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Welcome

International Welcome
Alan Steele, CIPM WG Dig., Canada

Digital SI

CIPM View

of the
Digital SI

3rd International DCC Conference
Online Event Hosted by PTB

28 February 2023

Alan Steele PhD, FRSC

CIPM Member and CODATA Liaison
NRC Canada (Ret‘d)

—
CIPM Task Group on the Digital SI

The Metre Convention and the Sl gg!iﬁM

Diplomatic Treaty signed in 1875: still going strong!
* 100 Member States (64) and Associates (36)
* 97.6 % of the World’s GDP participate

Creates the International System of Units

* metrology for measurement, research, industry W
h
Scientific basis for Quality Infrastructure BAS|

z

* approximately 65 000 laboratories are accredited to : :

ISO/IEC 17025 requesting traceability to the SI dp

CIPM Task Group on the Digital S|

International Conference for Weights and Measures

Slide 2 2
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Worldwide Quality Infrastructure (D:;Q!EM

Definition of units

(as required in standards)

Accreditation body standards

Calibration certificate
H required for laboratory
H accreditation

Calibration :

3 Certification Ins ion !
: body standards ! body standards : H laborato labaratory &
H : ; standards | standards

il T T RIS .1 1

1 ]

i Standards required Certification Inspection Test Calibration
1 for certification certificate report certificate
-

ENTERPRISES

World Bank, 2007, Quality Systems and Standards for a Competitive Edge, Washington D.C. Standards

— —
International Conference for Weights and Measures CIPM Task Group on the Digital S|

Slide 3 3

Worldwide Quality Infrastructure Digita,l\sﬂ

(as required in standards)

STANDARDS |- T — METROLOGY

H Accreditation body qlldards

Calibration certificate
required for laboratory

i ACCREDITATION

Calibration }
: laboratory &
standards standards :

Certification ; :
body standards body standards

. 4 T 7 : 3 . 1

1 15

Standards required Certification Inspection Test A : aEs
! for certification corlilicale reporl Calibration Certificate
-

ENTERPRISES

Source: World Bank, 2007, Quality Systems and Standards for a Competitive Edge, Washington D.C. Standards

International Conference for We\gmﬁ and Measures CIPM Task Group on the Digital S|

Slide 4 4
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The Grand Vision: Sl Digital Framework (D:Eg!igul\s,!

The International System of Units (SI), provided by the BIPM Sl Brochure, provides a coherent
foundation for the representation and exchange of measurement data, enabling interoperability

and reproducibility in all scientific and technological domains. The long-term aim of the TG
“Digital SI” initiative is to establish a framework that meets FAIR principles
(respecting business and privacy constraints) and allows all aspects of the
international measurement system — measurement results, uncertainties,
traceability and provenance — to be accessed and interpreted digitally,

enabling machine-to-machine communication and analysis. With this respect

the SI, existing for more than one century — might be considered as an exemplar of intercperability
principles for data. The envisioned framework encompasses foundational {core) models for Sl based

data representation, digital services and tools, and data stewardship and management activities,
providing S| data and information that is transparent to (authorized) users and machines. _—

Sllde 5 InlemﬂlicnalCnrﬂeren:e!orwg\ghs and Measures . Cﬁ Task Group on the Digital S
11 HP— LH M
CIPM Task Group & Expert Group “Digital SI Digital 51

\ Héctor Laiz (Argentina) Joachim Ullrich (Germany)
Diego Coppa (INTI) Daniel Hutzschenreuter (PTB) Yuning Duan (China

Fedor Bulygin (Russia) |
‘ Alan Steele (Canada) ]

. | Martin Milton (BIPM) T TP |
Ryan White (NRC) Janet Miles (BIPM omas Liew (Singapore)
Ismael Castelazo (Mexico) Romain Coulon (BIPM) ‘ nand Louw (South Africa

Francisco Flamenco (CENAM)

[ Pavel Neyezhmakov (Ukraine) |

| Martyn Sené (United Kingdom)

[ BlairHall(MsL) |
| James Olthoff (USA)

Robert Hanisch (NIST) ’ Kazumoto Hosaka (NMIJ
Stuart Chalk (UNF)

Chu-Shik Kang (KRISS

CIPM Task Group members &
CIPM support

—
International Conference for Weights and Measures

Slide 6 6

CIPM Task Group on the Digital S|
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Joint Statement of Intent (D:IJIEM

s 262,

On the "AnStormation i inter, Sclent hct 20 qua
digitar 1
1he intemationgy
t ty
* gow

Wein, T
;i fi
the doyrndersigned unge, of e ofau
e, i3 e T
e TS e BT e o
et e A
e Framentg
o o

https://www.bipm.org/en/-/2022-03-30-digital-statement

— —
International Conference for Weights and Measures CIPM Task Group on the Digital SI

Slide 7

~

Joint Statement of Intent ggigll\g!

We the undersigned undertake to
support in a way appropriate to
each organisation the development,
implementation, and promotion of
the S| Digital Framework as part of a
wider digital transformation of the
international scientific and quality
infrastructure.

!?-.,\ A e ,?,‘:'\ : . )
L ciPM | IsC__|CODATA| iSO |

il 4‘ ' O1ML
- wh o/

e i T Tsation
tonar " Fran
S g gt Ok 0 pary

IEC_| JIAC | IMEKO ]| oML | CIE

https://www.bipm.org/en/-/2022-03-30-digital-statement

International Conference for Weights and Measures CIPM Task Group on the Digital SI
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IMEKO TC6: M4D Conference
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IMEKO TC8: First International Conference on Metrology
and Digital Transformation
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Metrology
in the Digital Era

—
International Conference for Weights and Measures
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CGPM 2022:

Long-term goal

World-wide agreed, uniform, unambiguous, authoritative and
dependable data exchange framework based on the International

System of Units (SI)

Management Technical
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First international workshop on Sl Digital Framework concept for
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data, services & tools (2020)
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CIPM

CGPM 2022: Resolution 2 “Digital SI” 5t/
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assessment, and market surveillance — to consider
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PTB Welcome

Cornelia Denz, President PTB, Germany

Welcome address of the president of PTB, Prof. Dr. Cornelia Denz,
on the occasion of the 3rd International DCC Conference, February 28, 2023, virtual conference

Dear representative of the National Metrology Institutions,

dear Ladies and Gentlemen,

it is a huge pleasure for me to welcome you at the digital site of Physikalisch-Tech-
nische Bundesanstalt (PTB) — The German Metrology Institute, to the 3rd International
DCC Conference.

| would first like to thank Dr. Alan Steele. We are especially happy that he is today pre-
sent as a member the CIPM Task Group on the Digital Sl (CIPM-TG-DSI), and has

given us already a warm welcome. Thank you, Alan for the great words.

| also like to welcome Dr. Olav Werhahn, Executive Secretary of the Joint Commit-

tee of the Regional Metrology Organizations and the BIPM.

A German saying is Aller guten Dihge sind Drei. On the one hand, it can be trans-
lated as an encouraging word to try more often than once to succeed: Third time
lucky. On the other hand, it also means: The best things come in threes, emphasiz-

ing that there are always three things that are great.

Today, the number three can be seen in many respects as the red thread of the
conference. Foremost, there are three challenges with respect to Digital Calibra-

tion Certificates that govern also the conference.

First, the world is becoming more and more digital, and thus, the same is required
for the world of metrology and its 8l. Is the Sl already as digital as it need to be
for a successful implementation and spreading of digital calibration certificates,

also on an international level?

Second, we are aiming to create a seamless environment starting from ideal digital
certificates as a metrology service all the way to real-world applications where an-

alog and digital certificates still coexist. Is this already sufficiently achieved?

Third, digital calibration certificates success depends on being readable by hu-
mans as well as various machines. Do we already have the right formats and

structure to achieve this goal?
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In the traditional analogue metrology world, the answer to these three challenges
would be easy. It is the public and private institutional framework to implement

standardization, accreditation and conformity assessment services including in-
spection, testing, laboratory and product certification. In short, it is the quality in-
frastructure — or Ql, which — by creating confidence in measured values - is an es-

sential guarantor for economic success.

Especially in Germany, the Ql is a tremendous success story. Due to the Ql, Ger-
man products have an excellent reputation that is due to a complex system for

quality assurance and consumer protection.

This quality promise is named “Made in Germany” and is as old as PTB itself — it
stems from 1887. It was introduced in Britain by the Merchandise Marks Act to
mark inferior goods especially from Germany that were at this time entering the

British high-quality market.

However, the attempt to shield the British market from the aggressive and ambi-
tious uprising Germany economy was nhot successful. Soon, “Made in Germany”
became a synonym for quality that also indicated the change in the market policy

in Germany — quality instead of cheap products.

I am sure that many countries have similar success stories that have their original
at metrology and include the whole value chain of Ql from product certification

and quality monitoring.

To ensure that this quality promise also applies in a digitalized world, the PTB, to-
gether with other research partners and companies, has on the one hand estab-
lished QI Digital, a project that unities the German value chain of Ql in defining a

digital workaround for the quality infrastructure of tomorrow.

This project as well as an internationally headed lighthouse project, GENIMEG I,
are funded by the Federal Ministry for Economic Affairs and Climate Action
(BMWK).

With the idea to create secure and robust calibrated measurement systems for
the digital transformation, GENIMEG Il unites 13 partners throughout Germany

that develop standards to ensure reliable communication of digital data, create
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trustworthy digital twins and certificates that help to transform Ql into the indus-

trial digital world and thus strengthen the Germany economy.

In the spirit of a lighthouse, this project is seen from far, being of high signifi-

cance and is guiding digital development.

With these projects, the future of calibration certificates in quickly going digital.
Therefore, conventional calibration certificates could soon be an outdated docu-
ment of the past. In present, PTB is issuing itself around 5,500 calibrations a year
— still at paper - and is complemented by millions of calibrations per year in the
German industry. Thus, conventional calibration certificates are also an issue of

sustainability.

Thus, digital calibration certificates — coined as DCC’s also giving the nhame to
this conference — have highest priority in the metrology community and are the

future of calibration certification in many respects.

Moreover an by the wa: DCC’s abbreviation is another example of the magic hum-

ber three for a good reason.

This conference clearly proves that the DCC is more than just the transformation
of contents of the analogue certificate into a digital format. Instead, it is an impres-

sive act of thinking calibration certification in a completely new, integrated way.

And this brings me back to the three questions from the beginning which are

central to realize versatile DCC’s and are addressed in this conference.

With respect to the last of the three challenges, the DCC is today not only readable
by humans, but in particular also readable and interpretable by machines. This is
realized by storing the data in a clearly defined format, allowing much more infor-

mation to be transported with the calibration certificate than before.

For that reason, over the past several years, PTB has elaborated a machine-reada-
ble format for DCCs together with industry and international parthers. This format
is based on XML, a well-established markup language, furthermore suitable for

worldwide use

In close cooperation with DAkkS, the German Accreditation body, the integration
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and application of a digital accreditation symbol as a machine-readable national

emblem is now being implemented.

This allows accredited bodies issuing all relevant information in a machine-reada-
ble manner without having to change between different media. Uniform seman-
tics and interoperability, which at the same time meet the requirements of the
ISO/IEC 17025 standard for laboratories is key to open this technique for interna-

tional uses.

For the second question on the smooth integration of needs of industry, let me
quote the Japanese engineer Ohno Taiichi: “Without standards, there can be no
improvement.” Ohno Taiichi is considered the father of the Toyota Production

System.

The Toyota Production System — or short TPS with three letters — is a process for
series production in which the productivity of mass production is combined with
the high-quality standards of workshop production. At the same time, employees
are enabled to optimize quality by constantly improving processes and by avoid-

ing waste of natural, human, and corporate resources.

The aim of the TPS is to design production in such a way that it is exactly in syn-
chrony with the customer and that all resources are wasted as little as possible

during the production process. It encourages responsibles to “go and see”, sug-
gesting that in order to truly understand a situation one needs to observe what is

happening at the site where work actually takes place.

This “GENCHI GENBUTSU” principle means go to the source. Collect data and in-
formation to make the right decision, build consensus and achieve the goals at

the best possible speed while considering sustainability and the needs of people.

In this respect, The Toyota Production System is on the one hand an impressive
exam-ple of Industry 5.0. Following industry 4.0, and also known as the fifth in-
dustrial revolution, it is a new and emerging phase of industrialization in which
humans collaborate with advanced technology and robots controlled by artificial
intelligence (Al) to improve workflows. This is accompanied by a greater focus on

people, as well as increased resilience and an improved focus on sustainability.
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On the other hand, GENCHI GENBUTSU also fits very well to the core values of the
DCC. In my opinion, the Toyota way is particularly apt for the DCC in the context

of “going to the source” and of continuous improvement.

In this spirit, DCC’s are tracing back to the source, the full digital calibration sys-
tem: A DCC contains the entire information of a calibration in a format that is com-
prehensible to computers. This information can be read out directly from digital
systems and can be used further on in an automated way. It can be easily com-
bined with the concept of circular economy to consider products from a life-cycle

perspective.

As such, in my opinion, the strength of DCC’s within this stance of continuous im-
provement is that it is well prepared and equipped to include future requirements
of the European green deal and UNESCO’s sustainable development goals

among others.

The Digital Product Passport (DPP) is an actual instrument that includes exactly
this perspective by making all relevant information on a product available in a se-

cure, trans-parent, and trustworthy manner.

By taking the next step via digital and standardized information, it supports the
full value chain of circular economy. As such, it enables, for example, manufactur-
ers, users, and disposal companies to ensure a uniform exchange of data
throughout the entire product life cycle, from raw materials to recycling, from cra-
dle to cradle. According to the EU’s market goals, the DPP is to be made manda-
tory for almost all products. Some companies already offer prototypes and de-
monstrators for a DPP. Siemens, for example, offers a QR code-based DPP which

can be used by mobile end device as smartphones.

As institutions within the quality infrastructure, we have now the unique chance

to integrate these different approaches into a unifying framework.

I have the vision of an administrative ecosystem in form of a digital warehouse
with different administrative shelfs. Machine-readable digital calibration certifi-
cates, digital product passes or digital conformity certificates will then be the

building blocks of a versatile overall structure that is at hand to all stakeholders
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easily.

At last, let’'s come to the first of our three challenges. Not only nationally, but also
internationally, the digital transformation in metrology is extremely topical, and

the digital Sl is an important step.

At the 27th General Conference on Weights and Measures (CGPM), which took
place last November in Versailles, the digital transformation was one of the main

topics.

With Resolution B of the General Conference, it was decided that a digital infra-

structure should be established based on DCCs.

Thus, the CGPM clearly encourages the development and promotion of an Sl Digi-
tal Framework. This includes features like a) a globally accepted digital represen-
tation of the Sl, but also b) facilitating the use of digital certificates in the existing
robust infrastructure for the world-wide recognition and acceptance of calibration
and measurement capabilities. And last but not |east as c) the adoption of the FAIR
principles being Findable, Accessible, Interoperable, and Reusable, for digital

metrological data and metadata.

The practical implementation rules are developed by the Consultative Commit-

tees (CC) that will also establish appropriate task forces to support the work.

And — no surprise — we see again three aspects underpinning the critical im-
portance of metrological traceability for measurement data, being an established

requisite for building trust.

In its more than 135 years, PTB has not only successfully mastered mechaniza-
tion and electrification transformation, mass production, automation, computers
and networks, but has also shaped these transformations with hew and harmo-

hized standards, including the first and second quantum revolution.

Since our founding, our mission has been to combine cutting-edge scientific re-
search with industrial services. Indeed, this was precisely the aspiration of our

founding fathers, Werner von Siemens and Hermann von Helmholtz.

They strived to consider newest scientific research methods of precision
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metrology as the sure ground of technical progress, allowing industry to pre-

serve leading positions due to the access to the scientific progress in metrology.

This tradition of playing a decisive role in shaping science, society and the econ-

omy is what drives us to this day.

That holds for the digital future of metrology, and thus, within the international

metrology community, we are aiming at actively promoting digital transformation.

This is the motivation for us to organize this International DCC Conference, which
have been held as fully digital events since 2020. The aim is to create an interna-
tional framework to bring together stakeholders of the calibration community
with those of digital certifications. In doing so, we follow the aspiration of paving

the way for a future of secure and robust metrology within a digital world.

In the beginning, | was referring to the magic humber three and that all good
things come in threes. This is also true for this DCC conference which holds now
its third edition. This makes it the third great and remarkable opportunity to bring
together the international DCC community representing the state of the art and
current advances in DCCs around the world, including all continents, but also all
stakeholders, from NMls over academia to the different accreditation bodies and

industry representatives.

This year’s conference will - and here we close the circle — focus on transferring
the DCC into practice — and further address the most important challenges of to-
day | mentioned in the beginning — from machine readability over international

harmonization and industry compatibility.

| would like to take this opportunity to express my sincere gratitude to the hosts
and coordinator of today’s conference Sigfried Hackel, and the International Pro-
gram Committee. You have faced the challenge to organize a conference for more
than 800 people — this has been achieved in a tremendously attractive and successful

way. Thank you so much for your commitment.

I wish you a great conference with inspiring talks, many intensive discussions,
and - also within this digital format — a huge number of opportunities for per-

sohal interactions. Thank you very much.
Back to “Table of Contents” atpage 1|2 |3 |4
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Session A: The International Perspective of DCC

Presentations that would also fit into this session:
» 11 DCC and Digitisation versus Digitalisation and Digital Transformation

> 17 The Digital NIST: Pilot Project for the Digital Transformation of NIST’s Measurement
Services

» 21 DKD’s Contribution to DCC Harmonisation and Coordinated Development

> 22 GEMIMEG-II — Status and Progress Report

» 31 DCCs for Non-Automatic Weighing Instruments (NAWIs) — Current Status of a
Respective Working Group Elaborating “Good Practice” Conventions

01 Digital Calibration Certificate as part of an Ecosystem
Presenting author: Antonio Matamala, Beamex, Finland

E-mail address: antonio.matamala@beamex.com
Additional authors: Jan-Henrik Svensson, Sami Koskinen

Abstract
Digital calibration certificates are an important part of the calibration ecosystem, providing a
way to store and transmit calibration information electronically between organizations.

In this presentation, we will explore the role of digital calibration certificates in the broader
context of the calibration ecosystem, including the various stakeholders, systems, and
processes involved. We will discuss the benefits of using digital calibration certificates, such
as improved efficiency and accuracy, and we will examine the standards and guidelines that
may be relevant to their use. We will also look at some of the challenges and considerations
involved in implementing digital calibration certificates, including challenges related to
security, interoperability, and regulatory compliance. We will highlight the complex IT
situation in the pharmaceutical industry, which can benefit from an ecosystem approach due
to regulations that place a very high priority on data integrity. Finally, we will also highlight
economic factors that may be of great interest to industrial companies striving for operational
excellence and improvement of calibration processes.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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DIGITAL CALIBRATION CERTIFICATE
AS PART OF CALIBRATION ECOSYSTEM

Focus: (Process) Industry

3rd International DCC Conference 2023
Antonio Matamala
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GLOBAL MARKET FOR CALIBRATION SERVICES

Calibration services

Global market for Calibration Services: US$8.9 Billion by
2027 *

Service Providers: >59M calibration certificates per year
($150/certificate)

Assumption: service providers account ~50% of all
calibrations delivered => ca. 120M calibration certificates
each year

Are these ALL calibration certificates generated?

* Source: Global Industry Analysts Inc.

CALIBRATION CERTIFICATE EFFORTS AND
COSTS IN NUMBERS

* A4 paper 0.1 millimeters thick, height of 120 million sheets:
120,000,000 sheets x 0.1 mm/sheet = 12,000,000 millimeters
12,000,000 mm / 1,000 = 12,000 meters

Amount of paper per tree: 8,333 sheets of A4

Number of trees required: 120 million A4 sheets of paper / 8,333 sheets of A4 paper per tree = 14,401 trees

Total cost of sending calibration certificates via normal mail: $1.25 x 120 million = $150 million

Not to mention other costs, like CO2 emissions, etc.

Total time required to process and send paper certificate: 5 minutes x 120 million = 600 million minutes =
10 million hours = 416,667 days = ca. 1442 years manual work per year

Storage costs: “What you see above the ground, we have underneath the ground ... paper archives”
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CALIBRATION CERTIFICATE EFFORTS AND
COSTS IN NUMBERS

DCC

* Electronic transmission of calibration certificates:
« faster,
+ more cost-effective, and
+ environmentally friendly

* More secure and reliable, less risk of certificates
+ lost,
+ damaged,
+ delayed when sent

+ simplify record-keeping and tracking

DCC will require software solution providers at DCC
nodes where DCC is generated and consumed. Surprised?
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DCC INDUSTRIAL PROOF OF CONCEPT PROJECTS

PARTNERS WORKING TOGETHER

Perschmann ‘ LAHTI
Calibration W PRECISION

Boehringer
I”ll Ingelheim

Srion

@ Aalto University

VAISALA

“A dlgltal gcosystenns a distributed, adaptive, open
socio-technical system.with properties of self-
organisation, scalabiliﬁ}\ and sustainability inspired ’
from natural ecosystems” - Wikipedia ’ }
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ALLIANCE

Updating of master data through on-site calibration at the customer's premises
[
: A
jea da
Calibration Services Operator

AL ion against
operalor's cloud

Operator Cloud based on AAS

Assel identification according
to DINSPEC 91406  [my

Automatic update of asset twin
in operator cloud with
calibraticn results

Digital Twin ey

Other systems (e.g. Maintenance Mgmt)

Calibration software

DCC = Machine readable, exchangeable format, Industry 4.0 ready!
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heame:
Where are we today?
Where are we heading to?

Calibration 4.0

Calibration 3.0

Calibration 1.0 Calipration 290
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02  Calibration, Certification, Testing — Is Compatible Cigitalisation
Possible?

Presenting author: Brett Hyland, NATA Australia
E-mail address: Brett.Hyland@nata.com.au

Abstract

There have been impressive digitalisation advances at an international level relating to the
calibration and conformity assessment of instruments and equipment. While not as globally
coherent, there has been effort directed towards digital assurance over traded goods. There
are fundamental differences in the handling of such conformity data, compared with
equipment assurance data, yet there are potential payoffs if a degree of harmonisation could
be achieved given that the national accreditation bodies (ABs) and, in some cases the
conformity assessment bodies (CABs), are the same. The digitalisation of accreditation data
elements will be considered in terms of reconciling elements which are tightly defined, such
as the Digital SI system, with more loosely structured data elements applicable to testing and
certification. The challenge of validating accreditation status of CAB certificates will also be
considered, with the premise that individual ABs have responsibility for deciding how an
accreditation ‘match’ is determined. In principle, whenever data sets are agreed, it should be
possible to bring these into a broader framework without compromising established data
validation systems. Some insights will be reported from an Australian collaboration exploring
these matters. The work will be placed within the context of a Draft White Paper from the
United Nations Trade Facilitation and E-business group, dealing with digital exchange of
conformity certificates and which builds on the emerging practice of barcoded URLs in
certificates for authentication. It is hoped that drawing attention to these developments may
facilitate discussion regarding engagement on digitalisation matters between the scientific
and trade measurement community and the wider conformity community.

Back to “Table of Contents” atpage 1|2 |3 | 4
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Calibration, Certification and Testing
— is compatible digitalization possible?
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Different emphasis in calibration

« Testing/certification involves parties unknown to the CAB seeking access to conformity data
« Tested/certified goods are dispersed (calibrated items are normally held by a single party)

« There are differences in the degree of commercial sensitivity of information

« Calibration accreditation uniquely involves Calibration & Measurement Capability statements

« Stark difference in progress towards digitalizing content of reports/certificates

NATA

Yet ...there is also common ground

+ Need for unique identification of certificates/reports

+ Need to link data with physical objects (item under test, traded goods)
+ Need for defined access to certificates/reports

+ Certificates/reports are subject to revision by the issuing CAB

* A common accreditation structure exists (ILAC MRA coverage)

+ Accreditation coverage depends on parameter combinations (product type, measurand,
standards)

NATA
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Is there a driver for cooperation across sectors?

« Many CABs are involved in both testing and calibration activities

« Most Accreditation Bodies (AB) accredit both testing and calibration (often certification as
well)

« Compatible processes may improve the chances of successful implementation for all sectors

N\
NATA
v&‘ﬁ;ﬁ“’
United Nations - Centre for Trade Facilitation and Electronic
Business (CEFACT)
Introducing UN/CEFACT
+ Facilitates national and international transactions, through simplification/harmonization of
processes and information flows.
+ Delivering internationally agreed recommendations, e-business standards, common libraries,
directories and code lists.
» Alogical home for discussion regarding conformity data exchange/access
Jﬁ"‘a‘%
NATA
NS

W
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White Paper
Digital Product Conformity
Certificate Exchange

Public Review Draft

(@) unece
7~ UN/CEFACT

Report |dentifier URL

Web Menu
or
Resolver
o 4 u
View certificate Linked Accreditation
(if permitted) product ID information

>

NATA

<

Imiage adapted fram diagram from UNCEFACT Digital Pradust Confanmily Geriificate Fxshange White Paper Pubilic Reviovr version
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CAB* —— Authority
*Or repository .
on CAB's behalf >
Access link
v
Supplier of Supply
finished chain
goods actor
NATA
Reproduged from UNCEFACT Digital Product Conformity Gedificate Exchange White Paper Public Review version v
Web Menu
or -
Resolver
Product barcode
o 4 u
15t source 2 source 3 source
server server server
v
v 4
Report Report Report
1 2 3

>

NATA

<

Repredused fram UNCEFACT Digital Product Confanmily Cedificate Exchange White Paper Public Review version
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Standard identifiers

Document Type:
—)
dentifier (GDTI 9316266000014

14} InfraBuild i

TEST CERTIFICATE

Page 1013

GDTI:  931526600001480057629

Cerificate Na -~ 80057620

ATRALNRADE Transmission Dale 09/07/2021
Delivery No. 80057620

Customer. PL1813 Suppher The Aust Steel Co Ops PIL
6 BALUARAT Ror0 ABl oo ISO/IEC 15418
SUNSHINE VIC 3020

IBCS - SUNSHINE
Ship To: 528 BALLARAT ROAD
SUNSHINE VIC 3020

Document Serial
Number:
80057629

Global Trade ltem Number
b e / (GTIN) + Batch (heat) ISO/I EC

Cnemistry Lab:1726 Infraduda Steel Laverion S Caiuiste

Mocrarical Lab 1843 | InfraBuid Steel Laverion 5. Cancdele: / ¢ @ InfraBuild .
ACRS CERT NO. 31102
QST AS/NZS 4671-500N
Deformed Bar 24x1

i A

v e W —— A
e Joome Jstfir Je Tr Ju Jo Jo Jo Jo Jo Jo Jo o Jo v fv o [ ] NATA
images reproduced with the kind pemmission of wvav.infrabuiid.com v
An accreditation perspective
Will we ever achieve digital matching from certificates to accreditation scopes?
Universal Code Lists remain out of reach for testing parameters (product type,
procedure/standards, measurands/determinations, etc). Consider the following taken from a
real accreditation scope (AS = Australian Standard):
+ AS 3996 Appendices D4.3 and D4.4 for bicycle tyre penetration resistance
« AS 1012.14 Clause 6.4 d) i) only for concrete specimen conditioning
+ AS 1012.14 excluding Clause 6.2 for concrete compressive strength
Product Certification is arguably even worse off! Conformity activity in this area is globally
splintered into hundreds of Schemes, each operated by an individual Scheme Owner (SQ) and
carrying its ‘home grown’ set of language for the AB to adopt.
Z\
NATA
N
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Defining accreditation elements

However, code lists do exist at one level — that is, the idiosyncratic data sets issued by individual
ABs or SOs. This may seem chaotic, but at least it is already in place!

