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International Welcome 

Héctor Laiz, CIPM WG Dig., Argentina 

It is my pleasure to welcome you to this 2nd DCC Conference. I would like to thank the 

organizers for inviting me to open the event, but more importantly, for taking the effort to 

organize this series of conferences with focus in the development of the Digital Calibration 

Certificate. It's very important that our community come together and discuss how we will 

implement this tool that we will be crucial for the quality infrastructure in a digital 

environment, and not in the long term but tomorrow. This needs an international effort and 

coordination to achieve global acceptance as reflected by the participation inf this 

Conference and as I will present in my talk. So, many thanks to the Organizing Committee 

and especially to Dr. Siegfried Hackel for his efforts in developing the DCC and also for 

organizing this event. 

Developments at the international, regional, and national levels 
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PTB Welcome 

Frank Härtig, Vice-President PTB, Germany 

Ladies and Gentlemen, dear colleagues, 

On behalf of PTB, I cordially welcome you to the second international conference on the 

development of machine-readable and machine-understandable digital calibration 

certificates. 

Since the foundation of the Metre Convention and since the establishment of the 

international system of units on May 20th, 1875 - almost 150 years ago – the field of 

metrology has undergone developments that have been more fundamental than in any other 

scientific field.  

Digitalization has affected all communities within the field of metrology present in the over 

100 countries that have joined the Metre Convention. These countries thus represent over 

98% of the world’s strongest economies.  

Machine-readable and machine-understandable communication has become indispensable 

throughout the world – and establishing an infrastructure to support such technology has 

presented us with special challenges. We must succeed in developing solutions and setting 

standards that can unite all the domains within metrology. This includes defining a uniform 

data format for the exchange of metrological data – that is, at least one value with an 

associated specification of a unit.  

Despite the many existing data formats, the Metre Convention is unmatched in its ability to 

develop a leading format here.  

Yet in truth, making this vision a reality requires only the will of all of those involved in the 

creation of such standards. 

With the necessary patience, we will then be able to guide it on its path from metrology 

institutes to calibration laboratories, then to industry and scientific institutions, and finally to 

the end users.  

While this process may take many years, we can lay the foundation for it today. I am 

confident that we will succeed and that, in the long run, metrologists will set a standard that 

will be just as solid and unshakable as today's SI units. Let us not miss this opportunity. 

The worldwide developments concerning machine-readable and machine-understandable 

calibration certificates have shown the way forward here and must be regarded as 

pioneering. Such developments show that we are on the right track and that we can succeed 

in creating a harmonized digital infrastructure for the dissemination of metrological 

information. Throughout the world, scientific institutions, industrial companies, and calibration 

service providers are now working on the development of digital certificates. One example is 

the German Calibration Service (DKD) with its 13 technical committees representing various 

domains, most of whom have agreed to develop the required data structures and guidelines 

for DCCs.  

We must now follow this momentum. I have no doubt that Professor Hackel and his team – 

who have been a driving force behind machine-readable digital calibration certificates – will 

welcome everyone who wants to participate in these developments. 

The biggest challenge in the coming months will be to harmonize the individual disciplines 

and domains, which – up to now – have communicated to only a small extent.  



     

Page 14 of 317 
 

2nd international DCC-Conference 

For example, specifying a temperature, humidity, or barometric pressure inside a DCC 

affects all domains, and it would therefore be beneficial to develop harmonized and 

coordinated solutions that can be used by everyone. 

Many of the developments already started will be presented to you in the coming days. 

Personally, I would be very pleased if everyone contributed to these developments and if we 

jointly developed solutions that can set a standard for DCCs worldwide. Like the fathers of 

the Metre Convention, you too can help to shape digital metrology. 

At this point, I wish you an interesting and successful event.  

 

Vice-President  

Dr.-Ing. Prof. h. c. Frank Härtig 

Physikalisch-Technische Bundesanstalt Braunschweig und Berlin 
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Session “DCC-News” 

Latest developments of the DCC 

Presenting author Siegfried Hackel, PTB, Germany 

siegfried.hackel@ptb.de 

Additional authors Frank Härtig, Thorsten Schrader, Shanna Schönhals, Jan Loewe, Lutz 

Doering, Benjamin Gloger, Justin Jagieniak, Daniel Hutzschenreuter, Gamze Söylev-Öktem 

(all PTB, Germany) 

dcc@ptb.de 

Abstract  

An overview of the latest developments since the first international DCC conference in 

October 2020 will be given. The roadmap of the DCC is presented and the connection to the 

conference programme is motivated. The connection between the new DCC scheme, the 

good practice approach as well as the 100 days programme of the PTB is shown. 

The last conference showed that the middleware between the IT of the laboratory and the 

DCC as well as the middleware for generating the human-readable part of the DCC are 

important. Likewise, digitalisation in the environment of the DCC has progressed further. 

Developments in the area of DCC syntax are another focus. 

The DCC is particularly important for use in industry. Great development potential is seen 

here. A look at the requirements from this area and the activities of the stakeholders are 

shown. The implementation of the DCC in these processes is discussed. 

Calibrated sensors are playing an increasingly important role in production. Therefore, 

another focus is set here. Here, as in the other areas, the quality and validation of the DCC 

content is important. 

Another focus will be the role of accreditation and IT security. 
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DCC scheme version 3.0 and 3.1 

Presenting author Benjamin Gloger, PTB, Germany 

benjamin.gloger@ptb.de 

Additional authors Siegfried Hackel, Frank Härtig, Thorsten Schrader, Shanna Schönhals, 

Jan Loewe, Lutz Doering, Justin Jagieniak, Daniel Hutzschenreuter, Gamze Söylev-Öktem 

(all PTB, Germany) 

dcc@ptb.de 

Abstract  
The results and discussions in the working groups formed at the first international DCC 

conference have fed into the further development of the DCC scheme. 

