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The GEMIMEG - Concept

Abstraction from specific
Sensor and Measuring process Data application including
“\/irtualisation” data quality information

/ Controller

Sensor-Data-Fusion
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Digital Twin
Data storage
Model based Sensor Information Qol

Al-Data processing Application

Machine Learning

Measurement: values and domain Sensor- and Data Aggregation Data utilisation

Safe Asset Orchestration

Communication Infrastructure in Fog Architecture
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Calibration Usecases

A) Production process

Sensor Production Line 9 Calibration ? Stock

Customér Shipment

B) Process equipment with periodic recurring calibrations

QUALITY START OF
MANAGEMENT CALIBRATION

o ‘ o’N MEASUREMENT
b VR
? USER CALIBRATION
pec 0 e/ © \e F /e Rﬁnvsm
PRODUCTION - ' TIME FOR REPORT

(-OPTIMIZATION) RECALIBRATION
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& GEMIM3D-II

The DCC and its generic components

Calibration Service Provider e National Metrology Institute (NMI)

Certificate Measurement Office

— e e ™
Calibration Calibration Calibration Calibration Type (Level) Calibration Laboratory o ) ) .
Customer Organisation Certificate System /Setup Testing Laboratory DCC: Digital Calibration Certificate

DCR: Digital Calibration Request

Information L Information Type (Level) L description Inspection Bodies
Company Level DCA: Digital Calibration Answer

B & GEmMIM3D Calibration (1) Factory calibration
Customer (2) Acceptance Testing
DCR DCC | Information ) (3) Verification / Field Testing
—_— Calibration Data Type / Data representation
1610baed seiaieie dede1sis i3vioted loto0t01 10101010 101010160 11010101 Metrology i Platinum

91011100 10012011 18110811 91001118 21011100 10010011 10110011 01001110 ..
losicet 10110011 61001110 eotioce Sooiots 1orioets oucetise Zeisaice System for ii. Gold
lot1oe11 oroe1iae oeaioton 10100101 Totto0n1 et ool 11 Calibration iii. Silver
1ele1ele 10191019 1eeleell ilelleell 10101010 10101010 160] e11010 ;} .
Lonoleto 10010011 101 110010 —_— iv. Bronze
Calibration (1) Calibration instruments & artefacts inventory of organisation
Measurement 1. Concise list
L Calibration 2. Unique identification and description
— — System/Setup 3. Calibration / qualification status
Calibration DCalibration Quality of Calibration description 4. Validity of currrent calibration, history of previous
Organisation Certificate Sensing Measurement calibrations
Selection (__Publication | Determination j{  Conditions (2) Combination / Installation of indivicual instruments / artefacts in a
»Standard“ configuration for repetitive use in subsequent

Calibration DCalibration Quality of Data Calibration applications (e.g. gauge block set)

Requirements Certificate 5 S Measurement
DIN/ISO/Spec. Generation Uncertainty Calibration Internal operational steps for metrology in respective calibration /
Measurement verification organisation

TR e A — e — A : . . .
Calibration Secure Calibration Calibration ; X Internal operation steps to fully document and qualify calibration
Calibration Dataset Verification vs. Calibration measurement data and to issue DCC certificate — according to

J

eleellle eel1101ed 1e1eelel lelelaie
1e1e1e1@ 10010011 10110011 91001118
£0110100 10100101 10101810 12101218

optional

Certificate .
Type (Level) | Data Storage J{ authenticaton ]| DIN/ISO/Spec. ) Documentation requirement for respective type of calibration

R Quality Info Quality level determination for measurement values data generated by
DCC Printout Determination sensor as a physical or model based sensor entity

conform with
DIN 17025
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The role of calibration in a generic production cycle

QUALITY START OF
MANAGEMENT CALIBRATION

‘\M

TRANSFER

i O / 5 DATA
e ‘ / ANALYSIS
PRODUCTION | ' TIME FOR REPORT

(-OPTIMIZATION) RECALIBRATION

Pressure sensor
SITRANS P320

/N MEASUREMENT
Ak
CALIBRATION

DCC - Digital Calibration Certificate
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The role of calibration in a generic production cycle
Recalibration required