Might it also point to a flexible framework that could be adopted across calibration, testing and
certification?

Imagine an AB could make available to each CAB a selectable menu of time-stamped
combinations of accredited parameters, reflecting the CAB’s evolving accreditation coverage
over time.

A

NATA

Defining accreditation elements

Any instance of a new combination of parameters added by the AB would be time-stamped
(‘Granted'’) and, at the time of any scope update, any obsolete entries would be time-stamped
(‘Ended’). A key finding is that the parameters could be completely free text (as indeed is the
case for many ABs) and still operate as intended, since they need only apply to the listed CAB.

An example of an accreditation line entry for a specific testing laboratory might be:

Granted *xx/yy/zz* for *17025 - testing* of *Bicycle tyres* to *AS 3996 Appendices D4.3 and D4 .4*
Ended on *Nil (remains current)*

An analogous example for a certification body:

Granted *xx/yy/zz* for *Product Certification under the CodeMark (Australia) scheme* for *Ceiling insulation
products* to *National Construction Code 2018 Vol 1 — J1.2(a)* A
Ended on *Nil (remains current)* NATA
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Defining accreditation elements

When a CAB issues a report, they could select any/all of the valid parameter combinations
relevant to their reported result and then they could irrevocably (via register, digital stamping
etc) associate those data points to the issued report. Any obsolete parameter combination
(showing an ‘End date’) would not be selectable by the CAB.

If an AB at any point wants to change their code lists (or decides to adopt a newly-agreed
universal code list), any historically issued reports/certificates would not be not affected, since
the time-stamped entries based on the earlier code list would remain valid and searchable.

On this basis, the international community could progressively absorb internationally agreed
code lists, without having to rewrite global trade systems every time an AB wants to amend
their code lists.

Back to physical test items

To bring us back to the original premise - linking reports to physical products - what if the CAB
scans the product barcode for the item under test — and then irrevocably associate that
identity with the issued report?

Could we achieve a globally interoperable framework for product conformity validation? To
find out, NATA, JAS-ANZ and GS1 in Australia are undertaking some non-commercial
validation of the concept.

NATA
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Example of non-commercial conceptual work underway

l||| ||M CERTIFICATE OF CONFORMITY
‘ L 2

Pink Batls®

NATA/JAS-ANZ/GS1 collaboration funded by Australian Department of Industry Science and Resources NATA

ificate with this 1D
56789TUVWXYZ is
by

This certificate is
expired! [+]

[+]

[+]
Want further information? [+]

nB
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Status of the certificate

E Expired Certificate

According to our records, the Certificate of
Conformity identified with this ID expired
already, on 1 December 2019.

Good news! We faund rrent ve
this certificate, valid until 17 Octobe

You can see the details for that current
ere

« Back to Summary

@)

& au.conformity.id

Regarding Accreditation Status

Based on information from Global-Mark
Pty Ltd, the certificate with this ID was
issued under the CodeMark scheme and
the following standards:

on Code 2016

Based on information from
Global-Mark Pty Ltd was accredited under

Global-Mark.
o2 Share -, Back to Summary

O
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& au.conformity.id

Associations of this certificate

Based an information from Global-Mark
Pty Ltd, this certificate 1D is iated
with 3 products and 1 entity.

Associated Products (3)

This certificate ID has declared

Insulation [+]
Associated Entities (1)

This certificate 1D has declared
associations with 1 entity:

1. Flefcher Insulation [+]

« Back to Summary

@)

Is there any potential benefit for the CAB community?

CABs retaining flow-on value of connections made from conformity data to the
physical world (‘data is the new oil')

CABs seen as the custodians of their own data in a purely digital environment,
and not forced to upload their data to platforms in vendor-stipulated formats

CAB outputs driving (rather than limiting) global innovation, using feasible models
for data aggregation across different economies and supply routes

Machine validation of accreditation coverage

NATA
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Closing thoughts

The calibration sector is clearly the frontrunner in the digitalisation space. Still, exchanging ideas
with other sectors may unlock additional benefit for all areas of conformity assessment.

Relevant fora for dialogue include:
+ ILAC & regional bodies National Laboratory Associations
+ DCC/DCoC/DTC project groups UN/CEFACT project groups

Possible topics for cross-sector exchange:

+ Use of standardised identifier protocols?

« Distribution of certificates via weblink to the CAB (or nominated host) repository?
+ Common approach for validating accreditation coverage?

NATA
Would you like to begin this conversation?
Thank you!
For further information please contact
Brett. Hyland@nata.com.au
NATA
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03  Towards Digital SI Traceability Statements in Calibration Certificates
Issued by NMls and DlIs

Presenting author: Olav Werhahn, Bureau International des Poids et Mesures (BIPM)
E-mail address: olav.werhahn@bipm.org
Additional authors: Gregor Dudle, Stéphanie Maniguet, Chingis Kuanbayev, Janet Miles

Abstract

In line with Resolution 2 of the 27th CGPM [1], we propose a simple first step on the route
towards digital Sl traceability. We demonstrate how a calibration certificate covered by the
CIPM Mutual Recognition Arrangement (CIPM MRA) can be directly linked to the issuing
laboratory’s internationally agreed and published calibration and measurement capability
(CMC).

The concept of metrological traceability is the backbone of modern international acceptance
and reliability of measurement data. The CIPM MRA provides the fundamental framework for
international recognition of the national measurement standards of participating NMls and
DlIs and the certificates they issue [2]. One of the outcomes of the CIPM MRA are the peer-
reviewed CMCs published in the BIPM key comparison database (KCDB) [3], which are
generally underpinned by the results of international comparisons [4]. When calibration
certificates are issued to customers by NMIs/Dls, the CIPM MRA logo and a statement
referring to CMCs published in the KCDB can be used. The use of the sentence and the logo
is copyright-protected and granted by the BIPM as laid down in the policy document CIPM
MRA-P 11 [5].

A recent survey on digital transformations carried out amongst members of the CIPM’s
Consultative Committees (CCs) [6] showed that there is significant interest in the
development of digital calibration certificates (DCCs), but currently little awareness as to how
metrological traceability to the SI might be digitally addressed. In this presentation, we
propose and discuss the concept of including of an explicit link to the underpinning CMC,; this
can be introduced into calibration certificates with immediate effect, and easily translated into
DCCs. The concept is effectively a digital extension of the use of the CIPM MRA logo and
corresponding statement and is compatible with the digital requirements and FAIR principles
of DCCs.

[1] CGPM, On the global digital transformation and the International System of Units, 27th CGPM
Resolution 2, 2022, URL:

https://www.bipm.org/web/guest/committees/cg/cgpm/27-2022/resolution-2

[2] CIPM, Mutual recognition of national measurement standards and of calibration and measurement
certificates issued by national metrology institutes, CIPM MRA, 1999, URL:
www.bipm.org/documents/20126/43742162/CIPM-MRA-2003.pdf

[3] BIPM key comparison database (KCDB), www.bipm.org/kcdb

[4] CIPM, CMCs in the context of the CIPM MRA: Guidelines for their review, acceptance and maintenance,
CIPM MRA-G 13, 2022, URL:

www.bipm.org/documents/20126/43742162/CIPM-MRA-G-13.pdf

[5] CIPM, Overview and implementation of the CIPM MRA, CIPM MRA-P 11, 2021, URL:
www.bipm.org/documents/20126/43742162/CIPM-MRA-P-11.pdf
[6] BIPM, Evaluation Report of the survey on digital transformations, 2022, URL:

www.bipm.org/documents/20126/77500070/Evaluation-Report-CC-Survey.pdf

Back to “Table of Contents” atpage 1|2 |3 | 4
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digital SI traceability
statements in
calibration certificates issued by
NMis and Dls

Bureau

T International des m0. Werhahn, G. Dudle, S. Maniguet, C. Kuanbayey,

Poids et :
+Mesures J. Miles

Calibration Certificates

« ISO/IEC 17025-2017: ... section 7.8.4.1, clause c¢) “a
statement identifying how the measurements are
metrologically traceable” — two routes explicitly mentioned,
i.e. the CIPM MRA and ILAC MRA,;

«  issued by NMIs/Dls documenting a certain calibration
service;

« in the context of the CIPM MRA calibration services of
NMIs/Dls can be backed up by calibration and
measurement capabilities published in the KCDB.

www.bipm.org
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Metrological Traceability

= The Internationzl Vocabulary of Metrology (JCGM 200:2012, VIM)
provides the definition of the concept/term of “metrological
traceability”

JCGM 200°2012

International vocabulary of
metrclogy - Saic and general
concepts and associated terma

property of a measurement result whereby the
3rd edition

result can be related to a reference through a
Vocabulairs international de
. . . e A
documented unbroken chain of calibrations, each tormes secoc e ()

3 édition

EFRIER 700 avee correcana runeates

contributing to the measurement uncertainty.

www.bipm.org 3

CIPM MRA and its governing processes

= The CIPM MRA participating laboratories’ activities provide technical
evidences on their calibration and measurement capabilities
(CMCs).

= (CMCs are the outcome of the CIPM MRA defining

= the measurement range, ) ) )
Overview and implementaticn
. of the CIPM MRA
= the measurement uncertainty, and the statement
= of the metrological traceability o
for a calibration or measurement performed at the NMI/DI
= Calibration certificates issued of NMIs/Dls on services provided to
customers can relate to CMCs published in the KCDB.
www.bipm.org 4
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in analogue world

Use of the CIPM MRA logo
Description of the logo. The logo for the CIPM MRA is:

This logo, designated as "CIPM MRA Logo", is the exclusive property of the BIPM

The following “CIPM MRA statement” shall also be included on the calibration
certificates together with the logo.

This certificate is consistent with the capabilities that are included in
Appendix C of the CIPM MRA drawn up by the CIPM. Under the
CIPM MRA, all participating institutes recognize the validity of each
other’s calibration and measurement certificates for the quantities,
ranges and measurement uncertainties specified in the KCDB (for
details see https://www.bipm.org/kedb/).

www.bipm.org

in the digital era

Bureau
International des

= The concept of how to provide a statement of metrological traceability in DCCs is not yet
clear.
o Of the CC members expressing an interest in DCCs, only 15 % were able to articulate
how metrological traceability to the Sl could be addressed in a DCC.

Rapport BIPM-2023/01
EVALUATION REPORT - SURVEY ON
DIGITAL TRANSFORMATIONS

https://www.bipm.org/documents/20126/77500070/Evaluation-
Report-CC-Survey.pdf/f087e5a9-eaee-6d59-36¢3-d64f751f7999

www.bipm.org
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CMCs and the CIPM KCDB

=  CMCs published in the KCDB in the context of the CIPM MRA

= do haveaPID:

with
RMO

Area
A2

www.bipm.org

RMO-Area-A2-1D-V

organization claiming the CMC file
corresponding acronym of the metrology area
ISO 3166-1 Alpha-2 country code (or the
abbreviation of an international organization)
unique CMC identifier, eight symbols length
alphanumerical version value from 1to Z.

CMC identifiers and the API KCDB

The Key Comparison Database - KCDB - supports the Mutual Recognition
Arrangement of the International Committee for Weights and Measures (CIPM
MRA), implemented in 1999, It contains data on Calibration and Measurement
Capabilities (CMCs) and comparison results of measurements in physics, chemistry
and biclogy, and ionizing radiation. The KCDB is an evidence-based database: all
dataincluded have been reviewed by international groups of experts and approved
for mutual recognition.

The KCDB website www.bipm.org/kedb gives access to the following open access
services:

e Search published CMCs in the KCDB
» Search published comparison reports and results

« Information on statistics and recent news on issues linked
to CMCs and comparisons

¢ Asetof guidance documents and video demonstrations

In 2021 the BIPM made available an Application Programming Interface - APl - for

search of CMCs on the KCDB.

The APl KCDB provides the data as a response of search queries on CMCs. Although
it may provide the basis for digital CMCs on a longer term, this APl is presently only

intended for search on CMCs,

www.bipm.org
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Calibration and measurement
capabilities in the context
of the CIPM MRA

Guidelinas for their review, acceptance
and maintenance

CIPM MRA-G-13

API KCDB

GUIDE

+.KCDB

Link
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CMC identifiers and the APl KCDB

=  (CMCs are searchable in the KCDB by their PID;

= The APIKCDRB provides a2 means for machine-initiated retrievals and feeds back search
results on published CMCs;

= Example: EURAMET-T-FR-00000L89-1

www.bipm.org 9
Current situation Future
{paper or PDF) {PDF and machine readible)
i, o B,
Kalibrierzertifikat Nr. 131-03662 Kalibrierzertifikat Nr. 131-03662
4>~ Mutual Recognition of Certificates
~CIPMMRA This certificate is consistent with the capabilities that are included in Appendix C of the CIPM MRA drawn up by
the CIPM. Under the CIPM MRA, all participating institutes recognize the validity of each other’s calibration and
measurement certificates for the quantities, ranges and measurement uncertainties specified in the KCDB (for
details see https://www.bipm.org/kcdb/
Dieses Dokument ist nur in elektronischer Form gliltig und tberpriifbar. g
Bitte beachten Sie die Hinweise auf www.metas.ch/ecert. CMC' L| nk 13
R
10

www.bipm.org
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Conclusions

www.bipm.org

CMCs as outcome of the CIPM MRA are one internationally
accepted demonstration of metrological traceability to the
international system of units (SI).

Analogue calibration certificates can provide a statement pointing
on CMCs published in the CIPM MRA database (KCDB).

Digital calibration certificates (in analogy to the analogue world)
could make use of the CMCs’ PID, uniquely identifying a specific
CMC on what the calibration has been done at the NMI/DI.

CMC PIDs enable a machine readable/executable digital
metrological traceability statement to the Sl in digital calibration
certificates.

11

Thank you

Bureau

|

International des

f

Poids et
4+ Mesures

OIav.Werhahnbim.ér
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04  Recent Advances in Digital Representation of Measurement Data by the
D-SI Metadata Model

Presenting author: Daniel Hutzschenreuter, PTB, Germany
E-mail address: daniel.hutzschenreuter@ptb.de
Additional authors: Wafa El Jaoua, PTB

Abstract

Establishing machine-useable and machine-interoperable measurement data based on the
International System of Units (SI) is a fundamental perquisite to foster an integration of digital
metrological data into highly automated processes. Today, the international Digital Calibration
Certificate (DCC) format is implementing this requirement by using the D-SI metadata model
for the representation of values of all physical quantities. The steadily growing maturity of the
DCC format, the increasing expertise from DCC users, and developments towards a digital
provision of the Sl by the International Committee for Weights and Measures (CIPM) and its
bureau in Paris (BIPM) has raised promising ideas for further advancements of the D-SI. An
update of the metadata model to adopt to these ideas is currently being discussed and will be
presented. One highlight is the outline of approaches for future interoperation with the new
BIPM Unique Sl Reference Point which will be providing authoritative definitions of the Sl for
digital data.

Back to “Table of Contents” atpage 1|2 |3 |4
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" Physikalisch-Technische Bundesanstalt
‘,i Braunschweig and Berlin
= National Metrology Institute

D-SI| Metadata Model

Recent advancements in digital representation of measurement data

Wafa El Jaoua, Daniel Hutzschenreuter .
Department 9.4, Metrology for the Digital Transformation

Credits

DCC developers, users and DKD
members

Suggestions
CIPM Task and Expert Group on the

Digital-SI

BIPM ‘SIDR’ support (Janet Miles &
Stuart Chalk) y

PTB colleagues (Wafa El Jaoua,
Maximilian Gruber, Frank Hartig and
many more)

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-02-28 2 D-8l Advancements
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D-SI Metadata Model PIB

[ Exchange of metrological core data suitable for machines in loT and Industry 4.0 ]

Used since 2019
(outcome SmartCom
EMPIR project)
Minimum Requirement
Value + (SI) unit
?asy to use Further needs emerging
Unambiguous » CIPM Digital-SI
Universal — * user applications
Safe (DCC, D-CoC, ...)
SI, VIM, GUM » Smart Standards
rl’rjysi!(izrlisch-Technische u weig and Berlin National Met‘m!og'y Ir:|svlifule

CIPM Sl Digital Framework PIB

[Fostering worldwide interoperability across existing digital units representation }

systems and metrological data based on

= Definitions for International System of Units in digital world (BIPM ‘SIDR’)
= Translations/mappings between representations

= Disambiguation by kinds of quantities

= FAIR (Findable, Accessible, Interoperable, Reusable data)

= CIPM trustworthy anchor within Quality Infrastructure

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-02-28 4 D-8l Advancements
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PIB

BIPM digital reference for Sl ‘SIDR’

[ Machine and human actionable interoperation & linking across unit formats ]
D-SI al
D-SI service service
> e aIms
data ] ]
I

Software * Transition across unit
Format A .
representations
“— | data P

Format A

units * FAIR, open access &
open source
Sl Digital | FAIR * Online and/or offline
Reference | metadata Format B * Enable linking ‘SIDR’
for S| Format B )
) . (data and future Ql services
units, units
prefixes,
= SIDR prototype: httgs:/lsiunits.stuchalk.domains.unf.edu.’
Physikalisch-Tt i | ] weig and Berlin National Metrology Institute
2023-02-28 5 D-8l Advancements

PIB

Example D-SI linking units

<si:real xmlns:si=https://ptb.de/si>
<si:value>6.62607015e-34</si:value>
<si:unit>/joule/second</si:unit>
</si:real>

k D-SI service interface
https://ptb.de/si/unit/api message: “/joule/second”

k "/joule/second™
sidr:unit: "https://siunits.stuchalk.domains.unf.edu/api/unit/joule_second"
formatA:unit: “http://formatA.org/..."
formatB:unit: “https://formatB.com/..."
"https://siunits.stuchalk.du/api/unit/joule_second”
k name: "joule second™
numeratorunits:

Attention v o:
SIDR & D-SI service under v unit:
development, thus content » weburl: “https://siunits.stuchalk.domains.unf.edu/si/definition/unit/joule”
of example & URIs not final v apiurl: “https://siunits. stuchalk.domains . unf.edu/api/unit/joule”
Physikalisch-Technische Bund talt @ Braunschweig and Berlin National Metrology Institute
2023-02-28 6 D-8I Advancements
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Types of quantities PTB

[ Improving interoperability through a sound “Metrology Layer" ! J

Temperature calibration D-Sl easy to use:
Thermodynamic temperature point : qual‘!tlty type minimum
68°F => 20 °C => 293.15 K requirement

* link to scale of unit by

Thermodynamic temperature difference

1°F => 1°C => 1K quantity type
[ aspect / quantity type ] value ][ unit ]E unit scale
temperature point 20 °C interval scale 273.15 K

11 Hall, B. Representing and Expressing Measurement Data in Digital Systems. SN COMPUT. 5CI. 4, 120 (2023). https://dci.org/10.1007/542979-022-01534-x

Physikalisch-Technische | ] weig and Berlin National Metrology Institute
2023-02-28 7 D-81 Advancements

PIB

Service layer for types of quantities

* Interoperating controlled
vocabularies for quantities

D-Sl

D-SI s we Controlled
data

oz vocabulary
Quantity [

quantities

* Interoperating registries
for Metrology Layer (M-

type, unit — —
Layer)
M « Establishing context
Layer between units, quantities
. and scales - foster
o automatic conversion

and validation

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-02-28 8 D-Sl Advancements

Page 61 of 559



aPIB

D-SI metadata model advancements PTB

[Extensions planned for the metadata model (D-SI beta version 2.2.0 in 2023) }

» Quantity type

= Standard uncertainty

» Better uncertainty semantics

= Allowing ‘NaN’ or similar

» Number significant digits

» Additional units: percent, bit, ronna, ...
» XML list complex values

D-SI & DCC already used in industry = no breaking changes guaranteed

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2023-02-28 9 D-81 Advancements

Summary

D-S| Metadata Model advancements
= Service layer for FAIR units and quantities

= Additional useful metadata

D-Sl information

https://gitlab1.ptb.de/d-ptb/d-si/xsd-d-si

D-SI metadata model

CIPM & BIPM information [ DSisenvicelayer  \

/ DCC and other applications \
EMPIR E

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-02-28 10 D-Sl Advancements

https://www.bipm.org/en/digital-transformation

EURAMET}
=
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Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin

Bundesallee 100

38116 Braunschweig
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Session B: DCC and Accreditation

Presentations that would also fit into this session:
» 09 The Semantics of Measured Quantities

» 21 DKD’s Contribution to DCC Harmonisation and Coordinated Development

05 Bringing the Digital Accreditation Symbol and the Digital Calibration
Report (DCC) into Practice

Presenting author: Susanne Kuch, German Accreditation Body (DAKKS), Germany
E-mail address: susanne.kuch@dakks.de
Additional authors: Dr.-Ing. Kerstin Rost, German Accreditation Body (DAKkS), Germany

Abstract
As national accreditation body, DAKKS supports the implementation of the DCC as digital
version of a result report in the specific form of a calibration certificate.

In this contribution, DAKKS will present the status quo regarding the implementation of a
digital accreditation symbol for accredited bodies. This will be realized within a project which
will also include the launch of DCCs in accredited calibration laboratories. This digital
accreditation symbol enhances the opportunity of fully machine readable test or calibration
reports but also further kinds of attestations. This allows the integration of digital test reports
in fully automated processes.

This contribution will further address the necessary requirements for CABs regarding
accreditation procedures as well as the necessity of general guidelines from experts
regarding the correct implementation of normative requirements for a certain measurand in
the DCC XML scheme.

The project is integrated within a broader initiative of the central players in German quality
infrastructure (QI) - DIN, DKE, DAKkS, PTB, and BAM. The joint initiative “QIl-Digital”
develops digital and interlinked processes and solutions for a modern quality infrastructure
that serves the analogue as well as the digital product world.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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Deutsche
Akkreditierungsstelle

3rd International DCC Conference

'SUSANNE KUCH | DIGITAL POLICY FOR QUALITY INFRASTRUCTURE OFFICER

'GERMAN ACCREDITATION BODY (DAKKS)

Digital Transformation
1. Ql-Digital Initiative
2. Using DCC for eAttestation

I. Technical Deep-Dive

1. Technical status quo of the
digital accreditation symbol
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DCC in focus

. Procedural remarks by DAkkS
on the implementation of the
DCC for accredited calibration
laboratories and their
customers
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DIGITAL TRANSFORMATION

The QI-Digital Initiative

= Mission: Keep up with digital
transformation

= Aims:
» Capability of addressing new / innovative
products or processes (e.g. Al)

» Enable a smooth, interlinked quality
assurance and conformity assessment
process

= Methods:

» Develop interoperable digital tools for a
modern Ql

> Integrate currently existing approaches

Page 66 of 559
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DIGITAL TRANSFORMATION

Using DCC for eAttestation

= Enable eAttestation for accredited CABs by combining the
DCC with the digital accreditation symbol

= Need for digital accreditation symbol due to digital
transformation: authenticity of the content and the identity
of an accredited CAB has to be ensured

= Automatized real-time verification of integrity and
authenticity for machines or by ,,a single click” for any person

-> Strengthens confidence for market participants in
accreditation and thus in quality and safety

A\
{( DAKKS

=
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DIGITAL ACCREDITATION SYMBOL

Technical status quo

Implementation of digital accreditation symbol is based on a
Public-Key-Infrastructure (PKI)

Specification of a standard seal product based on a advanced
seal with a qualified certificate (no hardware needed)

Restricted to the use by legal entities

Accreditation Body confirms the attribute ,accredited CAB”
within the PKI for a specific evaluation activity

Machine readability is ensured via the definition of an OID
that carries the information of the accreditation status of the
legal entity

Technical structure of the digital accreditation symbol

Adazionalintormation
{io-commengkhat
15)

ATtestation Dy a conformity assessment body [CAB) as defined i clause 7.3 of BO/TEC 17000
that the object of a conformity assessment as defined in clause 4 2 of ISO/IEC 17000 meets
certain specified or expected requirements as defined in clause 5.1 of ISO/IEC 17000, in

articular the al sealing of result reports (" of conformity")

The application of the sealing key is limited to the sealing of the attestation (statement of
conformity)

—  AB confirmation

Admiasion
Id<ommonpki-a 3
(L338833)

_1 i RegistereciD: (io-dadks]

ContertsOtAdmissons= |
admissionAuthority = . C=DE/O=Dautxha Alkredit ienungsstelie G (DAIS)",
profesionintos s [
Fofessionkems « , DAKS Bredtien e Zaile,
rofessionOIDs = {iddskic 2]

]
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DCC IN FOCUS

Procedural remarks

The calibration laboratory shall demonstrate compliance
with the requirements of ISO/IEC 17025:2018

It shall also be compliant with the legal requirements as well
as potential further technical specifications regarding the
measurand and its documentation within a DCC

Calibration laboratory need to ensure interoperability of DCC
in order to meet the needs of its customers

No changes to the application or the status of the
accreditation are required for the implementation of the DCC

Proof of traceability via digital accreditation symbol possible
(due to cryptographic method securing accreditation symbol)

Page 69 of 559




3"international DCC-Conference

Questions?

{( pAKKS

Imprint and Contact

National Accreditation Body

Deutsche Akkreditierungsstelle GmbH (DAKKS)
Spittelmarkt 10

10117 Berlin

Susanne Kuch M.A.