The presentation will discuss the changes from version 2.4 to the long-term available version 

3.0 of the DCC scheme. Furthermore, it will be explained that the latest version 3.1.2 of the 

DCC scheme is backwards compatible with the DCC scheme 3.0. 

Examples will be used to show the advantages of using the latest version in the creation and 

use of tables, both for the creator of DCCs and the user of DCCs. This will be discussed 

using good practice examples. 
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DCC Good Practice 

Presenting author Siegfried Hackel, PTB, Germany 

siegfried.hackel@ptb.de 

Additional author Frank Härtig, Thorsten Schrader, Shanna Schönhals, Jan Loewe, Lutz 

Doering, Benjamin Gloger, Justin Jagieniak, Gamze Söylev-Öktem (all PTB, Germany) 

dcc@ptb.de 

Abstract  

The basis for calibration reports for accredited calibration laboratories is the ISO / IEC 17025 

standard. Section 7.8 specifies what the content of a calibration certificate is. Calibration 

certificates issued outside the accredited environment are also based on this standard. 

The resulting self-similarity can be used to make DCCs not only machine-readable and 

executable, but also machine-interpretable. For this purpose, the utility model is discussed. 

Based on the utility model, the technical expertise of calibrators and users and the Pareto 

principle, good practice (GP) examples for temperature have been developed. These GP are 

described and the transfer (abstraction) to other measurands is shown. 
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PTB's 100 Days Programme 

Presenting author Shanna Schönhals, PTB, Germany 

shanna.schoenhals@ptb.de 

Additional author Frank Härtig, Siegfried Hackel, Thorsten Schrader, Jan Loewe, Lutz 

Doering, Benjamin Gloger, Justin Jagieniak, Gamze Söylev-Öktem (all PTB, Germany) 

dcc@ptb.de 

Abstract  

PTB will start its 100-day programme to support the DCC directly after the conference. 

During this time, various work packages are to be completed. A central goal is to develop 

further good practice DCCs for other measurands and to present them to the committees for 

discussion. 

Further tools for the middleware from the laboratory IT to the DCC, the creation of a human-

readable output and the establishment of an internal helpdesk will also be on the to-do list 

during this time. 
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Session “DCC Implementation Strategies” 

Implementation of Digital Calibration Certificate at NIMT 

Presenting author Pawat Phuaknoi, NIMT, Thailand 

Additional authors Kittisun Mongkolsuttirat, Narin Chantawong, Wasin Limthunyalak, Jariya 

Buajarern (all NIMT, Thailand) 

Abstract  
Calibration certificates are essential for assuring accuracy of the measuring instrument which 

is necessary to control quality of products and services. The calibration certificates are 

mostly used in legal metrology for quality audits, accreditation, and examination processes 

and also in the operational metrology to adjust measurement results according to error of an 

instrument. Hard copy calibration certificates are successfully used for decades. 

With the advance in digital technology, approaches for digital calibration certificates (DCCs) 

were proposed. DCCs based on a PDF/A-3 solution is one of a stepping-stone towards the 

digitalization of metrological services. DCCs is expected to fulfil the emergence of new 

technologies and applications that require automated creation, processing, and updates of 

the calibration certificates. 

We present here an application of this approach at NIMT by implementing DCC with Data-

link system developed by NIMT using Visual Studio. DCC will be imported to the Data-link 

software. The nominal value and correction value from DCC will be used in measurement 

value correction. During measurement, software will collect measured value from the 

instrument and look up for the corresponding correction value and report corrected measured 

value which can be recorded for further analysis. 
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The Digital NIST Pilot Project 

Presenting author Robert J. Hanisch, NIST, USA 

robert.hanisch@nist.gov 

Additional authors J. Fedchak, S. Choquette, K. Rimmer, B. Long, R. Plante, K. Lippa, D. 

Camara (all NIST, USA) 

Abstract  
NIST recently began planning for the modernization and digitalization of its measurement 

services: 

calibrations, reference materials, reference instruments, and standard reference data. 

This will be a significant effort going forward, touching on all aspects of data acquisition, 

analysis, management, and dissemination, with the goal of making these services fully FAIR. 

At this time, we are pursuing a pilot study focused on digital certificates. We are evaluating 

the feasibility of mapping our calibration reports and certificates of analysis into the PTB DCC 

schema. 

We are hopeful that most of our essential information can be supported, but if not, we will 

cooperate with PTB and other NMIs to either update the schema or deploy extensions that 

preserve maximum compatibility and interoperability. 

In our presentation we will describe the aspirations and expectations for our long-term 

measurement services program and the anticipated outcomes of our pilot study. 
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Towards DCC implementation in Finland 

Presenting author Sari Saxholm, National Metrology Institute VTT MIKES, Finland 

sari.saxholm@vtt.fi 

Additional authors Anu Kärkkäinen and Björn Hemming, VTT Oy, Finland Hannu Sairanen, 

Vaisala Oyj, Finland 

Sami Koskinen, Juho Nummiluikki and Kennet Riska, Beamex Oy Ab, Finland 

Tapio Järnefelt, Orion Oyj, Finland 

Tuukka Mustapää and Raine Viitala, Aalto University, Finland 

Miikka Ijäs and Jari Brandt, Lahti Precision Oy, Finland 

Mikko Haapalainen, Valmet Automation Oy, Finland 

Emmi Videnoja, Bayer Oy, Finland 

Abstract  
A group of active research institutes and forerunner companies, including instrument 

manufacturers, calibration laboratories and end users, have established an ecosystem in 

Finland for more efficient and extensive digital utilization of measurement data. Key topics at 

the moment are digital calibration and automated data validation of measurement data, as 

well as digital calibration certificate (DCC). These include, e.g., traceability of the results in 

the digital format, reliable data transfer and operability between different user interfaces. The 

ecosystem has created a Proof of Concept (PoC) for humidity sensor calibration including 

