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MIGbZ@ Metrology in the Digital Age
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turkiab, Digital Transformation Need in All
=20 Sectors

Time abbreviation

Cost reduction

Increasing Production / Productivity
Advantage of increased amount of data (?)

Automatic data processing / resource management possible
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lurkiab,, %, Digital Transformation in Metrology

- Digital Transformation is necessary in metrology as in every field.

- In Industry — Metrology cooperation, it is necessary to be a guide,

pioneer and determinant of the digital transforming world.

EURAMET Scientific TUBITAK UME Digital
Digitalization Activities on Digitalization Calibration
Actions Digitalization Working Group Certificate
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Emg_m!&mbmzmpigitization, Digitalization and Digital Transformation

- Digitization: In short, it is the process of converting the information
in physical documents from analog to digital.

Scagning the document on paper, converting it to PDF and transferring it to electronic
media

- Digitalization: It is the process of using digitized or digitally produced
information to work more simply and efficiently.
Automatic issuance of certificate using measurement results in digital media

- Digital transformation: It is the adoption of digital technology,
changing the way business is run. Increasing efficiency and value and
applying innovation to the business model.

Starting from the automatic measurement, creating a certificate by performing the entire
calibration process in digital environment, delivering it in electronic environment, and
even adapting the cert/fcilcate (DCC) to its own processes by processing the certificate in
electronic environment
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turk . Diai -
Xlab, -, Digital Twins

- Digital Twins, is a virtual model of a product, process, or service. It
means creating a virtual twin, the exact equivalent of a physical
object.

« The virtual copy can be a car, a machine, a train or even a jet engine

« Virtual twins are used for simulation purposes before producing real
devices

» Digital twins are not only used in manufacturing, but also influence
the development of technologies such as the internet of things (10T),
artificial intelligence (Al) and data analytics
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Mldbz@g Artificial Intelligence, Machine and Deep Learning

« Al is the ability of a computer or computer-controlled
device/robot to perform various activities similar to intelligent

creatures. —
« Machine Learning, refers to a machine learning to use ﬁ‘\,RTTE'Eﬁ{?E"N E
large datasets instead of coded rules. tﬂéﬁ'ﬁl’?ﬁe
* Supervised Learning, involves using labeled datasets with DEEP
inputs and expected outputs. A s« LEARNING
* Unsupervised Learning, It is the task of machine learning that

uses datasets that do not have a specific structure.
« Deep Learning, It allows us to train artificial intelligence
to predict outputs with a given dataset. Both supervised

and unsupervised learning can be used to train artificial
intelligence.

1950's 1960's 1970's 1980°s 1990's 2000's 2010's
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turkigb Industry Trends and Challenges in Metrology
=====2(j in the Digital Transformation Process
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turkiab Industry Trends and Challenges in Metrology

=200 in the Digital Transformation Process

. Current Industrial Trend Numerous sensors become available

« Computing capacity increased

- ML (Machine Learning - Artificial Intelligence) algorithm has become more widely
applicable

- There are concerns about the reliability of the sensor data and algorithm output

- Some metrology challenges for the Factory of the Future
- Data collection and cleaning
Data Merge
Network synchronization and scheduling
Rrepetitive measurements
Network design for sensors with different quality (resolution/uncertainty) output

CETEE Gl Digital BIPM CIPM EURAMET Scientific Digital TUBITAK UME
Di italiz%tion Transformation Digitalization Digitalization Activities on Calibration Digitalization 10
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Digital Technologies in Industrial
turkiab,, -
w20 Measurements (Examples)

One click MEMS temperature sensor calibration (SPEA, Italia)
Dynamic calibration of MEMS accelerometers (PTB, Germany)

Machine Learning and Data Analysis at ZeMA Mechatronics and Automation
Technology Center (ZeMA, Germany)

Container Weighing System (DCC) (Aalto University, Finland)
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turkiab, . BIPM CIPM Digitalization Tas}

- Mandate by the 27th CGPM
Resolution 2

“On the global digital transformation and
the International System of Units”

The 27th CGPM encourages

* the CIPM to continue its outreach and engagement initiatives to
ensure that the Metre Convention naturally extends its role as the
globally accepted anchor of trust for metrology into the digital era,

* the CIPM to undertake the development and promotion of an SI
Digital Framework, ...