Digital policy for quality infrastructure officer

ditation governance, and Innovation Department
German National Accreditation Body — DAkkS
susanne.kuch@dakks.de

(( DAKKS
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13 | DAkkS-PPT-Vorlage - Benutzerhandbuch und Vorlagensammlung - Version 1.0
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06 The General DCC Rulebook and the Rules under the Aspects of
Accreditation

Presenting author: Siegfried Hackel, Physikalisch-Technische Bundesanstalt (PTB),
Germany

E-mail address: siegfried.hackel@ptb.de

Additional authors: Muhammed Ali Demir, Lutz Doering, Benjamin Gloger, Justin Jagieniak,
Moritz Jordan, Christian Keilholz, Jan Loewe, Kai Mienert, Shanna Schonhals, Gamze
Soylev Oktem (in alphabetical order, all PTB)

Abstract

Machines are still far from being intelligent. In the digital transformation towards Industry 4.0,
this must also be considered. The Good Practice (GP) approach to DCCs reflects this. GP
developments have shown that a general set of rules for the creation of DCCs can be
derived from them. In the first part of the presentation, the resulting draft of a set of rules will
be presented.

DCCs prepared by an accredited calibration laboratory have to comply with ISO/ICE 17025
in its current version. In addition to the fulfilment of a DCC schema-compliant XML data set,
further criteria must be met for this. Some of these criteria can be checked by means of the
Schematron test. For example, it can be checked whether the environmental conditions have
been included in the measurements.

In the second part of the presentation, the author shows a draft of a rulebook, which
consequences result from the requirements of section 7.8 of ISO/ICE 17025 for the creation
of a DCC. A procedure is shown how these points can be fulfilled. The aim is to create an
internationally agreed and accepted set of rules in cooperation with the accreditation bodies.

Back to “Table of Contents” atpage 1|2 |3 | 4

Page 72 of 559



X~
Q‘ I 3"international DCC-Conference

) Physikalisch-Technische Bundesanstalt
‘,.‘ Braunschweig und Berlin
> Nationales Metrologieinstitut

The General DCC Rulebook and the
Rules under the Aspects of Accreditation

Siegfried Hackel .

02

Workflow

u

g
H
g
23
?
3
g

Start of Data Analysing
calibration logging The data
E python

L PTB Proceed as previously done

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Naticnales Metrologieinstitut
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02

Workflow

.‘g-tilk*:

. .—,
Start of Data Analysing
calibration logging the data
=

N =

Y

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

03

Transfer
to XML

|
) CODATA
) 17025 |

* regulated:
» Y=y UCk)[SI]
* not regulated:
» individual data
¥ .

3.: Comments
¢ notregulated * international
accepted
4.: Document - approved
e humanreadable . cryptographically
signable

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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04
Transfer to XML observing the general DCC Rulebook

achine-
readable

Mid-
dle-
ware

Nationales Metrologieinstitut

05
» Principle of data minimisation
v" One basic principle of IT
Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Naticnales Metrologieinstitut

Page 75 of 559



3"international DCC-Conference

06a
The General DCC Rulebook

Principle of data minimisation

Place the data as close as possible to the root element
» Example: Environmental conditions
e. g. 100 measurements

Many conceivable variants and possibilities:

a) All measurements have the same conditions 1 set of conditions
* Measurements in a climate chamber

b) 10 measurement series with the same conditions

in each case for the 10 measurements 10 sets of conditions
* Measurement campaign over several days

c) Each measurement has different conditions 100 sets of conditions
+ One measurement per day for 100 days

»  Mixtures of a) to c) ??7? sets of conditions

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

06*
The General DCC Rulebook

Principle of data minimisation

Place the data as close as possible to the root element
» Example: Environmental conditions

* Input possible at any level

* From global to individual
» Problem:

» Principle of data minimization
» Solution:

» Casea)

v Use the dcc:measurementResult child:

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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06b
The General PCC Rulebook

Principle of data minimisation

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

06*
The General DCC Rulebook

Principle of data minimisation

Place the data as close as possible to the root element
» Example: Environmental conditions
* Input possible at any level
* From global to individual
» Problem:
» Principle of data minimization
» Solution:
« Case a) 3 area
v' Use the dcc:measurementResult child:
» Caseb)
v Use the dcc:list child:

BPB

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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dcc:administrativeData
type | dccadministrativeDataType

This figure is shown two slides before

alle

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

06d

type |decrichContentType

| dccinfluenceConditions o
E‘ o= [decinfluenceConditionListType, |

i
L
v
i
'
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'
'
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'
'
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Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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06~
The General DCC Rulebook
Principle of data minimisation
Place the data as close as possible to the root element
» Example: Environmental conditions
* Input possible at any level
* From global to individual
» Problem:
* Principle of data minimization
» Solution:
« Case a) 3 area
v Use the dcc:measurementResult child:
« Caseb) 7t area
v Use the dcc:list child:
» Case ()
P'I'B v Use the dcc:quantity child:
7" area 06e
gt area

| asizcomplex 3
|z [sicomplexQuantryType |
[+

= {+

: J: " dccmeasuringEquipments :;]
r= - - -
y ype I_d_c_c._h] ezsuringEguipmentlistiype |

% siconstantQuantityTy

]
) deci eConditions

E
N pe I_dct:mﬁuence(ondi‘ticnustype 3
'

asizrealListXMLList
|ty o[ strealListXMLListTy

Physikalisch-Technische Bundesanstalt B Braunschweig und Berlin Nationales Metrologieinstitut
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06f
The General DCC Rulebook

Principle of data minimisation

Place the data as close as possible to the root element
» Example: Environmental conditions
* Input possible at any level
* From global to individual
» Problem:
 Principle of data minimization
» Solution:
« Case a) 3 area
v Use the dcc:measurementResult child:
« Caseb) 7t area
v Use the dcc:list child:
« Case ¢) oth area
__-5:5;:_;-;: v Use the dcc:quantity child:

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

07

» Principle of data minimisation
v" One basic principle of IT

» Good Practice
v See DCC-Homepage

» Check the documentations
v See DCC-Homep htips://mwww.ptb.de/dcc

> MOd U|arlty Links / Development-
v’ Keep |t S | m ple Downloads Platform

v Less is more

Good Practice

A P-IB Videos / Tutorial GEMIMEG-Tool

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Naticnales Metrologieinstitut
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08
Transfer to XML

Machine-
readable

Mid-
dle-
ware

Your feedback needed!
mailto:dcc@ptb.de

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

09
ISO/EC 17025 Transfer to XML

Machine-
readable
Mid-
dle-
ware
Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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47023 1 0
Wi The 17025 DCC Rulebook

CJ
o
n‘i.f

Basic principles:

» ISO/IEC 17025 checked
v Especially section 7.8
» Feedback very much desired
v Especially from the accreditation bodies
v" From the auditors
v" From all of you
» How are the requirements fulfilled?
v See examples on the following slides
» What would be helpful?
v Citation of parts of the norm as it was realized
v’ for auditors

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

47023 1 1 a
ﬁ]ﬁy The 17025 DCC Rulebook
0 Examples

o

Conditions fulfilled immediately, for example
» Chapter 7.8.2.1 a)

On the following slides, quotations from ISO/IEC 17025
are shown in green letters.

It would be very helpful if these citations
could be used in the Rulebook.

Who can help here?

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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11b
The 17025 DCC Rulebook

Examples

Conditions fulfilled immediately, for example
» Chapter 7.8.2.1 a)

« “atitle (e. g. “Iest Report”, “Calibration Certificate”
or “Report of Sampling”)”

v dcc:digitalCalibrationCertificate
» Chapter 7.8.2.1d

» “unique identification that all its components
are recognized as a portion of a complete report
and a clear identification of the end,”

v /dcc:digitalCalibrationCertificate

EEP1B

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin

Nationales Metrologieinstitut

she's 12
e The 17025 DCC Rulebook
> Examples

o

Mandatory criteria (“shall”), for example
» Chapter 7.8.2.1 b)
» “the name and address of the laboratory;”
v" Name and address of the calibration laboratory
shall be entered in the mandatory element
dcc:calibrationLaboratory

Qverlap with the general DCC Rulebook:
» What is to be entered into which element? nhtps: //www ptb.de/dee

« Check the documentations “
v See DCC- Homepage _ _

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin

Nationales Metrologieinstitut
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13
The 17025 DCC Rulebook

Examples

Optional criteria (“should / can”), for example
» Chapter 7.8.3.1 a)
» ‘“information on specific test conditions,
such as environmental conditions,”
v" The information for this has to be entered in the
element dcc:influenceConditions

(277N

(=

Overlap with the general DCC Rulebook: .
» What is to be entered into which element? hitps/mwww.ptb. derdes

« Check the documentations -
v’ See DCC-Homepage S

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

14

ISO/NEC 17025 Transfer to XML

Machine-
readable

Mid-
dle-
ware .7

Your feedback needed!
mailto:dcc@ptb.de

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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15
The Co-Authors

alphabetical sequence

Muhammed Ali Demir
Lutz Doering
Benjamin Gloger
Justin Jagieniak
Moritz Jordan
Christian Keilholz
Jan Loewe
Kai Mienert
Shanna Schénhals
Gamze Soylev Oktem

PIB

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

»” %&4
C 3 11 ¢

@ www folalia de

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

Bundesallee 100

38116 Braunschweig

Germany

More questions? Please contact:

Dir. u. Prof. Dr. Siegfried Hackel
Phone: +49 531 592-1017
) E-Mail: siegfried.hackel@ptb.de www.ptb.de/dcc

‘a 2023-02-28
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Session B: Digital Signatures

Presentations that would also fit into this session:
> 01 Digital Calibration Certificate as part of an Ecosystem

> 05 Bringing the Digital Accreditation Symbol and the Digital Calibration Report (DCC)
into Practice

» 53 DCC Middleware — Obstacles and Approaches

56 DCC via iPhone (or iPad)
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07  Qualified Electronic Seals - The Peace of Westphalia in the Laboratory
Sector

Presenting author: Robert Hilgers, Bundesdruckerei / D-Trust, Germany
E-mail address: Robert.Hilgers@bdr.de
Additional authors: Andrew Freund, Andrew.Freund@d-trust.net

Abstract

We all recognize seals from history lessons. Princes, kings and bishops used coloured wax,
heated it and stamped their coat of arms into it. This was used to confirm the authenticity of a
document. A contract, a passport or an escort bill with a seal was considered genuine, and
breaking a seal was punishable by severe penalties.

In legal transactions, the seal has been out of fashion for a very long time, but the last traces
of it can still be found on the registered letters of the German postal service or the rubber
stamps of the tax office on the annual income tax assessment notice.

The EU's elDas regulation is now bringing the government and corporate seal increasingly
into the focus of public institutions and companies.

It makes sense to look for application scenarios for seals, because signatures usually cost
more time and money, while seals are suitable for mass use.

In the future, incoming mail from a health insurance company, for example, will probably only
be processed with a qualified electronic seal. Paper and fax documents can be destroyed
and a legally valid digital workflow can be established. With several million incoming
documents every day, this is a step that is hard to avoid.

We all know there are mass transactions in the laboratory sector, such as the sampling of
water on the basis of the Drinking Water Ordinance, or of soil samples by farmers on the
basis of the Fertilizer Ordinance.

Our presentation will use practical examples to illustrate the benefits of a qualified electronic
seals: saving paper and an increased operational efficiency through digitalisation. The
technical solutions for such scenarios are ready. A TUV-approved elDAS qualified electronic
seal from the Bundesdruckerei | D-Trust is easy to integrate into existing laboratory software
architectures and can therefore be quickly and successfully implemented.

Customers and recipient institutions of laboratory reports can check them digitally for
authenticity and forward them to other recipients if necessary. In a time when time and trust
are high commodities, digitization is a must.

Back to “Table of Contents” atpage 1|2 |3 | 4
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fd-trust.

From dripping wax to secure PKI -

an unexpected success story

D Trust GmbH Sales and Consulting & Marketing
Product and Business Development

03.03.2023
Berlin
R. Hilgers & A. Freund

First a Bit of History . . .

"d-trust.

From dripping wax to secure PKI

« We all recognize the velum pages full of wax blobs and
ribbons from our history lessons. Princes, kings and
bishops used coloured wax, heated it and then stamped
their coat of arms into it. This seal was used to confirm the
authenticity of a document. A contract, a passport or an
escort bill with a wax seal was recognized as genuine.

+ In legal transactions, this kind of document sealing has
been out of fashion for a very long time.

» The last traces of it can still be found on registered
letters that you receive through the German postal
service or in the rubber stamps of the tax office on
annual income tax assessment notices.

« The EU's eIDAS (electronic IDentification, Authentication
and trust Services) regulation has brought government and
corporate seals back into focus.

"

=
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Electronic Seals 'a-trust.

The digital stamp for legal entities

Substitute for a personal
statement of will

Cenfirmation of origin

=

Electronic Seals

Confirmation of integrity

Security against forgery

Can be verified over the
longterm

0000

Customers and institutions receiving
laboratory reports with eIDAS qualified
electronic seals can digitally authenticate
these documents and confidently forward
them to further recipients.

Are There Use Cases for Laboratories? -
d-trust.
The Smart Solution?
« It makes sense to look for application scenarios for
digital seals in the laboratory sector
« An individual signature costs time and therefore
money. A digital seal happens in an instant. _| ]

Digital seals are suitable for mass use, where a large
number of documents need to be processed in a short
time.

Teil der Bundesdruckersi-Gruppe bt~
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Use Cases for Laboratories

"d-trust.

The Smart Solution

= In the laboratory sector there is great potential for mass sealing

+ the sampling of water to adhere to the Drinking Water Ordinance
For example a single Waterworks Company in a large German city
automatically takes around 12,000 samples a day

+ the taking of soil samples by farmers to adhere to the Fertilizer Ordinance.

+ In contrast to the medical sector, laboratory reports do not usually require
the handwritten or digital eHBA signature of the laboratory physician so a
digital seal issued to the laboratory could secure and authenticate a number
of reports at once.

+ Calibration certificates in the laboratories themselves could also be digitally
sealed and could then be electronically stored, easily accessible and always
verifiable.

» Integrating an eIDAS qualified electronic seal into one's LIMS application is a
fairly simple and straightforward process.

Teil der Bundesdruckersi-Gruppe bt~

‘d-trust.

Our Solution -
The Remote Seal Service ,,seal-me"

Teil der Bundesdruckerei-Gruppe Ioal;
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Remote Seal Service I'a-trLISt.

Seal-me - Seal as-a-service
No Further Infrastructure is Required

ooo

ooo () Sealing private key Is stored

unﬂ@ on secured D-Trust servers
-l @ m

With the remote sealing service, the digital service for o e e
your secure electronic seal, you handle your sealing

processes end-to-end electrenically. Simple and

straightforward. % —_— ‘E\@ —_— E

oL L oL

An individual The document is The scalked document is
document is given a seal by displayed in the sealing
created in the the remote seal software
sealing software service
The Path to Your Remote Seal Service Account G-trust

F o e ©

Nl

Sign the Onboarding D- Via API to your Remote Sealing Done
Contract Trust Productivity is enabled
Software

Access to our

Serviceportal
ﬁ Incl. Connection
@ support and

- intstruction

Complete the Sealing
Conection Form Software

Teil der Bundesdruckerai-Gruppe aal 8
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Thank you.

Robert Hilgers

D-Trust GmbH

Senior Sales Manager DTR SC
E-Mail: robert.hilgers@d-trust.net
Telefon: +49 160 2238632

3"international DCC-Conference

fd-trust.

Andrew Freund

D-Trust GmbH

Senior Product Manager DTR M PB
E-Mail: andrew.freund@d-trust.net
Telefon: +49 171 5329642

Please note: This presentation is the property of D-Trust GmbH.

All of the information contained herein may not be copied, distributed or published,
as a whole or in part, without the approval of D-Trust GmbH.

© 2021 by D-Trust GmbH
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08 How to Apply Digital Signatures on a Digital Calibration Certificate

Presenting author: Robin Fay — Deutsche Telekom Security GmbH, Germany
E-mail address: robin.fay@telekom.de
Additional authors: Caroline Bender - Deutsche Telekom Security GmbH

Abstract

Digital calibration certificates (DCCs) should be digitally sighed to protect the content against
undetected manipulation and to achieve authenticity. Digital signatures can be applied in
various ways using different specifications, encodings and file formats. Clearly, this is a
nightmare for interoperability when DCCs are created by many organizations around the
world.

Therefore, we have analyzed technical and operational requirements for digital signatures
applied to the machine readable DCC with the goal to find a flexible signature format that
allows broad interoperability for many use cases.

Based on our analysis, we show in our presentation that the enveloped XML Advanced
Electronic Signature (XAdES) specification outperforms other methods. Moreover, we
demonstrate how this signature format can be used in practice together with a Public Key
Infrastructure (PKI) as Trust Framework. A private key associated with a qualified digital
certificate can be used to create a qualified signature compliant to the eIDAS Regulation,
which yields a digital version of a handwritten signature in the European Union. XAdES is not
limited to qualified signatures inside the European Union. The specification allows parallel
signatures, and we show how this can be used to apply digital signatures that are compliant
to different international regulations.

Our results foster a wide international adaptation of digital signatures for the DCC, since a
common signature format is the foundation for all secure applications of the DCC.

Back to “Table of Contents” atpage 1|2 |3 | 4
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This research is supported by the German Federal Ministry of Economic
Affairs and Climate Action (BMWK) through the GEMIMEG-I| project.

3"international DCC-Conference

How to apply digital

signatures on a digital
calibration certificate

Dr. Robin Fay & Caroline Bender
Deutsche Telekom Security GmbH
Third International DCC Conference 2023

T

1. Motivation

2. Different approaches for a digital signature
format

3. XML Signature types & XAdES

4. Trust services and signature validation
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Motivation

Kdcc:administrativeData>

« Digital Calibration Certificates (DCCs) should be
digitally signed to protect the content against
undetected manipulation and to achieve
authenticity

Data>

« Various standards, formats and encodings exist for
digital signatures

* Without a standard or best practice, this is a
nightmare for interoperability.

Which signature format should be used for the
machine readable DCC?

</dcc:administrativeData>

oublic | Caraline Bender & Robin Fay | How o epply digital signatures on a digital celloration cer ificate

ation>
r>calibrationLaboratory</dcc:issuer>
alue>string-calibrationLaboratory-coreData</dcc:value>

3"international DCC-Conference

iqueldentifier>unsignedDCCExample-2023-28-02
queldentifier>

ing="en">Temperature sensor

Different approaches & signature formats

Cryptographic Message Syntax (CMS  PDF based Signatures

or PKCS#7) * Wellestablished standards

. Qontamerformat for digital + Supported by a wide range of
signatures

applications
* Encapsulaticn of the content inside

. * Applications must parse the content
a CMS package (signed-data)

of the PDF in order to find necessary
« Applications must parse the CMSin information
order to find the content of the

digital calibration certificate even if

they cannot process the CMS

+ Additional layer on top of the
existing XML

* Signing certificate (i.e., public key
certificate) is not required as

signedData, which makes key
management more complex

public | Caroline Bender & Robin Fay | How to apply digital signatures on a digital callbration certificate
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XML ba signatur

+ Can be applied in different ways
(enveloped, enveloping, detached)

+  W3C recommendations for XML-
DSig published and stable

+ Signed XML with enveloped
signature is still a valid XML, hence
applications that cannot verify
digital signatures can treat the
signed DCC as any other DCC

* ETSI standards enhance the XML-
DSig recommendations for digital
signatures that should be valid for a
long time



(7 I ) I
,‘.l. B 3"international DCC-Conference

Enveloped, Enveloping and Detached Signatures

Enveloped Signattgre Enveloping Signature Detached Signature

rd
XML Content i\ XML Signature

Element

XML Signature XML Content
Element

XML Signature XML Content URI
Element sign
Sgnaturevalue
= Signature Element is included = Signature Element surrounds * Document and signature are
in the XML Content the DCC element not bundled
= Can beignoredifitis not = Signature must be parsed * Complex document
understood before the content can be management

= Parallel- and counter- parsed by applications

signatures are possible = Complex with multiple
independent signatures

public | Caroline Bender & Robin Fay | How to apply digital signatures on a digital callbration certificate 5

The XAdES signature format

* XML Signatures based on the W3C recommendations (XML-DSig) are defined by a signature element

Schema Definition:

<element name: hash function + signature algorithm

+ canonicalization method + reference to the signed data

— the digital signature

optional: public key or public key certificate for signature validation

Wy
I

>
name="I14" type="ID" use="optional"/>
>

= XML Advanced digital Electronic Signatures (XAdES) enhances XML-DSig with additional elements

« signed properties: contains the SigningTime, SigningCertificate, SignerRole, ...
= the SigningTime Is required for long-term signature validation
* The SigningCertificate is necessary for simple signature validation when well established Public Key Infrastructures are used
+ unsigned properties: CounterSignature
+  XAdES can be enhanced with TimeStamps from trusted third parties if required
+ Standardized by ETSI (EN 319 132-1) and W3C

public | Caroline Bender & Robin Fay | How to apply digital signatures on a digital callbration certificate 6
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Relation to trust services

+ The SigningCertificate allows the signer to include the public key certificates that are required for signature validation

= The signer can obtain his/her Public Key Certificate from different trust services depending on customer requirements or
external regulations

|/ a Qualified trust sarvice (alDAS)
NMI
e Qualified trust service (slDAS)
accredited calibration
lab ﬁ trust service for advancad cerfificates
a Qualified trust service (€IDAS)
internal calibration lab a trust senvice for advanced centificates.
No trust service

Example: Trust Services on the calibration pyramid

* Parallel signatures can be used to bridge the gap between different trust zones simply by applying multiple digital
signatures with public key certificates from different trust services (e.g. a qualified signatures following elDAS and
another signature trusted cutside of the EU)

oublic | Caraline Bender & Robin Fay | How o epply digital signatures on a digitel celloration s lificele 7

Signature validation

Root CA Verified digital calibration
Digital calibration certificate certificate
R 0 0
0
—
; Payload
Payload
s gnature validatio
> Signature information
DSig
public | Caraline Bender & Rooin Fay | How Lo epply d aital signatures on a digilal calbraton e=ilificale g
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Conclusion

XML Signatures are the most natural way to sign a
machine readable DCC, which allows applications to
parse the DCC even if they cannot validate digital
signatures

The XAdES specification allows to create digital
signatures that are valid for a long time period

Since the SigningTime and the SigningCertificate are
required in XAdES, most of the necessary information for
signature validation are included in a signed DCC

= Trust Anchors should be established out of band

The approach is not bound to a single trust framework
and different entities on the calibration pyramid can use
different trust services

Parallel signatures can be used to sign DCCs with
different public key certificates

oublic | Caraline Bender & Robin Fay | How o epply digital signatures on a digitel celloration s lificele

tification>

uer>calibrationLaboraterys

3"international DCC-Conference

/dcc:issuer>

ue>string-cal

8T07:47:215</xades: SigningTime>

1 Algori
"DrTxShgV. ..</ds:Digestvalue>

thm="http: //www w3 org/200]

MGCWWEREME CxC 2 ATBGNVBAY TAKREMRA|

tificate>

Thank you for your attention

Dr. Rabin Fay

Deutsche Telekem Security GmbH
Trust Center & ID Security

robin fay@telekom.de

www.telesec.de
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Session B: Semantics / Persistent Identification

Presentations that would also fit into this session:

> 05 Bringing the Digital Accreditation Symbol and the Digital Calibration Report (DCC)
into Practice

06 The General DCC Rulebook and the Rules under the Aspects of Accreditation

11 DCC and Digitisation versus Digitalisation and Digital Transformation

21 DKD’s Contribution to DCC Harmonisation and Coordinated Development

YV VYV VY VY

31 DCCs for Non-Automatic Weighing Instruments (NAWIs) — Current Status of a
Respective Working Group Elaborating “Good Practice” Conventions

> 51 How does a Machine Distinquish the Different Types of DCCs?

09 The Semantics of Measured Quantities
Presenting author: Mark Kuster, Independent Researcher, USA

E-mail address: mjk@ieee.org
Additional authors: Blair Hall, MSL, New Zealand

Abstract

There are two distinct notions of quantity involved when reporting measurement results: the
kind of quantity associated with units of measurement and the quantity intended for
measurement---the measurand. While practitioners should precisely specify measurands,
kinds of quantity remain general. Digital representations of measurement data should
address these different notions of quantity and the relationships between them. We require
unique identification of kinds of quantity, as well as a flexible system of classification for
measured quantities. The latter should somehow accommodate the variety of information
about measurement capabilities currently published in 'calibration and measurement
capabilities' and 'scopes of accreditation' and likewise identify measurement results in DCCs.
A simple taxonomy of quantities, built up from a general parent class---the kind of quantity,
would satisfy the simultaneous demand for a specific and a general classification. More
complicated and expressive hierarchical structures for quantities may have uses but will
require ontologies.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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The Semantics of Measured Quantities

Blair Hall, blair.hall@measurement.govt.nz
Mark Kuster, mjk@ieee.org

NCSL International 141 MIl and Automation Committee

Measurement-Information Infrastructure

NCSLI 141 (M) JCC 2023 Tuesday, February 2

Introduction

Section 1

Introduction

NCSLI 141 (M) JCC 2023 Tuesday, Februar
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Introduction

Today's Topics

@ Introduction

NCSLI 141 (M) JCC 2023 Tuesday, February 2

Introduction

Today's Topics

@ Introduction

© Quantity Kinds and the M-Layer

NCSLI 141 (M) JCC 2023 Tuesday, Februar

Page 101 of 559



: 7 I ) .
= 3"international DCC-Conference

Introduction

Today's Topics

@ Introduction
© Quantity Kinds and the M-Layer

© Measurands and the MIl Taxonomy

NCSLI 141 (M) JCC 2023 Tuesday, February 2

Introduction

Today's Topics

@ Introduction
© Quantity Kinds and the M-Layer
© Measurands and the MIl Taxonomy

© More Advanced Semantics

NCSLI 141 (M) JCC 2023 Tuesday, Februar
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Introduction

Today's Topics

@ Introduction

© Quantity Kinds and the M-Layer
© Measurands and the Ml Taxonomy
@ More Advanced Semantics

© Conclusion

NCSLI 141 (M) DCC 2023 Tuesday, February 28

Introduction

Acronyms

@ SoA—scope of accreditation

o DCC—digital calibration certificate (PTB)

@ CMC—calibration and measurement capability

o KCDB—key comparison database

@ NCSLI—NCSL International

@ FAIR—findable, accessible, interoperable, reusable

@ M-Layer—metrology information layer to support measurement systems
Definition

MII {measurement information infrastructure)
—set of normative standards that unambiguously define data structures, taxonomies, service
protocols and security for locating, communicating and sharing measurement information

NCSLI 141 (M) 2023 Tuesday, February
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Introduction

Incremental Progress toward an Ideal DCC

DCC development strategy advantages:
@ Target an easy transition—increases adoption rate
@ Quick results and incremental progress—no inordinate delays for the “perfect” DCC
@ Pareto coverage—widest applicability in the shortest time
Some (future) ideal DCC elements:
@ Unique equipment class IDs, e.g.
@ A universal measurement-results model
@ Rich, detailed traceability

@ Machine-actionable measurement results

NCSLI 141 (M) DCC 2023 Tuesday, February 28

Introduction

Toward Machine-Actionable Measurement Results

Distinct quantity concepts and representation levels

@ Quantity kind: most general, associated with measurement units, e.g. length
@ Applies to all quantity values, including uncertainties
@ Unigue quantity IDs for unambiguous quantities
e Unambiguous scales & units to handle any measurement arena

@ Measurand: most specific, the desired measured quantity, e.g., inner diameter
e Metadata for measurement results in DCCs, functions in instrument specs, CMCs in

accreditation statements and the KCDB

@ Unique measurand IDs

@ Semantically qualified: ontologically augmented quantities

@ Applies to machine-actionable operations
@ Smart calculations, unguided derivaticns

NCSLI 141 (M) 2023 Tuesday, February

Page 104 of 559



3"international DCC-Conference

Quantity Kinds and the M-Layer

Section 2

Quantity Kinds and the M-Layer

NCSLI 141 (M) 23 Tuesday, February

Quantity Kinds and the M-Layer

Quantity Kinds

@ Associated with quantity values and measurement units: L =1m
@ Group references and expression conversions: 1 m = 100 cm

@ Explicitly or implicitly used in all sciences and applications
@ Problems for machines:

@ Units do not always capture the quantity kind {10°: optical incidence or phase angle?
Dimensionless quantities? 12N m: torque or energy? ...).