DCC for relative humidity and temperature calibration sequence. A digital authentication 

replacing a traditional human signature was also demonstrated. In addition, a Python module 

was tested to modify xml code that enables reliable transfer of measurement results instead 

of making changes directly to the xml. The aim was to understand the benefits of DCC and 

implementation realities in the end-user processes. Related to DCC xml, the main findings 

were, e.g., that there are various ways to insert measurement data challenging achieving 

machine readability in the end. The other practical challenge was the lack of support for 

measurement resolution, which caused issues in uncertainty calculations in the receiving 

system. At the moment, several project preparations are ongoing both in national and 

international level. At the same time activities are taken to strengthen and widen the current 

digital data ecosystem. Next steps are to be towards digital infrastructure, which enables 

DCC but is not limited to that. New opportunities and ways of working are sought towards 

fully digital calibration processes and automated data validation processes. Results, ideas, 

and future plans will be shown in the presentation.  
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Session “Industrial Applications, Requirements and Examples” 

Need from industry on the DCC concerning harmonization and a regulating 
structure 

Presenting author Karlheinz Banholzer, LMG president CECIP (European Weighing Industry 

Association), Germany 

Additional authors Christian Müller-Schöll, CECIP, Switzerland Julian Haller, CECIP, 

Germany 

Abstract  
From an industrial view, the XML Scheme Definition (XSD) for a DCC developed by the PTB 

is a powerful and flexible tool that has the potential to become a success story in the 

digitalization of metrology in general and calibration activities in particular and thus opens up 

completely new ways with regard to the use of calibration data. 

However, its flexibility is curse and blessing at the same time – while it allows to use the 

scheme for presumably every measurand and every type of calibration, it also bears the risk 

of parallel incompatible developments. From industry’s perspective it is of utmost importance 

that DCCs issued by different laboratories are compatible with each other in the sense that a 

potential customer can change from one laboratory to another without having to adopt his 

software tools or infrastructure. Otherwise, unnecessary hurdles for a free choice of provider 

would be the consequence for customers and a threat to free competition. 

Therefore, CECIP as a representative of an important part of the measurement instrument 

industry is underlining the need for harmonized best practice examples for DCCs in order to 

avoid heterogeneity of DCCs and is going to suggest some kind of regulating structure as a 

central controlling body for such best practice examples. 

Such an international “controlling body” should be flexible, fast, and not overregulating in 

order to not delay the developments and progress of digitalization. If this is guaranteed, 

CECIP is convinced that such a “controlling body” can be an important guarantee for the 

success of the DCC.
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Digital Calibration Certificate - Proof of concept for Regulated Process Industry 

Presenting authors Heiko Reitzer, Boehringer Ingelheim GmbH, Germany Eric Kuenz, 

Boehringer Ingelheim GmbH, Germany 

Juho Nummiluikki, Beamex Oy Ab, Finland 

Abstract  
The digital calibration certificate (DCC) has seen significant development as a format 

recently. There have not yet been many tests in the actual industrial environments to test the 

applicability of the DCC for industrial end users. To test the industrial applicability of the 

DCC, a Proof-of-concept project was initiated and executed to test the usage of the DCC in 

Pharmaceutical environment. The Proof-of-concept 1 (PoC 1) concentrated on testing the 

process of creating, securing, transferring, and receiving a DCC for a temperature sensor. 

The project consortium consisted of five partners: Industrial end user (Boehringer Ingelheim), 

German Metrology Institute and DCC specialist (PTB), calibration service provider (Testo), 

calibration solution provider (Beamex) and IT infrastructure provider (Aalto University of 

Finland). The calibration service provider was responsible for generating the DCC from their 

calibration management system according to the format provided be the PTB. The DCC was 

then secured with an electronic signature and transferred to the end user with a transfer 

platform. The end user imported the DCC to their calibration management system, checked 

against the predefined procedure and approved the calibration result. As a result of the PoC 

1, first part of fully digitalized end-to-end calibration process from calibration provider to 

instrument owner was tested and demonstrated. The successful execution of the PoC 1 

provides one approach of the middleware for DCC processing, data extraction and human 

readable output. The PoC 1 presents an example of DCC implementation in a highly 

regulated environment of pharmaceutical industry and a good practice example for 

temperature calibration. According to PoC 1 results achieved additional PoC’s have to be 

executed, to fully test and demonstrate target end to end process including Digital Calibration 

Request (DCR) for process industries specific calibration procedures transfer. 

  



     

Page 64 of 317 
 

2nd international DCC-Conference 



     

Page 65 of 317 
 

2nd international DCC-Conference 



     

Page 66 of 317 
 

2nd international DCC-Conference 



     

Page 67 of 317 
 

2nd international DCC-Conference 



     

Page 68 of 317 
 

2nd international DCC-Conference 

 

  



     

Page 69 of 317 
 

2nd international DCC-Conference 

Improving DCC-results by post-processing 

Presenting author Hans Koch, da+d, Germany 

Abstract  

The machine readability of DCC reduces the hurdle for post-processing immanent with 

conventional calibration certificates. 

It will be shown by a case study from the NIST/SEMATEC Handbook (https://ogy.de/e9kl), 

how to gain added value: 

• more reliable means and uncertainties than those given in the DCC 

• a calibration curve with an associated uncertainty function 

• reduction of uncertainties by exploiting correlations (up to a factor of 3 in the case study 

mentioned above!). 

The calculations presented in the NIST Handbook may be substantially simplified by utilizing 

the Python-package "uncertainties" (https://ogy.de/h23f).  

 

 

 

 

https://ogy.de/e9kl
https://ogy.de/h23f
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Digitalization of information and the impact of DCC on workflows 

Presenting author Jose Armando Lopez-Celis, CENAM, Mexico 

Additional authors Itzel Dominguez-Mendoza, Carlos Galvan-Hernandez, Aldo Garcia-

Gonzalez, Hugo Gasca Aragon, Oscar Ramos-Monsalvo (all CENAM, Mexico) 

CGALVAN@cenam.mx 

Abstract  
The covid-19 pandemic has impacted the world by accelerating technological changes that 

were thought to be unnecessary, but in recent years it has come to rethink strategies, 

providing the opportunity to carry out a digital transformation, and metrology is no exception. 

