentation
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https://gitlab1.ptb.de/digitaldynamicmeas
urement/dcc-and-dsi/dccQuantities

dccQuantities

Jaime Gonzalez Gomez
jaime.gonzalez-
gomez@ptb.de

Benedikt Seeger
benedikt.seeger@ptb.de

Vanessa Stehr
vanessa.stehr@ptb.de

PTB-box:
jupyter example

dsiUnits

https://gitlab1.ptb.de/digitaldynamic
measurement/dcc-and-dsi/dsiUnits
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023 Jan Loewe: 
dcclib - A Python Library for Automated DCC Processing 

Presenting author: Jan Loewe [1] 

Email: jan.loewe@ptb.de 

Additional authors:  

• Justin Jagieniak, justin.jagieniak@ptb.de [1] 

Institute:  

[1] Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, Braunschweig, 38116, 

Germany 

Keywords: dcclib, python, tools, automation, formulae 

Abstract 

The Digital Calibration Certificate (DCC) is an XML-based, machine-readable format for the 

standardised exchange of calibration results. Dedicated software tools are needed for the cre-

ation, validation, processing and evaluation of DCC content for use in automated and interop-

erable workflows. 

This work continues and extends dcclib, a consolidated and modular Python library that 

unifies core DCC functionalities which were previously distributed across various tools, dcclib 

was first presented at the IMEKO TC-6 M4DConf on Digitalization [1], Its functionality is ex-

posed through a public interface, a command line interface and a REST API so it can be inte-

grated into scripts, CI/CD pipelines, and remote services across diverse environments. This 

architecture is shown in the component diagram in figure 1. 

dcclib provides a standardised software interface for essential operations such as structural 

and content validation, attachment extraction, format conversion, digital signature handling, 

and DCC transformation into human-readable representations. Furthermore, it provides capa-

bilities for the automated parsing and evaluation of formulae within DCCs. Content MathML [2] 

formulae are parsed into SymPy functions [3] and evaluated with quantities directly from the 

DCC. Uncertainty propagation and unit handling are ensured by the dccQuantities library [4], 

which itself is based on METAS UncLib [5], 

Quality assurance is addressed through unit, integration and end-to-end tests, which are 

implemented with Pytest and executed within GitLab CVCD pipelines to ensure correct behav-

iour across modules and interfaces. Distribution via the Python Package Index (PyPI), con-

tainer images and standalone executables enables deployment in a wide range of environ-

ments. 

  

Figure 1. Component diagram showing the library and its interfaces 

References: 

mailto:jan.loewe@ptb.de
mailto:justin.jagieniak@ptb.de
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024 Srijith Bangaru Thirumalairaj: 
A Framework for a Hybrid Digital Calibration Certificate 
Architecture at CSIR-NPL India 
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Additional authors:  
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Measurement uncertainty, Digital Quality Infrastructure 

Abstract 

The global transition toward digitalization of the quality infrastructure has accelerated the 

need for machine-readable, interoperable, and legally reliable calibration data. Digital Calibra-

tion Certificates (DCCs) represent a key enabler in this transformation by replacing conven-

tional PDF-based certificates with structured, standardized digital data capable of supporting 

automated validation, data exchange, and long-term traceability. This contribution presents a 

structured framework for the adoption of DCCs at a National Metrology Institute (NMI), with 

specific reference to the ongoing digital modernization efforts at CSIR-National Physical La-

boratory (CSIR-NPL), India. 

The proposed framework addresses the complete digital lifecycle of calibration data, start-

ing from measurement result acquisition and uncertainty evaluation to the generation, valida-

tion, storage, and dissemination of DCCs. Emphasis is placed on aligning DCC content with 

existing metrological requirements, including SI traceability, measurement uncertainty report-

ing, and compliance with ISO/IEC 17025. The framework is designed to be compatible with 

emerging international initiatives such as the SI Digital Framework and the D-SI model pro-

moted by leading NMIs. 

A modular architecture is proposed, wherein measurement data are captured in structured 

formats and mapped to a DCC schema using machine-readable representations such as XML 

or JSON. Schema validation, digital signatures, and metadata enrichment are incorporated to 

ensure authenticity, integrity, and long-term usability of the certificates. The approach enables 

seamless integration with laboratory information management systems (LIMS), calibration 

management software, and national quality infrastructure platforms, facilitating automation and 

reducing manual intervention. 

The abstract further discusses practical challenges relevant to NMIs in developing econo-

mies, including legacy data migration, interoperability with industrial stakeholders, legal ac-

ceptance of digital certificates, and capacity building. Strategies for phased implementation 

mailto:srijith.nplindia@csir.res.in
mailto:girijamoona1@gmail.com
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and pilot studies are outlined, highlighting how DCC adoption can improve efficiency, trans-

parency, and international comparability of calibration services. 

This work aims to contribute to the broader discussion on transitioning from good practice 

to standardized digital calibration services. By sharing the CSIR-NPL perspective, the paper 

seeks to support harmonized DCC adoption across NMIs and calibration laboratories, 

strengthening global metrological traceability in an increasingly digital ecosystem. 
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A Robust Data Pipeline for Raw Measurement  
Processing and Uncertainty Propagation using METAS 
UncLib 
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Institute: 
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Keywords: UncLib, Traceability, Data Pipeline, Data Management 

Abstract 

The global transition toward a digital Quality Infrastructure (QI) depends not only on the 
standardization of Digital Calibration Certificates (DCC) but also on the reliability and automa-
tion of the data generation processes that feed them. As metrology institutes and laboratories 
move away from manual workflows, there is a critical need for software solutions that ensure 
machine-readable data is processed with rigorous metrological traceability. This work presents 
a comprehensive data pipeline designed to automate the lifecycle of measurement data—from 
raw acquisition to standardized storage—serving as a foundational engine for various digital 
products. 

Our developed pipeline addresses the challenge of handling complex raw measurement 
data by establishing a streamlined, automated workflow. The system first ingests and parses 
raw measurement files, normalizing diverse input formats into a consistent internal structure. 
A defining feature of this architecture is the integration of METAS UncLib1, a Python library 
developed by the Federal Institute of Metrology (METAS) for automated uncertainty propaga-
tion. By utilizing multivariate uncertainty propagation objects rather than simple float values, 
the pipeline ensures that measurement uncertainties are calculated in strict accordance with 
the Guide to the Expression of Uncertainty in Measurement (GUM). Metrological traceability is 
integrated directly into the pipeline through METAS UncLib objects. These objects ensure that 
sensitivity coefficients and correlations are handled automatically. 

