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

METROLOGY

GLOBAL

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

following a decision of the German Bundestag
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Our world gets digitzed everywhere. – seamlessly from NMI to local applicationsWhy not the calibration ecosystem too?
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National Quality Infrastructure

Consumers and the general public

Benefits Enhanced product quality and compatibility
Enhanced safety and health

Decreased environmental impact

Certification
bodies

Inspection
bodies

Testing
laboratories

National accreditation body

National 
standards

body or bodies

Definition of units
(may be required in standards)

Calibration
certificate

required for
laboratory

accreditation

Accreditation body standards

Calibration
laboratories

Enterprises

Source: Adapted from Guasch et al., Quality Systems and Standards for a Competitive Edge, The World Bank, 2007

National metrology institute

Accreditations
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Typical Production Cycle
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Architecture of a Massive Sensor Network
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Real Beds
Competence Center 

Windpower * Fab of the
Future * Automotive * 

Pharma-/Process Industry

Our Research Agenda

Robust digital 
calibration
information

Improved
Quality of

Data

Safe 
Orchestration 

of Data

Future 
oriented com-

munication
infrastructure

Reliable 
Multi-X 

Sensors
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GEMIMEG
Perception: Sensor Data to Output Data

Sensor Device

Sensor to Application
Calibration Information

Sensor Abstraction

Value to Data + Quality Info

Sensor Value Qualification

Correction of sensor physics
and measuring process

Physical Sensor

Semantic Sensor 
Information

Sensor Datum

Traceable Sensor 
Calibration Information

Detection (of ROI)

Cropping (of data) Data Processing
Data result output

value, unit
(result uncertainty)
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GEMIMEG - Concept

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

Controller

Data application including
data quality information

Abstraction from specific
Sensor and Measuring process

“Virtualisation”

Sensor

Value

measured

QoS QoD

DataSensor-Data-Fusion

Multi-Modalities

Model based Sensor

AI-Data processing

Machine Learning

Digital Twin
Data storage

Information

Applications

Safe Asset Orchestration

Communication Infrastructure in Fog Architecture

QoI
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GEMIMEG Benefits

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
can help to shrink tolerance budgets:

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.

General ISO tolerance band, e.g.caliper gauge ± 0,05 mm
Specific individual tolerance
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A measurement result typcially consists of:

(corrected) Measured Value + Measurement Unit + Measurement Uncertainty + Statistical Information

Example: Length measurement
8.412 µm (10-6 m) ± 10 µm 3 σ

(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.

Quality of X: QoX
X: Sensing, Data, Information, …

QoS QoD QoI

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 AI: Classification quality / %

Sensor motion/Doppler effects Redundancy/Diversity of Data Anomaly detected
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Suggested functional elements for a concise QoX description:

Quality of X
X: Sensing, Data, Information, …

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

Sensor System Type Type of physical sensor or software/model based sensor

Quality Indicator Sensor System parameter to be characterized
internal parameter: e.g. operational, functional
external parameter: e.g. environmental

Indicator Description
Definition

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

Indicator Metric Scale for Indicator (absolute + unit, relative, %, dB, …)

Indicator interpretation: Status interpretation (good, acceptable, bad, info only – low trust level, …) 

…
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TP 2.3 – Improved Quality of Data

Calibration
Certificate

Type (Level)

(1) National Metrology Institute (NMI)
(2) Measurement Office
(3) Calibration Laboratory
(4) Testing Laboratory
(5) Inspection Bodies
(6) Company Level

(1) Factory calibration
(2) Acceptance Testing
(3) Verification / Field Testing

Calibration Data Type / Data representation
i. Platinum
ii. Gold
iii. Silver
iv. Bronze

Calibration
System/Setup 

description

(1) Calibration instruments & artefacts inventory of organisation
1. Concise list
2. Unique identification and description
3. Calibration / qualification status
4. Validity of currrent calibration, history of previous

calibrations
(2) Combination / Installation of indivicual instruments / artefacts in a 