QUALITY START OF

gNAGEMENT CALIBRATION MEASUREMENT
Lo %
USER CALIBRATION

e DATA

\ w V ANALYSIS
PRODUCTION TIME FOR REPORT

(-OPTIMIZATION) RECALIBRATION

‘ Create DCR \
DCC - Digital Calibration Certificate
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l" A
DCR - Digital Calibration Request L\C;JGEM M3o-ll

Sensor [ Customer Request
Vendor Siemens AG Cal Requirement Data
- Calib. lab name
Serial LKK-M724-783-01- Siemens Calibration Lab - DI CS SD CSS ITM CA
number 0001 Task to do
Model pressure-Pressure 01 Please re-calibrate pressure sensor

Equipment descr.

Pressure-Sensor: Sitrans P320 — 61NR30A022/XQ01

Calib. descr.

Customer  Gemimeg Realbed Required calibration values: 0 ; 62,5 ; 125 ; 187,5 ; 250 [mbar]

Hr PUBLISH DCR

person oder Ye
Response
Address Aalen F; 0 SET DEFAULT
Email micky.mouse@siemens.com
EDIT
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The role of calibration in a generic production cycle
Initiate calibration with service provider

QUALITY START OF
MANAGEMENT CALIBRATION

. o’N eMEASUREMENT
Ak
CALIBRATION

© o © o

‘ / ANALYSIS
TIME FOR REPORT

RECALIBRATION
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| Publish DCR \ DCC - Digital Calibration Certificate
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The role of calibration in a generic production cycle
Initiate calibration with service provider

QUALITY START OF
MANAGEMENT CALIBRATION -

o’N MEASUREMENT
i 2
CALIBRATION

DATA

N w V ANALYSIS
PRODUCTION TIME FOR REPORT

(-OPTIMIZATION) RECALIBRATION

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

QUALITY START OF
MANAGEMENT CALIBRATION

MEASUREMENT
Op & »© - A
CALIBRATION

e

USER P

(-OPTIMIZATION) RECALIBRATION -

o © o

"‘ " ANALYSIS
REPORT

DCC - Digital Calibration Certificate

Page 10  Unrestricted | © Siemens 2024 | T CED | Dr. Thomas Engel DCR - Digital Calibration Request SI E M E N S
DCA - Digital Calibration Answer



The role of calibration in a generic production cycle
Transfer equipment and DCC to user

QUALITY START OF
MANAGEMENT CALIBRATION

o’N MEASUREMENT
in €
CALIBRATION

0 e e DATA
e 0 ‘ S ANALYSIS
PRODUCTION | ' TIME FOR REPORT

(-OPTIMIZATION) RECALIBRATION

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

QUALITY START OF
MANAGEMENT CALIBRATION

‘\M

TRANSFER

(7 / 5 DATA
e ‘ / ANALYSIS
PRODUCTION | ' TIME FOR REPORT

(-OPTIMIZATION) RECALIBRATION

/N MEASUREMENT
Ak
CALIBRATION

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

QUALITY START OF

gNAGEMENT CALIBRATION MEASUREMENT
Lo %
USER CALIBRATION

e DATA

\ w V ANALYSIS
PRODUCTION TIME FOR REPORT

(OPTIMIZATION) RECALIBRATION
Create DCR
i DCC - Digital Calibration Certifi
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Example: Pressure Sensor with 4 — 20 mA Interface

SIEMENS

Certificate / Zertlflkat / Certlflcat

1) of product SITRANS P (P

Resulis / Ergebnisse / Résulials .

62,500

| » Inherent Process and Customer Value:
| e e et . Higher Repeatablity and Reproducibility
" " by more precise process control at NO additional
cost = lower waste, higher yield
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Benefits from Digital Calibration Certificate
DCC enables process yield in production processes

Lower Upper
Tolerance Tolerance
Limit

Limit

In Tolerance
1
General tolerance band, ‘|
e.g.caliper gauge + 0,05 mm |
)
1
1
\
1
1
1
1
1
1
1

Specific individual
tolerance from DCC

» Value / unit
crrrererererrrrerrr et ettt e

Precise and secure information about metrology system shrinks tolerance budgets !