Industrial and IT technologies currently play an important role in the acceleration of 

processes and workflows, which brings competitive advantages in terms of time reduction 

and process efficiency. 

It is important to consider the need to digitize data and processes within metrology 

laboratories, as well as the impact of the calibration certificate (DCC) on workflows in the 

value chain, optimizing communication between the different elements that compose it. 

By ensuring that machines are capable of interpreting and processing information, data and 

status exchange is achieved throughout the process, minimizing errors and time in 

production processes. 

Finally, progress is shown in the proposals of the National Metrology Centre of Mexico 

(CENAM) on the way to developing the DCC.  
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Digital Quantities and Units for the MII 

Presenting author Mark Kuster, Independent Researcher and Consultant, USA 

mjk@ieee.org 

Abstract 
NCSLI members have worked on a measurement information infrastructure (MII), a digital 

transformation for metrology, since 2013. The effort soon concluded that machine-readable 

measurement data would require uniquely identifying the measurand quantity and that 

relying only on representing measurement units would not suffice. The NCSLI 141 MII & 

Automation Committee has a test bed that contains a basic database of quantities and units 

for reference in developing digital metrology document structures. Having neared the point of 

publishing a digital accreditation-statement document format, the committee would like to 

replace this development database with a registry of unique identifiers for quantities and 

units. Such a registry would facilitate wide-scale interoperability of digital certificates and 

other metrology data. 

This presentation will explore efforts toward that goal. 
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The GEMIMEG tool 

Presenting author Jan Loewe, PTB, Germany 

jan.loewe@ptb.de 

Additional author Frank Härtig, Siegfried Hackel, Benjamin Gloger, Justin Jagieniak, Gamze 

Söylev-Öktem (all PTB, Germany) 

dcc@ptb.de 

Abstract 

At the last DCC conference, a DCC of a silicon sphere was used to demonstrate how the 

GEMIMEG tool works. 

This presentation will show how the GEMIMEG tool works in the field of temperature 

calibration based on the GP-DCC. Exemplarily, the following steps for creating a DCC with 

the tool will be demonstrated: 

1. Reading in a template, 

2. Input of the calibration data via a web GUI as well as 

3. the output of a DCC including the human-readable part. 

The advantages of outputting in HTML5 format are explained. Furthermore, the generation of 

a pdf file and the integration into the fourth ring of the DCC is demonstrated. 
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Introducing PyDCC – a Python module for the DCC 

Presenting author Andreas Tobola, Siemens AG, Germany 

Abstract 
For the programming language Python there are numerous support libraries for almost every 

data structure and interface. This variety of libraries enables creating new applications 

rapidly. Why not having a library for the handling DCCs? This is exactly what PyDCC is 

intended for. Within the project GEMIMEG-II the software component PyDCC has been 

developed together with the participating project partners. The advantage of the software is 

an accelerated development of new applications around the DCC. This talk introduces 

PyDCC and its usage. PyDCC was licensed under the open-source license MIT. 
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Interconnecting Calibration Services at the Vacuum Metrology Group of PTB 

Presenting author Matthias Bernien, PTB, Germany 

matthias.bernien@ptb.de 

Additional authors Thomas Bock, Rolf Niepraschk, Karl Jousten (all PTB, Germany) 

Abstract 
In the Vacuum Metrology Group, about 170 customer calibrations are performed annually. 

Most of the calibration processes are automated. This includes the generation of digital 

calibration certificates (DCCs) using the Python library Jinja as a template system for XML as 

well as the preparation of customer correspondence and calibration certificates based on 

LaTeX. By now, 155 DCCs have been issued and provided to our customers for testing 

purposes in addition to the official printed calibration certificates. Two DCCs have been 

received from another laboratory and have been used for the correction of measurement 

values. 

The cornerstone of the calibration workflow is the NoSQL-database CouchDB. It is used to 

make data available on every computer in the lab. Furthermore, it provides redundancy and 

backup. The schema free structure of the data sets can be adapted without migrating the 

database facilitating continuous development. Communication with the database is carried 

out via the HTTP protocol. Where possible, functionality is implemented as web services that 

can be accessed via RESTful interfaces using the HTTP protocol. In this way a loose 

coupling is realized such that individual services can be modified without the need to amend 

the other functions. User interfaces are implemented using HTML and JavaScript running on 

every browser. 

To foster the benefits of a digital calibration workflow, interconnection with external services 

is desirable. We implemented a RESTful application interface in cooperation with the 

“Embedded Systems” working group at PTB, that loosely couples our calibration workflow 

with their metrological service platform (AnGeWaNt) [1], which will provide a user portal for 

calibrations among many other services. 

[1] A. Oppermann et al.: “Digital Transformation in Metrology: Building a Metrological Service 

Ecosystem”, International Conference on Industry 4.0 and Smart Manufacturing (ISM), 2021, 

accepted for publication 
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Modern data exchange platforms and the DCC 

Presenting author Antonio Matamala, BEAMEX, Germany 

Antonio.Matamala@beamex.com 

Additional author Juho Nummiluikki, BEAMEX, Finland 

Abstract 
The presentation summarizes the connection between DCC and digital megatrends and 

presents a vision for the integration of DCC as part of the future industrial system 

architecture. In addition, the presentation includes a demonstration of a proof-of-concept with 

automatic DCC creation, transfer of the DCC to another system, with data extraction and 

human-readable output. 

Modern technologies for data exchange show how to significantly reduce or eliminate the 

traditional barriers that have made data exchange almost impossible for many organizations. 

The proposed Data Exchange Platform approach enables an automated and scalable 

transfer method for the DCCs. An example of a business case for the Data Exchange 

Platform is the exchange of calibration data between an industrial company and many 

external calibration service providers at the same time. 

