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The GEMIMEG - Concept
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Calibration Usecases
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Sensor Production Line Calibration Stock

Customer Shipment

A) Production process

B) Process equipment with periodic recurring calibrations



The DCC and its generic components
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DCC: Digital Calibration Certificate

DCR: Digital Calibration Request

DCA: Digital Calibration Answer



The role of calibration in a generic production cycle
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DCC – Digital Calibration Certificate

DCR – Digital Calibration Request

DCA – Digital Calibration Answer

Pressure sensor
SITRANS P320



The role of calibration in a generic production cycle
Recalibration required
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Create DCR

DCC – Digital Calibration Certificate

DCR – Digital Calibration Request

DCA – Digital Calibration Answer



DCR – Digital Calibration Request
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Required calibration values: 0 ; 62,5 ; 125 ; 187,5 ; 250 [mbar] 

Please re-calibrate pressure sensor

Pressure-Sensor:  Sitrans P320 – 61NR30A022/XQ01

Siemens Calibration Lab - DI CS SD CSS ITM CA



The role of calibration in a generic production cycle
Initiate calibration with service provider
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DCC – Digital Calibration Certificate

DCR – Digital Calibration Request

DCA – Digital Calibration Answer

Publish DCR



The role of calibration in a generic production cycle
Initiate calibration with service provider
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DCC – Digital Calibration Certificate

DCR – Digital Calibration Request

DCA – Digital Calibration Answer



The role of calibration in a generic production cycle
Calibrate and generate DCC
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DCC – Digital Calibration Certificate

DCR – Digital Calibration Request

DCA – Digital Calibration Answer



The role of calibration in a generic production cycle
Transfer equipment and DCC to user
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DCC – Digital Calibration Certificate

DCR – Digital Calibration Request

DCA – Digital Calibration Answer



The role of calibration in a generic production cycle
Transfer equipment and DCC to user
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DCC – Digital Calibration Certificate

DCR – Digital Calibration Request

DCA – Digital Calibration Answer



The role of calibration in a generic production cycle
Reinstall equipment and use DCC until expiration
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DCC – Digital Calibration Certificate

DCR – Digital Calibration Request

DCA – Digital Calibration Answer

Publish DCR

Create DCR



Example: Pressure Sensor with 4 – 20 mA Interface
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Inherent Process and Customer Value:

Higher Repeatablity and Reproducibility

by more precise process control at NO additional

cost → lower waste, higher yield



Benefits from Digital Calibration Certificate
DCC enables process yield in production processes
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Value / unit

In Tolerance Out of ToleranceOut of Tolerance

Lower

Tolerance

Limit

Upper

Tolerance

Limit

Value / unit

In Tolerance Out of ToleranceOut of Tolerance

Precise and secure information about metrology system shrinks tolerance budgets !

Specific individual 

tolerance from DCC

General tolerance band,

e.g.caliper gauge ± 0,05 mm



Usecase: System Integration of
industrial products and industrial production systems

Unrestricted | © Siemens 2024 | T CED | Dr. Thomas Engel Page 16
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Usecase: System Integration of
industrial products and industrial production systems
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➢ Unit represenation
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DCC exchange

e.g. „Quality 

Data Space“

Standardized

GEMIMEG Interface

and communication



The Future: GEMIMEG-X ? (Project proposal submitted to BMWK, under evaluation)
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The Digital Calibration Document „Ecosystem“
A generic view…
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Concept:

One common DX-Schema with Semantics 
(as XSD / XML-Schema as parent schema)

Multiple different sub-schemata of DX as 

children / branches for

▪ DCR Digital Calibration Request

▪ DCC Digital Calibration Certificate 1 

DCA Digital Calibration Answer

▪ DCoC Digital Certificate of Conformity 1

▪ DTR Digital Test Report

▪ DCRM Digital Certificate for Reference 

Material 1

▪ D** … and many more digital documents
1 governed by ISO 17xxx standards

HRO: Multi-language available → 

automatic conversion / generation from 

(signed/qualified) D**.XML file
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The Digital Calibration Document „Ecosystem“
A generic view…
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Physical Sensors / „white box“ model sensors → „black box“ model sensors / AI sensors
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New Acronyms:

DQC: Digital Qualification Certificate

DQR: Digital Qualification Request

DQ*:  Digital Qualification *



Building Blocks for a Digital Quality Document
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Semantic Model

• Terms

• Definitions

(plus Ontology)

+ Multi-lingual

Translations

Implementation

• XSD Schema

Potentially others:

• JSON Schema

• …

Digital Quality 

Document

• DCC.xxx

• DCoC.xxx

• DTR.xxx

• DCRM.xxx

• …

(xxx: xml, json, ...)

