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& GEMIM3O-I

L

A Lighthouse Project of the German Ministry for Economic Affairs and Energy

% Bundesministerium
y fir Wirtschaft
und Energie
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& GEMIM3O-II

GEMINI
METROLOGY
GLOBAL

Aspiration: Safe and robustly calibrated metrological systems for the digital transformation

internal © Siemens 2021
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The Project in a Nutshell

Project start: 01.08.2020
Funding budget: 11,2 M€
Total project budget: 17,9 M€
Project duration: 36 months
Project end: 31.07.2023
Project partners: 13
Industry: 8
NMI: PTB
Applied Research: 1
University: 3
Funded by: “ -~
UNIVERSITAT
% Bundesministerium SIEGEN
R | fir Wirtschaft
und Energie

UNIKASSEL
following a decisionofthe GermanBundestagy V¥V E R S | T A T

internal © Siemens 2021
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KIEektronik SIEMENS

r

& GEMIM3o-II

[N

\

7 Fraunhofer

Heinrich-Hertz-Institut

IF- digiraster
< BOSCH

PIB

Dr. Thomas Engel / T RDA 10T



Our world gets digitzed everywhere. Why not the calibration ecosystem too? — seamlessly from NMI to local applications




standards
body or bodies

National

National Quality Infrastructure

D'SI Definition of units

<

Accreditation body standards

National accreditation body

Accreditations

Calibration
certificate
required for
laboratory
accreditation

| | |

v v v v v_V
Certification Inspection Testing
bodies bodies laboratories

l

|| ac. callab
l A 4

r
L

& GEMIM3O-II

(may be required in standards) National metrOIOgy institute

NMIDE [N

Enterprises

Benefits

Enhanced product quality and compatibility
Enhanced safety and health
Decreased environmental impact

Consumers and the general public

internal © Siemens 2021

Page 8

2021-09

Dr. Thomas Engel / T RDA 10T



Typical Production Cycle o
P d & GEMIM3O-I
Production Measure-
Start of ment

@ Calibration

Calibration

Data analysis

I ndustry

Time for Re-
calibration

-‘m-nm:squ

Industry 4.0;

Digital Twin

internal © Siemens 2021
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Architecture of a Massive Sensor Network L(@JGEMIMEO-II

Cloud layer: Iq Cloud tier a Cloud tier b B SRR R R SR C
centralized compute & store - o T (o)
2 S

o+
O O
<C L = = = = = = = = +—
.,.'. u)
3 0]
Fog layer: k.- _(_ ...l Cc
distributed compute & store c Q
O L
n e . ‘__,..--"‘i'ogic unit n o
- ) )
Edge layer: O /uo bl
application-specific interfaces C || EL |eee| E2 | | E3 | °7TTTTTTTTTTTETETTEmmmmmmmmmmmEEOT a

e
e.g. Gateways 8 Q
sense-act-control components ] ' n
LA

e.g. Sensors, actuators

single sensor multi-X sensor
high-precision sensor
E

Test/Calibration Devices

internal © Siemens 2021
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Our Research Agenda
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Robust digital
calibration
information

Reliable Improved
Multi-X Real Beds Quallty of
Sensors Competence Center Data

Windpower * Fab of the
Future * Automotive *
Pharma-/Process Industry

Future
oriented com-
munication
infrastructure

Safe
Orchestration
of Data

& GEMIM3D-II
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Outline

2. Sensors and Calibration
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GEMIMEG

l" A _
Perception: Sensor Data to Output Data & GEMIM3O-II

) ek e N,
+ Sensor Device \

1 ]
i '.
. !
. !
. !
. !
i ~ SensorDam ’
1 1
I [ \ I
; Sensor Abstraction _ I
i ( Value to Data + Quality Info |
1
: Sensor Value Qualification _ 1
I Correction of sensor physics '
i and measuring process !
i Physical Sensor Se_nsor_ to Applicatic_m ] !
1 . o Calibration Information I
\ @ 'T' '2% £ I?' W 9 OJ /./

S . P .
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GEMIMEG - Concept

Abstraction from specific

& GEMIM3D-II

Data application including

z, S, Sensor and Measuring process e i
% o Z e o data quality information
N T Virtualisation
COC Controller
Ox %

o Q

O, O,

% 2,

O/:;‘ . . .