SIEMENS
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Usecase: System Integration of
Industrial products and industrial production systems

Inspection Body

Secondary Standards
Artefact Standards

Calibration Laboratory
Testing Laboratory

Primary Artefakt
Secondary Artefact

N\
) Secondary Artefakt
Incl. Artefact standard
Unique ID DCC N . Artefact standard
~~~~~~~ Unique ID DCC N 4
~~~~~~ ID: Artefakt Unique ID DCC i
~~~~~ ID: Calibration Setup T ID: Artefakt i
~~~~~~ ID: Calibration Setup |

National Metrology Institute
Gif

Defining constant
: L
Unit represenation ¢ Yae¥

a>

Primary Artefact

ID: Artefakt
ID: Calibration Setup

SUPPIE ™ SIEMENS

Product

Customer
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Usecase: System Integration of
Industrial products and industrial production systems

National Metrology Institute

Defining constant - Calibration Laboratory
. e G
Unit represenation Qaa Primary Artefakt i Laborat
esting Laborator i
Primary Artefact 9 y Inspection Body
Secondary Artefakt
Incl. Artefact standard © Secondary Artefact Secondary Standards
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Tl ID: Calibration Setup
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ID: Calibration Setup '

.
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SIEMENS

Customer Manufacturer

o I~ Supplier n
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r’ | )
The Future: GEMIMEG-X ? (Project proposal submitted to BMWK, under evaluation) L\¢JGEM Maa "

Data Spaces Asset Administration Shell m Digital Product Passport

(Root) Certificate |:> [:] |:> :> Signature
i [ [ P = e
Body

Ql Data Space Services Digital Trust Chain

standard test

requirements
Application
specific test

Digital
Test
Protocol

requirements

System SpECiﬁ C Check / Confirmation of conformance & provide input for next tests (date, validity period)
Test Service Provider

Di gltal
Test
Certificate
ERP, MES, LIMS, PLM, QA

Equipment Manufacturer Measurement, Billing, POS System, ... Equipment operator
ERP, MES, LIMS, PLM, QA ERP, MES, LIMS, PLM, QA
Measurement, Billing, POS System, ... Measurement, Billing, POS System, ...

Industry

Customers / Consumers

Regulations Standards Metrology

Page 18 Unrestricted | © Siemens 2024 | T CED | Dr. Thomas Engel SI E M E N S



The Digital Calibration Document ,,Ecosystem*

A generic view...

Human
Readable
Output

XSD / XML Schema
General > Specific

ITEM Nomenclature

& Standards

Page 19

Document

Schema
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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:
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

SIEMENS



The Digital Calibration Document ,,Ecosystem*
A generic view...

Human

XSD / XML Schema

ITEM Nomenclature

& Standards

Page 20

Readable
Output

General > Specific

Schema

Document

Physical Sensors / ,white box* model sensors
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(0]

1

1

New Acronyms:

DOC: Digital
DOR: Digital
DO*: Digital

ualification Certificate
ualification Request
ualification *

SIEMENS



Building Blocks for a Digital Quality Document

& GEMIM3D k

Semantic Model Implementation

Terms e XSD Schema
Definitions

(plus Ontology) Potentially others:

e JSON Schema

+ Multi-lingual .

Page 21

Translations
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Digital Quality
Document

« DCC.xxx
DCoC.xxx
DTR.XXX
DCRM. XXX

(xxx: xml, json, ...)

Tools

« GEMIMEG Tool*
Schema Validation*
PyDCC **

* PTB ** Open Source

SIEMENS



Suggestion for modular structure of Semantic Model for DX-Schema

General Data Model Basic Norms and Standards Application Standards

Basic Administrative
Data ISO 17053:

(Schema.org) Steel and Iron

ISO 17225:

Wooden fire material
(Chunks, pellets, ...)