Bureau
‘ International des

f Poids et

d Mesures
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turkiab, ., BIPM 27th CGPM Resolution 2

The 27th CGPM Summary

- BIPM is working on several building blocks to establish a
S| Digital Framework

- Prototype of machine readable Sl Brochure is being tested with

other
modules

. Next steps include references for Quantities Interaction with
experts of the specific field required

Bureau

International des
f Poids et @
¢ Mesures
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1 BIPM ABOUT US COORDINATION LIAISON

\ "
— Information for Developers

10110
11001
01011
00110

CIPM MRA - REFERENCE DATA

el b | Machine-readable data for CMCs
KCDB API
E READ MORE
——

TECHNICAL SERVICE - REFERENCE DATA

| Machine-readable data for time scales
Time Department API

TAI(A)BIPM.ORG READ MORE

Other digital services

KCDB - PIDS FOR CMCS

B uredgau | Permanent link for a given cMC:
. https://si-digital-framework.org/kcdb-cmc/[CMC
International des identler]
Poids et
BIPM KCDB QUICK START

d Mesures

i BIPM Activities on Digitalization

TECHNICAL/SCIENTIFIC PUBLICATIONS & EVENTS

Information on available APIs is available through the links below, along with documentation and the terms of reference for each.

TECHNICAL SERVICE - REFERENCE DATA

| Machine-readable data for standard frequencies
Time Department API

TAI(A)BIPM.ORG READ MORE

KCDB - PIDS FOR SERVICE CATEGORIES

| Machine-readable reference for Service Categories
(AUV, EM, L, M, PR, T, and TF)
https://si-digital-framework.org/kcdb-sc/

BIPM

for

C (and each
required, for
e link to the

binar on Digital References
ology

by the BIPM in conjunction with SciDataCon 2023, took place on October 12. As

iative Committees for Photometry and Radiometry (CCPR) and lonizing Radiation
available on the BIPM YouTube channel.

ebinars will be organized to present and discuss the progress of digital
d within the Consultative Committees for Length (CCL) and Time and Frequency
lork envisaged to develop a machine-readable version of the VIM.

nars, this event was dedicated to the new digital services developed by the BIPM,

Digital BIPM CIPM
Transformation Digitalization
in Metrology Actions

EURAMET
Digitalization
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EURAMET Digitalization Tasks

European Partnership on Metrology Work Programme
Call Scope: Metrology support for Digital Transformation (2022-4 M€),

2024-13 M €)

...The Targeted Programme on Metrology for Digital Transformation (TP DIT)
complements other planned TP’s targeting at metrology challenges in the areas of
Green Deal, Health, Industrial Innovation, Fundamental Metrology, Integrated
European Metrology, and Standardization/Regulation. It addresses specific digital
topics that have a generic or cross-disciplinary character....

EPM (European Partnership on Metrology) project call as digital transformation in 2022 and 2024
(https://www.euramet.org/research-innovation/metrology-partnership) @
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https://www.euramet.org/research-innovation/metrology-partnership

turkiab,, ., EURAMET Digitalization Tasks

Trustworthy virtual experiments and digital twins
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P
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Short Name: ViDiT, Project Number: 22DIT01

e L

A dashboard of augmented virtual reality

COORDINATOR
Sonja Schmelter (PTB)

Supporting Europe’s digital transformation
Simulation models, that can mimic or replicate physical systems, are used in a wide range of

industries to design, test and develop products. As well as drastically reducing production time
and cost per part, they can reduce energy usage and material wastage, helping reduce

N
EURAMET

BIPM CIPM
Digitalization
Actions

Digital
Transformation
in Metrology

Concept of
Digitalization

PARTICIPATING EURAMET NMIS AND DIS

INFORMATION

GUM (Poland)
LCOE (Spain)
LNE (France)
MIKES (Finland)
PTB (Germany)
UME (Tarkiye)

VSL (Netherlands)

OTHER PARTICIPANTS

Dutch United Instruments B.V.
(Netherlands)

Ecole Normale Supérieure Paris-Saclay
(France)