% Sensor-Data-Fusion Data Digital Twin

q q

Sensor

Multi-Modalities

Model based Sensor

Data storage

Information Qol

A Al-Data processing Applications
u
= Machine Learning | <= mm = =
Measurement: values and domain Sensor- and Data Aggregation Data utilisation

Safe Asset Orchestration
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GEMIMEG Benefits P
& GEMIM3D-II

Lower Upper
Tolerance Tolerance
Limit Limit

l l
~ Outof Tolerance In Tolerance - Out of Tolerance

» Value / unit
crrrerrrrrrrrrererrrrerrrrrrrrrrrrrrr ettt

Precise and secure information about metrology system

can help to shrink tolerance budgetS' /\M General ISO tolerance band, e.g.caliper gauge + 0,05 mm

»
>

i i
~ Outof Tolerance In Tolerance - Out of Tolerance

> Value / unit
cerrrrerrerrrerrrrerrrerrrerrrrr e e
Higher yield and higher productivity are the direct result and this will improve production cost structures!
Seamless process integration is the key, to avoid errors from data transfer.
internal © Siemens 2021
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Quality of X: QoX

r" | )
X: Sensing, Data, Information, ... L\‘;JGEWMEE) [l

A measurement result typcially consists of:
(corrected) Measured Value + Measurement Unit + Measurement Uncertainty + Statistical Information

Example: Length measurement
8.412 um (106 m) + 10 um 30
(GUM)

In addition, there can be much more quality related information for the measurement process itself or the
data aggregation and evaluation or the information gained from the data, like e.g.

Signal strength/level Data fusion: residual error level  Accuracy of information derived
Signal/Noise ratio (SNR) Data fusion: axis data uncertainty Machine/system status, DT
Battery status of sensor Software / model based sensor  Remaining Battery Life

Motion blurring Sensor network data, modalities  Al: Classification quality / %
Sensor motion/Doppler effects Redundancy/Diversity of Data Anomaly detected

internal © Siemens 2021
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Quality of X o
X: Sensing, Data, Information, ... & GEMIM3D-II

Suggested functional elements for a concise QoX description:

Indicator Description Detailed/explicit determination scheme, traceable, version controlled
Definition formula for calculation incl. input parameters
allowed range of values, value type

Indicator interpretation: Status interpretation (good, acceptable, bad, info only — low trust level, ...)

A first suggestion for semantics can be found in:
Vedurmudi, A. P.; Neumann, J.; Gruber M.; Eichstddt, S.; Semantic Description of Quality of Data in Sensor Networks,

Submitted for publication to Sensors

internal © Siemens 2021
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TP 2.3 — Improved Quality of Data :(@:GEMIMHE)-II