The presentation includes a demonstration that illustrates the use of DCC as an exchange 

medium in an industrial system environment. In the demonstration, a calibration is first 

assigned and performed in a calibration management system. After receiving the calibration 

results from the calibrator, a DCC is created in the calibration management system. The 

DCC is transferred and imported into another, separate calibration management system, 

where the data is stored and used to calculate the measurement uncertainty and produce a 

human-readable output. 
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Session “DCC and Sensors” 

Digital calibration system – Revolutionary sensor with digital calibrator mode 

Presenting author Pavel Proskurin, CBO ASPECT Company, USA 

info@digitalmetrolog.ru 

Abstract 
The presentation shows new digital technologies for industrial sensors revolution that enable 

digital automatic calibration of instrument channels (IC) and issuance of the digital calibration 

certificate (DCC). 

Developed digital technologies realize new innovative digital calibrator mode for industrial 

sensors. This mode provides the IC digital calibration with automatic calculation of 

measurement errors. After calibration the industrial hardware and software complex forms 

the DCC with calculation results of measurement errors. 

This automatically generated DCC is called «instrument channel DCC» (IC DCC). 

The presentation includes technical concept of IC DCC forming and shows the realization 

results of digital calibrator mode in pressure sensors. This mode is realized at first time in 

sensor’s technologies (patent № 2749304, international patent № WO2021246916). The 

presentation shows the arrived technical advantages and possibilities of IC DCC. 
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GEMIMEG-II – Status and progress report 

Presenting author Thomas Engel, Coordinator GEMIMEG-II Project, Germany 

engelthomas@siemens.com 

Abstract 
To ensure that the high-quality level "Made in Germany" also applies in a digitalised world, 

the Physikalisch-Technische Bundesanstalt (PTB), together with other research partners and 

companies, has launched the GEMIMEG-II project, which is funded by the Federal Ministry 

for Economic Affairs and Energy (BMWi) with 12 million euros. Under the title "Safe and 

robust calibrated measurement systems for the digital transformation", the 13 partners 

involved want to develop reliable standards to ensure reliable communication of digital data, 

information, and certificates in the processes of the quality infrastructure. The project will run 

for three years. The overarching goal is to advance the digital transformation and strengthen 

Germany as a business location. 
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Session “Middleware I” 

Generation of digital Calibration Certificates using Python and Excel 

Presenting author Ian Smith, NPL, UK 

ian.smith@npl.co.uk 

Abstract 
At the UK’s National Physical Laboratory (NPL), a significant number of measurement 

services involve the capture of calibration information, including both administrative and 

measurement data, in Microsoft Excel workbooks. Depending on the complexity of the 

information that is required to be presented on a calibration certificate, the process of 

transferring information to the certificate may largely be implemented manually, e.g., by 

copying and pasting information, or using software, e.g., written in Excel Visual Basic for 

Applications (VBA). As NPL moves towards implementation of digital calibration certificates 

(DCCs), consideration has begun of candidate software approaches to the generation of 

DCCs using information stored in Microsoft Excel workbooks. 

This presentation focuses on the use of the Python programming language for this purpose, 

with the aim of generating DCCs that take the form of XML files that adhere to the publicly 

available DCC schema [1]. As a widely used, general purpose language, the advantages and 

disadvantages of Python are well known. One advantage that is often given is the ready 

availability of a huge number of supporting packages – see, e.g., the Python Package Index 

(PyPi) [2]. However, selecting which package to use from a number of options may not be 

straightforward. The presentation describes alternative approaches to DCC generation, 

discusses the level of knowledge of XML that the programmer requires, and considers DCC 

generation from the point of view of software quality management. 

References 

[1] Digital Calibration Certificate v3.0.0. 

https://www.ptb.de/dcc/v3.0.0/ 

[2] Python Package Index (PyPI). https://pypi.org/ 

https://www.ptb.de/dcc/v3.0.0/
https://pypi.org/
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A software solution for the practical creation of DCC files 

Presenting author Maik Stotz, Stotz Software, Germany 

Abstract 

In this lecture, a software solution for the practical creation of DCC files is presented. This 

software is currently under construction and is being developed by STOTZ-Software. 

In calibration laboratories, it is common for measurement, order, and customer data to be 

recorded using a wide variety of programs. As a result, there is a large variety of databases 

used in laboratories in which the recorded data is stored. 

The software presented here for creating digital calibration certificates supports all of these 

common database types and allows mapping to the structure of the DCC to be set up. In 

order to keep this mapping dynamic, formulas and conditions can be stored using a simple 

script language. 

Once such a mapping has been set up, digital calibration certificates can then be created 

fully automatically and in large numbers. 

The possibilities of this software will be presented in the lecture. 

The structure of a mapping is then demonstrated using a concrete example and finally a 

digital calibration certificate is created. 

A Fluke MET/TEAM database is used for this. 
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From Excel to DCC and human readable calibration certificate – user-friendly 
middleware and digital signature at work 

Presenting author Caroline Stobe, Reference Institute for Bioanalytics, Germany 

c.stobe@spmd-rfb.de 

Abstract 
Harmonization of DCC templates within the community of calibration laboratories has been 

identified as one of the major objectives of DCC design in order to facilitate integration of 

DCC data into customers’ systems. However, there are several reasons calibration 

laboratories have to be able to individualize these templates, e. g. 

• customers’ individual requirements regarding calibration and/or data presentation, 

• changes in accreditation requirements (by the accreditation body or based on standard 

revisions), 

• different types of calibration for the same measurand within a laboratory, 

• changes in the calibration method and consequent changes in data presentation. 

Additionally, multiple software solutions exist to create “classic” calibration certificates within 

the calibration laboratory community. To achieve a harmonization in this field is, most 

certainly, impossible. Thus, in order to establish workflows to generate DCCs in the 

calibration laboratories based on their individual software, suitable middleware is needed. 

Especially smaller calibration laboratories still rely on Microsoft Excel or similar spreadsheet 

applications to generate their certificates. 