Final processed results, including their associated uncertainty components, are persisted 
in a structured file storage system optimized for retrieval and interoperability. This architecture 
not only secures the integrity of the measurement data but also provides a data source that 
adheres to FAIR (Findable, Accessible, Interoperable, Reusable) principles. By decoupling 
data processing from certificate generation, our project demonstrates a scalable pathway for 
laboratories to modernize their operations, ensuring that the digital future of metrology is built 
upon accurate, transparent, and mathematically rigorous data. 
References: 
[1] M. Zeier, J. Hoffmann and M. Wollensack (2012): Metas. UncLib-a measurement uncer-

tainty! calculator for advanced problems, in: Metrologia, Volume 49, Page 809 
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Abstract 

Digital transformation in metrology is evolving from simple document dematerialization to-

ward the creation of truly machine-readable Digital Calibration Certificates (DCCs). This paper 

presents recent advancements at the National Institute of Metrology, Quality and Technology 

(Inmetro) in implementing a robust ecosystem for the generation, visualization, and processing 

of DCCs within electrical metrology laboratories. 

The methodology focuses on the development of a Python-based Application Programming 

Interface (API) that streamlines the creation of DCCs in XML format, in full compliance with the 

schema proposed by PTB. One of the primary challenges addressed is the inherent complexity 

of the XML schema for laboratories accustomed to analog processes. To bridge this gap, a 

simplified JSON structure was developed to map directly to the data fields of conventional 

certificates. This allows for data input via both JSON and Excel spreadsheets, making the 

process accessible to laboratory staff with basic IT skills while maintaining technical rigor. 

A key contribution of this framework is the development of a custom DCC viewer using 

Extensible Stylesheet Language Transformations (XSLT). This tool addresses the need for 

human readability by rendering the complex XML data into a visual format that closely mirrors 

the official calibration certificate templates used by Inmetro. This ensures that, while the data 

is machine-optimized, it remains intuitive and verifiable for human end-users and quality man-

agers, facilitating the transition from paper-based systems. 

Furthermore, the study details the practical implementation of embedding the DCC XML 

within a PDF/A-3 file, providing a hybrid solution that combines familiar digital signatures with 

machine-readability. The effectiveness of the framework was validated through a pilot project 

involving Inmetro’s LAMPE and LACEL laboratories  By utilizing tools such as  I Lab  IEW to 

extract data from DCCs and automatically update reference databases, a fully automated cal-

ibration workflow was demonstrated. The results indicate that the use of DCCs eliminates man-

ual transcription errors and significantly reduces processing time for certificates with extensive 

data points. 

The study concludes that the combination of modular APIs and standardized visualization 

tools is essential for global interoperability. This framework serves as a scalable model for 

mailto:gmgeronymo@inmetro.gov.br
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National Metrology Institutes transitioning into the Metrology 4.0 era, ensuring that digital cer-

tificates are both technologically advanced and practically accessible. 

References: 

[1] Geronymo, G.; Ventura, R. (2025): Recent advances in Inmetro's Digital Calibration Cer-

tificates (DCCs) implementation. XVI Congresso Intemcional de Metrologia Eletrica (Se-
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P06 Sami Koskinen: 
Live demonstration: how DCC is created by the vendor 
and utilized by the end user 

Presenting author: Sami Koskinen [1] 

Email: sami.koskinen@beamex.com 

Additional authors: Nil 

Institute: 

[1] Beamex Oy Ab, Ristiruonraitti 10, 68600 Pietarsaari, FINLAND 

Keywords: Automation, DCC creation, DCC delivery, DCC import 

Abstract  

Digital Calibration Certificates (DCC) are reshaping the calibration landscape by enabling 

secure, structured, and machine-readable data exchange across the entire calibration chain. 

While the concept of DCC is rapidly gaining traction, industry stakeholders still ask a practical 

question: How can the DCC actually be used in practice? This presentation answers that ques-

tion through a live end-to-end demonstration. 

The first part of the demonstration shows an example how a calibration service provider or 

an instrument manufacturer can generate a DCC using modem calibration tools and software 

infrastructure. The demonstration walks through the process from the initial calibration execu-

tion at a production facility, through guided calibration execution, to the automatic creation of 

a DCC. The audience will see how structured, validated data flows seamlessly from reference 

standards and process instruments into the digital certificate. 

The second part of the demonstration focuses on the end user’s perspective  Participants 

will observe how a DCC is imported, interpreted, and utilized in the end user's on-premises 

calibration management system. This includes how end users can access key metadata, verify 

traceability, assess measurement results, and store calibration results securely as a part of the 

asset lifecycle management. The session highlights how structured digital data dramatically 

improves searchability, compliance management, and integration with broader digital ecosys-

tems. 
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Mr. Sami Koskinen presented a live demonstration. 
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P07 Anjali Sharma: 
Assessing Feasibility of KCDB API–Driven Service Clas-
sification for NMI Service Catalogues: A Use Case from 
NPL India for Digital Calibration Requests 

Presenting author: Anjali Sharma [1] 

Email: anjali.nplindia@csir.res.in 

Additional authors: Nil 

Institute: 

[1] Digital Transformation Working Group, CSIR-National Physical Laboratory, Dr K S Krish-

nan Marg, New Delhi, 110060, India. 

Keywords: KCDB API, service classification, NMI service catalogue, Digital Calibration Re-

quest, Calibration Workflow Automation 

Abstract 

The digital transformation of calibration services requires not just the digitalization of certif-

icates and workflows, but also a well-structured and interoperable representation of the cali-

bration services themselves. In practice, service catalogues at National Metrology Institutes 

(NMIs) are frequently maintained as local lists with descriptions intended for customers to read 

[1], This may lead to inconsistencies in how services are understood, limited interoperability, 

and a significant reliance on human evaluation of customer requests [2], 

This talk presents a service classification method evaluated as a practical use case to de-

termine whether internationally defined services in the BIPM KCDB API [3] can serve as a 

basis for developing or aligning NMI-level service catalogues. Using NPL India as a case study, 

service definitions were extracted from the KCDB API and converted into service categories 

 4   which were then mapped to  PL India’s specific calibration services  enabling a customer-

facing Digital Calibration Request workflow. 

The key contribution of this research is the development and assessment of KCDB API 

service descriptions [3] as reusable digital components for NMI service catalogues. The imple-

mentation revealed challenges in mapping, such as discrepancies in the level of detail between 

KCDB capability descriptors and customer-oriented service definitions, the management of 

laboratory specific constraints (e.g., ranges and turnaround times), semantic ambiguities in 

service naming, and the need for additional metadata to automate feasibility assessments. 

This work is on-going; the mapping results are being refined and will undergo validation by 

domain experts and metrologists at NPL India before operational adoption. Our findings offer 

preliminary evidence that KCDB API-driven service classification can facilitate scalable har-

monization and automation at the NMI level, while also identifying critical gaps for enabling a 

reliable end-to-end process. 