' Customer | P ) .
Organisation | . Calibration Service Provider ! PT— (1) National Metrology Institute (NMI)
— ! i - : Certificate (2) Measurement Office
Calibration : i[  Calibration Calibration Calibration || Type (Level) (3) Calibration Laboratory o o .
Customer i 'l Organisation Certificate System /Setup |! (4) Testing Laboratory DCC: Digital Calibration Certificate
Information i 'l Information Type (Level) || description ' (5) Inspection Bodies DCR: Digital Calibration Request
—B : ] — ey : (6) Company Level DCA: Digital Calibration Answer
: || @ GEMMID AN Calibration || (1) Factory calibration
! " Customer || (2) Acceptance Testing
DCR ; — : DCC | Information  J (3) Verification / Field Testing
H i — | Calibration Data Type / Data representation
e mmm || | o Metralogy | i Platinum
et e e st | | W | St Systemfor |, ii. Gold
== | ey Callbration . il Silver
ERERERER | :’ = iv. Bronze
i ' Calibration i (1) Calibration instruments & artefacts inventory of organisation
i optional ! Measurement ! 1. Concise list
i } \ Data )i Calibration 2. Unique identification and description
: \ ST, 4 - B G ! System/Setup 3. Calibration / qualification status
Calibration : ‘| DCalibration Quality of Calibration ! description 4. Validity of currrent calibration, history of previous
Organisation ; ! Certificate Sensling. Measurement : calibrations
Selection : 1| Publication ]| Determination ||  Conditions ! (2) Combination / Installation of indivicual instruments / artefacts in a
; - i - - e ~ v o ! »Sstandard“ configuration for repetitive use in subsequent
Calibration : || DCalibration Quality of Data Calibration | applications (e.g. gauge block set)
Requirements i ! Certificate B Measurement | — . ) ] ) .
DINASO/Spec. : '(_ Generation ]| L Uncertainty ) Calibration Internal operational steps for metrology in respective calibration /
' ! E i : Measurement verification organisation
Calibration i : ( Secure \( Calibration ( Calibration ! — Internal operation steps to fully document and qualify calibration
Certificate : ‘| Calibration Dataset Verification vs. |1 Calibration measurement data and to issue DCC certificate — according to
Type (Level) E || Data Storage || authenticaton || DINISO/Spec. |~ (Bocumentation J o, irement for respective type of calibration
T i i e e o ot Quality Info Quality level determination for measurement values data generated by
DCC Printout i Determination sensor as a physical or model based sensor entity
conform with ! -
DIN 17025 !

internal © Siemens 2021
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Outline

3. Example: Industrial Products with incorporated Sensors
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& GEMIM3O-II

Inspection Body

Hierarchical System in Quality Infrastructure

‘@oemmao [\
» Secondary Standards

> Artefact Standards
4

1
I

1
1
I

Unique ID DCC

ulD: Artefakt
ulD: Calibration Setup

Unique ID DCC -

h Unique ID DCC
ulD: Artefakt
ulD: Calibration Setup

ulD: Artefakt
ulD: Calibration Setup

Supplier 1
Supplier 3

-

Supplier n

Dr. Thomas Engel / T RDA 10T

Product

Customer
Manufacturer
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Hierarchical System in Quality Infrastructure L(@JGEMIMEIE)-II
— A Generic Product View

Product

( | % ! \
Sub-Unit 1 ™ Sub-Unit 2 Sub-Unit n
1
1
Sensor 1 Sensor n =1 Sensor 1 Sensor 1
Calibrator ¢ Calibrator d Calibrator

Calibrator a Calibrator b

Sensor a

_

Artefact c

[
internal © Siemens 2021
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Calibration Information Chain from CalLab to Customer L{@JGEMIMBD-II

Supplier n generates DCC and delivers to Manufacturer e.g.:
I DCC stored on system/sensor or storage device incl. encryption secret
Il. Link to DCC repository for download by customer incl. token
l. Digital information
II. QR-Code
lll.  Owner authentication by DCC + encryption secret + challenge

Manufacturer archives DCCs from suppliers 1 .. n.
i Final product A not calibrated: Manufacturer forwards supplier DCC to customer,
v i.e. token, encryption secret, challenge
Final product B to be calibrated:
Manufacturer generates DCC for product and delivers to Customer e.g.:
A l. DCC stored on system/sensor or storage device incl. encryption secret
) Il Link to DCC repository for download by customer incl. token

Customer S .
. Digital information
owner Product Il.  QR-Code
authentication Manufacturer ’ N .
Encryption ‘ Ill.  Owner authentication by DCC + encryption secret + challenge

secret IV. plus additional supplier DCC, e.g. for accessories
internal © Siemens 2021
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(BhE)E