Tools

• GEMIMEG Tool* 

• Schema Validation*

• PyDCC **

• …DQD

DX
Schema

*  PTB        ** Open Source



Suggestion for modular structure of Semantic Model for DX-Schema
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DX Schema

Basic Administrative

Data
(Schema.org)

Digital SI System
(CIPM reference point)

ISO 17000:
Conformity Assessment

ISO 17025:
Calibration Certificate

ISO 17034:
Reference Material

IEC 61630:
Common Data Dictionary

ISO 17xxx:
Norms & Vocabulary

IEC 17xxx:
Norms & Vocabulary

ISO 17053:
Steel and Iron

ISO 17225:
Wooden fire material 

(Chunks, pellets, …)

ISO 17511:
In-vitro diagnostics

General Data Model Basic Norms and Standards Application Standards

… …

Unique Product ID /

Digital Nameplate
(IEC 61406-1 / IED 63365)

… … … …

ISO 17065:
Certificate of Conformity

… ISO 17707:
Footware, Test Methods

…



Asset Administration Shell
Submodel: Digital Quality Documents
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DX 

Document

AAS Submodell:

Digital Quality Documents

to support the DX document schema

Subproject to develop

AAS Submodell for Digital Calibration Certificate

May 2023 – October 2023

Project Lead: Dr. Sebastian Käbisch (Siemens AG)



Asset Administration Shell
Submodel: Digital Quality Documents
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Digital Quality Documents characterize

the performance of a system / product

over its entire life span via the following

documents by recurring tests over time:

➢ Calibration (DCC)

➢ Conformity asessment (DCoC)

➢ Legal metrology (DCC, DCoC)

➢ Test reports (DTR)

➢ Acceptance tests

➢ Field Tests 

➢ Check lists for system function / 

completeness

Signed document for

Originality and Authenticity



From machine readable XML to human readable PDF
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XML representation of the Digital Calibration Certificate (DCC) Generated German PDF-Document



PyDCC – Python library processing digital calibration certificates (DCCs)
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https://github.com/siemens/pydcc –  Open Source SW

https://github.com/siemens/pydcc


Summary: Benefits from DCC in a Stakeholder perspective
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Sensor owner Calibration Service Sensor User Regulatory / Auditor

Asset Administration

• Full Automation

• Correct Data

• Full Traceability

DCR standardize

calibration requirements

Consistency in DCC 

information content

Calibration Tracking

• Due date

• Intervals

• Perfomance

Resilience

Standard calibration

requirements in DCR

• Data Handling

• Adminstrative Data

• Order Clarification

DCC based on DCR

* DCR is „DCC template“

Full process automation

Secure data provisioning

in platform / data space:

DCR / DCC / revocation

Industry 4.0 compliant

New digital Businesses

Full process automation

• Instant data availability

• Reduced error margin

• Accurate data improve

process yield

Consitent DCC data

• Across calibration

service providers

Secure data availablity

in platform / data space:

DCR / DCC / revocation

Sensor data lifetime / type

evaluation – recal. interval

Industry 4.0 compliant

Full data traceability

• Instant data availability

• DCR / DCC / DCA

• Calibration laboratory

accreditation

• Transparent process

quality chain with all 

stakeholders in a 

quality process

Automated (Pre-)Auditing

Secure data availablity

in platform / data space:

• DCR / DCC / revocation

• Independent audit trail



Fragebogen an Labore zu den erwarteten Effizienzgewinnen
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The value behind the GEMIMEG concept for industrial processes
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CUSTOMER  VALUE

Efficient Processes – FAIR data 

Autonomy Gain – Resilience

Standardized  – Interoperability

Yield Improvement – Return of Invest 

PROCESS VALUE

Secure Interoperability & Traceability

Automated (&) Auditable Workflows 

Failsafe & Instant Data Availability

Excellent & Compliant Processes 

→ Sustainable, circular processes!
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Contact
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Dr. Thomas Engel

Principal Key Expert Research Scientist

T CED

Otto-Hahn-Ring 6

81739 München

Germany

Phone +49 172 24 21 401

E-mail engelthomas@siemens.com

More content:
GEMIMEG-II — How metrology can go        …  
https://iopscience.iop.org/article/10.1088/1361-6501/ace468/meta

PyDCC

https://github.com/siemens/pydcc/

Contributions to previous international DCC conferences

Presentation and paper @ IMEKO 2024 end of August

mailto:firstname.lastname@siemens.com
https://iopscience.iop.org/article/10.1088/1361-6501/ace468/meta
https://github.com/siemens/pydcc/
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