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The GEMIMEG-II Project in a Nutshell L\QGEM M3o-Il

Project start: 01.08.2020 __—
Funding budget: 11,2 M€ @ I B % FraunhOfer
Total project budget: 17,9 M€ . Heinrich-Hertz-Institut
Project duration: 36 months
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Digitize, Digitalisation and Digital Transformation

- Documents available in digital format

Digitalization:
* Machine readable, machine understandable,
machine actionable data / information
- Related set of (basic) functions
« Semantics, Ontology, Quality information
- Data exchange, interface, platforms

Digital Transformation:
*  New business opportunities — cost structure
- Lower waste / higher first pass yield
* Higher precission with larger tolerances
- Enabler: more presice data
* Business transformation from
,economy of conformity” to
,economy of consistency”

Foto: Alexander Hafemann; Mlenny/iStockphoto.com
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Digitize, Digitalisation and Digital Transformation

+  Documents available in digital format

Foto: Alexander Hafemann; Mlenny/iStockphoto.com
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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
Multi-Modalities

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

" Customer / : : : :
Calibration Service Provider National Metrology Institute (NMI)

rgani ion Calibration
O ga satio Certificate Measurement Office

i i 4 s D
Calibration Calibration Calibration Calibration Type (Level) Calibration Laboratory o . . .
Customer Organisation Certificate System /Setup Testing Laboratory DCC: Digital Calibration Certificate
Information __Information Type (Level) ]| description ) Inspection Bodies DCR: Digital Calibration Request

DCA: Digital Calibration Answer

—B ﬂ — Company Level

Y GEMIM3D Calibration (1) Factory calibration
Customer (2) Acceptance Testing

DCR DCC | Information ) (3) Verification / Field Testing

( \ .
10910011 10110011 91091110 82110108 10010011 10110011 1081110 PE110108 Metrology i. Platinum
99110100 10100101 10101010 19181018 99116100 19189101 10191018 16191618 System for ii. Gold
10116011 21081110 08116100 18168101 11
optional
L Calibration Unique identification and description

Calibration Data Type / Data representation
Sisitias Soeseens lanisels aiseiiie Prara100 10010011 1032003 StaTIE
1o Jorenets 1eseiets tosiosss setseist snene ooty Calibrati
? alloration i
101e1¢1e 1018101 19eleeil leileeil 19181018 18181818 108 011010 ;} !”- S' |Ver
©1001110 20110100 10100181 12101018 ) ] 81681118 80112168 161 11::19 V. BrOﬂZe
=== Calibration (1) Calibration instruments & artefacts inventory of organisation
Measurement 1. Concise list
2.
— — — 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 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

Certificate .
Type (Level) | Data Storage ]| authenticaton |{ DIN/ISO/Spec. ) et il 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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Productive Lifecycle of a Sensor in Industry

Sensor utilization in Production
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Productive Lifecycle of a Sensor in Industry

_

End-of-
Life

Delivery
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Digitize, Digitalisation and Digital Transformation

Digitalization: =
* Machine readable, machine understandable, r—
machine actionable data / information
- Related set of (basic) functions
- Semantics, Ontology, Quality information
- Data exchange, interface, platforms

Foto: Alexander Hafemann; Mlenny/iStockphoto.com
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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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The international digital System of Units: D-SI

A worldwide system of trading needs an internationaly accepted system of units.

7 Base Units 22 derived units + numerous ,traditional® units

. . Sl base unit (mm Hg, bar, )
Nam e Symbol Quantity Equivalents equivalents
+ numerous imperial units
radian angle m/m _ ( )
steradian st [solid angle InCh’ pound’ gallon’
N

ascal
oule [0 [eneray, work heat
power, radiant iux N :
and their digital representation
Vot |V |volage, clecirca - .
PRI In an XML-structure:
grir s A <silistUnit=\siemens</siistUnit>
i ——> silistUnivariateUnc>

3 B ——— e
V-sif, Whint, <si:uncertainty>0.01</si:uncertainty>
Vs/A, Qs, Wh/A <si:coverageFactor>2</si:coverageFactor>
c <si:coverageProbability>0.95</si:coverageProbability>
Im <si:distribution>normal</si:distribution>
B ea e [

steradan | sr |
newion | N
pascd | |

enry
egree Celsius

ecquerel

radioactivity (decays </si:listUnivariateUnc>
Ikg <sireal>
1.