Supplier 2

Supplier 3

Data Augmented with Digital Calibration Certificate
______________ Harmonized GEMIMEG Interface L(‘;JGEMIMHS-"

Processing gaiibrated
ata +

Calibration data DCC file

Sensor Raw data

Signature

Validation Data consumer

Sensor ‘A’ Raw data

Processing Calibrated

— data +
DCC file

Signature

Validation Data consumer

Data utilisation

Sensor ‘B’ Raw data

Calibrated

(R110) )
Smart Sensor I E— Validati Data consumer | : :
(memory, communication) DCC file = 1 s - =
I / link : [TITIT
- -
I 1
. 1
| DCC reposi I
| s N — I
Covel 2 Sot of requirements for | B . oy
evel 2: Set of requirements for | B B > Bl Eel b
interacting entities within Infrastructure

GEMIMEG framework

Level 1: Minimum set of requirements for
exchanging GEMIMEG conform data

Measurement: values and domain Sensor- and Data Aggregation

Internal © Siemens 2021
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Process and Data Flow Overview

Internal © Siemens 2021
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Process View

Status (TE) | Doscription

L o @ valdteries U/ spmpropaycalbsed o Lstaston ot 3
gy

" vaidforuse  Waming calbration expies soon, recasbaton eded

@ motavalatie | Untf sysemnol valable - i ro-calbration

= @ donotuse

& GEMIM3D-II

PKI Service

...............
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Potential applications for GEMIMEG solution
» Siemens Digital Industries — Process Control

Gas Chromatograph
+ calibration gas with DCC

« Simotics Connect — Brownfield automatisation
Condition monitoring sensors
e.g. T, p, hum %, vibration/shock, ... =
U, I, phase shift, ... +

Page 25 Confidential | © Siemens 2021 | GEMIMEG SI E M E N S



Potential applications for GEMIMEG solution

« Siemens Digital Industries — Siwarex

Platform and hopper Dosing/filling/bagging Belt scales Loss-in-weight scales Forceltorque Ex-Interfaces
scales scales and check measurements
weighers
v v v b v e

_ Dosing/filling/bagging scales and check weighers

High accuracy blending and batching as well as high-speed bagging and filling are typical requirments for a lot of industries. The corresponding SIWAREX

electronics provide extensive features and functions to fulfill all requirements.
* SIWAREX WP351: weighing module for SIMATIC ET 200SP
* SIWAREX WP251: weighing module for SIMATIC $7-1200

Leg al metr0|ogy a nd Ca I i brati On * SIWAREX FTA: weighing module for SIMATIC $7-300/400
for weighing products

@oemmao [\

Weighing module Weighing module Weighing module

SIWAREX WP351 >  SIWAREX WP251 >  SIWAREX FTA >
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Conclusions

» To leaverage the full potential of digitalisation in Metrology, we should follow the
indable
ccessible
nterpretable

eusable
data principles — plus full traceability

» We should bundle our ressources to build up a strong and versatile digital metrology framework
based on international conventions D-SI, DCC, ...
» with well defined structures, semantics and ontologies and
» non competitive software modules of the framework beeing available as open source
- ideally maintained by a neutral metrology organisation

» Associated partners/supporters for the GEMIMEG-II Project are highly welcome and appreciated
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Bundesministerium
fiir Wirtschaft
und Energie

GEMIMEG-II — a growing community of associated Partners
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T Ingelheim
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Infineon SHME —
(nfineon  ssume & wems (o DIN software

\__/ Deutsche

Akkredltlerungsstelle
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Eina Marks der Bundeasdruckes esz

N —— Braunschweig
“ELMUG . ¢ I
| NN Norsonic

- AE |
repmam gy [ e Iy
Braunschwalg und Berlin @ SED Flow Control GmbH

Center of Competence Pharma and Biotech
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