The Python based middleware “Ex2DCC” by Dr. Hans Koch enables calibration laboratories 

to generate DCCs and human readable certificates at the same time – applying their own 

individual Excel spreadsheet templates. Both, the spreadsheets, and the middleware itself 

may be customized to the laboratory’s needs whenever needed. 

In this presentation RfB’s calibration laboratory Cologne likes to share 

• its DCC template for clinical measurands, 

• its process of creating a DCC and a human readable certificate with “Ex2DCC”, 

• its approach of digitally signing the DCC applying the commercial signature product of 

D-TRUST (Bundesdruckerei). 

In addition to the mere results, questions to be asked within the process of establishing a 

DCC workflow and challenges regarding the laboratory’s individual requirements as well as 

requirements for accreditation, will be presented. 
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A no-code Excel tool for generating DCCs 

Presenting author Dirk Röske, PTB, Germany 

dirk.roeske@ptb.de 

Abstract 
Based on an idea presented at the 2021 IMEKO World Congress 

(https://doi.org/10.1016/j.measen.2021.100175), a tool is developed which allows the digital 

calibration certificate (DCC) to be generated in Excel without any coding by the user. This is 

especially useful if all data that should be used in the certificate is already available in Excel, 

which is often the case since many calibration laboratories use this spreadsheet software for 

the data acquisition and the results calculation. The presented tool implements the version 

3.0 of the DCC schema definition (dcc.xsd) and the version 2.0 of the D-SI (SI-Format.xsd). 

For using the tool, Excel macros must be enabled. If this is the case, the tool’s VBA source 

code and the necessary worksheets can be copied to the user’s own Excel file automatically. 

In this file, the structure of the DCC can be created by clicking and answering questions or 

entering data. The last can be text, links to cells or formulas. It is also possible to use the tool 

only for setting up the structure of the DCC and entering the data using Excel functionality 

without macros. Both methods allow the DCC to be set up as a template, that means, the 

final DCC as XML file will always incorporate the current values of cells and formula results. 

If all data fields are filled with the relevant data, the DCC is created by clicking one button. 

The no-code approach – no xml coding is necessary – makes the DCC available to 

laboratories not having professional programming skills or resources. 

 

https://doi.org/10.1016/j.measen.2021.100175
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Session “DCC and Accreditation” 

Digitizing the Scope of Accreditation / Digital Accreditation Information 

Presenting author Michael L. Schwartz, Cal Lab Solutions, USA 

MSchwartz@CalLabSolutions.com 

Additional author Greg Cenker, Indysoft, USA 

Greg.Cenker@indysoft.com 

Abstract 
DCC is not only about the certificate of calibration. The Goal is to digitize everything related 

to the DCC. And the NCSLI Metrology Information & Infrastructure 141 Committee for the 

past 5 years has been working to create a digital version of a Scope of Accreditation. It has 

been a huge undertaking with lots of setbacks, but we now have a version 1.0 of the editor 

ready to present to the industry. 

This presentation will cover a brief history of the project with a demo of the current version of 

the software. We want to encourage the metrology community to use and provide feedback 

on the editor and tools. Our goal is to work out the details related to the object model and 

XML file format the present the file format and/or editor to ILAC for review and adoption to 

digitize the SoA. Soon to be named Digital Accreditation Information DAI. 
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Embedding the Digital Calibration Certificate 

Presenting author Susanne Kuch, DAkkS, Germany 

susanne.kuch@dakks.de 

Additional authors Raoul Kirmes, Florian Witt, (all DAkkS, Germany) 

Abstract 
As national accreditation body DAkkS supports the implementation of the DCC as digital 

variant of a result report in the specific form of a calibration certificate. Since both, the XML 

scheme and the methods used for electronic signatures are based on international 

standards, the integrity of electronic result reports can be ensured. Thus, the DCC can be 

used worldwide without media breaks or obstructions. 

In this lecture, DAkkS will present the technical implementations necessary on the side of the 

accreditation body in order to apply electronic signatures to result reports such as the DCC. 

Results reports that meet these requirements might be used in accreditation worldwide. 

With the further networking of industrial applications, the DCC is also an important tool, e.g., 

with regard to Industry 4.0 applications. Working closely together on these developments is 

thus even more important. 
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Session “DCC Syntax 4.0” 

The DCC SchemaX / DX 

Presenting author Justin Jagieniak, PTB, Germany 

Justin.jagieniak@ptb.de 

Additional author Siegfried Hackel, Gamze Söylev-Öktem, Benjamin Gloger, Lutz Doering 

(all PTB, Germany) 

dcc@ptb.de 

Abstract 
Through the results of the upcoming second international DCC conference as well as 

through further digitisation considerations, the DCC schema is being further adapted to the 

needs of the international community. It can be seen that the digitisation considerations listed 

in another lecture in direct and indirect connection with the DCC on the development of a 

uniform schema for these digitised items seems to make sense. 

The structure and advantages / synergy effects of this common schema are shown and 

discussed. We have given this schema the abbreviation "DX" (Digital SchemaX). For 

example, the Digital Calibration Request (DCR) can transmit the requirements to the 

calibration laboratory in the same schema without the need for a transformation into another 

language world. Another example is shown in the area of transmitting medically relevant data 

in connection with accident events (Digital Accident Report - D-AR). 
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Digital Calibration Request (DCR), Digital Calibration Answer (DCA), Digital 
Test Certificate (DTC) and the Digital Certificate for Reference Materials 
(DRM) 

Presenting author Siegfried Hackel, PTB, Germany 

siegfried.hackel@ptb.de 

Additional author Shanna Schönhals, Justin Jagieniak, Gamze Söylev-Öktem, Benjamin 

Gloger, Lutz Doering (all PTB, Germany) 

dcc@ptb.de 

Abstract 
The digitisation considerations directly related to the DCC are the subject of this 

presentation. The necessity of the Digital Calibration Request (DCR) and Digital Calibration 

Answer (DCA) was already discussed at the first international DCC conference. During the 

discussion with the international community, two further areas of application were added: the 