FLEXIM Flexible Industriemeftechnik
GmbH (Germany)

Fundacion Tekniker (Spain)

GEOMNIA (France)

Ideko S.Coop (Spain)

Instituto Nacional de Tecnologia Industrial
(Argentina)

KROHNE Messtechnik GmbH (Germany)
Mahr GmbH (Germany)

Politechnika Krakowska (Poland)
Politecnico di Torino (ltaly)

SICK Engineering GmbH (Germany)
Universidad Poltécnica de Madrid (Spain)

EURAMET
Digitalization
Actions

Scientific
Activities on
Digitalization

PROGRAMME
Metrology Partnership

FIELD
Digital Transformation

CALL
2022

DURATION
2023-2026

TOTAL EU CONTRIBUTION (IN M €)
2,047

®  TUBITAK UME Joint Project
of EPM 2022 call

®  22DITO1 ViDIT,
Trustworthy virtual
experiments and
digital twins

https://www.euramet.org/research-innovation/search-
research-projects/details/project/trustworthy-virtual-

experiments-and-digital-twins

Digital
Calibration
Certificate

TUBITAK UME
Digitalization
Working Group
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Interdisciplinary
Metrology

TN
EURAMET

IM Concept of
. Digitalization

EURAMET Digitalization Tasks

«  TC-IM (Interdisciplinary Metrology Technical Committee)
Metrology for Digitizing (M4D)
Projects on Digitalization

Code | Start Date Name Coordinator | Status Type
1551 [ 2022-05-22 Challenges and opportunities in METAS in progress | Research
sensor network metrology
1449 | 2018-06-01 Research data management in PTB in progress | Research
European metrology (Formerly
including the European Open
Science Cloud)
1448 | 2018-06-01 Development of digital calibration | PTB In progress | Research
certificates
Digital BIPM CIPM EURAMET Scientific Digital TUBITAK UME
Transformation Digitalization Digitalization Activities on Calibration Digitalization
in Metrology Actions Actions Digitalization Certificate Working Group
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https://www.euramet.org/technical-committees/tc-projects/details/project/challenges-and-opportunities-in-sensor-network-metrology
https://www.euramet.org/technical-committees/tc-projects/details/project/challenges-and-opportunities-in-sensor-network-metrology
https://www.euramet.org/technical-committees/tc-projects/details/project/research-data-management-and-the-european-open-science-cloud
https://www.euramet.org/technical-committees/tc-projects/details/project/research-data-management-and-the-european-open-science-cloud
https://www.euramet.org/technical-committees/tc-projects/details/project/research-data-management-and-the-european-open-science-cloud
https://www.euramet.org/technical-committees/tc-projects/details/project/research-data-management-and-the-european-open-science-cloud
https://www.euramet.org/technical-committees/tc-projects/details/project/development-of-digital-calibration-certificates
https://www.euramet.org/technical-committees/tc-projects/details/project/development-of-digital-calibration-certificates

turkigh, . WORKING GROUP ON METROLOGY FOR
— 2% DIGITAL TRANSFORMATION

The EURAMET TC-IM working group 'Metrology for Digital Transformation' (WG M4D) is bringing
together the expertise of EURAMET Members specialised in data management, digital certificates
and processes, Internet of Things and sensor networks.

In 2020, the European Commission (EC) published the strategy 'Shaping Europe's digital future',
alongside its European industry strategy, data strategy and the White Paper on Artificial
Intelligence.

The EC's digital future objectives are centered around developing a technology that works to
support a fair and competitive economy, as well as an open, democratic and sustainable society.
According to the EC's vision, this can only be achieved through a digital transformation of existing
and established processes, in addition to securing and strengthening European digital leadership.

The working group M4D aims to support EURAMET in its mission to implement a strategic digital
transformation that is aligned both with the aims of the European Commission, as well as the
relevant needs of EURAMET members.
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IMEKO TC1 TC2 TC3 TC4 TC5 TC6 TC7 TC8

IMEKD

|
International Measure

You are here: IMEKO » TC6

TCS6 - Digital
The aim of TC6 is
and digital transfof
various forms, rela
robust body of kngq
Digitalisation's mul
collaborations and
TC6 Officers
Chairperson: Dr S
Vice-Chairperson
Scientific Secretar]

TC6 is announcing

TC6 M4Dcor
Metrology ar
Organizing MO: P]
Chair of Organizin|
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Conference on IM|
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WEDNESDAY 8

THURSDAY 9

8 dcc-conference-2023.ptb.de/login/overview

Scientific Activities

DCC Conference 2023

Tuesday, 28 February 2023 to Thursday, 2. March

2023

The event ist already over but you can still check out the sessions below.

