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GEMIniMEtrologyGlobal

Calibrated measuring systems in the 
Industry 4.0-environment

https://www.gemimeg.de/

... is a lighthouse-project of the German 
Ministry for Economic Affairs and Climate Action

Start: 2020-08-01
Duration: three years
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Partners
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The DCC-Story
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Long-term DCC Scheme V. 3.X

Proceedings see:
https://doi.org/10.7795/820.20220411
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NIST-Workshop
(Week No 39)

Long-term DCC Scheme V. 3.X

DCC 4.0

...
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A. Matamala

(Beamex)



Norms and 
Standards

The Digital Calibration Certificate

[1] Le Système international d'unités/The International System of Units (Brochure sur le SI/SI brochure), 2019
[2] Brinkmann, B.: Internationales Wörterbuch der Metrologie. Grundlegende und allgemeine Begriffe und zugeordnete 

Benennungen (VIM); ISO/IEC-Leitfaden 99:2007 = Vocabulaire international de métrologie. Wissen: Messwesen. 
Berlin, Wien, Zürich: Beuth 2012

[3] Norm JCGM 104:2009; Juli 2009. Auswertung von Messdaten – Eine Einführung zum "Leitfaden zur Angabe der Unsicherheit 
beim Messen" und zu den dazugehörigen Dokumenten (GUM)

[4] Mohr, P. J., Newell, D. B. u. Taylor, B. N.: CODATA recommended values of the fundamental physical constants. 2014. 
Reviews of Modern Physics 88 3, S. 337

[5] DIN EN ISO/IEC 17025:2018-03 General requirements for the competence of testing and calibration laboratories 

17025 [5]
CODATA [4]

GUM [3]
VIM [2]

SI [1]

09ptb.de/dcc



Norms and 
Standards

The Digital Calibration Certificate

17025 [5]
CODATA [4]

GUM [3]
VIM [2]

SI [1]

10ptb.de/dcc

 DCC complies with ISO/IEC 17025:
 Accreditation Body DAkkS has accepted this
 Press releases on this will soon be available 

on the homepages



Norms and 
Standards

The Digital Calibration Certificate

ISO/IEC 17025:2017 Chapter 7.8.1.2:

The results shall be provided accurately, clearly, unam-
biguously and objectively, usually in a report (e.g. a test 
report or a calibration certificate or report of sampling), 
and shall include all the information agreed with the 
customer and necessary for the interpretation of the 
results and all information required by the method used. 
All issued reports shall be retained as technical records.

17025 [5]
CODATA [4]

GUM [3]
VIM [2]

SI [1]
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Presentation of Catherine Cooksey last week at the 
IMEKO-Conference: 

“Another important thing to consider is that NIST issues 
calibration reports, not calibration certificates. 

NIST doesn't make any adjustments or repairs to instruments or 
artifacts that are calibrated at NIST, and this also assures 
traceability directly to the SI or other specified standards 
through capabilities that NIST provides itself.”



Norms and 
Standards

The Digital Calibration Certificate

ISO/IEC 17025:2017 Chapter 7.8.1.2:

The results shall be provided accurately, clearly, unam-
biguously and objectively, usually in a report (e.g. a test 
report or a calibration certificate or report of sampling), 
and shall include all the information agreed with the 
customer and necessary for the interpretation of the 
results and all information required by the method used. 
All issued reports shall be retained as technical records.
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Norms and 
Standards

The Digital Calibration Certificate

17025 [5]
CODATA [4]

GUM [3]
VIM [2]

SI [1]

12ptb.de/dcc

Calibration Report  Calibration Certificate

 Adjustment and Repair (As found / as left)
 ISO/IEC 17025 - compatible
 Demanded by the customers

 Conformity
 ISO/IEC 17025 - compatible
 Demanded by the customers

 NMIs and customers have different needs, 
which the DCC takes into account



Norms and 
Standards

The Digital Calibration Certificate

[1] Le Système international d'unités/The International System of Units (Brochure sur le SI/SI brochure), 2019
[2] Brinkmann, B.: Internationales Wörterbuch der Metrologie. Grundlegende und allgemeine Begriffe und zugeordnete 

Benennungen (VIM); ISO/IEC-Leitfaden 99:2007 = Vocabulaire international de métrologie. Wissen: Messwesen. 
Berlin, Wien, Zürich: Beuth 2012

[3] Norm JCGM 104:2009; Juli 2009. Auswertung von Messdaten – Eine Einführung zum "Leitfaden zur Angabe der Unsicherheit 
beim Messen" und zu den dazugehörigen Dokumenten (GUM)

[4] Mohr, P. J., Newell, D. B. u. Taylor, B. N.: CODATA recommended values of the fundamental physical constants. 2014. 
Reviews of Modern Physics 88 3, S. 337

[5] DIN EN ISO/IEC 17025:2018-03 General requirements for the competence of testing and calibration laboratories 

17025 [5]
CODATA [4]

GUM [3]
VIM [2]

SI [1]