References: 

[1] Webpage (2026): Calibration & Testing - CSIR-NPL (Centre for Calibration & Testing - 

CFCT), https://www.nplindia.org/index.php/commercial-services/calibration-testing/, last 

accessed: 29.01.2026 
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Units of measurement at its best 
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Abstract 

Standard repositories for units of measurement with high relevance for digital services and 

tools of laboratories are moving closer together in April 2026  The IEC SC 3D “Classes  Prop-

erties and Identification of products - Common Data Dictionary (CDD)” is maintaining the Com-

mon Data Dictionary (IEC CDD) [1], All units of measurement are represented with concise 

and complete information to enable seamless digital interoperability when converting the met-

rological unit of a measurand. Users are provided with a validated and machine- readable 

framework to trace measurement data to the definitions from the International System of Units 

(SI)  Conversion metadata will provide the digital links to BIPM’s SI  eference Point (SI P) 

[2], the international backbone for the SI in a digital era coming from metrology. In addition, 

revised numerical data will bring conversion between over 1700 units of measurement and the 

SI to the next level of numerical accuracy. 

These benefits will directly be accessible to developers and users of Digital Calibration Cer-

tificates (DCC) [3] through the cross-linking with SIRP as shown in Figure 1. We present details 

of the upcoming IEC-CDD update and practical use-cases for the application of highly accurate 

conversion of metrological units for DCC measurands. 
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028 Muhammed-Ali Demir: 
Current developments for the next DCC schema version 
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Keywords: DCC 

Abstract 

In this presentation we will talk about the current developments on the road to release of 

the DCC schema V3.4.0. Currently we are working on release candidates. We will show how 

the release candidate can be used for tests. The release candidate is for testing only and can 

change during further development. 

Presentation #028 of Muhammed-Ali Demir 

 

mailto:muhammed.demir@ptb.de
mailto:shanna.schoenhals@ptb.de
mailto:oksana.baer@ptb.de
mailto:lutz.doering@ptb.de
mailto:Wiebke.Heeren@ptb.de
mailto:justin.jagieniak@ptb.de
mailto:moritz.jordan@ptb.de
mailto:jan.loewe@ptb.de


 

2026-05-11 18:53 Page 397 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 

 
 

 
 



 

2026-05-11 18:53 Page 398 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 399 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 400 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 401 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 402 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 
 

 
 



 

2026-05-11 18:53 Page 403 of 520 
 

6thd international DCC-Conference 

2026-02-24 to 2026-02-26 

 

Back to Table of Contents above 

  



2026-05-11 18:53 Page 404 of 520 

6thd international DCC-Conference

2026-02-24 to 2026-02-26

029 Jendrik Wenke: 
dccviewer-js: A solution to view and explore measure-
ment data from DCCs 

Presenting author: Jendrik Wenke [1] 
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Additional authors 
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Germany 
Keywords: Graph, Plot, Quantities, Tables, Visualization  

Abstract 

The ongoing digitalization in metrology comes with many advantages, including the DCC 
as a data interchange format defined by an XML schema [1]. However, the raw XML is not 
readily accessible by humans. Instead, it structures data so that relationships can be inter-
preted by machines. Custom tooling can help humans in understanding and exploring the 
data [2]. 

These considerations resulted in the development of a JavaScript library dccviewer-js that 
is used in a web-based tool [3] to display administrative data and interactively plot measure-
ment results of a DCC. The web tool consists of a single self-contained HTML file that works 
in any browser, without the need of internet access. This makes it possible to use dccviewer-
js in a restricted lab network and ensures that no sensitive data is exposed. Additionally, the 
tool is fully open-source and freely available under the MIT license [4], allowing laboratories 
and institutions to customize the design and add their own specialized functionality. 

While the tool theoretically works with any valid DCC using schema version 3.3.0 or later, 
interactive visualizations can only be made if the data follows the good practice table for-
mat [5], [6]. Only conformance to the good practices enables the software to rely on implicit 
relationships defined by the XML structure, like consistent units in the implemented list types. 
In turn, one gets an intuitive understanding of the data, its uncertainties and potential outliers.
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Readability
<dcc:list tableDimension="1">

<dcc:name><dcc:content lang="en">Charge transfer coefficients</dcc:content><dcc:name>
<dcc:quantity refType="vibration_frequency basic_nominalValue" index="0">

<dcc:name><dcc:content lang="en">Excitation frequency</dcc:content></dcc:name>
<si:realListXMLList>

<si:valueXMLList>10.0 12.5 16.0 20.0 25.0 31.5 40.0 50.0 63.0 80.0 1.0e+02 1.25e+02 1.6e+02 2.0e+02 2.5e+02 3.15e+02

4.0e+02 5.0e+02 6.3

<si:unitXMLList>\hertz</si:unitXMLList>
</si:realListXMLList>

</dcc:quantity>
<dcc:quantity refType="vibration_magnitudeTransferCoefCharge vibration_magnitude" >

<dcc:name><dcc:content lang="en">Charge transfer coefficient magnitude</dcc:content></dcc:name>
<si:realListXMLList>

<si:valueXMLList>0.13017 0.13017 0.13016 0.13016 0.13017 0.13017 0.13017 0.13016 0.13013 0.13013 0.13012 0.13012 0.13012

0.13012 0.13014

<si:unitXMLList>\pico\coulomb\per\metre\second\tothe{-2} </si:unitXMLList>
<si:measurementUncertaintyUnivariateXMLList><si:expandedMUXMLList>

<si:valueExpandedMUXMLList> 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026

0.00026 0.00026 0

<si:coverageFactorXMLList> 2.0</si:coverageFactorXMLList><si:coverageProbabilityXMLList> 0.95</si:coverageProbabilityXMLList><si:distr
</si:expandedMUXMLList></si:measurementUncertaintyUnivariateXMLList>

</si:realListXMLList>
<dcc:measurementMetaData>

<dcc:metaData refType="basic_conformity">
<dcc:name><dcc:content lang="en">Conformity</dcc:content></dcc:name>
<dcc:conformityXMLList> pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass

pass pass pass p

<dcc:data>
<dcc:quantity refType="basic_toleranceLimitLower" >

<dcc:name><dcc:content lang="en">Lower conformity limit for Charge transfer coefficient magnitude</dcc:content></dcc:name>
<si:realListXMLList><si:valueXMLList> 0.1236615</si:valueXMLList><si:unitXMLList> \pico\coulomb\per\metre\second\tothe{-2}

</si:unitX

</dcc:quantity>
<dcc:quantity refType="basic_toleranceLimitUpper" >

<dcc:name><dcc:content lang="en">Upper conformity limit for Charge transfer coefficient magnitude</dcc:content></dcc:name>
<si:realListXMLList><si:valueXMLList> 0.1366785</si:valueXMLList><si:unitXMLList> \pico\coulomb\per\metre\second\tothe{-2}