Tuesday, 28 February

FRIDAY 10

Programme Committee

Tuesday, 28 February | Wednesday, 1 March ‘ l Thursday, 2 March

Concept of
Digitalization

Germany

uTC Session A Title Speaker Chairperson
12:00 International Welcome International Welcome Alan Steele, CIPM WG Dig., Canada

Cornelia Denz, President PTB,
12:15 PTB Weicome PTB Welcome

Antonio Matamala, Beamex,

Digital
Transformation
in Metrology

BIPM CIPM
Digitalization

Actions

EURAMET
Digitalization
Actions

Scientific
Activities on
Digitalization

TUBITAK UME
Digitalization
Working Group

Digital
Calibration
Certificate
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turk|bQW TUBITAK UME Digitlization Working Group

« On 08.09.2023, the “TUBITAK UME Digitalization Working Group”
(DCG) was established to coordinate the digitalization studies at

TUBITAK UME. -

ume.dcg@tubitak.gov.tr

10 Researchers

2 Technicians

2 Intern students @
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turk|bQW TUBITAK UME Digitalization Working Group

TUBITAK UME Digital Metrology Pilot Project and Dissemination at Turkiye
for 5 years (between 2024 and 2028)

The TUBITAK UME Digital Metrology Pilot Project marks a transformative step towards enhancing the efficiency and
precision of metrology practices in Turkiye.

The objectives of the TUBITAK UME digitalization pilot project :
* Objl. Transferring Metrological Scientific Outputs to Digital Media

* 0bj2. Creating the Digital Calibration Certificate (DCC) and Digital Test Reports (DTR) and Sharing them an a digital
platform

* Obj3. Creating smart Calibration Systems with Digital Measurement Device Twins

v

_ TiiBiTAK

SR Gl Digital BIPM CIPM EURAMET Scientific TUBITAK UME Digital
Di italiz%ti o Transformation Digitalization Digitalization Activities on Digitalization Calibration
9 in Metrology Actions Actions Digitalization Working Group Certificate




turk|q ab,, . O1. Transferring Metrological Outputs to
T2 Digital Media
:iDIGITAL

The sub-task steps planned within the scope of the Transferring Metrological Scientific - gclence
Outputs to Digital Media objective are determined as follows.

1.1. Transferring the publications produced by institutions and
organizations interested in Scientific and Industrial Metrology and for the
benefit of institutions and organizations carrying out metrological activities in
our country into digital media. (2025)

1.2. Making the demand and offer systems of calibration and experiment
services offered by TUBITAK UME, which is interested in Scientific Metrology in
our country, accessible digitally. (2026)

1.3. Establishing a mechanism to share the digital forms of Calibration
Certificates (DCC) and Test Reports (DTR) with the relevant parties (2027)

-
&

— TUBITAK _
Digitalization Pilot Project Objectivel Objective2 Objective3
2 UME




Kalibrasyon ve Deney Laboratuvarlari Dernegi

turk|q bz((/( 02. Creating the DCC and DTR =

10}
°
The sub-task steps planned within the scope of the Creating the Digital .\/.
Calibration Certificate (DCC) and digital Test Reports (DTR) objective are }\/%
determined as follows.

2.1. Creating and publishing the taxonomies of the quantities measured
in our country according to the international measurement system
(2025)

2.2. Creation of machine-readable format of Calibration Certificate and
Test reports (DCC / DTR) (2027)

2.3. Dissemination of digital formats of Calibration Certificates and Test
Reports within the country (2028)

— TUBITAK
Concept of Digital BIPM CIPM EURAMET Scientific TUBITAK UME Digital
Digitalization Transformation Digitalization Digitalization Activities on Digitalization Calibration
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turkiab O3. Creating Smart Calibration Systems with
—===20k Digital Measurement Device Twins

The sub-task steps planned within the scope of the Creating smart Calibration i — P
Systems with Digital Measurement Device Twins objective are determined as @O
follows.