@ Free-form text descriptions do not suffice.

e Scales not explicitly distinguished (5°C: absolute temperature or temperature interval?)

o Uncontrolled scale operations (2°C +1°C =7)

NCSLI 141 (M) 23 Tuesday, February
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Quantity Kinds and the M-Layer

M-Layer Proposal for Quantity Kinds & Units

Remove all ambiguity and generalize to all measurement scenarios.
@ Explicitly augment the usual quanity value g [Q] with the quantity kind {aspect)
q [Q] (Q).
@ Handle all scales: ratio, interval, cyclic, logarithmic, ordinal, nominal, ...
@ Handle any unit system.

@ Uniquely identify aspects, scales and units in FAIR registries.

NCSLI 141 (M) JCC 2023 Tuesday, February 2

Measurands and the MIl Taxenomy

Section 3

Measurands and the MIl Taxonomy

NCSLI 141 (M) JCC 2023 Tuesday, Februar
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Measurands and the MII Taxenomy

Measurands

@ The quantity intended for measurement {radius or diameter?)

@ Laboratories require accreditation for competency in specific measurement classes.

@ The measurement classes should have unambiguous meaning and correspond to
instrument functions (calibration requirements) and calibration results.

@ Problems for machines:

@ The KCDB and accreditation statements present CMCs in a variety of ad hoc and
unharmonized classification schemes.

@ Free-form text descriptions do not suffice.

@ Current descriptions correlate neither between document types nor organizations.

NCSLI 141 (M) DCC 2023 Tuesday, February 28

Measurands and the MII Taxenomy

Example: Flow-Rate Descriptions in Use

Names from recognized bodies:
o KCDB: "fluid flow” {with "gas flow" or “liquid flow" and species)
o ISO-IEC 80000 "mass flow rate” and “volume flow rate”
o NVLAP: “[20/M05] Flow Rate”, plus “liquid flow" and “gas flow"
@ DAkkKS: 'Gas flow rate”, "Volume of flowing gases”, and "Mass of flowing gases”

Neither names nor quantities consistent!

NCSLI 141 (M) 2023 Tuesday, February
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Measurands and the MII Taxenomy

Example: Flow-Rate Descriptions in Use

Looking at approved SoAs from various ABs and Laboratories, we additionally find
“Mass Flow", “Liguid Flow”, “Gas Flow", “Flow - Air", "Flow - Gas", “Flow - Lig-
uid”, “Flow - Gas (Air}", “Air/Nitrogen Flow”, “Flow Rate by Volume", “Air Volume

’

Flow”, "Flow Hydraulic”, “Fuel Flow”, “Flow Rate by Volume for Compressible Gas”,

r
o

“Volumetric Flow Rate (Water)”, “Liquid Flow Rate Inline”, “Liquid Flow Rate Non-
Intrusive”, “Gas Flow - Leak”, “Gas Leak”, “Gas Flow Rate Into Vacuum”, “mole-flow-
rate”, “Flow Meter Factor”, “Flow Calibration Factor”, “Flow Meter” “Determination

of Flow Meter” (by gas or liquid species), “Electrical Output of Flow & Pressure De-
vices",

and many other categorizations by flow instrumentation.
Further confusion: melt-flow index, flow velocity, air velocity, evaporation, load rate. Wow!

NCSLI 141 (M) JCC 2023 Tuesday, February

Measurands and the MII Taxenomy

MI| Proposal for Measurands

@ Standardize a taxonomy of
measurands.

@ Link taxons to KCDB entry IDs
and NMI service codes.

@ Tag digital document data with
the taxons as metadata.

Spec: Source.Voltage.DC

SoA: Measure.Voltage.DC

Measuring

Accreditation
Entity

Body

Cert: Source.Voltage.DC

NCSLI 141 (M) JCC 2023 Tuesday, February 28,
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and the MIl Ta.

The MII Taxonomy and the M-Layer

Taxons associate to the aspect |D that governs the quantity values.

Quantity Value Aspect ID

Taxon

1ft
12in

0.3048m < (length) <

30.48cm
304.8 mm

LI 141 (MI1)

Draft Taxons

Capacitance

Conductance

Conductivity

Current AC

Current. AC. Noize RMS

Current AC Sinewave

Current. AC Sinewave. 2Phase

Current AC Sinewave 3Phase

Current AC . Squarewave

Current AC. Trian gl ewave

Current.DC

Current. DC.Delta.Current.LoadEffect
Current.DC . Delta Current.SourceEffect
Current. DC.OutputAndReadback
Density.Mass Gas

Density.Mass Liquid

Density.Mass Solid

Energy AC Sinswave

Energy.AC Sinewave Simulated
Energy. AC Sinewave Simulated 2Phase
Energy. AC Sinewave.Simulated 3Phase
Energy.DC

Energy.DC.Simulated

Force

Frequency

Frequency AmplitudeModulation Rate
Frequency.FrequencyModulation.Deviation
Frequency. FrequencyModulation. Rate

Length.Circumference
Length.Diameter
Length.Form.Flatness
Length.Form.Parallelism
Length.Form.Perpendicularity
Length.Form.Roughness
Length.Form.Roundness
Length.Form.Sphericity
Length.Form.Straightness.Axis
Length.Form.Straightness.Surface

Length.Radius

and the MIl Ta.

Freguency PhaseModulation. Rate
Humidity Absclute

Impedance

Inductanca

Length

Length.Circumference

Length. Diameter

Length Form.Flatness
Length.Form.Parallelism

Length . Form.Perpendicularity
Length.Form.Roughness
Length.Form.Roundness
Length.Form .Sphericity

Length . Form Straightness Axis
Length.Form Straightness.Surface
Length.Radius

Mass Apparent

Magz Conventional

Mass. True

Phase PhaseModulation

Phase ReflactionFactor RF

Phase TransmissionFactor
PhaseNoise. 5ideBand

Power AC Sinewave

Power AC Sinewave Simulated
Power AC Sinewave Simulated. 2Phase
Power AC Sinewave Simulated 3Phase

Power.DC

Page 109 of 559

Power DC . Simulated

Power RF Sinewave

Pressure Hydraulic.Static
Pressure.Pneumatic. Absolute Static
Pressure Pneumatic. Differential Static
Pressure Pneumatic.Gage Static
Ratio.AmplitudeModulation
Ratic.AmplitudeMeodulation Delta . Rate
Ratic.Density. Mass

Ratio.Distortion

Ratic.Distortion. AmplitudeMeodulation
Ratic.Distortion.Frequency Modulation
Ratio.Distortion. PhaseM odulation
Ratio.DutyCycle
Ratic.FrequencyModulation.Delta. Rate
Ratio.Humidity Relative
Ratio.Humidity. Specific
Ratio.PhaseModulation. Delta Rate
Ratio. Power. Reflection Factor RF
Ratio.Power.RF Sinewave.Delta.Frequency
Ratio. Power RF Sinewave Delta Powear
Ratio. Power RF Sinewave Harmonic
Ratio. Power. RF .Sinewave. Spur

Ratio. Power TransmissionFactor

Ratio. PulseM edulation CWtoPulsedPower
Ratio.PulseModulation.On O ffPower
Ratio. Torgue

Ratic. Voltage AC.Ripple. OnDC



Draft Taxons

and the MIl Ta.

3"international DCC-Conference

Ratio.Voltage AC Sinewave. Delta Frequency
Ratio.Voltage AC Sinewave.Delta Voltage

Resistance

Resistance.Insulaticn

Temperature

Temperature Radiometric
Temperature Simulated PRT
Temperature Simulated RTD
Temperature Simulated. Thermocouple
Time.Interval

L1141 (M)

Time.Period
Time.PulseWidth

Tirme. Transient

Tirme. Transition

Time. Tranzition PulsedRF
Time UTC

Torque

Torque. HydraulicPressure
Voltage AC

Voltage AC . NoisePeak ToPeak
Voltage AC Ripple.OnDC

Voltage AC Sinewave

Voltage AC Sinewave.2Phase

Voltage AC.Sinewave.3Phase

Voltage AC.Squarewave

Voltage AC. Trianglewave

Voltage. DC

Voltage DC . Delta Voltage LoadEffect
Voltage DC .Delta Voltage SourceEffact
Voltage. DC .OutputAndReadback
Voltage DC Segemented. Delta
Voltage Peak ToPeak

Section 4

More Advanced Semantics
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Meore Advanced Semantics

Semantically Qualified Quantities

@ Applies to machine-actionable operations

@ May involve a more thorough quantity hierarchy
@ Problems for machines:

@ No knowledge of quantity relations (F = ma)
@ No semantic knowledge (Which mass and acceleration?)
e Consider a rectangular solid:
@ How do we define a perimeter, e.g., as a legal calculation?
@ Lengths on different axes (L, L,, L.} do not add linearly.
@ Falling back to the abstract length drops the perimeter ID. (Which face?)
- A

NCSLI 141 (M) DCC 2023 Tuesday, February 28

Meore Advanced Semantics

Extension Possibilities for Semantic Augmentation

Establish a hierarchical ontology of quantities IEN
to control calculations?
@ Length.Lxy.Lx

AN
|
EN
@ Length.Lxy.Perimeter

@ Ontologies to distinguish shapes?

The NCSL International 141 MIl and
Automation Committee does not expect to
build these; we merely offer ideas for thought.

NCSLI 141 (M) 2023 Tuesday, February
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Conclusion

Section b

Conclusion

NCSLI 141 (M) 23 Tuesday, February

Conclusion

Incremental Steps toward Ideal Representations

@ M-Layer
@ Applies to all quantity values, including uncertainties
L Unambiguous quantities to support any measurement software
e Generalized scales & units for any measurement scenario

@ MIl Measurand Taxonomy
e Unigue measurand |IDs with unlimited human-readable aliases
@ Fully qualifies measurands for interoperable digital documents
@ (DCCs, instrument specs-DCRs, SoAs)

@ Semantic representations

@ Augmented representations for machine-actionable data
e Future smart calculations, derivaticns

NCSLI 141 (M) 23 Tuesday, February
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Conclusion

Collaboration

@ Current information

@ Informal taxenomy at https://www .metrology.net/home/metrology-taxonomy/

@ Open-source taxonomy and SoA editors:
https://github.com/CallabSolutions/Metrology .NET_Public

@ Further info: http://miiknowledge wikidot.com/

@ Going forward
@ GitHub for configuration management: collaboration, submissions, approvals
@ M-Layer and MIl Taxonomy specification and governance documents
@ https://github.com/NCSLI-MII opening for public participation seon
@ Prototype M-Layer registry and APl now up and running

NCSLI 141 (M) DCC 2023 Tuesday, February 28

Conclusion

Acknowledgments

Please see the literature for further details.

Many thanks go to
@ PTB and the DCC conference organizers for the kind invitation
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And Thank You for your time!
Collaboration opportunities? Please bring your expertise!

Questions?

NCSLI 141 (M) 2023 Tuesday, February
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10 Persistent Identification of Instruments and the Digital Calibration
Certificate

Presenting author: Markus Stocker, TIB — Leibniz Information Centre for Science and
Technology, Germany

E-mail address: markus.stocker@tib.eu

Additional authors: Rolf Krahl (Helmholtz-Zentrum Berlin, Germany), Robert Huber (MARUM,
Univ. of Bremen, Germany)

Abstract

Instruments play an important role in producing research data, but they are mostly only
identified with free text in research assets (e.g., dataset metadata or scientific literature).
Through the use of persistent identifiers (PIDs), it is how common practice to establish
traceable links between research assets. This webinar introduces the work by the RDA
PIDINST WG [1] on persistent identification of instruments. Of particular focus are the
PIDINST Metadata Schema [2] and the proposed solutions for publishing PIDs for
instruments with DataCite and ePIC as established PID providers. Furthermore, we will
sketch a proposal for how to interlink the PIDINST Metadata Schema with the Digital
Calibration Certificate Schema.

[1] Research Data Alliance Persistent Identification of Instruments Working Group,
https://www.rd-alliance.org/groups/persistent-identification-instruments-wg

[2] Krahl, R, Darroch, L, Huber, R, Devaraju, A, Klump, J, Habermann, T, Stocker, M, & RDA
PIDINST WG Members. (2022). Metadata Schema for the Persistent Identification of
Instruments (1.0). https://doi.org/10.15497/RDA00070

Back to “Table of Contents” atpage 1|2 |3 | 4

LEIBNIZ-INFORMATIONSZENTRUM TI B
TECHNIK UND NATURWISSENSCHAFTEN
UNIVERSITATSBIBLIOTHEK

Persistent Identification of Instruments
and the Digital Calibration Certificate

Markus Stocker, Rolf Krahl, Robert Huber
February 28, 2023
3rd International Digital Calibration Certificate (DCC) Conference

eibniz
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Motivation '

e Instruments play an essential role in creating research data
e Instrument metadata is required to assess data quality and reuse

Borgman (*): “To interpret a digital dataset, much must be known about the hardware used to

generate the data, whether sensor networks or laboratory machines.”

e Persistent linking of research data and instruments
o Cite instruments in scientific literature

e Inventory, funding, etc.

{*) Borgman, CL. 2015. Big Dala, Little Data, No Data. MIT Press. hitps /idoi.orgf1 0.7551/mitpress/3963.001.0001

Origins ’ TIB

e PlDapalooza, November 2016
o First presentation of Persistent |dentification of Instruments

o Yay!... http://yapid.org/

e Research Data Alliance, since 2017
o RDAPIDINST WG endorsement and kick-off, March 2018
DSJ Article as RDA Supporting Outputs, July 2020
o PIDINST metadata schema as RDA Recommendation, March 2022
o https://pidinst.org

() https:/fdoi orgi10,6084/m@ figshare 4246100 v1
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Approach ’ TIB

e Persistent identifier for instrument instances used in research

o Use case driven metadata schema development

o Catalyse schema implementation by existing PID infrastructures, DataCite and ePIC
e Prototype adoption by existing institutional instrument providers

e Schema revisions to account for community feedback

Schema ’ TIB

Name Name by which the instrument instance is known

Owner Institution(s) responsible for the management of the instrument
Manufacturer The instrument's manufacturer(s) or developer

Model Name of the model or type of device as attributed by the manufacturer
Description Technical description of the device and its capabilities

InstrumentType Classification of the type of the instrument

MeasuredVariable The variable(s) that this instrument measures or observes

Date Dates relevant to the instrument

Relatedldentifier Identifiers of related resources

Alternateldentifier Other identifiers pertaining to the same instrument instance
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Schema implementations ‘ TIB

e DataCite
o Based on a PIDINST-DataCite Schema partial mapping
o Missing attributes, e.g. measured variables, model name
o Not applicable attributes, e.g. publisher, publication year
o Bending semantics, e.g. creator for manufacturer
o With version 4.5 new resource type “Instrument” (release planned for Q2/2023)
o Global PID provider

e ePIC
o Full PIDINST schema implementation

o European-centric PID provider

DataCite implementation —
DataCite Search E2

Flat-Cone Diffractometer
doi:10.5442/N1000001

Instrument description

E2 - Flat-Cone Diffractometer A 3-dimensional part of the reciprocal space can be scanned in less then five steps by
Instrument published via Helmholtz-Zentrum Berlin fiir Materialien und Energie combining the “off-plane Bragg-scattering” and the flat-cone layer concept while using a
A 3-dimensional part of the reciprocal space can be scanned in less then five steps by col new computer-controlled tilting axis of the detector bank. Parasitic scattering from
scattering” and the flat-cone layer concept while using a new computer-controlled tilting] cryostat or furnace walls is reduced by an oscillating "radial” collimator. The datasets
Parasitic scattering from cryostat or furnace walls is reduced by an oscillating radial* collj and all connected information is stored in one independent NeXus file format for each

connected information is stored in one independent NeXus file format for each measurer| Measurement and can be easily archived. The software package TVneXus deals with the
archived The software package raw data sets, the transformed physical spaces and the usual data analysis tools (e.g.

MatLab). TVneXus can convert to various data sets e.g. into powder diffractograms,
linear detector projections, rotation crystal pictures or the 2D/3D reciprocal space.
O No citations were reported. No usage information was reported.
For single crystal work the multi detector bank (four 2D detectors 300x300 mm?) and the
(7' https://doi.org/10.5442/ni000001 &k Cite sample table can be tilted around an axis perpendicular to the monochromatic beam to
investigate upper layers in reciprocal space (Flat-Cone technique). For powder studies,
the multi detector bank set on only two positions for a measure the a powder
diffractogram of 80° or every detector can be set on an individual position (with gaps
between the ) for in-situ
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ml:Phy Location="http://www.opengis net/swes/2.0 http://schemas opengis.net
/swes/2.0/swesD: xsd http://www.opengi 1/2.0 hatp://schemas opengis.
12.0/sensorML xsd hitp-//www.isotc211 org/2005/gmd hitp://schemas opengis nev/iso/19139/20070417
/gmd/gmd xsd htp://wwiw.isotc211 org/2005/geo hitp://schemas.opengis net/iso/19139/20070417/gco/geo xsd
hitp://www.opengis net/gml’3.2 http:/schemas opengis net/gml/3.2.1/gml xsd" gml:id="TOOL0022_2490">
<gml:description>SBE 37-IM MicroCAT-2490</gml:description>
<gml:identifier codeSpace="uniqueID">TOOL0022_2490</gml:identifier>

—<sml:Iuwiz:m-ds;i

—<sml:KeywordList>

Handle.Net® b y Hoermerd-
<sml:keyword>water temperature sensor</sml:keyword>

Handle Values for: 21.T11998/0000-001A-3905-F :key p :key

Index Type Timestamp Data = yword

1 URL 2019-12-10 12:27:48Z hitps-//linkedsystems uk/system/instance J:keyword>Pres_MCat<s Frserds

2 20.T11148/8¢bS58ce0bl2eSed63a5 2019-12-10 12:27-48Z {"identifierValue"-"http://hdl handle net <hmERiswecdliths

3 2L.T11148/921524735d4bda329d80 2019-12-10 12:27:48Z https://linked : ikaywords”

4 20.T11148/7092232202c3d64dlel 2019-12-10 12:27:48Z Sea-Bird SBE 37-IM MicroCAT C-T Sef e | TAVCEAom”

5 21.T11148/4eaecdbc0fl df68ab2a7 2019-12-10 12:27:48Z [{"Owner”: {"ownerName"-"National —<smE:identifier>

{"ownerldentifierValue":"http//vocab.

—<sml:Term definition="TOOL0022_2490">
<sml:label>UUID</sml:label>

—<sml:Term definition="http://vocab.nerc ac uk/collection/'W07/current/IDEN0006/">
<sml:label>Short Name</sml:label>

SBE 37-IM MicroCAT 2490</sml:value>

—<sml:Term definition="http//vocab nerc ac uk/collection/W07/currentIDEN0002/">
<sml:label>Long Name</sml:label>

Bird SBE 37-IM MicroCAT C-T Sensor 2490</sml:value>

—<sml:Term definition="http://vocab nerc ac.uk/collection/'W07/current/IDEN0005/">

6 21.T11148/1{3¢82ddf0697a497432 2019-12-10 12:27:48Z [{"Manufacturer": {"manufacturerName' TOOLOOZ2
{"manufacturerldentifier Value":"http:// il e =
7 2LT11148/558ebc805e65b5b71dd 2019-12-10 12:27:48Z A high accuracy conductivity and ts </sml:identifier>
IM model has an inductive modem for —<sml:identifier>
8  21.T11148/f76ad9d0324302fc47dd 2019-12-10 12:27:48Z http//vocab.nerc ac.uk/collection/1.22/cy
9  21.T11148/72928b84e060d491eed] 2019-12-10 12:27:48Z [{"M: dVari -{"Vari A
{"Variabl "-"http://vocab.nerc, </sml:Term>
VariableM, 4"-"http://vocak aiad
{"VariableMeasured":"http://vocab.nerc. —<smk:identifier>
10 21.T11148/22¢62082a4d2d92e2602 2019-12-10 12:27:48Z [{"date":{"date":"1999-11-01","dateTyp\
1 1) 2019-12-10 12:27:48Z [{"A Tdentifier”:{"A
12 21.T11148/178fb558abc755ca7046 2019-12-10 12:27:48Z [{"R "{"R </sml:Term>
/37imb jul08.pdf","RelatedIdenti identi
100 HS ADMIN 2019-10-14 16:31:53Z handle=21.T11998/USER30; "’“a
admin]
s <sml:value>2490</sml:value>
Handle Proxy Server Documentation </sml: Term>
Handle.net Web Site </sml:identifier>

Please contact hdladmin@cnri.reston.va.us for your handle questions and comments.

B2INST

GO TO EUDAT WEBSITE

EUDAT

HELP COMMUNITIES REGISTER

CONTACT

Q SEARCH

#J Login

Register and publish your scientific instruments

Search for scientific instruments or register as a user to register and publish your own instrument!

Login or Register

Register instrument

Register a new inst

https://b2inst.gwdg.de/
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& TIB

Outputs

Metadata Schema for the Persistent
Identification of Instruments @ )

RDA Recommendation ALLIANCE

DOI: 10.15497 /RDA00070

Authors: Rolf Krahl, Louise Darroch. Robert Huber, Anusuriya Devaraju, Jens Klump, Ted
Habermann, Markus Stocker, RDA PIDINST WG members

Published: 30 March 2022
Version: 1.0

Abstract: Instruments play an essential role in creating research data but they are often only
identified in scientific literature using free text. Through the use of globally unique, persistent
identifiers (PIDs) such as the Digital Object Identifier (DOI), it is now common practice to establish
traceable links between scientific literature and the data that generated it. Such cross-linking has
received considerable attention in the community in recent years and has been generalized to other
entities, including people, organizations, funders, etc. Given the importance of instruments and
associated metadata to the of data quality and data unique, persistent and
resolvable identification of instruments is also crucial. The Research Data Alliance Persistent
Identification of Instruments Working Group (PIDINST WG) developed and demonstrated a solution
for publishing persistent identifiers for instruments at established PID providers. This solution
comrises a metadata schema for the persistent identification of instruments (PIDINST Schema).

Schema is the recommended schema for the persistent identification of
ons or bodies using or managing instruments. The Schema s PID provider

https://doi.org/10.15497/RDA00070 B e B e e e e

RDA webpage: https://svverd-all
ey

Citation and Download: Krahl, R, Darroch, L., Huber, R, Devaraju, A, Klump, |., Habermann, T.,
Stocker, M., & The Research Data Alliance Persistent Identification of Instruments Working Group
members. (2021). Metadata Schema for the Persistent Identification of Instruments. Research Data

Alliance. https:/ /doi.org/10.15497/RDA00070

& TIB

Outputs

Docs » Persistent Identification of Instruments. © Edit on GitHub

Persi Identification of Instr t H

The Persiste: WG (PIDINST) seeks to explore a P I )

community-driven solution for globally unique identification of measuring
instruments operated in the sciences.

Identification of Instrumen

Measuring instruments, such as sensors used in environmental science, DNA sequencers used in
life sciences or laboratory engines used for medical domains, are widespread in most fields of
applied sciences. The ability to link an active instrument (instance) with an instrument type and with
the broader context in which the instrument operates, including generated data, other instruments
and platforms, people and manufacturers, etc., s critical, especially for automated processing of
such contextual information and for the interpretation of generated data.

PIDINST s a working group in the Research Data Alliance (RDA). It aims to establish a cross-
discipline, operational solution for the unique and lasting identification of measuring instruments

actively operated in the sciences.

The group produced the following outputs:

~ * *t= L Krahl,R Habermann, T, Devaraju, A, Schwardmann, U, D'Onofrio, C and
Persistent Identification of Instruments. Data Science Journal, 19: 18, pp.
01.0rg/10.5334/ds}-2020-018

https://rda-pidinst.readthedocs.io/  rom e

vides recommendations for the use of instrument PIDs and gives technical
1d the overview provided in the Data Science Journal paper. It is expected
wser requirements and working group activities.

Detalled instructions on how to create instrument PIDs using the ePIC infrastructure.