</si:unitX

</dcc:quantity>
</dcc:data>

</dcc:metaData>
</dcc:measurementMetaData>

</dcc:quantity>
</dcc:list>
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What is dccviewer-js?
DCC Viewer alpha-2adf38ea-dev Upload DCC-XML file:  Browse… No file selected. Download XML Select Language:  Report Bug 

self-contained HTML file: no installation, works offline
make any DCC human readable
interactive plots for tabular data
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0.14285 0.14968</si:valueXMLList>

0.00040 0.00055 0.00057 0.00060</si:valueExpandedMUXMLList>

Plots

0.125

0.13

0.135

0.14

0.145

0.15

−2.5

−2

−1.5

−1

−0.5

0

0.5

Excita�on frequency
0

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Hz

0

20

40

60

80

100

Charge transfer coefficient magnitude lower conformity limit upper conformity limit Charge transfer coefficient phase delay Accelera�on amplitude

Excita�on frequency f in Hz

C
ha

rg
e 

tr
an

sf
er

 c
oe

ffi
ci

e.
..

Sq
a 

in
 p

C
/m

s
⁻²

C
ha

rg
e 

tr
an

sf
er

 c
oe

ffi
ci

e.
..

 in
 °

A
cc

el
er

a�
on

 a
m

pl
itu

de
â 

in
m

s⁻
²

4 / 10



2026-05-11 18:53 Page 409 of 520 

6thd international DCC-Conference

2026-02-24 to 2026-02-26

Table Structure
excitation
frequency in Hz

magnitude in
pC/ (m/ s2)

phase delay
in degrees

2500 0.13124(39) 0.01(50)
3150 0.13188(40) 0.01(50)
4000 0.13300(40) 0.00(50)
5000 0.13467(40) −0.01(50)
6300 0.13753(55) 0.01(50)
8000 0.14285(57) −1.97(50)

10000 0.14968(60) −0.09(50)
index="0"
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Tabular Data

https://wiki.dcc.
ptb.de/en/tables
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Live Demo

https://unpkg.com/dccviewer-js/dist/index.html#dccUrl=https:
//raw.githubusercontent.com/BeSeeTek/DCCView/refs/heads/main/
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Fallback for non-tabular data
▾ Measurement results Range 1 First Measurement (before adjustment)

▾ Repeatability
Repeatability Measurement at 100 g

0.100 kg Testload (nominal value)

Measured
values

0.10000006
kg 0.10000003 kg 0.10000005

kg
0.10000004
kg

0.10000005
kg

Measured values for
repeated loading

0.000000011
kg

Standard deviation of the
repeatability measurement

▾ Eccentricity Außermittige Belastung
Position1: Front left Position2: Back left Position3: Back right Position4: Front right
Eccentricity measurement at 100 g

0.100 kg Testload (nominal value)
Testlast (Nennwert)

Reference
value 0.10000006 kg Measured value at center

position

Measured
values

Position1 =
0.10000004 kg Position2 = 0.10000005 kg Position3 =

0.10000007 kg
Position4 =
0.10000005 kg

Measured values at
eccentric positions

Errors Position1 =
-0.00000002 kg Position2 = -0.00000001 kg Position3 =

0.00000001 kg
Position4 =
-0.00000001 kg

Deviations from
measured value at centric
loading

Maximum
error 0.00000002 kg

Maximum deviation from
measured value at centric
loading
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Summary

self-contained HTML file
no installation, works offline
all data is displayed
interactive
open source: MIT-licensed
customizable

DCC Viewer alpha-6f4492ef-dev Upload DCC-XML file:  Browse… No file selected. Download XML Select Language:  English Report Bug 

Administrative Data

UUID: 6b7f3863-fc45-11f0-
ad5c-88aedda88e32

Reference No. calibrationLaboratory: 1.71-1254/0622

Calibration mark calibrationLaboratory: PTB-17042-2022

Calibration Start 2022-07-08

Calibration End 2022-07-08

Performance Location laboratory

Issue Date 2022-09-06

GEMIMEG Tool v1.1.2 application

dccTableTool 0.3.0 library

CIPM-MRA

Decision Rule

Calibration Laboratory
Physikalisch Technische Bundesanstalt, AG 1.71,
Darstellung Beschleunigung
Bundesallee 100
38116 Braunschweig
GERMANY
acceleration@ptb.de
Tel: +495315921223
Fax: +49531592691227

Responsible Persons

Customer
Accelerator Meas GmbH
Musterstraße 42
42420 Hirschbach im Mühlkreis
GERMANY
info@acclemeas.de
Tel: +4912345123456
Fax: +491235123450