3.1. Creating digital twins of devices (2028)

3.2. Establishing Remote and Automatic Calibration Systems for Basic
Measurement Quantities (2028)

3.3. Application of machine and deep learning methods to automatic calibration
and experiment systems (2028)

3.4. Developing open-source software and device drivers for automatic calibration
and uncertainty calculations (2028)

— TUBITAK
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2024 _ 2025 ., 2026 & 2027

-Business
Development

-Networking
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-Digital
Transformati
on of Current
Documentati
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-Taxonomy
studies

Digital
Transformation
in Metrology

-Interactive
Service
Management
System

BIPM CIPM
Digitalization
Actions

-DCC
creating

EURAMET
Digitalization
Actions

O 2028

-Knowledge Sharing on DCC in
Turkiye

-Automatic Cali

-Machine Learning,
Learning application on

-Cloud Computing

Calibration lab. 2

-

!aa—'

Direct calibration

Pressure

bQ@ Outputs of Digital Metrology Pilot Project
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Wrkiab,, Digital Calibration Certificate (DCC)

[ ] .
e Current workflow in calibration certificate creation: How DCC works:

(I)
XMI.

Nom V4 od xE | }}E + (2
— [JSoN] @
Performing Uncertainty Creating Print Signature
calibration calculation Certificate Out and Posting -
by operator with MS with MS Stamp Performing Uncertainty Creating
Excel Word Calibration Calculation Certificate with

by Operator with MS XML/ISON/PDF

§ = i o
L)e’/-c))*ig— L’@"lé—/'

E- s1gnah1re E-posting
E- s‘ra.mp

la-»@-)‘%-)

A -D
Accepting the Stocking of the certificates -_ J
certificates by 1. Folder -> Board

customers 2. PDF -> Computer

Certificate Sharing
and Receiving on the
Cloud / Blockchain

E-Accepting the Certificate
by Customers & Human
Readable Transforming

Stocking of the certificates
1. MS Word->Print-> Folder -> Board
2. PDF-> Computer

It is possible for the corrected values to be used
directly by SCADA systems

* Error prone

* Time consuming because of manual processing

* Lacks the extra functional gains to come when

using DCC ® Overall time required is shorter due to

automation

Integration is possible

v
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turkiab,,

=%

Digital Calibration Certificate (DCC)

What is DCC?

DCC is in electronic form (in XML, JSON- and even PDF etc. formats), which
contains all the information contained in the current calibration certificates,
plus all information including the measurement results (kept digitally), and
can contain the certificate in the form of pdf, etc. and is electronically signed
digital file that can be processed by machine and used in digital workflows,
whose integrity and immutability are well guaranteed.

v
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Kalibrasyon ve Deney Laboratuvarlar Dernegi

Mlabzp Structure of DCC
W4

® [] dccdigitalCalibrationCertificate Type

1.: Administrative Data © @ Attributes
* regulated

s [ schemaVersion ] ®
Type | Restriction of xs:string' )

2.: Results of the _ digitalCalibrationCertificate ) ol ( saministrativeData ) o
Calibration Type | decdigitalCalibrationCertificate Type) (| ype | dec:administrativeDataType)
* regulated: [ measurementResults )\

»Y=y +UK)[SI)
e not regulated:

» individual data

P

\_@, LType I dcc:measurementResultListType J ©
®

dcc:administrativeDataType
Content complex

ALL(dcc:dccSoftware dcc:coreData dcc:items dcc:calibrationLaboratory dcc:respPersons dcc:customer dcc:statements{0,1})
dcc:calibrationLaboratory, dcc:coreData, dcc:customer, dcc:dccSoftware, dcc:items, dcc:respPersons, dcc:statements