The content of this site s licensed under a Creative Commons Attribution 4.0 @
International License

Next ©

Page 119 of 559



3"international DCC-Conference

TIB

Outputs

CO DATA SCIENCE JOURNAL

share: £ w & in

Special Collection: Research Data Alliance Results
Research Papers
Persistent Identification of Instruments

Authors: Markus Stocker %, Louise Darroch, Rolf Krahl, Ted Habermann,
iy ju, Ulrich Schwardi , Claudio D'Onofrio,

Ingemar Haggstrom

Abstract

Instruments play an essential role in creating research data. Given the importance of

instruments and associated metadata to the assessment of data quality and data

reuse, globallv unique, persistent and resolvable identification of instruments is
+Working Group Persistent Identification of
acommunity-driven solution for persistent

https://doi.org/10.5334/dsj-2020-018  twesesentsnaciscuss s pape. e n an

eveloped a metadata schema and prototyped

Cite and ePIC as representative persistent

iwith HZB (Helmholtz-Zentrum Berlin fiir Materialien
und Energie) and BODC (British Oceanographic Data Centre) as representative
institutional instrument providers. These implementations demonstrate the viability
of the proposed solution in practice. Moving forward, PIDINST will further catalyse

adoption and consolidate the schema by new stakeholds

Keywords: Persistent Identification, Instruments, Metadata, DOI, Handle

TIB

Adoption

HZZB He[mBhollfz I C 0 s ‘ %é?:f:iﬂ:.u »*
SENSOR.COMMUNITY MI

&> O Identifiers for
o 2 Instruments in E‘Kl V‘Ia 6
EUDAT Australia PANGAEA.

community
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Linking DCC and PIDINST: The calibrated instrument

digitalCalibrationCertificate
— administrativeData

— items

Linking DCC and PIDINST: The calibrating instrument

digitalCalibrationCertificate

— measurementResults

— measurementResult

— measuringEquipments

item

. o
\Type | dcc:itemType

measuringEquipment

3"international DCC-Conference

@ [ decitemType

© @ Attributes

"
0 id
D W @
| =)
refTy
e ®
decrefTypesType |
(rame o

0..= | equipmentClass ®
TF[ dcc:equipmentClassType |
( description B ®
(Type [ decrichContentType |

installedSofiwares

[ Type dcc:softwareListType | ©

manufacturer
l Type | dcc:contactNotStrictType:

(o o
u’m_dcc.nntEm_MySIling:l'!pe} )

bt

b1

Type ‘ decidentificationListType

Type | dcc.measuringEquipmentTy vp)
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L\ itemQuantities ®
Type | decitemQuantityListType

@{;nmmisuﬁmnmnoc, )

© [ dccmeasuringEquipmentType

© @ Aftributes

2 id
| | | Type xs-ll)@

refType ]
Type | decrefTypesType

(rame g
decitextType

0.=
Type | dnc;gt_ulnmemcmsw_nej

description ®
Type | decrichContentType
certificate
(o}
\ Type | decchashType

P .
~_manufacturer ] ®
\ Type | dcc:contactNotStrictType

@
W) docnotEmolySeisgType)

i i - (o)
{Type [ decidentiicationListType |

@ﬁnmammi@w:ﬁmﬂwiﬂh
calibration
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Linking PIDINST and DCC ’ TIB

Attribute Value Comment

Related|dentifier https://dccwiki.pth.de/goodpractice/temperat | Not really,
ure/dcc_gp_temperature_simplified_v12.xml | but you get the point

relatedldentifierType | DOI, URL, Handle, etc.

relationType HasMetadata Or a more specialized one,
which we could add

relatedldentifierName | Digital Calibration Certificate Or similar

Takeaways ’ TIB

e Foundations for persistent identification of instruments are in place

o Approaches have been tested and validated

e Time to scale adoption

e Potential of integrating DCC and PIDINST, in industry and in science (ESFRIs)

o Develop some concrete examples showcasing the integration
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Session C: Different DCC Approaches

Presentations that would also fit into this session:
» 09 The Semantics of Measured Quantities

> 17 The Digital NIST: Pilot Project for the Digital Transformation of NIST’s Measurement
Services

» 24 Python Tools Examples for the Transition to DCC

11  DCC and Digitisation versus Digitalisation and Digital Transformation
Presenting author: Siegfried Hackel, PTB, Germany

E-mail address: siegfried.hackel@ptb.de

Additional authors: Muhammed Ali Demir, Lutz Doering, Benjamin Gloger, Justin Jagieniak,
Moritz Jordan, Christian Keilholz, Jan Loewe, Kai Mienert, Shanna Schonhals, Gamze
Soylev Oktem (in alphabetical order, all PTB)

Abstract

The utility model [1] is a description of the scope to which data formats are suitable for use in
the Industry 4.0 or lloT environment. The levels assigned range from level O (paper) to level
5 (machine-controllable content). PDF is seen at level 1 (digital document). XML without an
XML schema referenced to it reaches Level 2 (machine-readable document). Since a DCC
XML file is a file validated according to the DCC XML schema, the elements and attributes
used in the DCC are defined. Therefore, a DCC XML file reaches level 3 (machine-readable
with executable content).

Based on this model and the comparison between the previous methods and procedures, it
is analysed to what extent the different approaches known to the author meet the
requirements of a digital transformation. As a result, the question is discussed to what extent
the individual methods differ from each other and to what extent the methods can be merged.

[1] https://www.dke.de/resource/blob/2272802/facc9bde1806e2194a3d26a60c79bf77/idis-
whitepaper-1-en---download-data.pdf

Link to the video with subtitles: https://www.youtube.com/watch?v=zJ8bhhYILvw

Back to “Table of Contents” atpage 1|2 |3 | 4
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https://www.dke.de/resource/blob/2272802/facc9bde1806e2194a3d26a60c79bf77/idis-whitepaper-1-en---download-data.pdf
https://www.youtube.com/watch?v=zJ8bhhYlLvw

;‘_\. I 3"international DCC-Conference

) Physikalisch-Technische Bundesanstalt
‘,-.‘ Braunschweig und Berlin
> Nationales Metrologieinstitut

DCC and
Digitisation versus Digitalisation
& Digital Transformation

Siegfried Hackel

02
The Calibration Pyramid
PTB:
= 5500 {
calibrations per year S
German industry:
millions of S
calibrations per year
Pysikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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03

What are the essential
goals for everyone in the > e |
pyramid? L <= I
» Free of media discontinuity > o ;\eq\i\‘::\\;n\
Safety and security =2 i
Industry Prouc

v" Process efficiency
Migration >

Y VYV

v" Important for Industry 4.0
v" Administration shell
» Unambiguousness
v Clear and error-free data
v Clearly defined globally
v Strong quality increase

PIB

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

04

Workflow

«
“—':')
B =
béﬁ 1

Transfer
to XML

Start of Data Analysing
calibration logging the data
E pgthon\

=4

\ ”_IJ

PTB Proceed as previously done

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Naticnales Metrologieinstitut
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¢ 05

v é .:,m “

>
Start of Data Analysing
calibration logging the data

Transfer
to XML

,é-m*” /|

S
Start of Data Analysing DB
calibration |ogging The data - =

IPIB =y

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin i] Nationales Metrologieinstitut

05

Calibration Certificate

Transfer
to XML

Word-Template

PIB

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Naticnales Metrologieinstitut
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06
The Utility-Model

Level 5: Machine controllable Contents

Level 4: Machine readable and interpretable content

Level 3: Machine readable and executable content

Level 2: Machine readable document

ZO =B N~

Level 1: Digital document

Level 0: Paper

From: ,IDiS - Initiative Digitale Standards”. [Online].
pI-B see: https://www.dke.de/resource/blob/2076816/faccObde1806e2194a3d26a60c79bf77/idis-
whitepaper-1-en-—-download-data.pdf

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

07

Digitalization and
Digital Transformation

Transfer
to XML

5

Word-Template w
Word-Template > PDF E

Digitisation PDF-Template
LaTeX-Template > PDF

Calibration Certificate

PIB

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Naticnales Metrologieinstitut

Page 127 of 559



3"international DCC-Conference

08a

Why Digitalisation and Digital Transformation
and not only Digitisation?

» Machines are stupid

v Example:
% Ring comparison for a mass piece

EEP1B

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin

Nationales Metrologieinstitut

Ring comparison for a mass piece 08b
Here: Ambient conditions
L 240 °C | 240 °C ome-
oo e Ry P
liman tiheys 1,178 kgim® y“w
oot T € o B
Pocatak umjeravanja 1005,7 20,90 51,3
Kraj umjeravanija 19 21,00 e
((\Q\a\ Vg
Temperatura media Pressione media
(A\:E’r::: r:z:}ant {Aveug; ::l:::;pheﬂc m:’-'.':"‘;:':iaze:.l:'v’a me o 6« QO \'e =
(178210)°C (959,52 3,0)hPa (4o.r \
| L @ Q\@ '\6‘(@ QOQ
ven E (0 O >
Temperatur / °C ‘6 ? \0\6 from upto urmm-irmf“l
n£mu§ ¥ 2157 @0 Q von s Massonsichorhed
! i ‘(\ o
f mﬁL'umme.\;ghle % 4° "e i 2184 - 2265 o ¢
Lo e L
\\S ¥
o Jg die mittlere Luftdichte pl = 1,17 kg m”.

.« Messunsicherheit von 0,03 kg m™ berechnet.

\‘\ «-an 1,2 kg/m? in evenwicf\t is. De omgevings-
0\% sdens de kalibratie bedroeg (20 + 5)°C.

P-I-B Snapshots taken from the presentation of Julian Haller (Sartorius),
held on the 42th AWA-PTB-Talk, 2022-05-09

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin

Nationales Metrologieinstitut
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08c
Why Digitalisation and Digital Transformation

and not only Digitisation?
» Machines are stupid

v' Example: Ring comparison for a mass piece

» Machines need unambiguously interpretable data

v" Clear and error-free data

v" Globally unique and clear

No limitation when transmitting a lot of data

Error protection through XML schema and Schematron

Compliance with the requirements (if needed)

v ISO/IEC 17025

v" More objective auditing

v

» See industry related presentations at this conference
v (next Slide)

PIB

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

09a

Y YV V¥V

Links to presentations at this conference

» Industry related presentations (1)
Parallel Session 3: DCC and INAUSHErY ...t e 44
Presentations that would also fit into this SESSION: ......ccccvceiiiiiriieics i 44

36 Pharmaceutical Test Case of a DCR- and DCC Implementation in an Accredited Calibration

Labaratory - fe Sl e e T e s i el oot 44
37 Development of a Universal Measurement Model Framework ..........ccccociveeeieecineccieeesnnenn. 45
38 The Quality of Sensing, of Data or of INformation ..o e 46

39 Two Implementations of Digital Calibration Certificates in Industrial and Metrological

B TVICESS: Ltes it s e e e e S B T D it o N s e 47
Presentations that would also fit into this session:
» 01 Digital Calibration Certificate as part of an Ecosystem

» 05 _Bringing the Digital Accreditation Symbol and the Digital Calibration Report (DCC)
into Practice

» 09 The Semantics of Measured Quantities

» 11 _DCC and Digitisation versus Digitalisation and Digital Transformation
» 21 DKD's Contribution to DCC Harmonisation and Coordinated Development

» 22 GEMIMEG-II — Status and Progress Report

» 31 DCCs for Non-Automatic Weighing Instruments (NAWIs) — Current Status of a
Respective Working Group Elaborating “Good Practice” Conventions

b » 32 Digital Calibration Certificates for Weights and Mass Standards: Rules and
Applications
Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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Links to presentations at this conference
» Industry related presentations (2)

Session C: DCC and Machines ... ismsmsimimisiasiimmsmidss 19
Presentations that would also fit into this SESSION: ........c.ccceveiereriniciiinccirnncec e 19

14 Machine Readability — Automating the Extraction of Data from DCC's.........ccccvvvvvviiiiinnnens 19
Parallel Session 2: DCC and Machines ... 34
Presentations that would also fit into this SESSION: .......cccccviiiiieiierere e 34

28 Pilot Comparison Project in Terms of Air Kerma in Radiation Protection between Digital
TWIN LAbOratofies. cavunnnmnnmiusminismamnmamaaisumnsiiamnoasmmiais e 35
29 Data Analysis and Business Intelligence - Digital Metrology.........ccceevierveeenieeiniseiesreeesneiennne 36

Presentations that would also fit into this session:
» Session C: DCC and Machines

» 01 Digital Calibration Certificate as part of an Ecosystem
» 06 The General DCC Rulebook and the Rules under the Aspects of Accreditation

» 10 Persistent Identification of Instruments and the Digital Calibration Certificate

» 11 _DCC and Digitisation versus Digitalisation and Digital Transformation
» 22 GEMIMEG-II — Status and Progress Report

» 38 The Quality of Sensing, of Data or of Information

» 51 How does a Machine Distinguish the Different Types of DCCs?

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

10

And what’s about human readability?

» There are a variety of tools for XML

v" XML Notepad (Microsoft; p. d.), ...
v' But also:
+ Altova, Oxygen, ...

» Auditors

v' A standardized output is presented to the auditors

v Contributes to objectification

v With tools XML can be checked directly

v' Of course: Check also possible via human readable
» See human readable presentations at this conference

v (next Slide)

IPIB

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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11a
Links to presentations at this conference

» Human readable related presentations (1)

Parallel Session 4: Human Readable DCC ...t annne 48
Presentations that would also fit into this SESSION: .....cccicvciieiiieiccriecrrer e enees 48

40 Human Readable Digital Calibration Certificate for Piston-Operated Volumetric Apparatus ..

............................................................................................................................................... 48
41 Generating DCC and Human-Friendly Readable Using Auto-Generated XML Schema......... 49
42 A'Hurtian' Readable Form fOrTNE DCC . ssmsisinimmimsisiisarissmsiramsiisiasmies 50

Presentations that would also fit into this session:
» 01 Digital Calibration Certificate as part of an Ecosystem

» 12 Development of PDF based Digital Calibration Certificates at NMIJ, AIST

» 53 DCC Middleware — Obstacles and Approaches

» 56 _DCC via iPhone (or iPad)

PIB

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

11b

Links to presentations at this conference
» Human readable related presentations (2)

Parallel Session 1: DCC-TOOIS ... uumusuisiunmmnmmm s e 29

Presentations that would also fit into this SESSION: ..........cccccieiiieiniiiiici e, 29

23 The GEMIMEG Tool — A Software for Creating Digital Calibration Certificates (DCCs)......... 29

24 Python Tools Examples for the Transition t0 DCC........ccciivveieviinieeniniie e see e esas e 30
25 Generation of Digital Calibration Certificates for Temperature Sensor Calibrations using

Python andiEXCE| uimmernssms o s o eis  s e FEUsS s s 31

26 Dynamic\Web Tool for Generating DO ... .o s usseiaiiomsshasinniosisiasssibosanssrsudisasassbussionsssinliinns 32

27 The Use of (Anonymised) Timestamps in the DCC........cccovvieriieciieciieieiinesseeessssesssessssessseans 33

Parallel SesSioN 4; DOC TOOIS - ..ccisiiiircaininimemininmsiiimaiiaiis e b s 51

Presentations that: would also fit Into this:SeSSION: i...ccuiimmanssmssmsmmsisiarsssasassnssessssesnonssssaisnassises 51

43 Using a Spreadsheet to generate XML Based on XSD Schema......c..cccocoueeciiiceciicineciecceeeneens 52

44 XMUEMWEETEAOR: v imerm s e e s o s e cn s 53

Presentations that would also fit into this session:

» 07 Qualified Electronic Seals - The Peace of Westphalia in the Laboratory Sector

» 19 Analyzing the Conformance of DCC Prototype Architecture to Calibration Laboratory
Expectations Report

PIB

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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11c
Links to presentations at this conference
» Human readable related presentations (3)
Parallel Session 6: Commercial Approaches to DCC................ccoccviiincniiincncccee 64
Presentations that would also fit into this SESSION: ... 64
53 DCC Middleware — Obstacles and APProaches ...........ccceevceeeiieeeicecieeciee s e saeesaae e 64
54 Digital Calibration Certificate with MetricodeHUB, a Real Implementation Case................ 65
55 Automatic Generation of Digital Calibration Certificates with AnyDCC.........ccccevievceeiiniinns 66
56 DEE VIa IPRONE (OF 1PN csuusummissiuissosumsssiasnissmssssnsssmsassanesssisssas s akonss s s aos s s enavnanavaninia 67
Presentations that would also fit into this session:
» 01 Digital Calibration Certificate as part of an Ecosystem
Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
12a
Pros and cons (1)
Pro XML Pro PDF/A3
XML is internationally PDF/A3 is internationally
standardised and is very well Pro1 |standardised and is very suitable for
suited for long-term storage. long-term storage.
If the end user works with XML
straight away (which he does not Everyone knows PDF and it is easy
notice because of the tools), he Pro2 to understand. It is often used in
will be spared another migration public authorities and administrative
step later (away from PDF/A3 to offices.
XML).
Tried and tested, in widespread . L
Does not require much training time
use for more than 20 years, and , -
L Pro3 |or has been in use for a long time
already human-readable in this . .
. and is therefore familiar.
form for skilled users.

PIB

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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12b

Pro XML

Pro PDF/A3

Human readable are supported in several
formats. Stakeholders have the choice between
different formats. For example, PDF, HTML5,
DOCX...

Pro4

Use of modern viewers such as HTML is possible.
Advantages (not complete):

1. Especially for larger calibration results, a
much better possibility of viewing is enabled
(keyword: no page breaks and no size
limitations).

2. Further active HTML5 elements can be
integrated (e.g., sorting of tables).

Pro5

Free choice of signature and encryption
algorithms.

Pro6

PIB

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin

Pros and cons (3)

Nationales Metrologieinstitut

12¢

Pro XML

Pro PDF/A3

Allows pure data exchange without the 4th ring.
This avoids the danger of data being provided

(PDF A/3: Level 1)

with errors when it is output twice due to the HR. Pro7
According to ISO 17025, the inner rings would be
completely sufficient.
The DCC is complete. Pro8
Transfer to other formats is guaranteed without

. : Pro9
loss of information
Utility model: Level 3-4 Pro10

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin
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12d

Pros and cons (4)

Contra XML

Contra PDF/A3

The enclosed Human Readable
must first be extracted from the

If the end user works with XML
straight away (which he does not

Solved.

XML and converted to view it Co?tra notice because of the tools), he will
(task of the calibration lab). be spared another migration step
Solved. later (away from PDF/A3 to XML).
Seems more complicated than| Contra |A special viewer is always needed
signing and encrypting via PDF. 2 (XML does only need a text editor).
Easy-to-understand software to .
validate the DCC via XML ALWAYS requires human readable
signature must be developed Contra |document. This would make an
separately. 3 analogue document a mandatory

field.

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin

Nationales Metrologieinstitut

12e

Pros and cons (5)

Contra XML

Contra PDF/A3

Contra

The use of the DCC scheme can be completely
undermined as all files are taken over without
checking.

Contra
5

It is not clear whether the DCC is complete.

Contra

The XML file must be extracted beforehand. This
6 means an additional step in the process chain.

8 viewers

C"Qtra Utility Model Level 1 (XML: Level 3-4)
Contra | It is not a given that PDF/A3 is supported by all PDF

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin

Nationales Metrologieinstitut
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12f
Pros and cons (6)

Contra XML Contra PDF/A3

Adobe would have a monopoly on the signature and
Contra [ encryption algorithms supported by PDF, as well as

9 valid certificate authorities, even though PDF/A3 is
standardised.

What's about the FAIR principle?
Findable, Accessible, Interoperable, Reusable

Q o & o
15
PIB

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin

}Q|’

PDF

Naticnales Metrologieinstitut

13
Finally:

And what’s about PDF/A3 with
validated XML on board?

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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. 13
Finally:
And what’s about PDF/A3 with @ }‘3
validated XML on board? PDF
See Slide 10 ...
» There are a variety of tools for XML
v XML Notepad (Microsoft; p. d.)
v' But also:
% Altova, Oxygen, ...
» Auditors
v' With tools XML can be checked directly
v' A standardized output is presented to the auditors
v . .
But: Fixation on one PDF
No other formats
Additional step: XML extraction
14
The Co-Authors
alphabetical sequence
Muhammed Ali Demir
Lutz Doering
Benjamin Gloger
Justin Jagieniak
Moritz Jordan
Christian Keilholz
Jan Loewe
Kai Mienert
Shanna Schénhals
Gamze Soylev Oktem
Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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@ www folalia de

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

Bundesallee 100

38116 Braunschweig

Germany

More questions? Please contact:

Dir. u. Prof. Dr. Siegfried Hackel
Phone: +49 531 592-1017
M E-Mail: siegfried.hackel@ptb.de  www.ptb.de/dcc

“ 2023-03-01
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12  Development of PDF based Digital Calibration Certificates at NMIJ,
AIST

Presenting author: Kazuaki Yamazawa, NMIJ, Japan
E-mail address: kazuaki-yamazawa@aist.go.jp
Additional authors: Michitaka Ameya, Naoyuki Taketoshi

Abstract

Digital Transformation in metrology has grown to be a worldwide interest since the
publication of the Joint Statement of Intent on the digital transformation in the international
scientific and quality infrastructure in March 2022 [1]. During the year 2022, NMIJ, AIST has
carefully made interactions with domestic stakeholders upon their demands. Through such
communication, we have identified that many of our stakeholders prefer to experience a
moderate transition to digitalization.

Having the leading examples such as the PTB’s XML approach [2] and the PDF approach
proposed by METAS [3] and some further investigations upon the 1ISO Standards related to
PDF, we have selected the PDF approach to implement our first Digital Calibration Certificate
(DCC) to be issued under our governing domestic law. The PDF file has an appearance very
similar to our existing calibration certificates issued on paper, however, it also includes digital
data embedded, such as the metadata of the calibration as well as calibration results in CSV
format as a courtesy to our customers [4]. Since November 2022, we have officially initiated
our service to issue DCCs for service items that are prepared for issuing DCCs to those
customers anticipating them. Among approximately 600 service items that we provide, we
have given priority to those service items that contain a large amount of data (eg. calibration
certificates in radio frequency) and the number of DCC issued has just exceeded 10. In our
presentation, we will explain the domestic background, the considerations we have made
until we finally decided to initiate the official service to issue DCCs to our customers along
with the technical details of our DCC format utilizing the various features of the PDF.

[1] https://www.bipm.org/en/liaison/digital-transformation

[2] https://dccwiki.ptb.de/en/home

[3] https://www.sciencedirect.com/science/article/pii/S2665917421002452

[4] Presentation at the APMP DXFG webinar, 28 November 2022.
https://apmp-dxfg.org/dxfg-eoy-webinar-2022.html

Back to “Table of Contents” atpage 1|2 |3 | 4
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Development of PDF based
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Naoyuki Taketoshi
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1 National Metrology Institute of Japan (NMLJ)
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« Considerations upon the development of our DCCs
» Our current DCC
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NMiJ “LAIST

Domestic background

Necessity on talking with our stakeholders

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 3 National Metrology Institute of Japan (NMIJ)

o\ &L AIST

The National Roadmap includes DCCs

Development and promotion of
utilization of measurement
standards based on user needs

Further dis;se;nin;tir:ljn & %nlightentmentfuf . N a ti O N 8 | I'O a d m a p ’ 3 T’d te m
measurement standards and promotion nse (2021 tO 2030)

Promotion of effective and

efficient maintenance and - ; . DCC |S |nC|uded AS One of the

supply in all Japan

key elements

* Implementation is discussed
- among the stakeholders
ey s T » NMI/Dls
e e ‘;ﬂ'f"“!; * Accreditation bodies
- « Utilizers of calibration
Usage promotion, certificates
Human resource development, . (ln Ja anese)

Cooperation, Digit
https://www.meti.go.jp/press/2021/05/
20210531004/20210531004.html

-Contribution to solving sacial issues

Contribution ta
“SI redefinition”

e Digital s
920 Sympesium Workshap transfarmatio!

2013 2
| 2nd term DeveIuEment Plan

5021 3rd term Intellectual Infrastructure Development Plan 2030 Of course, n pr’ogressl

4

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) National Metrology Instilute of Japan (NMIJ)
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NM;}# &L AIST

Domestic background: Measurement Act

https://www. japaneselawtranslation.go.jp/en/laws/view/3027

X+ & o x

JCSS as a system for dissemination of ~ — o
standards through calibration is i mesme—
established under the domestic law

“Measurement Act”

JCSS =Japan Calibration Service System

SR R A — -
Fh Bk
Measu

T AT EAARES 4
At o, 51 0 May 20, 1992

TH AT AT
oion : dct N na

BAE HEROREE
Chapter VIII Calibration of Measuring Instruments

F—H BEEFRCLIRLE EAZ+HHEE-FEA+ZH)

Section 1 Calibration using Specified Standard Instruments{Article 134 - Article 142) @
Bt BERERLAOTERICLIRELE (EEN+-%-FEEO1+7F) @
Section 2 Calibration using Measuring Instruments other than Specified Standard
NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST} 5 National Metrology Instilute of Japan (NMIJ)
oM L AIST
NM: L L el A -

Calibration Certificates are one of our
interfaces between NMI/Dls and customers

JCSS =Japan Calibration
Service System

» NMIs/Dls implement the National
Standard

» Realization of the Sl

» Calibration certificates issued
employing the National Standard
will be one of the evidences to
demonstrate metrological

“jcss” certificates
Article 136
ca | Issued by NMIJ

Calibration X “JCSS” certificates

traceability for the customer’s Laboratories ] Article 144
point of view \ o | Issued by
» Stakeholders Utilizers of | Calibration Labs
« METI: the Ministry Calibration certificates

= |Alapan, NITE; Accreditation body [TITTTTTTTmmmmmm e ]'
» Dls: Designated Institutes ]
« Calibration Laboratories

- Approximately 260 labs nationwide Calibration certificates can be also interpreted as

one of the communication paths for NMIs/Dls
with our society

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) National Metralogy Institute of Japan (NMIJ)
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NMiJ: oAt
Considerations upon the
development of our DCCs
Considerations on the DCC Format and its production method

r,@AlST

SRR ———

"ﬁConsideration on the format of our DCCs

Learning from the experience of the leading institutes
" PTB’s XML format METAS’s PDF/A

pash so™ ‘ file-description- |
attachment |

i ~
[ measurement

data & metadata

embed

We found that our

stakeholders are more
comfortable with the PDF
based solution.

https://dccwiki.ptb.de/flver/dcc english.pdf https://doi.org/10.1016/[. measen.2021.100282
AN

MNATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 8 National Metrology Instilute of Japan (NMIJ)
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mmConsideration on the DCC production
method

» Survey within NMIJ with their tools through internal audits
« Data analysis
» MS-Excel
» Many using macros
* Automated programs
» LabVIEW
+ Python
- MATLAB
» CorC++
» Visual Basic
« FORTRAN
* Printing the paper calibration certificates
« MS-Excel . .
.« MS-Word We indeed have a variety of tools,
. TeX and an extreme difficulty is

3"international DCC-Conference

foreseen when attempting to
unifying the production method.

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 9 National Metrology Institute of Japan (NMIJ)

!

@@L AIST

[ ——

Our current DCC

MNATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST) 10 National Metrology Instilute of Japan (NMIJ)
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NMIJ's DCC

« PDF file with attachment of digital data

» Friendliness to our existing customers
» Having a governing domestic law, adopting PDF files needed less effort to

change the regulations

« Security
 Electronic signature

@ AIST

[ —

* Unique identification by certificate number distinguishing digital format

- Software

+ Since we foresee that it is difficult to unify the production method, we

adopt various options for the DCC production.