Items

Reference Standard Accelerometer

Manufacturer Brüel & Kjær
DENMARK

Model 8305

Serial No. manufacturer: 1887766

Photo of the accelerometer

Measurement Results

Measurement results

Charge transfer coefficients
Charge transfer coefficients

X-Axis in log-scale  Y-Axis in log-scale 

Charge transfer coefficient magnitude

Excitation frequency f in
Hz ⥮

Charge transfer coefficient magnitude in
pC/ms⁻² ⥮

lower conformity limit in
pC/ms⁻² ⥮

upper conformity limit in
pC/ms⁻² ⥮

Conformity
⥮

Charge transfer coefficient phase delay
in ° ⥮

Acceleration amplitude in
ms⁻² ⥮

10.0 0.13017 ± 0.00026 0.1236615 0.1366785 pass -0.02 ± 0.20 5.0

12.5 0.13017 ± 0.00026 0.1236615 0.1366785 pass -0.03 ± 0.20 5.0

16.0 0.13016 ± 0.00026 0.1236615 0.1366785 pass -0.02 ± 0.20 5.0

20.0 0.13016 ± 0.00026 0.1236615 0.1366785 pass -0.02 ± 0.20 10.0

25.0 0.13017 ± 0.00026 0.1236615 0.1366785 pass -0.01 ± 0.20 10.0

31.5 0.13017 ± 0.00026 0.1236615 0.1366785 pass -0.01 ± 0.20 10.0

40.0 0.13017 ± 0.00026 0.1236615 0.1366785 pass -0.02 ± 0.20 10.0

50.0 0.13016 ± 0.00026 0.1236615 0.1366785 pass -0.01 ± 0.20 50.0

63.0 0.13013 ± 0.00026 0.1236615 0.1366785 pass 0.00 ± 0.20 50.0

80.0 0.13013 ± 0.00026 0.1236615 0.1366785 pass 0.01 ± 0.20 50.0

1.0e+02 0.13012 ± 0.00026 0.1236615 0.1366785 pass -0.01 ± 0.20 50.0

1.25e+02 0.13012 ± 0.00026 0.1236615 0.1366785 pass -0.01 ± 0.20 50.0

1.6e+02 0.13012 ± 0.00026 0.1236615 0.1366785 pass -0.00 ± 0.20 50.0

2.0e+02 0.13012 ± 0.00026 0.1236615 0.1366785 pass -0.00 ± 0.20 50.0

2.5e+02 0.13014 ± 0.00026 0.1236615 0.1366785 pass 0.00 ± 0.20 50.0

3.15e+02 0.13014 ± 0.00026 0.1236615 0.1366785 pass 0.00 ± 0.20 50.0

4.0e+02 0.13015 ± 0.00026 0.1236615 0.1366785 pass 0.00 ± 0.20 50.0

5.0e+02 0.13018 ± 0.00026 0.1236615 0.1366785 pass 0.01 ± 0.20 50.0

6.3e+02 0.13017 ± 0.00026 0.1236615 0.1366785 pass 0.03 ± 0.20 50.0

8.0e+02 0.13027 ± 0.00026 0.1236615 0.1366785 pass 0.02 ± 0.20 50.0

1.0e+03 0.13033 ± 0.00026 0.1236615 0.1366785 pass 0.01 ± 0.20 1.0e+02

1.25e+03 0.13044 ± 0.00026 0.1236615 0.1366785 pass -0.01 ± 0.50 1.0e+02

1.6e+03 0.13058 ± 0.00039 0.1236615 0.1366785 pass 0.00 ± 0.50 1.0e+02

2.0e+03 0.13085 ± 0.00039 0.1236615 0.1366785 pass 0.00 ± 0.50 1.0e+02

2.5e+03 0.13124 ± 0.00039 0.1236615 0.1366785 pass 0.01 ± 0.50 1.0e+02

3.15e+03 0.13188 ± 0.00040 0.1236615 0.1366785 pass 0.01 ± 0.50 1.0e+02

4.0e+03 0.13300 ± 0.00040 0.1236615 0.1366785 pass -0.00 ± 0.50 1.0e+02

5.0e+03 0.13467 ± 0.00040 0.1236615 0.1366785 pass -0.01 ± 0.50 1.0e+02

6.3e+03 0.13753 ± 0.00055 0.1236615 0.1366785 fail 0.01 ± 0.50 1.0e+02

8.0e+03 0.14285 ± 0.00057 0.1236615 0.1366785 fail -1.97 ± 0.50 1.0e+02

1.0e+04 0.14968 ± 0.00060 0.1236615 0.1366785 fail -0.09 ± 0.50 1.0e+02

Used methods:

Expanded uncertainty (JCGM 100:2008)
The expanded measurement uncertainty is specified, which is calculated by multiplying the standard measurement uncertainty by the coverage factor k=2. It was determined in accordance with the “Guide to the Expression of Uncertainty
in Measurement (GUM)”. The value of the measured variable lies within the assigned value interval with a coverage probability of approximately 95 %.
JCGM 100:2008: https://doi.org/10.59161/JCGM100-2008E

Primary vibration calibration with Laser Interferometry using Sine-approximation (ISO 16063-11:1999)
The measurements of the vibration displacement amplitude and the phase shift Δφqa of the complex charge transfer coefficient Sqa were performed using the sinusoidal compensation method. In order to get from the instantaneous
values of the vibration displacement to the amplitude and zero phase angle, the approximation is performed with a sinusoidal approach. A computerized transient recorder is used to synchronously acquire the two-channel interferometer
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030 Daniel Hutzschenreuter: 
Application of DCCs in the Digital Metrological Expert 
software tool for interlaboratory comparison data analy-
sis 

Presenting author: Daniel Hutzschenreuter 

Email:  

daniel.hutzschenreuter@ptb.de 

Additional authors:Hugo Gasca-Aragon [1] hugo.gasca-aragon@ptb.de 

Wafa El Jaoua [1] wafa.el-jaoua@ptb.de 

Moritz Gafert [1] moritz.gafert@ptb.de 

David Urban [1] David.Urban@ptb.de 

Institute: 

[1] Physikalisch-Technische Bundesanstalt 

Keywords: key comparison, Digital Metrological Expert, DCC, data model 

Abstract 

 The Digital Metrological Expert (DME) is a digital standard enabling an automated data 

analysis for evaluating interlaboratory comparisons [1]. It utilizes Digital Calibration Certifi-

cates [2] as universal data exchange format for reporting measurement results of participants 

within a comparison. A comprehensive analysis and modelling of a data structure for results 

of international comparisons was conducted including use-cases from metrological areas of 

mass, temperature, length, and chemistry. It led to a framework for providing outcomes of 

generic comparison data analysis within the DCC structure of measurement results. 

This data structure represents an important addition to the generic architecture of the DME 

for interlaboratory comparison [3]. It underpins the universal useability of elements within the 

DCC data structure beyond calibration. 

Our presentation gives an overview on the key structures for generic comparison data and a 

proposal of semantics for generic comparison which could be included as controlled vocabu-

lary  e g   “refTypes”  into DCCs  

 

mailto:daniel.hutzschenreuter@ptb.de
mailto:hugo.gasca-aragon@ptb.de
mailto:wafa.el-jaoua@ptb.de
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031 Vashti Galpin: 
Digital calibration certificates for X-ray Photoelectron 
Spectroscopy 

Presenting author: Vashti Galpin [1] 

Email: Vashti.Galpin@ed.ac.uk 

Institute: 

[1] University of Edinburgh, United Kingdom 

Additional authors: Nil 

Keywords: DCC, XPS, XML, GEMIMEG, temporal databases 

Abstract 

This presentation will report on work done in collaboration with NPL, the UK's national me-

trology institute, on the use of digital calibration certificates (DCCs). The DCC XML schema 

developed by PTB and others in the DCC initiative [1], has been applied to X-ray Photoelectron 

Spectroscopy (XPS) calibration. This calibration process involves taking measurements using 

reference materials (gold, silver and copper). These measurements are used to fit a response 

function, called the calibration function, which can be applied for intensity correction in the 

operation of the instrument [2], 

NPL has recently launched an online portal to provide this service [3], Measurements of the 

reference materials are submitted in VAMAS format, and the appropriate calculations are 

made to generate the response function. This function is reported both as (i) a collection of 

coefficients for use in a standard equation, and (ii) as a set of measurements in VAMAS format 

that can be used by supported spectrometers as correction data. A PDF calibration certificate 

can also be issued which includes information about the input measurements (such as pass 

energy and anode details), and output measurements (such as expanded measurement un-

certainty, divergence measures for each reference material and scatter). 

This presentation will describe the outcomes of the investigation into XPS DCCs, specifi-

cally: 

• Using illustrative data from the portal database, examples of DCC use for XPS were 

generated with the support of the GEMIMEG tool [4] and will be demonstrated. 