3.: Comments
¢ not regulated

. <dcc:administrativeData xmlns:dcc="https://ptb.de/dcc">
4,. Docu ment <dcc:dccSoftware>{1,1}</dcc:dccSoftware>
<dcc:coreData>{1,1}</dcc:coreData>
<dcc:items>{1,1}</dcc:items>
. human readable <dcc:calibrationLaboratory>{1,1}</dcc:calibrationLaboratory>
<dcc:respPersons>{1,1}</dcc:respPersons>
<dcc:customer id="">{1,1}</dcc:customer>
<dcc:statements>{@,1}</dcc:statements>
</dcc:administrativeData>

<xs:element name="administrativeData" type="dcc:administrativeDataType"/>

_ TiiBiTAK
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Signing and distribution of DCC

-8

Calibration
Laboratory

DCC must include cryptographic signatures for integrity, authenticity and, where necessary,
confidentiality and ensure security

Concept of
Digitalization

Digital

Transformation

in Metrology

Dig. Calib.

Digital 2 FhE. 2
Sl Distribution
Signing

of DCC

BIPM CIPM
Digitalization
Actions

EURAMET
Digitalization
Actions

Scientific
Activities on
Digitalization

Customer

TUBITAK UME
Digitalization
Working Group

Digital
Calibration
Certificate

v
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lurkiab,, 2¢;, Digital Calibration Certificate (DCC)

. Current status in DCC:
- TC-IM Project 1448 development of Digital Calibration Certificates
- Part of Digital Transformation in Metrology

- The draft structure has been formed, but we have a long way to go for a
common structure.

- There are some institutes currently working

v
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TC-IM 1448 DCC common requirement
« Must be machine readable (without huma
« |t must be directly or indirectly traceable t
« Must have proof of metrological traceabil

« |t must contain additional information (da
numerical calibration information, etc.)

« Include cryptographic signatures for integ
necessary, confidentiality and guarantee s

TUBITAK UME is
participant of this project

EURCPEAN METROLOGY

E R METWORKS

ABOUT EURAMET

= Technical Commitiess / $sarch TC Projects

Development of digital calibration certificates

Praject Description

The goal of this project is to foster the development of harmonised digital calibration certificates
{DCC) st national metralogy institutes and calibration |aberatories. The focus is on DCCs with
machine interpretsble information about the calbration in such a way that it can be utilised for
digital workflows in measurement science, calibration, conformity assessment and industry.

Therefore, the project will camy out the following actions:

Definition of minimuwm requirements for DCC regarding content and interfaces
Develooment and publication of case studies, guideines and softwars

Organisation of workshops to provide a forum for the presentstion and discussion of novel
approaches

Organisation of training cowrses, both, web-based and in person

Active collaboration with 3l EURAMET TCs

Aptive collaboration with the CIPM and its CCs

Mext concrets steps ane

Definition of 5 “Calibration Centificats Cover™- describing mandstory information for DCCs.
By thiz all users may be enabled to develop their own national imglementations, based on
commen and shared “Digital Calibration Certficate” charactenstics.

Development of interfaces betwesn differsnt appreachesimplementstions and a

i port for smaller NMIs

present and discuzs different approaches.

Regular meetings (08/2019, 01/202

Initial developments towards 3 DCC are undertaken slso in the EMPIR project 17INDOZ

SmanCom, starting June 2018,

Progress Report 2024-03-06

In order to achisve the specific objectives, several work packages (WF) have been agreed:

1. Structurs and harmonisation
2. Sofware tools
3. Impact and dissemination

Al thres WP are =till in progress.

In W1, dedicsted eamples were collected and ansfysed regarding similarities in structure in
wvarious measurement domains and the resulting nesd for harmonisation with the focus on
interoperability and maching interpretable content. Akernative approaches for establishing DCCs
hawe been investigated, resulting in soluticns published via Github repositary.

WPZ has conducted = state-of-the-an ovensiew of existing tools and software. 1t has also
identified needs and requirements regarding middisware for both generating and processing
DCCs.

WP3 has been closely relat=d to the work conducted in the SCF project DCC2G0, resulting in a
comprehensive DCC Training Compendium and a DCC Starter Kit to enable both NMIs,
|sboratories and end users an essier access to the DOC topic.

CEM (Spai
NPLI {ing

. GUM [Poland), TUBITAK (Turkye), Justervesenet (Monwsy), NMIJ (Japan) and
) 3re mow participating in this project.