Digital Test Certificate (DTC) and the Digital Certificate for Reference Materials (DRM). Since 

these reports are also based on the ISO / IEC 17025 standard, it makes sense to use the 

Digital SchemaX (DX) presented in another lecture. First developments will be presented, 

and a call will be made to the international community to continue working together on these 

topics. 
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DCC Envelope 

Presenting author Gamze Söylev-Öktem, PTB, Germany 

gamze.soeylev-oektem@ptb.de 

Additional author Siegfried Hackel, Justin Jagieniak, Benjamin Gloger, Lutz Doering (all PTB, 

Germany) 

dcc@ptb.de 

Abstract 

In addition to the already known advantages, digitalisation in the field of calibration has the 

advantage that work processes can be optimised both at the customer's and in the 

calibration laboratory by splitting the calibrations into sensible sub-areas (keyword: keep it 

smart). Examples of this are the calibrations of multimeter, pieces of mass or gauge blocks. 

Different recalibration intervals are also conceivable, which further optimises the effort for 

recalibrations. 

The overall result is typically presented in several DCCs. These DCCs can be combined into 

a DCC envelope (workbook) and passed on to the client in a single, logically coherent file. 

With this technology, it is also possible to connect other logically related digital certificates of 

any kind. 

The DCC Envelope technology is presented using the example of a mass set. 
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Session “IT-Security” 

Metrological Digital Transformation and Cyber Security Protection of 
Documents in Saudi Arabia 

Presenting authors Saad Ali Haj Bakri, King Saud University, Saudi Arabia Talaat Al-Rahali, 

Advisor to the NMCC, Saudi Arabia 

Abstract 
While calibration is a process used to maintain the accuracy of a measurement device, a 

calibration certificate is a document that contains information about the device’s calibration, 

and its ownership. Since this information is important and private, it should enjoy integrity 

and confidentiality throughout its processing and use. With the continuation of the world-wide 

digital transformation, the calibration process and its certificate will be handled electronically 

via the cyberspace, and this requires various general and special cybersecurity protection 

controls to be put into practical use. 

The proposed presentation is concerned with the current advances of Saudi Arabia in 

providing protected digital transformation in general, and in giving protected digital 

metrological transformation in particular. The general digital transformation provides the 

essential controls for all activities in the cyberspace; while the particular digital metrological 

transformation emphasizes additional specific controls for the metrological activities include 

digital calibration. Saudi Arabia has its own National Cybersecurity Authority (NCA) 

responsible for the general level controls, and the country ranked 2nd at the world level in the 

latest publication of the Global Cybersecurity Index (GCI) of the International 

Telecommunication Union (ITU). 

Regarding the specific level of metrology, Saudi Arabia Standards Organization (SASO) has 

its own National Measurements and Calibration Centre (NMCC), which has 30 laboratories 

concerned with a wide range of measurement and calibration activities in various fields, in 

addition to having its own computing cloud. These activities are, so far, partly digital 

providing digital calibration certificates (DCC). In doing so, various secure digital actions are 

involved, considering the international ISO 17025 general requirements for the competence 

of testing and calibration laboratories. 

The targeted presentation will provide details of the above, hoping to draw a clear picture of 

the current advances of Saudi Arabia in giving well protected digital calibration certificates. 
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Security in DCC 

Presenting author Lisa Busser, Technische Universität Kaiserslautern, Germany 

Abstract 

Security Aspects in DCC should be considered right from the beginning of the 

implementation. Therefore, every method of signing and encryption should be taken into 

account and the best one should be chosen. In my opinion not only hard criteria like 

international lawful requirements and state of the art cryptography should be taken into 

account but also the usability of the result. As an example, from our field of software 

development in mass meteorology an accredited laboratory is calibrating a weight and sends 

the resulting DCC to the customer. At this point signing this certificate would be enough to 

ensure the validity. Of cause encryption could additionally be chosen but then the customer 

needs his own key within the cryptosystem. If signing is enough, how can it be ensured that 

the customer has a possibility to verify the signature? Enabling a cryptosystem isn’t enough 

the customer who might not be part himself also needs a good opportunity to check the 

signature otherwise it will probably never be checked. 

Additionally, it needs to be discussed how laboratories worldwide can get their cryptography 

key due to the fact only our software is used in over 150 laboratories around the world. 

I will discuss this and other questions in my Master Thesis next semester at the Technical 

University in Kaiserslautern supervised by Prof. Schmitt, the head of our cyber security chair. 

The goal is to not only find the best solution but also implement a prototype. 

I would like to formulate the requirements we have already thought about and ask the 

auditory for more input we haven’t thought about jet, so we can hopefully come up with a 

prototype of a middleware that fits the requirements of all units until the end of this year. 
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Technical security system for the signature, secure storage, and export of 
DCCs 

Presenting author Matthias Kromphardt, D-TRUST GmbH, Germany 

kromphardt@bdr.de 

Abstract 
This abstract presents a technical security system for the signature, secure storage, and 

export of Digital Calibration Certificates (DCC). DCC records are linked using both signature 

and transaction counters. Counters, DCC data and timestamps are signed together and thus 

securely linked. The proposed solution works with any DCC data format and thus with any 

payload data. However, payload data will not be defined within this abstract. 

The proposed solution is a Technical Security System (TSS) in accordance with available 

Technical Regulations (TR), Protection Profiles (PP) and certifications of German Federal 

Office for Security in Information Technology. The TSS consists of a security module in 

accordance with TR-03153, secure storage, and a unified interface according to TR-03151. 

The Public Key Infrastructure (PKI) is certified in accordance with TR-03145. 

The Security Module consists of a Crypto Service Provider (CSP) in accordance with BSI-

CC-PP-0111 and a Secure Module Application (SMA) in accordance with BSI-CC-PP-0105. 

Signed data records can be downloaded in a structured TAR archive file format directly from 

the TSS or via the apparatus (the device which produces the calibration data). 