• A web application [5] was developed using the Links programming language and tem-

poral database technology, extending earlier work on this approach [6], 

• The application can generate XPS DCCs from portal data. 

• The application shows data changes that have occurred within a DCC. 

• The application allows for the comparison of DCCs across instruments, including 

(over multiple DCCs for an instrument, and over a specific instrument type/brand. The 

differences are tabulated, and temporal changes to the data are noted. 

To the best of our knowledge, digital calibration certificates have not been previously used in 

this area of metrology, and the XPS calibration process is very different to those of the exist-

ing good-practice DCCs for temperature, humidity and gauge blocks. Hence, this investiga-

tion and its related software development have broadened the use of DCCs within metrology 

and contributed to ongoing digitalisation efforts. 
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Figure 1. Choosing calibrations for comparison 
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Day 3 2026-02-26 Thursday 

Parallel Session “DCC Use Case” 

Session Chair: David Balslev-Harder 

032 Wiebke Heeren: 
DCC to Industry - Processes in a Practical Use-Case 

Presenting author: Wiebke Heeren [1] 

Email: wiebke.heeren@ptb.de 

Additional authors:  

• Regina Deschermeier [1], Regina.Deschermeier@ptb.de 
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many. 

Keywords: DCC, Good Practice, Software Integration, Use Case, Workflow 

Abstract 

The BMFTR-funded “DCC2Ind” (Digital Calibration Certificate to Industry [1]) project - a 

substantial use case exploring end-to-end digital traceability from the national metrology insti-

tute through an accredited calibration laboratory to the industrial customer - highlights both the 

possibilities and inherent challenges of generating and integrating Digital Calibration Certifi-

cates (DCCs) into practical measurement workflows. This project, centered on gas humidity, 

demonstrates a phased approach involving template development, workflow establishment, 

and software integration, directly addressing the need for automated traceability chains. 

On the part of the NMI, the first step of the integration process is the provision of an aligned 

and harmonized DCC template. Relevant content for the template is established in coordina-

tion with multiple stakeholders including DKD subcommittees and incorporating internal quality 

management processes. This iterative process is complemented by integrating a digital work-

flow designed for DCC generation, validation, and processing into the existing laboratory soft-

ware environment. 

A key practical implementation involves the accredited calibration laboratory’s development 

of a dedicated software solution capable of verifying DCCs, performing plausibility checks, and 

storing essential metrological and administrative data within a calibration management system. 

This system amongst others incorporates machine-interpretable data export for drift control - 

facilitating seamless data transfer to the end customer. 

The project's overarching goal is to automate the entire process, mirroring the conventional 

analogue traceability chain but with enhanced digital efficiency. This includes automated dis-

patching and synchronization of data alongside a web database for redundancy and verifica-

tion. Furthermore, the development incorporates features like defining a user interface for writ-

ing and reading key DCC data, enabling real-time status verification and implementation on a 

webserver for revision control [2], 

Ultimately, this project seeks to enable industries to request, receive, and verify DCCs, ex-

tracting essential information required in subsequent manufacturing processes. The presenta-
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tion will focus on establishing the DCC within an NMI laboratory, covering template preparation 

and incorporation into existing processes, while also addressing potential challenges and pos-

itive outcomes associated with this digital transformation. 
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033 Donny Taipe: 
Dynamic characterization of comparators for weight cali-
bration through DCC integration 

Presenting author: Donny Taipe [1] 

Email: dtaipe@inacal.gob.pe 

Additional authors: Rubén Dario Gil Chacaltana [1], rgil@inacal.gob.pe 

Institution:  

[1] INACAL, 150 La Prosa Street, San Boija, Lima, 15034, Peru 

Keywords: DCC, mass laboratory, characterization, weight calibration 

Abstract 

The digital transformation of the quality infrastructure requires calibration data to be digital 

and compliant with the FAIR principles (Findable, Accessible, Interoperable, and Reusable). 

In this context, Digital Calibration Certificates (DCC) enable the automated exchange, pro-

cessing, and structured reuse of metrological information. 

In weight calibration, comparators are critical instruments whose performance must be as-

sessed through the statistical characterization of repeatability. Traditionally, this characteriza-

tion is carried out retrospectively, based on the manual compilation of standard deviations over 

long operational periods. This approach limits early detection of performance deviations and 

reduces the effectiveness of statistical control of the measurement process. 

This work presents a system for the dynamic characterization of comparators by automati-

cally integrating structured calibration data in XML format, compliant with the DCC schema. 

Each calibration generates an XML file containing measurement results, including repeatability 

parameters and relevant process metadata. These files are processed using XML-reading 

software that automatically extracts the statistical values associated with the comparator. 

From the extracted data, the software calculates the population standard deviation, which 

is incorporated into the calibration software. Each new calibration is evaluated using statistical 

consistency tests  such as Fisher’s F-test, enabling real-time verification of whether the current 

comparator performance is consistent with its historical behavior. This allows immediate de-

tection of anomalies related to instrumental failures, environmental influences, or operational 

inconsistencies. 

The proposed workflow establishes a continuous, automated, and statistically controlled 

characterization process based on digital data, ensuring interoperability with laboratory man-

agement systems and improving metrological reliability, traceability, and responsiveness in 

mass laboratories. 

References: 

[1] DCC -PTB (2026): Digital Calibration Certificates (DCC), in: Physikalisch-Technische 

Bundesanstalt, https://www.ptb.de/dcc/, last accessed: 16.01.2026 

[2] International Organization of Legal Metrology (2004): OIML R 111-1:2004 (E) Weights of 

classes El, E2, Fl, F2, Ml, Ml-2, M2, M2-3 and M3 - Part 1: Metrological and technical re-

quirements, Paris: OIML. [https://www.oiml.org/en/files/pdf r/rl H-l-e04.pdf]. 

[3] National Institute for Quality - Peru (2015): PC-016 Procedure for the calibration of preci-

sion weights, Edition 2, April 2015, Lima, Peru. 
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Abstract 

The ongoing digital transformation of quality infrastructure requires calibration information 

to be machine-readable, interoperable, and trustworthy across institutional and national bound-

aries. Digital Calibration Certificates (DCC) are increasingly recognized as a key enabler of 

this transformation, moving beyond digitised documents toward fully machine-actionable and 

FAIR- compliant calibration data.  

This work presents the experience of the Instituto Nacional de Metrología de Colombia 

(INM) in the progressive adoption of DCC within a strategic digital transformation framework. 

The approach emphasizes institutional planning and early-stage laboratory prototyping, with 

particular focus on the Temperature and Humidity Laboratory. DCC development is addressed 

as an analytical and preparatory process, aligned with international good practices and antici-

pated harmonization needs, rather than as an operational deployment.  