* Producing PDF files and embedding digital files can be accomplished using off the

shelf software.

* Necessity of special care so that the data appearing upon the PDF pages and that
embedded to the PDF file. (e.g. number of digits of the data)

Adopt various options to ease participation to DCC

MNATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNGLOGY (AIST}

National Metrology Institute of Japan (NMLJ)

o,

NMIJ)'s DCC

- PDF file
« Electronic signature
« Embedded files

= Considering the consistency with our
paper certificates, the embedded
digital data is provided as a courtesy.
We have just reached the “Starting-
line" of the marathon race!

= Our institution regulation is now
revised to enable issuing DCCs
(effective 15t Nov. 2022)

« The first DCC issued Nov. 2022

« We will release services from
those items that we get prepared
(about 600 service items to go)

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNGLOGY (AIST)
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i

PDF file with the same appearar{ce '
with existing paper certificates :

Electronic
signature

National Metrology Institute of Japan (NMLJ)
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CSV file of the

calibration data
PDF file with
digital files
embedded

730137

_Hash info. of

@ AIST

[ —

Calibration certificate for antenna factor
300 MHz to 1 GHz (71 frequency points)

amimaie
0z

e

XML file

m 2B oS

13 National Metrology Institute of Japan (NMIJ)

Conclusion

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNGLOGY (AIST)

@@L AIST

[ ——

14 National Metrology Institute of Japan (NMLJ)
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@ AIST

o,
ot s, bl e

Conclusion

« For the DCCs, NMIJ has selected PDF files with attachments of

digital data upon talking with our stakeholders
* We have officially initiated our service to issue DCCs for service items that are
prepared for issuing DCCs to those customers anticipating them.

» First DCC issued November 2022.
« Among approximately 600 service items that we provide, we have given priority
to those service items that contain a large amount of data (eg. calibration

certificates in radio frequency).
» Talking with the stakeholders is very important to change systems

* Implication of further difficulties between the generalization and
software independence of the DCC data format

MNATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNGLOGY (AIST} National Metrology Institute of Japan (NMLJ)

I\"“;:'EDeveIopment of PDF based Digital
Calibration Certificates at NMIJ, AIST

o ALTE

Dr. Kazuaki YAMAZAWA : G y
LS ~ PDF file with the same appearance
Qua |ity I\/Ianager, N M |J, AIST m with existing paper certificates

Session C: Different DCC Approaches

Presentation 12
3@ DCC Conference, March 2023
embedded

Digital files

Electronic
Bl sighature

NATIONAL INSTITUTE OF ADVANCED INDUSTRIAL SCIENCE AND TECHNGLOGY (AIST) National Metrology Instilute of Japan (NMIJ)
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13 Software for the Creation of Machine-Readable and Human-Friendly Reports

Presenting author: Diego Nahuel Coppa, Instituto Nacional de Tecnologia Industrial,
Argentina

E-mail address: dcoppa@inti.gob.ar

Additional authors: Federico Grasso Toro, Diego Calero, Santiago Mercado, Marcos
Bierzychudek

Abstract

Towards the fourth industrial revolution, the metrology community will be required to report
metrological information in digitalized structured forms. Beyond the discussion of which
structures will be harmonized in reporting types and formats, it is imperative to start
developing software, good practices and examples that help metrologists to report digitally
structured information.

Mapping seems to be the most important issue to address when generating digital reports.
Hence, this paper refers to mapping as the link from the information source to the final report,
providing traceability and provenance when required.

This paper also shows a practical way of approaching mapping for metrologists to engage in
the generation of data and metadata models, an XML for a given XSD, as well as to
harmonize the generation of digitalized reports by PDF-A.

This paper bases its example in the data structure (XSD) of the DCC XML schema hosted by
PTB.

To simplify the approach of generating results as an XML and a PDF-A, this example makes
its foundation in simplifying the mapping to scripts written in Python and XSLT. The usage of
a subscriber file, a JSON data structure, allows the approach to articulate between the
different scripts. The software that manages them is also written in Python.

Finally, the paper takes as a source a spreadsheet, used as a simple data collector. The
mapping to other types of sources, such as relational and non-relational databases, can be
also addressed. XML generation is handled by generateDS, a python library that generates
methods from the XSD to be used in the scripts, as well as for validation and parsing. An
XSLT script is the link to transform the XML in the PDF-A.

Back to “Table of Contents” atpage 1|2 |3 | 4
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DR-INTI Software

Software for the Creation of

Machine and Human

Readable Reparts

4 ¢ ® ' ‘\ e ,0,/»/ 7
: " ME NI TS

Online | Mateh | 2023 - Do Nahuel Coppa, Federico Grasso Foro, Diego Calero, Santiago aercado, G
" Wageos Bierzychudek . . e

Instituto Nacional Ministerio de Economia Secretaria de Industria
de Tecnologia Industrial Argentina y Desarrollo Productivo
INTI
’ Instituto Nacional de Tecnologia Industrial ,
~
In this . Digital Certificate Generation: Status and
presentation Software Requirements at INTI

» Template Generation

. Digital Report Generation

. GenerateDS and Jinja2 - Python Libraries
. Implementations

+ Future
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Digital Certificate Generation:

Status and Software
Requirements at INTI

INTI Status
First approach

® |NTI is the NMI of Argentina and creates 2,500
calibration certificates annually utilizing a diverse
range of procedures.

® |NTI lacks a LIMS or ELN software, which would be
both too expensive and too time-consuming to adopt
without a clear long-term strategy.

* The current tool at INTI only provides digital
signatures for PDF/As.

Databases are often isolated within
departments, and access is limited.

A certificate model in .DOC format is provided,
which labs must adapt for each procedure, and

the model changes frequently.

Excel analysis is commonly used but rarely
harmonized.
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Software Requirements
Ideal Objectives

= Modular and scalable. ® |mprove report generation.

= Cost-effective to develop, implement and = Availability to be adopted by Secondary Labs
maintain (supported by the community).

= Workload Distribute Among Metrologists —
= (N Y CR

who do not program on daily basis. 235

® |ntuitive software management. Transparent \\’ \ / /‘/
for the final user. r
= FAIR data focused (machine to machine, M2M, M

oriented).

DR-INTI Software
Development Highlights

DR-INTI is a tool created by INTI with two = The Interface Module: Web interface and an optional
functionalities: XLSX interface
— Template generation in XLSX format and = The Management Module is written in Pythen and
— Digital Reports generation, XMLs and linja2 LATEX
PDF/As files — SourcefXLSX -> XML -> PDF/A.

Three Modules or Layers: — All packages has MIT licenses or similar.

— No databasce involved

= Subscription Module: Mapping of the information.

MANAGEMENT SUBSCRIPTION

— generateDS software support.

— ‘dictionary’ based interaction to
generate LATEX files.
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Instituto Nacional
de Tecnologia Industrial

Template Generation

Template Generation
Information Flow: DR-INTI

INTERFACE e o
Human Template Human Source
Request Metadata interaction Metadata
Req: Mass M2M M2M
MANAGEMENT
aroms (D Zuiniuiuiuinieieieintetele .

15t ring: admin

Temp vs Temp Mass XYZ L y
2nd ring Results 2Mring Results - 2mring Results

3rd ring: Comments 3 ring: Comments

3rd ring: Comments

Page 151 of 559



E| 3"international DCC-Conference

Instituto Nacional
de Tecnologia Industrial

Digital Report Generation

Digital Report Generation: XML
Information Flow: DR-INTI

1
1
INTERFACE : MANAGEMENT
i
Data Bases as i
XLSX Source |
Source 1 XsD .
'_m_. Validation PR
Metadata !
M2M !
i
1
______________________________ L o L S D

SUBSCRIPTION ( ) ‘einininininininininininiy 1

1

15t ring: admin 3 ring: general Metadata : —> Infoflow 1

1

: Python I

1 mapﬁing :

script -

Temp vs Temp Mass XYZ 1 generatens |

1

\ I

’
3" ring: Meta 3" ring: Meta 3 ring: Meta
\ J
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Digital Report Generation: PDF/A-3
Information Flow: DR-INTI

MANAGEMENT

INTERFACE

software

e TR i Valid XML
ini Metadata
SUBSCRIPTION Genel Jl;l_laZ L|ATEX
Mapp i emplates
LATEX body
Mapping

Information transversal
to the organization

*Boschung, Gregor & Wollensack, Michael & Zeier, Markus & Blaser, Cédric & Hof, Chrislian & Stathis, Manuel & Blaltner, Peler & Stuker,
Florian & Basic, Nina & Grasso Toro, Federico. (2021). PDF/A 3 solution for digital calibration cerlificates. Measurement: Sensors. 18. 100282,
10.1016/j. measen. 2021.100282.

Digital Report Generation: LATEX
Information Flow: DR-INTI

SUBSCRIPTION MANAGEMENT 2 Python
‘dict’ class LATEX liaz mapping
— -

Temp vs Temp
title + text three column table formula

Mass. T f 1 T
v +

<kind of certificate> [ title + subtitle + text J [ four column table ]

TTTTTh
[
PR
1
1
1
1
3|
z
& 1
3 1
= ]
™ ]
1
1
1]
1]
—J |
1
—_—
1
1
1
1
I
S [
°
9 1
& 1
© ]
[
[
1]
1
_—
)
[
— 1
[
1
[
1
a 1
g
a 1
L 1]
o 1
o
Q [
L ]
1
1
[
1
]
-——-—-—

A
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Information Clarification: PDF, PDF/A, PDF/A-3
Not the same format, not the same functionality

Advantages of PDF/A

1. 1SO standard 32000-1:2008 - embed and long-
term archiving

2. XMP as metadata of the PDF/A

3. Free programs/Python exist for displaying and

edl’ting PDF/A files. -
PDF/A-3

4. The multi-part PDF/A standard offers great
flexibility to users.

o st peuavass
Hacona! i
enlocrolagia

X INTI hdns )
5. PDF/A files can be used on any platform. careinind e Calieiiin orosecazzz oogiezs s
Somanie Obleto: 10
150 32000-1:2008. Document management — Portable document formal — Parl 1: PDF 17. bl fodcuivn Uit aioial s oo e
1O i zali for St lardizali :ﬂm;ﬂnwmm-«m‘m

https:ffwww.youtube.comjwatchy=g-tRSs 7Hyc

Instituto Nacional
de Tecnologia Industrial

GenerateDS and

Jinja2 Python libraries
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GenerateDS Python library
Attributes and Example

= Serves from an XSD to generate
methods in Python.
= XML Validation. XML Parsing. MIT licensed.

Graphical View of the XSD (extract)

software - decsoftwareType

softwareList
Tv2e 1 ... unbounded

name - dectextType

release — xs:string

content - dccstringWithLangType

stringWithLangType

For a properly understanding of the code, a

full graphical view of the XSD of the DCC PTB

is recommended

XML and PDF generation
GenerateDS and Jinja2 Python tool

GenerateDS

- Simplifies the code compared to Ixml and others -

- Doesn'talienate XML concepts, making it easy for beginners -
to learn and use - Creating/using methods is easy.

- XML Validation. XML Parsing. MIT licensed.
- Maintained by an active community of developers

- Custom methads can be easily owned and managed for more
efficient XML processing

- Itis not widely spread library as Ixml. -
- It offers a similar level of abstraction as XPATH. -
If the XSD changes, new methods must be generated.

3"international DCC-Conference

XML example extracted from PTB DCC:

XSD Python Methods generated through

generateDs

Jinja2

PDFJA-3 compatible

Reusable section templates with great level of abstraction.
Latex based - very simple programming

Python based library.

Report subscription will not deal with Latex.

PDF/A is not mandatory in PTB DCC.
Not graphic interface yet.

The PDF/A must be generated
every time (automatization possible)

Page 155 of 559



3"international DCC-Conference

Instituto Nacional
de Tecnologia Industrial

Implementations

Implementations
DR-INTI

_O B 103245 ﬁm ®  Temperature vs Resistance > DCC 3.1.2 with GP

= Accelerometers :I_ DCC 3.0.0, to be upgraded

= Multimeters 2nd Lab adoption projects

XML + GP

PLANTILLAS GENERACION
PARA DESCARGAR DE CERTIFICADOS
Certficado P10 ~ Exarminer...| No se seleccions un archivo.
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Instituto Nacional
de Tecnologia Industrial

Future

Future F o (
DR-INTI -

More functionalities:

= Provide a high-level abstraction = Web history display
" Data traceability: Hash
I'EPOI't SUbSCTipti on based on gDDd " Usage as a generic methods management.
= Optional Craphical method to map the XLSX to the XML
practices_ = Provide XSD/ XSD-CTID web verification

® DB as source and for traceability
® Upgrade to 3.2.0 and then 4.0.0

= Make this software maintained bv = Full Best practices implementation
= Blockchain implementation
the community = Software validation

® Enormous file management (compression / json conversion)

® Quality and error management

Page 157 of 559



C

Thanks!
Diego Coppa
. / dcoppa@inti.gob.ar

Instituto Nacional
de Tecnologia Industrial

INTI

3"international DCC-Conference
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O nNTiIAG

o @INTlargentina

@ N
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Session C: DCC and Machines

Presentations that would also fit into this session:
Parallel Session 2: DCC and Machines

01 Digital Calibration Certificate as part of an Ecosystem

06 The General DCC Rulebook and the Rules under the Aspects of Accreditation

10 Persistent Identification of Instruments and the Digital Calibration Certificate

11 DCC and Digitisation versus Digitalisation and Digital Transformation

22 GEMIMEG-II — Status and Progress Report

YV V VYV VYV VYV V V

28 Pilot Comparison Project in Terms of Air Kerma in Radiation Protection between
Digital Twin Laboratories

29 Data Analysis and Business Intelligence - Digital Metrology

38 The Quality of Sensing, of Data or of Information

51 How does a Machine Distinquish the Different Types of DCCs?

14  Machine Readability — Automating the Extraction of Data from DCC’s
Presenting author: David Balslev-Harder, DFM, Denmark

E-mail address: dbh@dfm.dk
Additional authors: Sgren Kynde

Abstract

For DCC'’s to be practically machine readable where data can be extracted in a consistent
automated way, data needs to be stored in an algorithmically consistent form with consistent
and harmonized wording.

Starting from the best practice guide for temperature and DCC schema 3.1.2 we have
created and implemented algorithms to extract data. In this process it was necessary to
make additional assumptions and rules to ensure consistent extraction. We are exploiting
how these extra constraints can be communicated through the use of well described ref type
tags in the DCC. The implemented software will be presented along with our conclusion on
necessary steps to ensure consistent machine readability. Methods of standardization and
communication of sub-sets of rules for machine readable DCCs constrained for specific
purposes will be discussed, along with consideration addressed within the TC-IM 1448 WP1
working group on “Harmonising DCC structure for machine readability”.

DFM’s work is supported by funds from The Danish Agency for Institutions and Educational
Grants.

Back to “Table of Contents” atpage 1|2 |3 | 4
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Machine Readability
— Automating the Extraction of Data from DCC’s

By Sgren R. Kynde and David Balslev-Harder
3 international DCC Conference 2023
March 1t 2023

DFM receives funding by:
Danish Agency for Institutions and Educational Grants

DFM

Danish National Metrology Institute

Machine readable Calibration Certificates

DFM’s mission: To support implementation of DCC’s that are globally
recognized, in order to support efficiency and quality in
production companies through automation.

* Value creation for the customers
* Easier transfer/integration to databases
* Easier control and adjustment of measurement equipment
* Improved dataintegrity/safety (reduction of manual errors)
* Efficiency

* Primarily relevant to
* Areas with large numbers of calibrations: Temperature, Pressure, loT sensors
* Certificates with large amounts of data: CMM, BRDF, acoustics, ...
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Envisioned workflow for DCC’s _
Client (NN) Quality Control

Database
Release of equipment
Cal. reminder
Database
]
I;: ; DCC

114
Order & LY & [nvoice
Equipment
Digital request
Inkl. Specific./
data-template

[+ L.
e - <k
= @
04 PDF, w/ opt. XMP meta-info,
Cal. Lab/NMI Cal. work

+ CSV/XML/ISON datafile
+ Hash-sum datafile

Digital Tender
& cal. plan

Data og QA

Challanges for automatic extraction
Extraction of data from DCC

* How to identify what * How does the DCC
data that is awailable structure best support
» How to extract the data that data is findable

relevant to the user and extractable.

Structure of the DCC

* Restrictive structure -> * Flexible structure ->
* The structure cannot support all = Lots of implementation at the customer
scenarios and customer requests. agl| Mpesi end to ensure valid extraction of data.

* The Cal. Lab. has to support too many
customer requirements.

A Harmonized Protocol / Standard is needed
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EURAMET PrOject TC-IM 1448 Y TEKNOLOGISK

* WP1: Harmonisation

INSTITUT

* WP2: Software tools for DCC handling
* WP3: Impact and dissemination.

* github.com/TC-IM-1448 & gitlab.com/TC-IM-1448 Sesse

National level:

Digitale Kalibreringscertifikater
(DcC)

* Collaborations between DFM, FORCE and DTl and
with Danish pharma-industry (Novo Nordisk) and
accredited labs e.g. Eupry and Dandiag (pipettes).

* Danish webpage to coordinate and disseminate

Introduktion til DCC

information about DCC to Danish stakeholders. www.damamet.dk/d -

Client aspect of extracting data from DCC

Often the client only need a few
specific informations/data for their
QMS in order to release their
equipment.

Client database must have registry of:

* Allinstruments being calibrated.

* what they want to know/extract from
a certificate for each instrument.

Incoming
Instrument Cert. No

Database: Supplier Name
Equipment Id no. How?
- Calibration date
Error Results
Uncertainty(ies)

Calibration
Measurement Equipment Task list

= Specification (MES):
* Applies for similar equipment
used for same purpose
Specifies calibration requirements
(Cal. Points, MPEs etc).
& other info e.g. QA approvals ...
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First attempt for automatic extraction

Using the GP-guide for temperature and DCC schema 3.1.2 we L T () T ST T
implemented Python routines to extract data from the XML. - - -

The routines were then used to extract the data based on
referencing to

* ‘basic_referenceValue;,

* ‘basic_meagsuredValue, and

* ‘basic_meagsurementError’.

then the children of these elements were parsing to extract
the datﬂ'. item=DCCF.get.

* Code will be available on github.com/TC-IM-1448 next week.

First Findings
We need a general algorithm to extract the data.

We need an easy way to validate that the DCC supports
automatic extraction GP-guides are not machine readable.

Conceptually it is advantageous to consider:

* XML-Element for certificate content both human readable and
machine readable.

» Attributes of elements primarily for machine interoperation

Algorithm for extraction of calibration data

Validates authenticity of the certificate (valid provider, ...)

List all items calibrated in the provided certificate

Customer looks in their own database to match calibrated items

List all results for a given item and associated reference results in DCC

Link data from DCC to entries in customer database
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1. List all items calibrated in the provided DCC

Assumptions:

v" DCC.xsd defines an <dcc:items> sections where all <dcc:item>’s are
declared.

v Each item can be assigned a unique ‘id’ which can be referenced to
using the ‘refld” attributes.

NB - For machine readability and validation: we recommend that the item
‘1d” is mandatory for all items. In this way it can be ensured that data
results relating to the item can be identified later steps of the algorithm.

3. List all results for a given item and associated
reference results in the DCC

Assumptions:

v" DCC.xsd defines the <dcc:measurementResult> sections where all <results>’s
are reported.

v" Each <dcc:result> can be assigned a ‘refld” attribute referring to an item.

As described by Siegfried’s presentation on Rule-Book this should be assigned at the highest level
possible.

NB - For machine readability and validation:
* All data in a result is related to all the specified items.

* It would be advantageous to introduce a ‘dutld’ in that way it can be made
mandatory at the <dcc:measruementResult> level, that there is a reference
to the specific <item> being calibrated.
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Suggestion to split the refType attribute

refType has many purposes. Consider splitting this up into:

* measurandType
* Defines what kind of physical property is measured

¢ structureType
* Defines the datastructure: list, table, array, # of columns, # of rows, etc. enabling integrity check.

* resultType

* Defines restricted types: reference_value, measured_value, displayed_value, deviation,
correction, correction_factor, nominal_value, error, Index, etc.

This suggested splitting will enable clear definition of these attributes and their allowed
values in the schema.

Integration of measurands in the Schema.

8.2.9Measured quantity K2009

Car-industry: Y AP, e ! 20 Jecmgrat

23 squareness |Since V11/150515
Q-DAS : ASCI| codes are pre-defined for ¢ g B oo ot
relevant measurands. : : femperatre (] I
e ey
= coating thickness.

ht elp onmi.com/bundle/qg- /agdef.htm

Healthcare sector:

Relevant medical conditions as well as

! A R Q-DAS ASCII Transferformat
measurement units are predefined in XML-
schemas.

HL7FHIR
http://hl7.org/fhir/

AQIHQ Anesthesia
http://www.aqgihg.org/qgcdrDataSample/prodFiles/20 Quallty Instltute*’

iles/AQISchDoc/default.html
1y of Anesthesiologists”

[]

L1
EEEN
EEEEN
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Modularizing XML schema, enables other uses

Sl and quantityTypes measurandTypes structureTypes & resultTypes
P Schema (Types onl m

igital Calibration Request DCR

Schema

Splitting the schemas enables

independent updates. igital Calibration Answer

Schema
Minimizing differences petweerw lgital Test Certificate m
DCC, DCR and DCA provides the best

reusability in the workflow.
igital Certificate for Reference Materials DRM

Schema

igital Accident Report — ISAN Project
y Schema

Conclusions and outlook

* We recommend

* using attributes to enable machine interoperability and elements for certificate
content.

* Extending ‘id’ and ‘refType’ to distinguish different uses.

* Define as much as possible in the schema’s in order to keep validation of DCC
machine readability as simple as possible.

Outlook

* We want to test implementation of the suggested updates to the XML
schemas.

* Collaborate NCLSI MIl WG and to integrate this into XML schema.
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To PTB for organizing the conference and their contributions to DCC.
To Danish collaborators, Tl, FORCE, Novo Nordisk etc.

To International collaborators in TC-IM 1448, DCC2GO and other fora.
To audience for listening.

Contact: David Balslev-Harder (dbh@dfm.dk)
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Session C: DCC-News

Presentations that would also fit into this session:
» 06 The General DCC Rulebook and the Rules under the Aspects of Accreditation

15 What's New in the DCC Schema Version 3.2.07?

Presenting author: Benjamin Gloger, Physikalisch-Technische Bundesanstalt (PTB),
Germany

E-mail address: Benjamin.Gloger@ptb.de

Additional authors: Siegfried Hackel, Gamze Soylev Oktem, Shanna Schénhals, Justin
Jagieniak, Lutz Doering, Jan Loewe, Muhammed Ali Demir, Moritz Jordan, Kai Mienert,
Christian Keilholz (all PTB)

Abstract
Version 3.2.0 of the XML schema is scheduled for release in February 2023. Backwards
compatibility with version 3.0.0 is guaranteed, as these are additions.

Over the last year, a lot of experience has been gained with the DCC. There was feedback
from all areas of the calibration pyramid. From the National Metrology Institutes (NMIs),
organised in Regional (partly continental wide) Metrology Organisations (RMO) to the
accredited laboratories to the industry. The valuable feedback from the participants of the
DCC Summer School in June 2022 was also implemented. There was also feedback from
the accreditation bodies. The result has been implemented in the new version 3.2.0. A
selection of the changes is listed in this presentation and the release protocol is provided.

Links and a list will be added to the summary after the release is published.

Release log: https://gitlab.com/ptb/dcc/xsd-dcc/-/releases

Direct link: https://www.ptb.de/dcc/dcc.xsd

Back to “Table of Contents” atpage 1 |2 |3 | 4
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', Physikalisch-Technische Bundesanstalt
‘/‘ Braunschweig and Berlin
2 National Metrology Institute

What'’s new in the DCC Schema
Version 3.2.07?

Benjamin Gloger, AG 1.24 .

Version 3.2.0

DCC

Version 3.2.0

Release Date: 2023-02-08
Release Log: https://gitlab.com/ptb/dcc/xsd-dcc/-/releases
Current Scheme:  https:/ptb.de/dcc/dec.xsd
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Bugfix

<xs:choicd "unbounded™>

VerSIOn 3.2.0 <xg:e[CMENT Nate= 119C troc—-dcc:listType™ "unbounded™ />

<Xs:element "guantity"” "dcc:guantgrylype” "unbounded” />
</xs:choice>

» dcc:list can contain a combination of dcc:quantity and
dcc:list.

» dcc:comment can now be used without specifying a
schema.

« Empty elements are prevented with a regular expression.

Improvements

DCC

Version 3.2.0

- Email is no longer mandatory in the DCC
 Introduction of the element dcc:issueDate
 Introduction of XML signatures in the DCC schema

» Extension to dcc:calibrationLaboratory
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PIB

DCC

Version 3.2.0

Email is no longer mandatory in the DCC

© [ dcccontactType

~=® @ Attributes

(ame g

Type | dcc:textType

eMail
@
tType xs:string

phone )
@
‘_Type Xs:string |

fax

\Type xs:string |

location

- @
| Type | dccilocationType

[ descriptionData ®
Type | dcc:byteDataType

te

>C schema

* |ntroducti

W contact
* Introductiee [sccconacryee |€
 Extensiol

Improvements

Benjamin Gloge

DCC

Version 3.2.0

coreData
Type | dcc:coreDataType

(@)of

receiptDate

-—I—O
‘Type xs date
beginPerformanceDate b=

Introdt

Type | xs:date l
endPerformanceDate |

Extens

Type | xs.date l

rpevlomnnoeLocamn

— T sostasityee|°
| Type | dccchashType

®
(ype [ accperformanceLocationType |

issueDate
| Type | xs:date

previousReport

f'/\

for the DCC

Lidnnivﬁu and other identifications.

ining the globsl unique J

2023-02-26
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IPIB

DCC

Version 3.2.0

{digilalCaIihralionCeniﬁcale

« Email is no long
* Introduction of t

Improvements

| Type | decudigitalCalibrationCertificateType L

© (1 dec:digitalCalibrationCertificateType

—
e @ Attributes

administrativeData -
Type |dcc:administrativeDataType
”measurememResuhs ]

LType ‘ dcc:measurementResuItL\stTypeJ

o

comment |@

document

®
Type |dcc:byteDataType

I 0.2 4o Signature o I
]

Introduction of XML signatures in the DCC schema

Extension to dcc:calibrationLaboratory

DCC

Version 3.2.0

_r calibrationLaboratory

* Emailisno lc
* |ntroduction «
* |ntroduction ¢

Jo

e D dcc:calibrationLaboratoryType

[ calibrationLaboratoryCode
L VType I xs:string

,.}@

contact

®
Type | dcc:contaciType

LType | dcc:calibrationLaboratoryType J

" eryptElectronicSeal | ®
\ Type | xs:boolean |
J(cryptElectroniCSignature J

®
L Type | xs:boolean ,\

IS J cryptElectronicTimeStamp |

L _Type xs:boolean . |

szc\mation sbout the calibration laboratory. )

Extension to dcc:calibrationLaboratory
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PR

Improvements

DCC

Version 3.2.0

* Introduction of dcc:validXMLList and
dcc:charsXMLList

* Introduction of the element dcc:refTypeDefinitions in
dcc:administrativeData.