Jkg <sivalue>113.5</si:value>
catalytic activity </si:real>

Ix
Gy
Sv

at

https://www.bipm.org/en/publications/si-brochure

ki

Flelelols|ic|e|z|ad(s|e
%23 ><§ ol|lo|®
= < o lo
@ =} mm%
=1 =1z
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The Digital Calibration Document ,,Ecosystem*

A generic view...

Human
Readable
Output

XSD / XML Schema
General > Specific

ITEM Nomenclature

& Standards

Page 15

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 16

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 17

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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Asset Administration Shell
Submodel: Digital Quality Documents

+ [T 00 submodesample T2sCril ol Digital Quality Documents characterize the

= Assetinformation

) P ————— ‘ performance of a system / product over its

‘imm""f:i’:‘:c"c‘::‘:‘;“" entire life span via the following documents

by recurring tests over time:
» Calibration (DCC)
» Conformity asessment (DCoC)

mm » Legal metrology (DCC, DCoC)
SIS dciems » Test reports (DTC)

ES “dcccalibrationLaboratory”
I - dccrespPrsons” » Acceptance tests

— > Field Tests

« BT dccmensurementResuts » Check lists e.g. function / com pleteness
10101010 10101010 100 . m #00 =
e1001110 @@116160 101
110108 Le166161 1016 % :::::::pm
m “dcc:usedMethods™
m “dcciusedSoftware”
m “dcc:measuringEquipments”
m “dec nceConditions”
m “dcc:measurementMetaData *
a = .

4 J.Y.Xy "DQD_submodelSample" [AssetAdministratic

4 m<T> "digitalCalibrationCertificate” [hiip

m "dcc:administrativeData” (7 elements)
m "dcc:measurementResults” (1 elements)

m “dcc:document” Slgned document for
all o Originality and Authenticity
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Product Lifecycle from Craddle to Gate for Digtial Quality Documents

AAS - DPP - DQD

Development Production

T T Q T TQTT T Q
!

T Q Q&C
!

v |
Specification / Design Parts Components

AAS AAS AAS AAS AAS
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T
o
AAS DPP

Submodels - e.g. DQD
)

E | l l l
- . - -
% % “‘ *e

* * *
selected documents only

D: Documentation
T: Test

Q: Qualification
C: Calibration

SIEMENS



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
Unique ID DCC Incl. Artefact standard ) Artefact Standards
ID: Artefakt Unique ID DCC Incl.
Tl ID: Calibration Setup

ID: Artefakt . Unique ID DCC
,,,,, ID: Artefakt

) Supplier 3

Product

Standardized
GEMIMEG Interface

Customer Manufacturer

and communication :
o I~ Supplier n
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Digitize, Digitalisation and Digital Transformation

Digital Transformation:
*  New business opportunities — cost structure
- Lower waste / higher first pass yield
» Higher precission with larger tolerances
- Enabler: more presice data .
* Business transformation from -t
,economy of conformity” to
,economy of consistency”

Foto: Alexander Hafemann; Mlenny/iStockphoto.com
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r’ | _
The Future: GEMIMEG-X ? (Project proposal submitted to BMWK, under evaluation) L\‘#_IGEM Maa "

Data Spaces Asset Administration Shell m Digital Product Passport

(Root) Certificate =) [:] =) :> Signature
Body

Ql Data Space Services Digital Trust Chain

standard test

requirements
Application
specific test

Digital
Test
Protocol

requirements

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

Dlgltal
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
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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 25

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 & long term
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



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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