In 2025, the Temperature and Humidity Laboratory implemented internal DCC prototypes 

for temperature and relative humidity, intended exclusively for internal use. These prototypes 

support workflow evaluation, data consistency analysis, and the improvement of laboratory 

environmental monitoring. Beyond their primary laboratory scope, the generated DCC data 

have been identified as a reusable digital asset for other internal laboratories. In particular, 

pressure calibration activities have explored the generation of DCC based on the institutional 

prototype, while viscosity and volume laboratories have assessed the use of DCC-derived 

temperature, relative humidity, and pressure data to support environmental condition correc-

tions within their measurement workflows.  

The technical implementation has been supported by the Oficina de Información y Desar-

rollo Tecnológico (OIDT), ensuring coherence with the institutional digital infrastructure. Enter-

prise architecture considerations are discussed, including a layered architecture model cover-

ing data acquisition, measurement data validation, and data interoperability, as well as soft-

ware aspects based on a web application. This includes the use of XML-based schemas pro-

moted within the international metrology community, in relation to interoperability and the grow-

ing demand from industry for standardized, machine-readable calibration data. Finally, lessons 

learned and future perspectives are presented, positioning DCC as a practical bridge between 

good practice and the gradual transition toward a digital quality infrastructure.  
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Abstract 

The digitization of calibration laboratories is emerging as a transformative approach to mod-

ernizing measurement processes and strengthening the reliability of metrological infrastruc-

tures. This work focuses on the implementation of Digital Calibration Certificates (DCC) to 

automate and streamline the generation, management, and dissemination of calibration re-

sults. By moving beyond traditional paper or PDF certificates, DCCs enable laboratories to 

ensure interoperability, enhance data integrity, and reinforce traceability across the calibration 

chain. 

The proposed implementation begins with the digitalization of existing calibration certifi-

cates, applying best practices to guarantee consistency and accuracy. In parallel, new design 

proposals for certificates in the field of physical metrology—specifically vibration measure-

ments—are introduced. These designs are tailored to meet the needs of laboratories working 

with alternating acceleration standards and transfer standards, two critical areas where preci-

sion and reliability are paramount. The initiative integrates administrative information and 

measurement results into a centralized database, which is accessed through a web application 

developed to automatically generate DCCs. This architecture not only reduces manual inter-

vention but also ensures that data flows seamlessly from acquisition to certification. 

The case studies presented highlight the role of the primary laboratory for alternating accel-

eration and the transfer standards laboratory. In both contexts, the adoption of DCCs demon-

strates how digital solutions can unify operational processes, reduce redundancy, and provide 

transparent access to calibration data. The web application serves as a bridge between labor-

atory operations and end users, offering certificates that are machine-readable, verifiable, and 

compatible with international standards. This interoperability is essential for laboratories seek-

ing to align with global initiatives in digital metrology and to participate in broader ecosystems 

of trust. 

The benefits of this approach are multifold. Interoperability ensures that certificates can be 

integrated into diverse digital environments, while data reliability minimizes the risk of human 

error and strengthens confidence in calibration outcomes. Traceability is enhanced by embed-

ding structured data directly into the certificates, thereby reinforcing the integrity of the calibra-

tion chain. Ultimately, the implementation of DCCs illustrates how digital transformation can 

elevate laboratory practices, providing a scalable model that can be replicated across other 

domains of physical metrology. 

This work underscores the importance of adopting digital infrastructures in calibration labor-

atories, positioning DCCs as a cornerstone for future developments in measurement science. 
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By demonstrating practical applications and tangible benefits, it invites laboratories and stake-

holders to embrace digitalization as a pathway toward more efficient, transparent, and globally 

connected metrological systems. 
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Abstract 

In March 2025  the DKD published the e pert report “DKD-E 7-3: Instructions on how to use 

the DCC schema to create a digital calibration certificate for non-automatic weighing instru-

ments”  1   Within this document several recommendations are given how DCCs for weighing 

instruments should be created in a harmonized way to achieve interoperability and vendor- 

independent compatibility. 

In detail, the expert report contains some general remarks, guidance on structuring the in-

formation in the DCC schema, particular application rules for weighing instruments in DCCs, a 

list of applicable refType identifiers, guidance on reading information from a DCC for weighing 

instruments as well as three example DCCs. 

In this presentation, the content of the expert report will be presented in detail and how 

interoperability is intended to be achieved through the content. 

Sartorius issues respective DCCs in several countries under several accreditations since 

more than 6 months. Therefore, in addition, experiences will be shared from the Sartorius im-

plementation, as well as perception and acceptance by customers and accreditation bodies. 

 

References: 

[1] Expert report DKD-E 7-3: Instructions on how to use the DCC schema to create a digital 

calibration certificate for non-automatic weighing instruments, Edition 03/2025, Physika-

lisch- Technische Bundesanstalt, Braunschweig and Berlin. DOI: 10.7795/550.20250325  
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Abstract 

ISO 376 is a globally established calibration standard for uniaxial force transducers. It reg-

ulates the handling, measuring procedure, raw data processing, calibration function determi-

nation as well as the assessment of measurement uncertainty and item classification. The 

DCC task group of the DKD’s technical committees for force  acceleration and acoustics and 

for torque defined good practice rules for DCCs in the scope of ISO 376 [1] to enable interop-

erable certificates in force metrology. This talk introduces a specific DCC realization for a 

1,000 kN tensile force transducer, highlighting several advanced features that are hardly cov-

ered by other model implementations so far, i.e. multiple measurement series with varying 

loading sequences and mounting positions, embedded balancing functions and coefficients, 

solitary relative measurement uncertainties and load-specific item classifications. Many of 

those aspects are also relevant for DCCs from other metrological communities, that may adopt 

the approaches that are recently harmonized for the quantity of force.  
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Figure 1. Deep dive into DCC for an ISO 376 calibration covering aspects like multiple 

measurement series, results from processed measurement data, calibration functions, and 

classification  

Reference:  
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Abstract 

The transition from conventional calibration certificates to Digital Calibration Certificates 

(DCC) requires more than digital document formats; it demands harmonized data models that 

ensure machine-readability, interoperability, and long-term scalability across laboratories and 

digital quality infrastructures. While international initiatives led by PTB and EURAMET have 

established reference DCC schemas and validation mechanisms, significant variability in la-

boratory specific data structures continues to impede systematic adoption and standardization 

of DCC. 

This study presents a template-driven approach for structuring measurement results as a 

foundational layer between laboratory practices and emerging international DCC standards. 

Building upon TS EN ISO/IEC 17025:2017 requirements, National Metrology Institute of Ger-

many (PTB)’s  ML-based DCC schemas, and FAIR data principles, common templates were 

designed to unify the representation of administrative information, measurement conditions, 

results, uncertainties, and contextual metadata across diverse laboratory domains. 