» dcc:name and dcc:description in
dcc:statementMetaDataType

Improvements

DCC

Version 3.2.0

* [ntroduction of dcc:validXMLList and dcc:charsXMLList

* Introduction of the element dcc:refTypeDefinitions in
dcc:administrativeData.

» dcc:name and dcc:description in
dcc:statementMetaDataType
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DCC

Version 3.2.0

* Introduction of dcc:validXMLList and dcc:charsXMLList

» Introduction of the element dcc:refTypeDefinitions in
dcc:administrativeData.

« dcc:name and dcc:description in
dcc:statementMetaDataType

Team

DCC

Version 3.2.0

Benjamin Gloger
Christian Keilholz
Gamze Soylev Oktem
Jan Loewe
Justin Jagieniak
Kai Mienert
Lutz Doering
Moritz Jordan
Muhammed Ali Demir
Shanna Schonhals
Siegfried Hackel
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Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin

Bundesallee 100

38116 Braunschweig

Benjamin Gloger

Telefon:0531 592-1019

E-Mail: benjamin.gloger@ptb.de

¥ www.ptb.de/dcc

“ Stand: 02/23
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16  Validation Methods in the Preparation of DCCs: The Schematron
Validation Tool

Presenting author: Gamze Soylev-Oktem & PTB & Germany
E-mail address: gamze.soeylev-oektem@ptb.de

Additional authors: Siegfried Hackel, Benjamin Gloger, Shanna Schonhals, Justin Jagieniak,
Lutz Doering, Jan Loewe, Muhammed Ali Demir, Moritz Jordan (all PTB)

Abstract

In this lecture, we will show which types of errors can be found automatically during the
creation process of a Digital Calibration Certificate (DCC). First of all, schema validation will
be used. This includes unfilled mandatory elements or incorrectly arranged XML elements.
This form of validation of the structure of the XML file against an XML schema is offered by
almost every advanced editor. Still, there is also the possibility of validation with Schematron.
Schematron is a schema language which is used to write logical rules for XML files.
Therefore, with Schematron, an XML file like the DCC can be checked for logical errors. For
this, individual rules are created which can either throw a hint, a warning, or an error. In DCC
development, Schematron is used, among other things, for the implementation of the
rulebook. This is a very elegant way to check the XML. Every DCC creator is free to write
additional Schematron rules for his own use case and to check his XML with them. For a
better presentation, a Schematron validation tool has been created by the DCC team by
using open-source tools. The aim of this presentation is to show which errors can be found
through schema validation and which errors can be found through Schematron validation.

Back to “Table of Contents” atpage 1|2 |3 |4
9 Physikalisch-Technische Bundesanstalt
— Braunschweig and Berlin
| National Metrology Institute

The Validation Process of a
DCC: The Schematron-Tool

Gamze Soylev-Oktem, PTB .
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Overview

= DCC Validation Process
= Which errors can be caught with the schema validation?
= Which errors cannot be caught with the schema validation?
= Schematron validation

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin

National Metrology Institute
2023-03-01

PB

XML Schema

= An XML Schema defines the structure of an XML File.

= There are several schema languages. DCC schema uses
XML schema definition (XSD).

= |t allows to enforce constraints for the XML files.

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin

National Metrology Institute
2023-03-01
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XML Schema Validation

= An XML file is ‘well-formed’, if its syntax is correct.
= A well-formed XML file can be validated against a schema.

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-01 4

What can be validated by using a schema?

» Root name, element names

» The order of the child elements

= Maximum and minimum counts for elements to occur
» Some data types

= xs:string, xs:date, xs:datetime, xs:boolean, ...
Patterns with regular expressions
Enumerations

Physikalisch-Technische Bundesanstalt ® Braunsc! hweig and Berlin National Metrology Institute
2023-03-01
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Schema Validation

= Demo using o e eEe e .
oxygen

?‘.L,' h-Technische Bund It ® Braunschweig and Berlin ) National Metrology Institute

Schematron P|B

» Schematron is a simple and powerful Structural Schema
Language for making assertions about patterns found in XML
documents

= With Schematron, it is possible to create specific rules and
constraints for a specific XML document

» Designed to be used in conjunction with other validation
languages

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-01 -
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What can be validated by using Schematron‘gPTB

» General logic rules:

» Begin Performance Date must be same day or earlier than
End Performance Date.

= Number of data in si:valueXMLList must be equal to the
number of data in si:dateTimeXMLList.

» |f an optional element exists in a specific place.

» |f the language attributes are declared correctly.

Physikalisch-Technische Bundesanstalt @ Braunschweig and Berlin National Metrology Institute
2023-03-01 .

What can be validated by using Schematron‘@PTB

= DCC specific rules:
= Company name.
= The length of the data.

= Number of digits that come after the dot in measurement
data.

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2023-03-01
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Schematron Validation Tool

]

1 { Schematron Validation

D . Chcose an XL fle  Ci/Usersfsaevie0] /Documents presentabionsys DCC corfersnae/TICC_Validaon/dec_gp_temperature_typical_vi2 i
emo using G

Valiae 2 Frmoes. ) wamings () Trfoemarions @) Al mp o the |

’ |
1 &) A
e 5
" »
Schematron .
o
w
Tool "
s
s
”
&
-
m
" w
XPath of the message: jdor:dgitalCal oratonCertficace{1)/dec measurementResuits] 1]/ doc:messurementResul 1]/
e resubs|1|/decresult 11jdec:datef 1idoctist{ 1] b
Une rumter. 17
VIARNING 2
s
oom <derden e y
It you cick an any fine on left side, you can Jums to the related slement o the gnt This scftnare sses SEcnC.
© 2022 718
Physikalisch-Technische Bund It ® Braunschweig and Berlin National Metrology Institute
2023-03-01 10

Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin

Bundesallee 100

38116 Braunschweig

Gamze Soylev-Oktem

Telefon:0531 592-1184

E-Mail: gamze.soeylev-oektem@ptb.de
www.ptb.de
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Session D: Community-Feedback for Further Developments of
the DCC

Presentations that would also fit into this session:
> Parallel Session 6: Community-Feedback for Further Developments of the DCC

06 The General DCC Rulebook and the Rules under the Aspects of Accreditation

09 The Semantics of Measured Quantities

11 DCC and Digitisation versus Digitalisation and Digital Transformation

vV V V V

31 DCCs for Non-Automatic Weighing Instruments (NAWIs) — Current Status of a
Respective Working Group Elaborating “Good Practice” Conventions

> 39 Two Implementations of Digital Calibration Certificates in Industrial and Metrological
Services

> 48 Mapping of Processes and Risks in the Digital Transformation in Metrology of
lonizing Radiation - A Case Study in X-Ray Air Kerma Calibration

> 51 How does a Machine Distinquish the Different Types of DCCs?
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17  The Digital NIST: Pilot Project for the Digital Transformation of NIST’s
Measurement Services

Presenting author: Catherine C. Cooksey, NIST, USA , Dinis Camara, NIST, USA
E-mail address: catherine.cooksey@nist.gov, william.camara@nist.gov

Abstract

At the beginning of 2022, NIST embarked on a pilot project to produce a few examples digital
calibration reports and certificates of analysis for the purpose of assessing the scope and
challenges of digital transformation in these measurement services.

The aims for the NIST pilot project are

1) to generate a digital calibration report (DCR) from calibration data, customer metadata,
and other data and metadata as needed,

2) to generate a digital reference material certificate (DCRM) from certification data,
descriptive information about the material, and other data and metadata as needed,;

3) to generate a human readable report from both DCR and DCRM,;
4) and to hold a workshop to gather stakeholder feedback.

At the completion of the pilot project, it was determined that the PTB supported digital
calibration certificate (DCC) schema is an excellent start towards creating DCR; however, it
will need to be customized to address NIST specific needs. In contrast, DCRM will require a
new schema, which NIST has begun to develop.

Through the stakeholder workshop, we confirmed a high level of interest in the community for
fully digital delivery of calibration reports and reference material certificates.

Back to “Table of Contents” atpage 1|2 |3 | 4
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Digital NIST:
Pilot Project for the Digital
Transformation of NIST’s Measurement
Services

Catherine Cooksey
Dinis Camara

March 2023

National Institute of
Standards and Technology
U.S. Department of Commerce

Movement for Digital Transformation of Metrology pusST

Digital Sl Task Group’s Expert Group
developed “grand vision” for Digital Sl
and organized workshop,

CIPM established the “The International System of Units (SI)

Digital 51 Task Group and FAIR Digital Data”

PTB and NPL discuss
“digitalization” efforts
at NMI Directors
Meeting, BIPM

J. 2018 l 2020 J. 2022
™1 ™1

2017 T 2019 2021 T

NIST Measurement Services
Council established the
Digital Transition Working Group

Euromet EMPIR
project SmartCom
was funded

NIST Leadership initiated the
Digital NIST Pilot Project
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Where are we?

Level 5

Level4  machine-
controllable
i content
Machine- ) P
. The content of a
interpretable standard is be amended

content automarically and
Level 3 adopts tomated

pted by
decision-making
processes

Information models
describi e

</> Machine- elationships between
XML readable and items of information
Level 2 -executable
content cognitive
Digital standards
) Coes Croplaishy Dt s
Leval 1 Machine- (semantically) discovered b aieriaide
readable Semantic search of the art of technical
document and selectiv conformity check,
on content level question answering,
Digital S predictive content supply
document information Fully integrated
delivery across ue chain
Digital representation several documents

IDIS Whitepaper, “SCENARIOS FOR DIGITIZING STANDARDIZATION AND STANDARDS”, 2021

Digital NIST Pilot Project

Digital Calibration Certificates and Certificates of Analysis -

Objectives: Project Charter
General Project Information

* Evaluate existing DCC schema and its applicability m

to NIST Calibration Reports and Certificates of 1
Funding Estimate | |

Analysis for Standard Reference Materials® (SRMs) o Smrs
Executive Sponsors b’EE“J"’D“iE, 0P )
* Assess resources required to deliver digital data e Pl o snc s o Clrain

Sponsors Services
ponsor Robert Hanisch, Office of Data and I formatics

for NIST measurement services Katice ippo, Ofce f Weights ané Measures
Kate Rimmer, Material Measurement Lab
gram/Froject Manager
Program/Project Manager Kate Rimmer
Email Address @
Qrganizatienal Unit

Deliverables:
* Fully digital NIST calibration report and certificate | *=+"  SCiClimiaiui Ui i,

applicability to NIST SRM Certificates of Analysis and NIST Calibration Reports.

of analysis s el that scrn extensions o xsting Do, s tose o he 75, i
be required to support NIST practices. The PTB DCC scherma is encoded in XML

and we will also evaluate whether a JSON implemantation better suits NIST SRM

* Human-readable versions produced from the bt st

digital report and certificate e ey, o st et

extensive measurands and parameters. A known shortcoming of PTB DCCs s that
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- o metrology cloud
g ()1 srD — gy
Customer requests e L
SRM f— O
=

supporting certificate
data of analysi
SRI
- ‘.:A""’ .
\‘E Calibrati é -
ve=" 1 Calibrations ==
e T
calibration calibration &
database Report ﬁfﬁ .
(encrypted, Digital report is machine
signed) readable & actionable

Approximately 500 Services

Calibration Areas:
Biomedicaf .
Dimensional
Etectromagnetic

En\{ironmental Area
fomzing Radiation
Mecham‘cal
Optical Radiation
T'hermodynamic
Time ang Frequency

A
Pprox., 12,000 tests per year
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Tasks & challenges for NDCRs

NIST digital calibration reports (NDCRs):

1. Identify and understand the elements within DCC schema

What we did:

+ Used PTB’s wiki and the GEMIMEG tool

* Imported DCC schema into Configurable Data Curation System (CDCS)

* Developed a prototype tool for generating XML documents using DCC schema

What we |learned:
* DCC schema is a good starting point for NDCRs, but modifications will be needed
* Need tool(s) for converting report content to XML document

Tasks & challenges for NDCRs

NIST digital calibration reports (NDCRs):

2. l|dentify the elements within NIST calibration reports and mapping them to the
DCC schema

What we did:

* Reviewed a sampling of NIST calibration reports

* Used GEMIMEG tool for comparisons

* Developed a prototype template for calibration reports with mapping to DCC schema

What we |earned:

* Wide variety of report content will be challenging to accommodate by a single template

* Some report content is not easily/obviously mapped to DCC schema

* Need uniform approach for generating calibration reports to facilitate digital transformation
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Tasks & challenges for NDCRs

NIST digital calibration reports (NDCRs):

3. lIdentify the sources of data and metadata and developing solutions for
populating digital reports

What we did:
* Worked on developing API to extract customer metadata from existing E-commerce platform
* Worked with 2 calibration services on developing programs to automatically format data

What we learned:

* Need tool(s) for importing data and metadata

* Wide variety of data formats and storage methods

* Need a way to check, correct, and validate metadata before finalizing report

Tasks & challenges for NDCRs

NIST digital calibration reports (NDCRs):

4. Identify a repository and potential formats for data and final digital report

What we did:
* Considered some potential solutions, but largely postponed for future phases

What we learned:
* Solution that accommodates the wide variety of data and report generation will be
challenging
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Tasks & challenges for NDCRs

NIST digital calibration reports (NDCRs):

5. ldentify solutions for displaying NDCRs in human-readable format

What we did:
* |dentified elements that are primarily intended for human reader
* Demonstrated feasibility of generating human-readable report directly from NDCR using CDCS

What we learned:

* Figures, photos, and plots can be included as images with NDCR

* Lengthy descriptions can be included explicitly in NDCR or as links to separate documents,
web resources, or publications

* Need tool(s) to view human-readable versions of NDCRs

Standard Reference Materials

>1100 SRM Products

= Ferrous Metals = Ton Activity

* Nonferrous Metals * Polymeric Properties

*  Microanalysis * Thermodynamic Properties
* High Purity Materials * Optical Properties

* Health and Industrial Hygiene * Radioactivity

= TInorganics * Electrical Properties

*  Primary Gas Mixtures *  Metrology, Liquids and

* Fossil and Alternative Fuels Glasses

*  Organics «  X-Ray Diffraction

* Food and Agriculture * Sizing

»  Geological Materials and Ores « Surface Finish

* Ceramics and Glasses  Fire Research

* Cement *  Nanomaterials

* Engine Wear Materials * Miscellaneous Performance
* Forensics Engineering Materials
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Different from Calibrations NIST

Standard Reference Materials: Calibrations and the DCC are
ISO 17034 based on ISO/IEC 17025 and
requires different information.
ISO Guide 31
A new schema for Reference
. Materials must be researched
NIST Quality Manual and developed.
NIST Policy

Customer and Stakeholder Input

Challenges T

Digital Reference Material Certificates (DRMC):

= Differences in homogeneity

* Types of Values (e.g., Value and Uncertainty vs. DNA sequences)
* Certified v. non-certified values

» Digital representation of Sl units and non-S| units

* Revisions to certificates

* Security for public and individual availability

* Extracting data points from text
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What Goes in a DRMC NIST

Current Draft of Schema

Organization Identification
Reference Material Identification

Material Information
* Unit Description
* Usage Information
*  Measurement Information
* Additional Information
Context
Provenance

References

Based On:

ISO 17034

ISO Guide 31

NIST Quality Manual

NIST Policy

Customer & Stakeholder Input

* Continue to work on model for NIST and expand to learn

and incorporate others.

* Convert existing “paper based” data to be digital
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Digital NIST Stakeholder Workshop

Goal: To hear from our stakeholders about what | Digital NIST Workshop
L. . September 28 - 29, 2022 (Virtual)
they want and need for digital transformation

Takeaways:

* Interest in digital transformation, but are in
the early stages.

* Full implementation not initially needed, but
we need to be prepared.

* Looking to NIST for leadership and guidance
on creating data models, norms, and
technology

https://www.nist.gov/news-events/events/2022/09/digital-nist-workshop
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Thank you!
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18 On the Construction and the Dissemination of Digital Metrology Datasets
for Research and Development Purposes

Presenting author: Mohammed S. Gadelrab, National Institute of Standards, Egypt

E-mail address: masgad@ieee.org, mohammed.gadelrab@nis.sci.eg

Abstract

While the metrology field is progressively transforming digitally, new forms, procedures,
techniques, artifacts and tools are continuously emerging. The Digital Calibration Certificate
(DCC), the Digital Test Certificates (DTC), the Digital Certificates for Reference Materials
(DRM), and the D-SI are few examples of the most prominent formats in “digital” metrology.
Plenty of systems and applications are expected to be built upon these important artifacts
that, from one hand, will replace existing traditional counterparts and on the other hand will
open the door widely for novel applications. Fortunately, there is a considerable effort on the
design of such artifacts with a plethora of ideas. However, unfortunately they most likely
remain conceptual and prototypical, yet untested. Therefore, they are faraway from being
mature for production and operational deployments in real environments. One reason of this
problem could be the lack of sufficient datasets of these new metrology forms and formats.

To foster the advancement of Met4DT, we discuss in this presentation several issues related
to the creation and the dissemination of DCC datasets that can be used in researching and
developing new metrology systems and applications. Then, we propose a new framework
that enables and encourages creating, comparing and sharing such datasets. First, we
explain the need and the benefits to have such a repository of DCC Datasets. Accordingly,
we identify what we need exactly and how that can be achieved. Moreover, we discuss the
main components that are necessary for the implementation of the suggested framework.

Back to “Table of Contents” atpage 1 |2 |3 | 4

On the Construction and the Dissemination of

Digital Metrology Datasets for Research and
Development Purposes

Mohammed Gadelrab
masgad@ieee.org
IT Metrology Lab
Electric Quantities Metrology Department
National Institute of Standards of Egypt
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Dataset Sources in Metrology

Dataset Life-Cycle

OVERVIEW Benefits of having a Repository for Metrology Datasets

Challenges

Framework for Metrology Dataset Sharing

DATASET SOURCES IN METROLOGY

Operational Measurement Data

Digital Calibration Certificates (DCC)

Digital Test Certificates (DTC)

Digital Certificates for Reference Materials (DRM)

Examples:

= Templates for DCC:single DCC certificate and its accompanying Scheme (e.g., XSD PTB scheme) from different sources
and in different metrological fields. Those can be used to learn about the DCC and can be adapted or adopted by NMls or
Calibration labs.

= Reference Standard Datasets: a collection of DCCs as a standard test suit for systems and applications bench-marking.

= Datasets for ML/DL and Data analytics: large number of DCC datasets to be used in machine-learning, deep-learning
based applications and data analytics.
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DATASET LIFE-CYCLE

= Generic Data Life-Cycle
m  Calibration Certificate Life-Cycle
= New DCC Life-Cycle

Generic Data Life-Cycle

Gathering Analysis Visualisation Sharing

(i) P~ @D secure transfer
@ 3 Open access

Destrugction

Reintegration

CC BY Thomas Shafee: commons.wikimedia.org/wiki/Data lifecycle.svg,
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Create CALIBRATION CERTIFICATE LIFE-CYCLE

CC

- Create & Issue => Store => Use (Measure|Audit) => Archive
Archive

[Destroy]

CC = Normally 2-3 years lifetime (Until the expiration date)

= Mostly used for direct in-field or in-lab measurements

= Only used by [or on behave of] device owner (e.g.,
Technician, Inventory Manager, Auditors)

NEW DCC LIFE-CYCLE

[Destroy]

= |ife-time extended beyond the expiration date > 3 years

= New usages and new use cases (Industry4.0 & lloT:
Collective analysis, Monitoring/prediction, Modeling,
automation, Smart/autonomous devices, etc.)

= More users/stakeholders (+ researchers, SW developers,
Al/ML and data scientists, etc.)
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= Learn about and compare various DCC samples coming from different sources.
= Allow dataset reuse and thus increase convergence and synergy between separate research efforts.

= Test compatibility, inter-operability and performance of systems and applications from different
NMls, Calibration Labs and industry.

= Test new ideas and new features of the new versions of the DCC itself.
= Test the implementation of new systems or applications.

= Apply machine learning and deep learning techniques.

BENEFITS OF HAVING A REPOSITORY FOR
METROLOGY DATASETS (DCC AS AN EXAMPLE)

I— Lack of shareable digital metrology datasets. |

Dataset producers are most likely reluctant to sharing their datasets due to legal,

regulative issues or internal policies. |

I— Lack of public tools and platforms that enable and facilitate dataset sharing. |

mad  The question is:

* How to encourage DCC owners or issuers to share datasets?! while:

* Preserving privacy
* Protecting their rights and
* Not violating laws or regulations (e.g. European GDPR).
* How to maintain data privacy without compromising accuracy and utility of data?
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= Sensitive data are data that can be used to identify an individual, species, object, or location that
introduces a risk of discrimination, harm, or unwanted attention.”

How identifiable is your data?

What are the ethical and legal responsibilities?

What grant/contract conditions and mandates do you have to comply with?
Who has ownership or rights over the data?

What consent is there for future use!

DATA SENSITIVITY

DATASET ANONYMIZATION

"A Process by which personal data is altered in such a way that a data subject can no longer be identified
directly or indirectly, either by the data controller alone or in collaboration with any other party." [*¥]

= |taims to remove direct identifiers (e.g., names) from datasets and to enforce further constraints
on indirect identifiers.

= |ndirect identifiers (or quasi-identifiers, or keys) are attributes that do not directly identify a data
subject but may together with other indirect identifiers form an identifier that can be used for
information correlation.

[**] Raghunathan, Balaji (June 2013).The Complete Book of Data Anonymization: From Planning to
Implementation. CRC Press. ISBN 97814822 18565.
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ANONYMIZATION OF DCC ADMINISTRATIVE DATA

= Device identifiers:

= Device serial numbers and device proprietary names that may reveal its owner. Device model or device name
given by the manufacturer can be maintained.

= Client identifiers:
= Client name or address (physical or electronic such as Url, emails, telephones, etc.)
= NMI or Calibration Lab Identifiers:
= Institution name and telephone numbers: (sometimes this does not represent sensitive information)
= Location, physical address or postcode information (sometimes this does not represent sensitive information)

= Names of respondents or responsible persons (Technicians, metrologists, Lab head, etc.)

= Electronic addresses: emails, website, url, and IP, etc.

ANONYMIZATION TECHNIQUES

= Pseudonymization: data de-identification by replacing private identifiers with
pseudonyms or false identifiers.

= Data masking: allowing access to a modified version of sensitive data. It can
be applied by encryption, or dictionary substitution.

= Data perturbation: changes the initial dataset slightly by using rounding
methods and random noise.

= Data swapping, also called shuffling or data permutation, rearranges dataset
attribute values so that they don’t match the initial information.

= Generalization requires excluding certain data to make it less identifiable.

= Synthetic data is algorithmically produced data with no connection to any
real case. The data is used to create artificial datasets rather than utilizing or
modifying the original dataset and compromising protection and privacy.
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Main Components of Metrology Dataset Sharing Platform

« Dataset storage + search engine (data & metadata)

. Dataset management back-end (Dataset Owner/provider tools and Dataset user/consumer tools)
« Dataset Version Management

« Dataset evaluation and review

« Aset of dataset manipulation and processing tools, such as:

- Source code and libraries for dataset processing

- Data Extraction and display tools

- DCC scheme checker

- Conversion Tools (from XML to other formats such as pdf or json for example)
- Anonymization tools

« APIs and DB connectors

. Documentation, Wikipedia, Guidelines and best practices

Conclusion

Iad e

(0
@
\

Availability of data New digital formats Sharing metrology Urgent need for Collaboration is the
and datasets is in Metrology have a dataset has both rules, mechanisms key.
critical for Digital strong impact on the technical, legal and and platforms to
Transformation in processes (life- organizational enable metrology
Metrology. cycles) and use- aspects. dataset publishing
cases. and sharing.

CC BY Uwe Kils: http://www.ecoscr}pe.com/iceberg/

15
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Thanks!

Any Question | Suggestion | Feedback is welcome
Mohammed Gadelrab
masgad@ieee.org
Mohammed.gadelrab@nis.sci.eq
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19  Analyzing the Conformance of DCC Prototype Architecture to
Calibration Laboratory Expectations Report

Presenting author: Praiya Thongluang, NIMT, Thailand
E-mail address: ms.praiya@gmail.com
Additional authors: Narin Chantawong, Jariya Buajarern, and Sunantiya Parana

Abstract

This work aims to survey a calibration laboratory opinion in Thailand about changing the
calibration format to digital. We hold two meetings in the dimension field and the electrical
field to present a DCC prototype. For the DCC prototype, we digitalize the data in the
Certificate of Calibration, which was previously issued by Microsoft Excel. We explore the
utilization of an Extensible Markup Language (XML) map which adapts from the DCC
guideline to automatically generate the DCC from XLSX files. Thus, the XML file is then
displayed on a web browser for human readability. The questionnaire has 9 questions and
we found some patrticipant has a problem using the certificate in paper form and almost all of
the participants agree to change the certificate format to the DCC. The participants also
agree with the DCC can rise their service capability. In addition, they have a suggestion
about adding calibration due date and decision rule. The second survey is divided into two
parts which are compared between the type of organization and between job positions. From
the survey, most participants agree with changing the calibration format to digital. However,
they still have concerns. Their apprehension depends on the type of organization and job
position. For the type of organization, the private sector has biggest concerned about
changing organizational culture but the government sector has most concerned about the
staff's lack of the new knowledge to support the DCC system. For the job position, the
laboratory head and staff are concerned about the operation process while the department
head focuses on budget and costs.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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e

NIMAT

Analyzing the conformance of DCC prototype architecture
to calibration laboratory expectations report

Ms.Praiya Thongluang

National Institute of Metrology (Thailand)

() amuumnosIngmnna
National Institute of Metrology (Thailand)

Overview

» Introduction
* DCC prototype, NIMT
* Objective
* Surveys meeting
* First meeting
* Second meeting

* Conclusion

NIMT 2
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() amuumnosIngmnma
National Institute of Metrology (Thailand)

Introduction

* Digital transformation in metrology has been started with Digital
Calibration Certificates (DCC) by PTB

* In NIMT, we digitalize the data in the Certificate of Calibration

* We explore the utilization of an Extensible Markup Language (XML)
map which adapts from the DCC guideline to automatically generate
the DCC from XLSX files.