Digital SI System
(CIPM reference point)

Unique Product ID /

Digital Nameplate
(IEC 61406-1/ IED 63365)

ISO 17511:

In-vitro diagnostics

ISO 17707:

Footware, Test Methods
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l" A
Asset Administration Shell L\ibJGEM M3o-Ill
Submodel: Digital Quality Documents

(@ e 0
Inter (©) pera

° b

Subproject to develop
for
May 2023 — October 2023
Project Lead: Dr. Sebastian Kabisch (Siemens AG)

Document

1ee1e011 1e01leell eleellle eellelee
leleelel 1lelelele lelelele llelelel
01011100 10912011 10110011 91681118
eel1e1ee 1el1eelel 1e1el1ele 1eleiele
10016611 10112011 ©166111€ _Aaadd
l1eleelel 1e1e1ele 101014

18110011 91001110 @ell

1e1e1018 10101018 10

@leellle eellelee 181

10101610 10010011 161

1eeleell 1elleell eleellle eellelee eel11616e 10100161 1616

18100101 10101018 10181018 11818181
610111¢e 16616611 10110011 81001110
e811e10e 1e10e101 10181012 1e1e1818
18010011 1e11€011 01601110 _Qgoldl
1leleelel lelelele lelelg

1elelele 1el1elele 100

eleellle eelleles 11|

- 16lelele 1eeleell 101
u I I I O e L] 00110100 18100101

to support the DX document schema
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Asset Administration Shell
Submodel: Digital Quality Documents

+ [T 00 submodesample TEsCT N Digital Quality Documents characterize

= Assetinformation

+ Bl <t> “decdighalcaibeationcertifcnte ‘ the performance of a system / product
I —— over its entire life span via the following
‘ documents by recurring tests over time:
» Calibration (DCC)
» Conformity asessment (DCoC)

i > Legal metrology (DCC, DCoC)
SIS dcitems’ > Testreports (DTR)

m “dcc:calibrationLaboratory”

I - dccrespPrsons” » Acceptance tests

— > Field Tests

+ BT -dccmessurementesls » Check lists for system function /
4 m::oo
io1e1010 106ice1s 161 (YIS -decename- comp leteness
S Y m “dcc:description”
m “dcc:usedMethods™
m “dcciusedSoftware”
m “dcc:measuringEquipments”
m “dcciinfluenceConditions”
m “dcc:measurementMetaData *

4 m <T> "digitalCalibrationCertificate" [hitps://examp
m "dcc:administrativeData” (7 elements)
m "dcc:measurementResults” (1 elements

ccresults”

m “dcc:document”

File g2 lds

Signed document for
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From machine readable XML to human readable PDF

€ Pressure-DCCxml X
7 E inte 2-19-G EG-10T C © P
<?xml version='1.8"' encoding='utf-8'?>
<dcc:di i onCe e xmlns:dcc="https://ptb.de/dcc" xmlns:si="https://ptb.de/si" xmlns:xsi="http://www.w3.0rg/2001/
XMLSchema-instance” xsi:schemalLocation="https://ptb.de/dcc https://ptb.de/dcc/v3.1.1/dcc.xsd" schemaVersion="3.1.1

Kalibrierschein
Calibration Certificate
Slemens AG
S8l Web Sensor S
$81_2023-0001
20363854524350010037002C
Equipment Nr.: 20363854524350010037002C

Sensor ID: 0x%20333146414E501700400017

Auftraggeber: Kunde GmbH
Kunden Nr. 1024418

00900 Musterstadt
Siemens_AG_SSI_2023-0001_eccdb2bd-2345-47ca-9de6-2508effdc8d7

Siemens_AG_LKK-M724-783-01-0001_94f82edf-ce57-429a-ae71-6b2337cdb844</d

Siemens AG

2022-09-02

suer>calibrationLaboratory</dcc:issuer>
dcc:value>Siemens AG, Building M311, Schuckertstr. 2, 91058 Erlangen</dc

Andrea Tobola

<dcc:content lang="de">Auftrags Nr.</dcc:content>
Lang="en">0rder no. «

ranlassen.