The proposed measurement result templates were developed through an analysis of exist-

ing miscellaneous calibration certificates carried out by various laboratories within a national 

metrology institute, followed by the definition of a shared semantic and structural model aligned 

with European DCC initiatives. The framework enables the systematic transformation of het-

erogeneous laboratory data into harmonized digital representations, supporting both human- 

readable certificates and machine-actionable DCC outputs. Interoperability was evaluated by 

validating generated DCC instances against international reference models, demonstrating 

compatibility with current DCC schema specifications. 

The results indicate that common templates constitute a critical layer between laboratory 

specific practices and emerging international standards. By reducing structural variability, en-

hancing semantic consistency, and enabling automated data exchange, the proposed ap-

proach contributes to the harmonization of digital calibration practices and supports the evolu-

tion from good practice to standardization within digital quality infrastructures. The study pro-

vides practical insights for national metrology institutes and calibration laboratories aiming to 

align their DCC implementations with international frameworks and future standardization ef-

forts. 
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uncertaintyUpper LimitMeasured  utput PowerLower LimitFre uency

(dB)(dB)(dBm)(dB)(GHz)

                          

 F   k   G c  Seviye Do rulu u Testi

 F  utput Power Linearity Test

Belirsizli i l  len G    k   G c Frekans
UncertaintyMeasured  utput Power utput PowerFre uency

(dB)(dBm)(dBm)(MHz)

 F   k   G c  Seviye Do rulu u Testi

 F  utput Power Linearity Test
Belirsizli i st Limit l  len G  Alt Limit  k   G c Frekans
UncertaintyUpper LimitMeasured  utput PowerLower Limit utput PowerFre uency

(dB)(dB)(dBm)(dB)(dBm)(MHz)

 F   k   G c  Seviye Do rulu u Testi

 F  utput Power Linearity Test
Belirsizli iFark l  len G    k   G c Frekans
UncertaintyDifferenceMeasured  utput Power utput PowerFre uency

(dB)(dB)(dBm)(dBm)(MHz)

 F   k   G c  Seviye Do rulu u Testi

 F  utput Power Linearity Test
Belirsizli i st LimitFarkAlt Limit l  len G    k   G c Frekans
UncertaintyUpper LimitDifferenceLower LimitMeasured  utput Power utput PowerFre uency

(dB)(dB)(dB)(dB)(dBm)(dBm)(MHz)

Harmonization of   M Table Structures

 ans ma Katsay s n n Lineer Genli i ve Faz  (|S11|  )

The Linear Magnitude and Phase of The  eflection Coefficient (|S11|  )

Faz Belirsizli iFaz ( )
B y kl k

Belirsizli i
B y kl k (|S11|)Frekans

Phase uncertaintyPhase(Q)
Magnitude

uncertainty
Magnitude (|S11|)Fre uency

( )( )(GHz)

 ans ma Katsay s n n Lineer Genli i ve Faz  (|S11|  )

The Linear Magnitude and Phase of The  eflection Coefficient (|S11|  )
Faz

Belirsizli i

Faz  st

Limit
Faz ( )

Faz Alt

Limit

B y kl k

Belirsizli i

B y kl k

 st Limit

B y kl k

(|S11|)

B y kl k

Alt Limit
Frekans

Phase

uncertainty

Phase

Upper Limit
Phase(Q)

Phase

Lower Limit

Magnitude

uncertainty

Magnitude

Upper Limit

Magnitude

(|S11|)

Magnitude

Lower Limit
Fre uency

( )( )( )( )(GHz)
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I PUTS: ADD  C    C M    M

 UTPUT:DCC ( ML based PTB DCC Schema )

   
    

ADD 

C   

C M

(MS E cel)

  M

(MS E cel)

                                 

 igital  alibration  ertificate  reater -    
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 igital  alibration  ertificate  reater -    

                                

  rdering columns in the  oM tables must be placed on the left side of the table

in MS E cel multiple ordering columns may be added if needed 

 Lower and upper limit columns must always be present  even if no limit values

are provided in MS E cel If the column is left empty  they will not appear in the

generated certificate 

 DC3 application automatically detects columns containing the term

 Uncertainty   Measurement tables in MS E cel must use  Uncertainty  as the

column header in accordance with the  uality system 

 DC3 can transfer multiple tables from E cel at once 

 Tables intended as input for DC3 can be positioned side by side in MS E cel

with one column space 

 DC3 automatically removes unused columns (upper   lower limit) in a  oM table

during the DCC transfer 

 Measurement tables with different row counts are all processed and structured

correctly 
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 Contributions to the E isting Human- eadable
Calibration Certificate Process
 Simplified handling of two significant figures issues

 Improved and standardized tabulation structure

                              

 Contributions to the E isting Human- eadable Calibration Certificate Process
 Simplified handling of ambiguous digit issues

 Improved and standardized tabulation structure
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 Measurement result tables in various formats have been transformed to a single  
common format 

 The DC3 software enables the transfer of the measurement result tables to  ML based
DCC by performing rule based   deterministic parsing 

 The support of the DC3 software has facilitated the challenging tasks of table
numbering and determining two significant figures when creating a human-readable
format 

Thank you for your attention
Questions

        

erkan danaci tubitak gov tr
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Abstract 

Digital Calibration Certificates (DCCs) enable automated data exchange, traceability, and 

reduction of human errors compared to traditional PDF or paper-based certificates. Antennas 

widely used in electromagnetic compatibility and radiated emission measurements must be 

calibrated to ensure traceable and accurate determination of the electromagnetic field strength 

in test laboratories. 

The electric field strength is expressed in volts per meter (V/m), and the magnetic field 

strength in amperes per meter (A/m). For measuring antennas, the antenna factor (AF) is the 

primary calibration quantity, since measuring antennas act as field-to-voltage transducers con-

verting electromagnetic field quantities into electrical signals. AF is typically expressed in log-

arithmic units such as dB/m for electric antennas and dB(A/m)/V for magnetic antennas. 

Antenna calibration results are frequency-dependent, and logarithmic units (dB) are com-

monly used in Radio Frequency metrology. Hybrid data structures in DCCs allow representa-

tion in both SI and logarithmic units (see Figure 1) [1], while list-based structures are recom-

mended for frequency-dependent calibration data [2], For measuring antennas, DCCs must 

include antenna factor, reflection coefficients, and expanded uncertainty over a frequency 

range. 

 
References: 
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31.01.2026 

[2] Digital Calibration Certificate (DCC) - Wiki, [https://wiki.dcc.ptb.de], last accessed 

31.01.2026 
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 Digital transformation is reshaping modern metrology

 Industry 4 0 re uires machine-readable calibration data

 Traditional PDF certificates are human-readable only

 Limited support for automation and interoperability

 Digital Calibration Certificates (DCC) address these limitations
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