„standard“ configuration for repetitive use in subsequent 
applications (e.g. gauge block set)

Calibration
Measurement

Calibration
Documentation

Internal operational steps for metrology in respective calibration / 
verification organisation

Internal operation steps to fully document and qualify calibration
measurement data and to issue DCC certificate – according to
requirement for respective type of calibration

Quality Info 
Determination

Quality level determination for measurement values data generated by
sensor as a physical or model based sensor entity

DCC: Digital Calibration Certificate
DCR: Digital Calibration Request
DCA: Digital Calibration Answer
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Hierarchical System in Quality Infrastructure

Supplier n

Manufacturer

National Metrology Institute

 Defining constant
 Unit represenation

 Primary Artefact

Calibration Laboratory

 Primary Artefakt

 Secondary Artefakt
 Artefact standard

Testing Laboratory

 Secondary Artefact
 Artefact standard

Inspection Body

 Secondary Standards
 Artefact Standards

Incl.
Unique ID DCC
uID: Artefakt
uID: Calibration Setup

Incl.
Unique ID DCC
uID: Artefakt
uID: Calibration Setup

Incl.
Unique ID DCC
uID: Artefakt
uID: Calibration Setup

Supplier 1

Supplier 2

Product

Supplier 3

…

Customer

Cal

Encryption 
secret

Owner
authentication
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Hierarchical System in Quality Infrastructure 
– A Generic Product View

Product

Sub-Unit 1

Sensor 1

Calibrator a

Sensor a

Sensor b

Artefact c

Sensor 2 Sensor n

Calibrator b

Sub-Unit 2

Sensor 1

Sensor 2

Sensor n

Sub-Unit n

Sensor 1

Calibrator c

Sensor 2

Calibrator d

Sensor n

Calibrator e

… … … …

… … … …

…

National Metrology Institute
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Calibration Information Chain from CalLab to Customer

Manufacturer

Calibration Laboratory

 Primary Artefakt

 Secondary Artefakt
 Artefact standard

Supplier 1

Customer

Cal

Encryption 
secret

Owner
authentication

Manufacturer archives DCCs from suppliers 1 .. n.
Final product A not calibrated:  Manufacturer forwards supplier DCC to customer,

i.e. token, encryption secret, challenge
Final product B to be calibrated:
Manufacturer generates DCC for product and delivers to Customer e.g.:
I. DCC stored on system/sensor or storage device incl. encryption secret
II. Link to DCC repository for download by customer incl. token

I. Digital information
II. QR-Code

III. Owner authentication by DCC + encryption secret + challenge
IV. plus additional supplier DCC, e.g. for accessories

Supplier n generates DCC and delivers to Manufacturer e.g.:
I. DCC stored on system/sensor or storage device incl. encryption secret
II. Link to DCC repository for download by customer incl. token

I. Digital information
II. QR-Code

III. Owner authentication by DCC + encryption secret + challenge

Cal

Product

A
Product

B
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Data Augmented with Digital Calibration Certificate

Sensor Raw data

Smart Sensor
(memory, communication)

Processing

Calibration data

Processing

Calibration data

Calibration data

Sensor ‘A’ Raw data

Sensor ‘B’ Raw data

DCC repository

Harmonized GEMIMEG Interface
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Process and Data Flow Overview

Process View
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Potential applications for GEMIMEG solution

Confidential | © Siemens 2021 | GEMIMEGPage 25

• 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, …

+

+
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• Siemens Digital Industries – Siwarex

Legal metrology and calibration
for weighing products

+
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 To leaverage the full potential of digitalisation in Metrology, we should follow the
F  indable
A ccessible
I   nterpretable
R  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

Page 27
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GEMIMEG-II – a growing community of associated Partners
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Trusted & traceable metrology 
is the key enabler for IIOT for 
all critical applications 
– when trustworthiness matters!
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