Digital System of Units (D-SI), Hutzschenreuter et. al,
V. 1.3, 2019: see 
https://zenodo.org/record/3522631#.YQeLio4zbq8
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The Digital SI
14

Figures taken from Digital System of Units (D-SI), Hutzschenreuter et. al, V. 1.3, 2019 
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Any unit can be used!!!
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Norms and 
Standards

The Digital Calibration Certificate

17025 [5]
CODATA [4]

GUM [3]
VIM [2]

SI [1]
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Our philosophy is:

 Let the specialists in the calibration laboratory 
do the unit conversion!
 Minimisation of conversion risk
 Application of at least one SI unit

 Statement on the use of additional units:
 Please do not calibrate blood pressure 

monitors in Pascal only
 1 mm Hg = 1.33322 hPa
 The conversion factor can be dangerous for health



Norms and 
Standards

17025
CODATA

GUM
VIM

SI

Hierar-
chical

Structure

The Digital Calibration Certificate 17ptb.de/dcc
1.: Administrative Data

• regulated

2.: Results of the 
Calibration 

• regulated:

 � = �   �(�) [SI]

• not regulated:

 individual data

 …

 Need for unification
 Machines are stupid
 Example: 
 Ring comparison for a mass piece



Ring comparison for a mass piece 18ptb.de/dcc

Snapshots taken from the presentation of Julian Haller (Sartorius), 
held on the 42th AWA-PTB-Talk, 2022-05-09
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The Digital Calibration Certificate 19ptb.de/dcc
1.: Administrative Data

• regulated

2.: Results of the 
Calibration 

• regulated:

 � = �   �(�) [SI]

• not regulated:

 individual data

 …

 Need for unification
 Machines are stupid
 Example: 
 Ring comparison for a mass piece

 How can individual calibrations be treated?
 Utility-Model
 Pareto

Good Practice (GP)
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The Utility-Model

GP

Level 4: Machine readable and interpretable content

Level 1: Digital document

From: „IDiS – Initiative Digitale Standards“. [Online]. see: https://www.dke.de/idis

Level 0: Paper
©: www.fotosearch.de

Level 5: Machine controllable Contents
AI

Dig. Twin

Level 3: Machine readable and executable content

Level 2: Machine readable document

ptb.de/dcc
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The basic idea for DCC -GP

(Self-) Similarity
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Norms and 
Standards

17025
CODATA

GUM
VIM

SI
1.: Administrative Data

• regulated

2.: Results of the 
Calibration 

• regulated:

 � = �   �(�) [SI]

• not regulated:

 individual data

 …

3.: Comments

• not regulated

4.: Document
• human readable

Hierar-
chical

Structure

The Digital Calibration Certificate 22ptb.de/dcc

 See slide 10
 Kelvin
 Fahrenheit 

 Common tools
 Oxygen
 Altova XMLSpy
 XML Notepad (Microsoft; p. d.)
 ... 



Example Masspeace
23ptb.de/dcc



XML as 
Exchange 
Format

Norms and 
Standards

17025
CODATA

GUM
VIM

SI

• international 
accepted

• approved
• cryptographically 

signable

1.: Administrative Data

• regulated

2.: Results of the 
Calibration 

• regulated:

 � = �   �(�) [SI]

• not regulated:

 individual data

 …

3.: Comments

• not regulated

4.: Document
• human readable

Hierar-
chical

Structure

The Digital Calibration Certificate 24ptb.de/dcc

 Why XML?
 Stable for more than 20 years
 Everywhere in use
 JSON Schema not yet standardized 
 Trouble-free conversion to other data formats
 Established document-handling
 Long-term storage
 ...
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Norms and 
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Working together with all of you
26ptb.de/dcc

 Cooperation with customers and calibration laboratories is very important
 Join us and take part in the Third International DCC Conference

 Save the date: 2023-02-28 to 2023-03-02 (complete online)



DCR: Digital Calibration Request
DCA: Digital Calibration Answer
DTC: Digital Test Certificate
DRM: Digital Certificate for 

Reference Materials

 Cooperation with customers and calibration laboratories is very important
 Join us and take part in the Third International DCC Conference

 Save the date: 2023-02-28 to 2023-03-02 (complete online)

 Let us use one language for all Digital Certificates
 DX can be used for all Digital Certificates
 POC with Pharma Industry for DCR

27
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Cooperation with NIST

What happened:
 NIST participates the international DCC-Conferences
 DCC Summer School – Contact
 PTB-Scientist goes to NIST in early 2023

We would like to see the following happen soon:
 Visiting scientist exchange
 High Level Expert Meeting
 Close cooperation on Digital Certificates



Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Bundesallee 100
38116 Braunschweig
Germany

More questions? Please contact:

Dir. u. Prof. Dr. Siegfried Hackel Dr. Shanna Schönhals
Phone: +49 531 592-1017 -1240
E-Mail: siegfried.hackel@ptb.de shanna.schoenhals@ptb.de

www.ptb.de/dcc

2022-09-28
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