e>2022-09-02</dcc: -
n>Siemens AG, Building M311, Schuckertstr. 2, 91058 Erlangen</dcc:

ormanceDa

Messmethoden

Erweiterte Messunsicherheit

R dem .Guide

Angegeben ist die erweiterte Messunsicherheit, die sich
im zugeordneten

to the Expression of Uncertainty in Measurement (GUN
i ntero

XML representation of the Digital Calibration Certificate (DCC) Generated German PDF-Document

SIEMENS
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PyDCC - Python library processing digital calibration certificates (DCCs)

https://github.com/siemens/pydcc — Open Source SW

& C {} & github.com/siemens/pydcc

Bookmarks

H siemens / Pydcc Public L\ Notifications

{> Code () lssues 1 I Pull requests 1 () Actions [ Projects ) Security |~ Insights

¥ main ~ F Go to file About

PyDCC is a software library for

Y1) 10 Commits o at

f digital calibration
.github/workflows Master branch was updated to ... 4 months ago e T e

_Cs).

data nitial commit after moving pyD... 4 months ago mation calibration
- o ~ ) metrology
nitial commit after moving pyD... 4 months ago

met

PyDCC logo added. 2 months ago digital-calibration-certificate
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https://github.com/siemens/pydcc

Summary: Benefits from DCC in a Stakeholder perspective

Sensor owner

Asset Administration
Full Automation
Correct Data
Full Traceability

DCR standardize
calibration requirements

Consistency in DCC
Information content

Calibration Tracking
Due date
Intervals
Perfomance

Resilience

Page 27

Calibration Service

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

Unrestricted | © Siemens 2024 | T CED | Dr. Thomas Engel

Sensor User

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
guality process

Automated (Pre-)Auditing
Secure data availablity
in platform / data space:

DCR / DCC / revocation
Independent audit trail

SIEMENS



Fragebogen an Labore zu den erwarteten Effizienzgewinnen

Mur gelb ausfillen (Durchschnittskalibrierung aller Typen)
Mame Kalibrierlabor / Org-Name
Ansprechpartnerin
Stickzahl pro Jahr
Stundensatz

Zeit in min Kostenin €
DCR&DCC  Einsparung DCR & DCC  Einsparung
Angebotslegung 1,1 -3,0 2€ - g€
Angebotsklarung 0,0 - £ £
Eingangsprifung 3,0 -2,0 5€ 3£
Erfassung Kalibrierauftrag und Daten 3,0 -2,0 5€ 3£
Kalibrierung asFound 5,0 0,0 € £
Kalibrierung asLeft 5,0 0,0 8€ £
Erzeugung Kalibrierschein 2,5 -1,5 A€ 2€
Bewertung Kalibrierung 3,0 -2,0 5€ 3£
Versand 5,0 0,0 € £
Sonstiger Aufwand 0,0 0,0 £ £
27,6 12,5 44 € 20€

heute DCR & DCC
Vorginge mit Kldrungsaufwand 3% 1% Anteil an Vorgingen, wo ein erhéhter Kldrungsaufwand in Angebotsphase notwendig ist
Klarungsaufwand in min 120| Typpischer Zeitaufwand flr Angebotsklarung im Einzelfall. Verrechnet sich dann anteilig in Tabelle oben als Angebotsklarung.

Einsparung 49479 € pro Jahr

Zusdtzliche freie Kapazitat 779 stick pro lahr
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The value behind the GEMIMEG concept for industrial processes

CUSTOMER-VALUE

fficient Processes — FAIR data
utonomy Gain — Resilience
tandardized — Interoperability

leld Improvement — Return of Invest
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PROCESS VALUE

ecure Interoperability & Traceability
utomated (&) Auditable Workflows
allsafe & Instant Data Availability

xcellent & Compliant Processes

SIEMENS



Contact

Published by Siemens AG
Dr. Thomas Engel

Principal Key Expert Research Scientist More content:
T CED GEMIMEG-II — How metrology can go digital...

Otto-Hahn-Ring 6 https://iopscience.iop.org/article/10.1088/1361-6501/ace468/meta

81739 Munchen

Germany PyDCC
Phone +49 172 24 21 401 https://github.com/siemens/pydcc/

E-mail engelthomas@siemens.com

Contributions to previous international DCC conferences

Presentation and paper @ IMEKO 2024 end of August
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