The coordination of the praject has been taken over by Shana Schonhals (PTE) from Anke
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D 1071_21_ATLP_Company Ltd_DCC.asice — (m] X

® Metrosert (Estonia)

DIGIDOC No card in card reader; check if ID-card is inserted correctly

Container: C:\Users\lauri\Desktop\DCC seminar 12.10.2021\1071_21_ATLP_Company Ltd DCC asice

® Metas (Switzerland) .

® DFM (Denmark)

Digital Calibration Certificate

® PTB (Germany)

Publications /

Devel t-Platf;
Links / Downloads evelopment-riatiorm

Good Practice

GEMIMEG-Tool News & Events @
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DCC Road Map

| Evaluation of Good Practise (GP) |

A

r

Documentation in many languages>

GP Temperature | | GP for
- Pressure
- Humidity | ****
- Flow
3R
re 00 2021 2022
LY | N/
b
POC Pharma: DCC (Temp); Evaluation of a \
DCR; DCA Uniform Syntax
for Digital A ANt DCC-Summerschool
Certificates HOE= (Week No 24+25)
(DCC; DCR; Conference
DCA,; ..)) (Week No 9)
Concept of Digital BIPM CIPM EURAMET Scientific TUBITAK UME Digital
Digitalization Transformation Digitalization Digitalization Activities on Digitalization Calibration
Actions Actions Digitalization Working Group Certificate

in Metrology
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- DCC Process
Development of
2ating Creating of Machine and
Taxonomies Measuremtn Human Readable
Results DCC Converter
__TUBITAK _

Concent of Digital BIPM CIPM EURAMET Scientific TUBITAK UME Digital
Digitaliz%tion Transformation Digitalization Digitalization Activities on Digitalization Calibration