The TSS can be used on an apparatus with or without data interface. The process of signing 

data is always performed in the following way: 

• startTransaction, updateTransaction, finishTransaction. 

The functions ‘startTransaction’ and ‘finishTransaction’ are mandatory while 

‘updateTransaction’ can be used as required. In the future, repeated ‘updateTransaction’ 

could be used for the signature of continuous measurements. 

Although payload data is not defined in this proposal, operating with a payload data structure 

using ‘processType’ (definition of the type of data to be signed, for instance ‘dccData’, 

‘measurementData’ and ‘otherData’) and ‘processData’ (definition of the structure of such 

data) is recommended. Using such a data structure facilitates future upgradeability of the 

system, for instance, to digitally sign measurement data. 

The proposed system includes a web service implementation of the CSP component which is 

installed at the certified data centre of D-Trust in Berlin, Germany and is accessible via public 

internet, a SMA implementation, which is installed locally at the premises of the system user, 

and an online management system which is mainly used for registration, rollout management 

and billing purposes. 

*Abstract was shortened to one page 
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Session “Quality and Validation of the DCC” 

Design and Implementation of a Digital Calibration Certificate Network Service 
Test System 

Presenting author Xiong Xingchuang, NIM, China 

xiongxch@nim.ac.cn 

Abstract 
The metrological calibration certificate is the main communication carrier for bottom-up value 

traceability in the calibration hierarchy. In the digital transformation of metrology, the 

machine-readable digital calibration certificate (DCC) is a difficult problem that needs to be 

solved first. PTB has designed a basic structure of DCC and implemented DCC in XML 

language. NIM is developing a DCC network service test system based on the basic 

structure of PTB's DCC while establishing infrastructure such as timestamp and CA system. 

This paper describes the design structure and preliminary implementation of the test system. 

The test system includes the XML metamodel of D-SI and DCC, the core measurement 

terms library, D-SI generation, and verification function module, the DCC generation function 

module, the DCC verification function module, the DCC related middleware library, the online 

automatic calibration service, the user Wizard-style operation interface, the user 

management service, and digital security service functions such as time stamp and digital 

signature service. On this test system, NIM's DCC-related new technologies and digital 

services can be tested, and the functions and performance of corresponding technologies 

and services can be continuously optimized. User-guided DCC generation services and time 

network automatic calibration DCC generation service cases have been initially 

implemented. 
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Verifying DCCs 

Presenting author Hans Koch, da+d, Germany 

Abstract 

Once in a while DCCs need to be verified by their own editors, customers and (accreditation) 

auditors. 

This presentation will discuss some means to check the conformity with the schema version 

and with the requirements of the ISO/IEC 17025. In addition, it will be shown how to verify 

the authenticity and integrity of the DCC via a digital signature and whether the human 

readable output is in accordance with the content of the DCC. 
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Digital Calibration Certificates (DCC) using the Quality Information Framework 
(QIF) 

Presenting author Robert Brown, Mitutoyo America Corporation, USA 

robert.brown@mitutoyo.com 

Additional author Ed Morse, University of North Carolina at Charlotte, USA 

Abstract 
A demonstration in how QIF can be used for a secure interoperable standard to exchange 

metrology equipment calibration certificate information A description on the history and scope 

of ISO 23592:2020 (Quality Information Framework 3.0 - QIF – https://qifstandards.org/) and 

demonstration of how QIF can be used for a secure interoperable standard to exchange 

metrology equipment calibration certificate information. Consideration of rationale and 

approach to harmonize the PTB DCC and the Dimensional Metrology Standards Consortium 

QIF standards. 
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Using Schematron to verify DCCs 

Presenting author Gamze Söylev-Öktem, PTB, Germany 

gamze.soeylev-oektem@ptb.de 

Additional author Siegfried Hackel, Justin Jagieniak, Benjamin Gloger, Lutz Doering (all PTB, 

Germany) 

dcc@ptb.de 

Abstract 
Another major advantage of digitization is the ability to check content for rules and 

consistency. The matching of the DCC with the DCC schema has proven to be a strategic 

advantage in this regard, thus ensuring the conformity of the structure of the DCC to the 

DCC schema. 

When checking the content and structure of a DCC, schema checking reaches its limits. At 

this point, Schematron, a method described in ISO/IEC 19757-3:2020-06, comes into action. 

Schematron can be used, for example, to check whether the date of the end of calibration is 

before the date of the start of calibration. 

The presentation will first discuss Schematron itself. Then examples will be given to show 

how Schematron can contribute to the validation of the DCC. The special adaptation of 

Schematron to GP-DCCs will also be discussed. 
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DCC Helpdesk and DCC Summerschool 

Presenting author Thomas Krah, PTB, Germany 

thomas.krah@ptb.de 

Additional author Siegfried Hackel, Frank Härtig, Thorsten Schrader, Shanna Schönhals, Jan 

Loewe, Lutz Doering, Benjamin Gloger, Justin Jagieniak, Daniel Hutzschenreuter, Gamze 

Söylev-Öktem (all PTB, Germany) 

dcc@ptb.de 

Abstract 
Enquiries from the international community have increased steadily. Therefore, the DCC 

homepage is still being actively worked on. In order to better support the community, the PTB 

will set up a DCC helpdesk and also process enquiries from the metrological community, if 

capacities allow. In the lecture, the structure of the DCC helpdesk will be described (1st, 

2ndand 3rdlevel support). The development of a knowledge database and the link to the 

DCC homepage are further goals. The processing of enquiries will be illustrated by way of 

example. 

The plans for the DCC Summer School from 2022-06-13 to 2022-06-24 (twice a week) will 

be presented. Interested parties can apply for participation in this event soon. 
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Final Discussion and Further Steps 

Presenting author Siegfried Hackel, PTB, Germany 

Siegfried.hackel@ptb.de 

dcc@ptb.de 

Abstract 
A summary of the conference will be given. Furthermore, an outlook into the near future 

based on the results of the DCC conference will be shown. The third international DCC 

conference will be announced. 
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