in Metrology Actions Actions Digitalization Working Group Certificate U M E



turk|q

Kalibrasyon ve Deney Laboratuvarlan

Roc.. XML Based First DCC at TUBITAK UME

DCC on S parameter Measurements

« | Datal | Data2 | Data3 | Datad | Datﬁ 1 | | | | |

Oy
l ¥ TUBITAK UME - DCC Creator - X r >
- ° T pe— -
— —
A 8 c ) E - m} X fe—
; ;;?el' ;’x‘:ﬁ:uss‘epm"b'“pm )2 h_é_) C:\Users\erkan.danaci\Desktop\000111.xml ~ ¢ Search.. P-| RHBO
3 Date: 26.07.2023 @ C\Users\erkan.danaci\Desk... X | |
4 Adim nin HP y b
il ’
5 |[Frequency (GHz S11Reel S$11Reel LS11 ImagirS11 Im; <?xml version="1.0" encoding:"UTF-s"?>
7 0,05 0,004 0017 0,003 001 _ <dcc:digitalCalibrationCertificate schemaVersion="3.1.1" xmIns:si="https://ptb.de/si" xmins:dcc="https://ptb.de/dcc" X
: g'; gg?; gg:; _%%%i g'g: xsi:schemalLocation="https://ptb.de/dcc https://ptb.de/dcc/v3.1.1/dcc.xsd" xmins:xsi="http://www.w3.0org/2001/XMLSchema-instance">
0 0’5 0’006 0I016 —0,013 r 0'01 <!-- Copyright (c) 2019 - 2023 Physikalisch-Technische Bundesanstalt, alle Rechte vorbehalten - all rights reserved. Diese Software wurde in der
1 1 0014 7 0012 -0003 001 Physikalisch-Technischen Bundesanstalt entwickelt. Die Software wird unentgeltlich, wie sie ist, auf eigenes Risiko des Nutzers zur Verfliigung gestellt. Die
2 0005 0016 -0002 001 PTB ubernimmt keine Haftung, egal aus welchem Rechtsgrund, fiir die Nutzung der Software durch Andere und garantiert weder ausdriicklich noch
3 3 o’bgs 0:014 0,b13 0:01 konkludent fir die Qualitat, Sicherheit, Zuverlassigkeit, Tauglichkeit, oder andere Merkmale der Software. Soweit gesetzlich zuldssig lehnt die PTB jede
4 4 0,007 0,015 0024 0,01 Haftung fir direkte Schaden, indirekte Schaden oder fir Folgeschaden ab, die durch die Nutzung der Software entstehen. This software was developed at
s 5 0024 0015 -0014 0,01 the Physikalisch-Technische Bundesanstalt (PTB). The software is made available “as is" free of cost at your own risk. PTB assumes no responsibility
6 6 0020 0013 -0007 0,01 whatsoever for its use by other parties, and makes no guarantees, expressed or implied, about its quality, reliability, safety, suitability or any other
7 7 -0,035 0016 -0,031 0,01 characteristic. As far as legally permitted PTB refuses any liability for any direct, indirect or consequential damage arising in connection with the use of this
8 8 0032 0011 0031 001 software, —>
Z 1% gg:; g-g:‘: j»g;‘); g-g: - <dcc:administrativeData>
1 11 0002 0023 -0014 002 <‘fczg§§_ss‘;maa:ee>>
2 12 -0,022 0019 -0005 0,01 - <.dCC'name>
i :3 -(()),,30154 g:ggf _%‘% g:gg <dcc:content>DATA xs:string</dcc:content>
s 15 0001 0019 0003 0,01 </dcc:name>
6 16 0,031 0022 0020 0,02 <dcc:release>DATA xs:string</dcc:release>
7 17 -0,002 0017 -0026 0,01 </dcc:software>
'8 18 0,001 0023 0038 0,02 </dcc:dccSoftware>
9 19 -0049 0016 0044 001 - <dcc:coreData>
0 20 0026 0022 0002 0,02 <dcc:countryCodeIS03166_1>TR</dcc:countryCodelSO3166_1>
; g; gggg gg;g %?321 g'g; <dcc:usedLangCodeIS0639_1>tr</dcc:usedLangCodelSO639_1>
;3 2 _o' 014 0'020 0'04 r 0'02 <dcc:usedLangCodelS0639_1>en</dcc:usedLangCodeISO639_1>
A 24 0017 0018 0017 001 <dcc:ma'ndatoryL.angCodelSOG39_1>tr</dcc:mandatory_LangCode.ISOS39_1>
5 25 0:030 0:021 0"005 0:02 <dcc:umqqeldeptuﬁe»Dcc_S_Parameter_Vz</dcc:umqueldenuﬁer>
" 26 0,008 7 0016 -0012 0,01 - <dcc:identifications>
7 265 0012 0020 -0005 0,02 - <dcc:identification id="orderno">
8 <dcc:issuer>calibrationLaboratory</dcc:issuer>
9 <dcc:value>2023.00001</dcc:value>
o

| 325 | -0,04975

0,00861 -0,10404

Concept of
Digitalization

|
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Y

Creating Digital Twins of Measurement Devices

Unit under

surveillance

measurement
connections

|
|
|
|
|
: Providing the calibration and test as Remote
|
|
|
|

Calibration Service Provider

(CSP) side Customer side equipment
Figure 1. Remote calibration system architecture T calrton ;%,y.mm .

T
Jurcevic, Marko & Hegedus, Hrvoje & Malari¢, Roman & Zeba, Hrvoje. (2008). Generic Environment for internet-enabled calibration services. : |
Application | |
Layer i % o=

‘ AutoRFPower Ul

Uncertainty Calculation DCC Service

Cloud Service
Services

Layer

Uncertainty calculation on metrology clouds .,.. @

Communication  Calibration and Device

‘ Libraries Data
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Measurement
Consumer

S

Certlflcate SOA

Instrument
Specs

Measurlng

Manufacturer Entity

e BIPM’s KCDB, M-Layer e NMUI’s Digitization Strategy

e European Metrology Cloud e MSL, APMP, others
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Q DIGITAL

QUALITY-X:

A FEDERATED I
THE FUTURE Q

www.qi-digital.de

October 2023
<
Quality Infrastructure
Digital }__\ /‘ Smart
calibration Standards
certificate :
Surveillance
Remote Metrology
calibration

Conformity
Assessment

\_| Digital
name plate

eAttestation I-\
Accre-
ditation
/’1 Ql-Cloud

Digital certificate
Remote monitorings

Digital Product Passport ),/ \—‘ Predictive maintenance
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