* The XML file is then displayed on a web browser for human
readability.

NIMT 3

National Institute of Metrology (Thailand)

D C C .xsl file: To preview in

" human readable form

(,) amuumnosangmnama

5 National Institute of Metrology (Thailand)
Certificate No. : E1-22.0022 PP Winistry of Higher Education, Scioncs, Research and innovation

Issued by : lmpedance Laboratory, Electrical Metrology Departmeat -
Page 1 of 2page Calibration of Certificate g
s
MEASUREMENTITEM @ Standerd Capacito b
CortficseNe, - FLR00
hsnedby Impedunce Lidorweny: Eicmes ey Deparmies
MANUFACTURER :  Genenal Radio Company p—
MEASUREMENT ITEM Sasdent Cpres
MODELTYPE ™) LGRUQF A MENUFACTURFR Gonars i Coep
= AC]) :
da U &1 MoDELTYTR T
SERIAL NUMBER i 434 e
cusToMER
CUSTOMER : Impedasce Laboratory
Elects
Nati MEASUREMENT DATE 9 Aagust X022
MEASUREMENTDATE  :
Reterence Dues Apprediys [——
HNCISOR  MAsuean
(vt Swoutiane) s o)

Pl

gl O i g . o g, ot 153 T o 357 19 P 4357 9
FEMCTSO0S-0U22 30 August 2022

Excel XML PDF Preview

NIMT 4
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Mecasurement Res

( ) National Institute of Metrology (Thailand)

Ministry of Higher Education, Science, Research and Innovation

Calibration of Certificate

NCTISHTIS s
Cobenion 144
Certificate No. EL22.0022
Iesued by Impedance Laboratory, Electrical Metrology Depariment
Dage of25agm
MEASUREMENT ITEM Standard Capacitor
MENUFACTURER  Genera] Radio Cempeny
MODEL/TYPR : GRI409-F
SERIAL NUMBER s 234
CUSTOMER * Impedance Laboratory
3/4-5 Moo 3, Klong 5, Klong Luang,
National Insttue of Metrology (Thailzad),
Pathumtham 12120
MEASUREMENT DATE 9 August 2022
cult relates only apples only at the
Reference: Date: Approved by: Performed by:
LEMC1505.01/22 30 August 2022
(Sivinee Sawatdiaree) (Jatarat Tanarom)
Pari of this certificate &s with awri ission from NIMT.

Techaopolis Ofice 4.5 Moo 3, Kieeg 5, Kioes Luaag, Paanshari 12130 Thaand, Telepbost 66 2977 5100, Facsimle: 662577 3659

P20 27am

Continuation of Certificate of Calibration Number EI.22-0022

ENVIRONMENTAL CONDITION

Th as carmied outin an.
15) %

MEASUREMENT METHOD

Capacitance of the standard c: was directly meazured by an ultra precisicn capacitance bridge st
101 The value u{lhn! terminal um was measured with the GND termumal
LO termiral.

£(23.0 = 1.0) °C and rel

uncornected to the
UNCERTAINTIES OF MEASUREMENT
The stated (e cxpunded from

dity of (50 =

& The
all cases except v wedﬂ‘uunl.lmioixueaph ity mm "They are determined in accordance wi
JCOM 105. 2008 “Esaluaton

coverage factors k= 2 are implied

Toe Vi of e roand o widi wesigoed nn;e e e probability of approximately 95 %
TRACEABILITY

provides traceabilty of w 24 national standards, and to
ot System of Units (SD.
MEASUREMENT RESULTS

3-terminal measurement

Freauency: Measured Value Uncertainty k

100z 990.796 pF 16 4FF 215

120z 990.766 pF 12 4FF 200

200 Hz 990.710 pF 10 yFF 201

400Hz 990.642 pF 9uFF 200

500 Hz 990.621 pF SuFF 200

1000 Hz 990.567 pF 94FF 218

2000 Hz 990,507 pF 9uFF an

5000 Hz 990.434 pF 104FF 205

10000 Hz 990381 pF 16 4FF 201

End of Certificate of Calibration

Objective

Jt\ ammunasangnnosa

rology (Thailand)

National Institute of Metrology (Thailand)

() amuumnosIngmnna

T

» In this work, we hold two meetings to present the DCC prototype for
calibration laboratories and then survey their opinion.

* The first meeting participants are calibration laboratories in the dimension
field from 23 companies (53 people).
* The second meeting participants are calibration laboratories in the electrical
field from 14 companies (28 people).

NIMT 6
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National Institute of Metrology (Thailand)

() amounasangmnama

The questionnaire has 9 questions, and we
use Chi-square to analyze the survey results.

We found some participant has a problem
using the certificate in paper form and

almost all of the participants agree (95%)
to change the certificate format to the DCC.

The participants also agree with the DCC can
rise their service capability. They have a
suggestion about adding calibrafion due date
and dccision rule.

Pros & Cons

() amuumnosIngmnna

National Institute of Metrology (Thaland)

Pros Cons

U Save paper and reduce costs

O Convenience to information transfer
U Reduce the cost of document delivery
QO Long term preservation

O Reduce the certificate issuing time

Q) Able to direct traceability

U Employees lack knowledge of XML,
software, and hardware for supporting
the DCC

U Changing the organizational culture in
their company

U Signature and data forgery

O Loss of data via sending by e-mail

U Budget for supporting the DCC

systems
Olncrease of operation process

NIMT 8
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National Institute of Metrology (Thailand)

() amounasangmnama

(]

NIMT 9

The second meeting

Analyzation of the survey results 1s divided into 2 parts:

() amuumnosIngmnna

National Institute of Metralogy (Thailand)

1. Comparison between private and government sectors, and we

analyze by using T- test with 95% confidence.

2. Comparison between position jobs, we use Analysis of Variance
(ANOVA) and Fisher’s Least Significant Difference (LSD) with

95% confidence to analyze the surveys.

NIMT
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National Institute of Mewology (Thaland)

() amuumnosIngmnma

T

Comparison between private and government sectors

The questionnaire 1s divided into 3 parts and the survey results
are shown in the following:

Part 1: Satisfaction with changing the format of the calibration
certificate to DCC

Part 2: Advantages of the DCC
Part 3: Disadvantages of the DCC

NIMT 1

<> amuumnosIngmnna

National Institute of Metrology (Thaland)

Results

Part 1 Part 2 Part 3
O Private and government Q Private and government O Private sectors concern
sector satisfaction with sector agree with changing more about
changing the format. the DCC format. O changing organizational
Q The advantages of the DCC culture,
in their opinion are similar to 0 data missing via sending by
the calibration laboratory in e-mail,
the dimension field. O data use being unclear,

[ data storage.

NIMT 12
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() amuumnosIngmnma
N

iational Institwte of Metrology (Thailand)

Comparison between the department head, laboratory
head, and laboratory staff

The questionnaire 1s divided into 3 parts and the survey results
are shown in the following:

Part 1: Satisfaction with changing the format of the calibration
certificate to DCC

Part 2: Advantages of the DCC
Part 3: Disadvantages of the DCC

NIMT 13

() amuumnosIngmnna

National Institute of Metralogy (Thailand)

Results: Part 1

SUMMARY

Groups Count Sum Average
Department head 4 15.25 3.8125
Laboratory head 4 17.33333] 4.333333
Laboratory staff 4 15.35 3.8375

* Department head, laboratory head, and laboratory staff have satisfied with changing
the certificate format.

NIMT 14
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() amuumnosIngmnma

National Institute of Metrology (Thailand)

[

Results: Part 2 (Advantages)

* Lab head and staff
have the same
opinion on the

. Difference | Compared
Job position Average

benefits of the DCC mean with LSD
* Long-term storage
. Department head De[ﬁ]ﬂ{‘tll'lel'l[ head & 4.8 & 4.48 035 More
think the benefits of laboratory haed
the DCC E?I'e Laboratory head & 448 & 4.58 0.10 L
* Convenience of laboratory staft ’ : . S5
information transfer epe ad &
k Department he“‘?,& 482 & 4.58 0.24 More
* Saving paper laboratory staff

* Reducing costs,

NIMT

() amiunosangmnuna

National Institute of Mcirology (Thailand)

Results: Part 3 (Disadvantages)

. Laboratqry head and staff have the ) Difference | Compared
same o%mlon on disadvantages of R - ar with LSD
the DCC. Department

* The most anxicty in their opinion is head &

the privacy and security of the DCC laboratory G A L Ll
* The last anxiety is the increase of the haed

operation process.

* Department head position 358&359 002 Less

mterested 1n
* Budgeting and equipment for
supporting the D%Cpsystcm Department
* Accuracy of data ROl 2278359 068 More
. Prlvacy and Sccurlty ldh()ldt(ﬂ}"

* Data storage staff

NIMT
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National Institute of Metrology (Thailand)

( amiunosangmnuna

Summary

* Most participants agree with changing the calibration format to digital.

* Their apprehension depends on the type of organization and job
position.
* For the type of organization

* The private sector has biggest concerned about changing organizational culture

* The government sector has most concerned about the staff's lack of the new knowledge to
support the DCC system.

* For the job position
* The laboratory head and staff are concerned about the operation process.
* The department head focuses on budget and costs.

NIMT 17

Page 212 of 559



;a I 3"international DCC-Conference

20 A Proof of Concept for a Digital Calibration Environment for Digital
Multimeters

Presenting author: Marcos E. Bierzychudek, INTI, Argentina
E-mail address: mbierzychudek@inti.gob.ar
Additional authors: D. Coppa and A. Toran

Abstract

This abstract presents a proof of concept for a digital calibration environment for digital
multimeters (DMM). The calibration of DMM is a critical process that ensures the accuracy
and reliability of measurements taken with this instrument, which is broadly used in industry.
The approach proposed in this work utilizes digital structured information, like DCCs, and
relational databases to manage the calibration process, improving its efficiency and
effectiveness.

The DMM calibration laboratory of the Instituto Nacional de Tecnologia Industrial has
developed the software for data acquisition of calibration measurements. Then, the
measured data is analyzed using a spreadsheet to calculate errors, tolerances, and
uncertainties. From these results, the calibration report is generated with a word template.
This process is adapted for each multimeter model, which includes particular spreadsheets
and templates.

This work aims to create a unified environment for data acquisition, processing, and report
generation for the calibration of digital multimeters. The environment utilizes digital metrology
data from digital calibration certificates, a middleware, and a database system. The final
output is a digital calibration certificate in XML and PDF format for the calibrated DMM.

Back to “Table of Contents” atpage 1|2 |3 | 4
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A Proof of Concept for a Digital
Calibration Environment for
Digital Multimeters
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. March | 2023 | A Tor.ari, M. E. Bierzychudek and.D: Coppa®
oe ; = :

Instituto Na,donal ; Ministerio de Economia Secretaria de Industria
de Tecnologia Industrial Argentina y Desarrollo Productivo
INTI
Digital Calibration Environment for Digital Multimeter o

Extended service with high workload -
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Digital Calibration Environment for Digital Multimeter o
Flow diagram of measurement
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Digital Calibration Environment for Digital Multimeter

Software

Digital Calibration Environment for Digital Multimeter

e & e MEOIIONES PAACILLS | MoicioNEs ImUALES
Opciones de lucio de
e Eyper Mukimetros 612 Funciones 3 Calibrar
= SO E] SNPRIGUNTAR CONTINUA
RESET CALIBRADOR E1 CobledeSW ) ot
CEROS REAR'Y FRONT
I CALZERO CALIBRADOR ol
) RESET MULTIMETRO | TODAS LA FUNCIONES GANANCIAOCE
7l CEROSDCY
1 TEST MULTVETRO
1 cerosoct
gy Purtos s Callbrar : -
200 0C1 £l Ganancia
1 7RO BCR TekRepido. - <L
Verficacon Segun Manual
Completo ¢ ) CERO REGSTENCIA
Seleccionar Archivo @ P
Ove ¢
] FRECUENCIA
Triciar Medicsoner

. |
Software: configuration file
A B k3 o o G L —
1 FUNCION ™, WBD M 'EMNMES M CONFIG ESTIMULO C_CONFIG N'MEDICICNES ESPERA (SEG)
2 CORTO DCV 0.2 FRONT ooV A FILT_ONRESLE FAST OFF TWO_WR,INPUT FRONT,GUARD INT,TRG_SRCE INT  CORTO DCV 0 STBY;RPANGECLK OFF,0UTOV, 0 KZ 10 0
3 CORTO DCV 2 FRONT GUARD 0 STBY,RANGECLK OFF OUTOV, O K2 12 0
4_CORTO 20 FRONT 0 0
5 CORTO DCV 200 FRONT 10 0
8 CORTO DCV 1000 FRONT 13 0
oty 0.2 FRONT 10 0
100y 02 FRONT 10 15
8 ocv 0.2 FRONT ©° 15
10 ocv 0.2 FRONT 10 15
11 ooy 02 FRONT o 15
12 00V 02 FRONT 0 1
13 oty 0.2 FRONT ©
14 DLV 0.2 FRONT 10 15
15 DLV 0.2 FRONT 0 15
16 ocY 0.2 FRONT DOVO1FRT_CNRESLS. 0 15
7 06V 2 FRONT DCV 1 FLT_ON,RESLS, FA-ST GFF TWO_WR INPUT monrsumo Exrwe}ms NT 10 0
18 0oV 2 FRONT DCV 1 FLT_ONRESLS FAST_OFF TWO_WR, INPUT FRONT. GUARD EXT,TRG_SRCE INT ©° 15
g Do e o e sl S (e x "
200V 2 FRONT DGV 1 FILT_ON,RESLS FAST_OFF TWO_WR, INPUT FRONT, GUARD EXT, TRG_SRCE INT 0 15
By S A e R o s U =
2 oty 2 FRONT DCV 1 FILT_ON,RESLA FAST_OFF TWO_WR, INPUT FRONT, GUARD EXT,TRG_SRCE INT 10 15
B ocv 2 FRONT DCV 1 FILT_CM RESLS FAST_OFF TWO_WR.INPUT FRONT GUARD EXT.TRG_S SMN’ 10 15
24 0Cv 2 FRONT DCV 1 FILT_ON,RESLB FAST_OFF TWO_WR, INPUT FRONT. GUARD EXT, TR( 0 15
2500V 20 FRONT DOV 10 AT X vwawnwurmsmmmmu swnzm 10 0
2% ooy 20 FRONT DCVmFlY TWO_WR, INPUT FR RCE e 15
7 ocv 20 FRONT DOV 10 FLT_C WﬂESLEiASY NF YWO WYIFW‘W EUIRDH"PCI SM NT 10 15
B oY 20 FRONT DCY 10 FLT_ONRESLEFAST OFF TWO.) ) WR,INPUT FRONT, GUARD EXT,TRG_SRCE INT 0 15
2 oy 20 FRONT DCV 10 FLT_ONAESLBFAST OFF TWO WR INPUT FRONT, GUARD EXT,TRG_SRCE INT 10 15
0 0tV 20 FRONT DV 10 FILY _OFF TWO_WR,INPUT >_SRCE NT 0 15
- e L L s
2 ooy 20 FRONT DOV 10 FLT ¢ OFF TWO_WR NPT _SRCE INT 0 15
g goen e St = T
34 ooV 20 FRONT BC\'!O FUT _ONAESLB FAST UT FRONT,GUARD EXT,TRG_SRCE INT ©° 15
35 0ev. 20 FRONT DCVI0FLTY ﬁESLBi‘S' OWYWO MNWFRMG\ERDMI'RB SRCEINT  CALIBRADOR BWHBV OHZ 10 15

DCV 500,FILT_ON,RESL8,FAST_OFF, TWO_WR;INPUT FRONT;GUARD INT;TRG_SRCE CORTO DCV

DCV 0.1,FILT_ON,RESL8,FAST_OFF, TWO_WR;INPUT FRONT;GUARD EXT;TRG_SRCE CALIBRADOF

DCV 0.1,FILT_ON,RESL8,FAST_OFF, TWO_WR;INPUT FRONT;GUARD EXT;TRG_SRCE CALIBRADOF
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Digital Calibration Environment for Digital Multimeter
Software: results in txt file

L

M| N

Horafin  C_Funcion C_Rango

09:56:45 CORTO DCV DC220MV
09:58:06 CORTO DCV DC220MV
09:59:27 CORTO DCV DC220MV
10:00:50 CORTO DCV DC220MV
10:02:13 CORTO DCV DC220MV

10:11:24 DCV
10:12:29 DCV
10:13:34 DCV
10:14:39 DCV
10:15:44 DCV
10:16:43 DCV
10:17:54 DCV
10:18:59 DCV
10:20:20 DCV
10:21:25 DCV
10:22:29 DCV
10:23:34 bCV
10:24:39 DCV
10:25:44 DCV
10:26:49 DCV
10:27:54 DCV
10:28:59 DCV

(]

PR, - NN
€_valorNom C_freq

0,00E+00
0,00E+00

P

0,00E+00 DCV
0,00E+00 DCV
0,00E+00 DCV
0,00E400 DCV
0,00E400 DCV

Q

R

S

1,00E-01
1,00€+00
1,006401
1,00€402
1006403
1,00E-01
1,00E-01
1,00€-01
1,006-01
1,00E-01
1,00E-01
1,00E-01
1,00E-01

T u

M_Fu;vélon M_Bornera M_Ran;n M_N:MB.M;Maln

10 4,64965834E-07
10 4,26256956E-07
10 5,63884370€-07
10 1,89431594E-06
10 4,92350702€-06
10 9,99937901E-03
10 -5,40455527E-07
10 -1,00004894E-02
10 -5,00004486E-02
10 4,99996092€-02
10 9,99996411E-02

Digital Calibration Environment for Digital Multimeter

Data processing by spreadsheet

UUT MULTIMETRO, VALORES Y RANGOS
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v

w

M_ﬁesvnd ;A_Mak-Mlﬂ

3,44€-08
1,95€-08
1.41E-07
4,94E-06
1,05E-05
1,84E-08
4,08E-08
2,15E-08
2.61E-08
2,32€-08
1,88E-08
4,32E-08
3,24€-08
3,036-08
2,15€-08
3,55€-08

1,19€-07
5,826-08
4,036-07
1.39E-05
3,436-05
5,25e-08
1,45e-07
5,95E-08
8,47€-08
7.23€-08
5,11E-08
1,50€-07

C_ValorNominal
0

CFreq  MRango M resolcion M Cargal M _MEDIDO
0

Ohms/A

M_X-NOM

PNP SU  PNP CJ

PNP CU

%ESPEC

ppm ERROR<1ANO ERROR+Ua<1afio ERROR+UINf<1ANG
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Digital Calibration Environment for Digital Multimeter (
DCC application with former software u
MEASURE T CALCULATE e REPORT )

WORD/PDF/DIGITAL

nstituto Nacional
e Tecnologfa Industrial

INTI

Integration of database and DCC
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Data flow
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Digital Calibration Environment for Digital Multimeter

Data flow

r

MEASURE
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Digital Calibration Environment for Digital Multimeter l
Information structures on data base =
MEASUREMENTS
CONFITG
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PK K| ADMIN_I2
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LABCRATORY
RESULTS
o
——¥FK| ADMIN_ID
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[ DCV 100003 V
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Add new View
1a Dee Admin 1d Dee Admin
0
Fecha Hora
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Digital Calibration Environment for Digital Multimeter
Local views of data and calculations
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PASO 2 - REALIZAR AL CONSULTA SQL DE LA SMEDICIONES A PROCESAR
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Digital Calibration Environment for Digital Multimeter

Local views of data and calculations
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Digital Calibration Environment for Digital Multimeter
DCC generation

See "Software for the
Creation of Machine and

Human Readable Reports” INTI
by D. Coppa
PLANTILLAS GENERACION GENERACION
PARA DESCARGAR DE CERTIFICADOS CON DE CERTIFICADOS CON
ARCHIVO FUENTE BASE DE DATOS
] e i n s
SOURCE DATA
EXCEL PYTHON SCRIPT
GENERATNG DCC (XML AND
occ PDF)
SOURCE DATA (DUAL SCURCE)
MysGL
[ ]

~

Digital Calibration Environment for Digital Multimeter

DCC generation =
—
Scrpt for XLSK SOURCE Script for DB/mySGL SOURCE

oe§in ““f:::;;“‘q :;’;‘ﬁ:u i ki s g query = "SELECT NO}H&&&PPL\' FRi WHERE ADMIN_ID = 123

calibration_value_string = cellFormated(},E',cell(j,E') res_md) e pdr;‘a':” £ ]”(‘“eg'x‘ “)D RANGE= "

#y lo agrega al array alibrati _:;' q. t\l‘l (il 7 val )

calibratfon_values append(calibration_value_nutnber) palivration. vaiues = tupie(dil campo ] viues

<dcc result refType="gpDMM_measuringResult1">

TSR <name> RESULTS

R125 - <dee:content lang="en">Measuring results</dec:content> PK_Unique_ID
W1 AB C D E |F </
109 La columna ERROR muestra fs dlfom\du YT P <dec:data> FK ADMIN_ID
110 <dec:list refType="gpDMM_tableDCV_1V"> FK CALC.ID
111 0K 'ENSK)N CONTINUA > ity ref” ="basic. e -
112 1 | RANCO | VALOR ERROR | < = . .
13 2 || 0alv | 0]V | -0.0000000] v¢_oooooooeo v cdecmame> = oo s SOUERCE_CONFIG
114 3 lang="en' valuec /e DMM_CONFIG
16 & </deeznames FUNC
i e ‘ -0,00000360/V | 000000150,V | SRyl — RANGE

| <sicreal ListXMLList> = \& NOMINAL_APPLY

\“: 7 ©,00000320/V] o.00000150]v | <si \alue\Mu.‘lpmos 1 1</SvalueXMLList> ERROR

20 s | <siunitXMLList>" fXMLList> UNIT
121 10| </sicrealListXMLList> UNCERT
12 1| </si:hybrid> K
123 12 DISTR
124 1 =
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Digital Calibration Environment for Digital Multimeter Y
Conclusion "

= The database was successfully integrated to the former software.
= The calculation software reduces the workload.

= DCC generation from spreadsheets is already available but the
application of the database improves the data flow.

G —

Thank you o

o @INTlargentina

@ T

mbierzychudek®@inti.gob.ar S Bidentne
O canalinti

Instituto Nacional
t X a i Ministerio de Economia Secretaria de Industria
de Tecnologla Industrial Argentina y Desarrollo Productivo

INTI
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21 DKD’s Contribution to DCC Harmonisation and Coordinated
Development

Presenting author: Thomas Krah, Physikalisch-Technische Bundesanstalt, Germany
E-mail address: Thomas.krah@ptb.de
Additional authors: Martin Czaske, Wolfgang Schmid, Shanna Schénhals

Abstract

The development of the DCC schema has reached a maturity stage which brings its practical
implementation in operative environment in a reaching distance. However, to ensure a
harmonised use and development of interoperable processes and structures, the
development of good practice examples by the individual technical communities is
considered to be the most effective way.

In Germany, the German Calibration Service (Deutscher Kalibrierdienst DKD) offers an ideal
environment to facilitate the technical discussion at the national level and to agree on the
required conventions, as it represents more than 400 accredited laboratories and companies
from the various metrology disciplines. The DKD is also open for accredited calibration
laboratories outside of Germany. It is organised in 13 technical committees (TCs) that are
responsible for specific technical subjects. In 2022, subgroups have been established in
many of the TCs that discuss the implementation of the DCC. They are actively supported by
the PTB. Additionally, a cross-sectoral committee has been established to discussed general
and overarching topics. Another essential task of the DKD working groups is to document
their work in DKD expert reports which serve as guidelines and have the character of pre-
normative documents. This talk will give an insight of this work and associated workflows.

Back to “Table of Contents” atpage 1|2 |3 |4
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Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Metrologieinstitut

DKD‘s Contribution to DCC
Harmonisation and Coordinated
Development

3rd International DCC Conference

T. Krah, Dep. 9.4
M. Czaske, W. Schmid, Section 9.11
S. Schonhals, WG 1.24

What is the DKD?

= Abbreviation for Deutscher Kalibrierdienst (German Calibration Service)

= |s a board of PTB for the technical exchange between PTB and over P

500 accredited calibration laboratories. BEPTB + %
S L/
(;(: © “T\( édé
Structure ) Tasks Z9

» Develops calibration guidelines and -

EEPIB ] good practice guides.
Eff:?‘ifi?‘j* » Actively participates in setting
DK VTsnhniéaal)Cnmmittsss

infrastructure in the sense of the g

propagation of the units.

» QOffers workshops and courses for the

consultation  accreditation DKD members.
* Promotes interlaboratory comparisons.

Accreditation
Surveillance

Metrological
Traceability
Accredited

Calibration Laboratories i

international rules in the field of &
calibration.
= Facilitates the metrological ‘

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin D K D Nationales Metrologieinstitut

02.03.2023 2 3rd International DCC Conference
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Technical committees

1. Direct Current and Low
Frequency

High Frequency and Optics
Force, Acceleration and Acoustics
Length

Temperature and Humidity
Pressure and Vacuum

Mass and Weighing Instruments

Chemical Measurands and
Material Properties

Materials Testing Machines
Torque
Flow Measurands

Measurands in Laboratory
Medicine

Measurement Uncertainty

0a®
o

O Ul (0 [

2}

10.
14l
12

13.

What are the TCs doing?

= Preparing calibration guidelines at
national level.

= Discuss good practice in calibration
based on latest state of technology.
- Regularly reviewing existing
calibration guidelines.

» Informing members about

developments in the field of
calibration.

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin

Why is the DKD dealing with the DCC?

D K D Nationales Metrologieinstitut
3rd International DCC Conference
I B

%

"R

= Bring calibration to the 21st century
via digitalisation.

DKD's goals for the DCC

= Disseminating clear, unambiguous,
and error free calibration data.

= Supporting a faster usability of
calibration data by automatisation.

= Achieve widely harmonised DCC
for all metrology fields and users.

Why is DKD best suited for
contributing to the goals?

= DKD brings together expert
knowledge from fundamental
metrology (PTB) and industrial
practicioners.

= DKD covers all relevant metrology
areas.

= DKDs cross-sectoral cooperation
fosters harmonisation and at the
same time shapes subject-specific
DCCs.

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin
02.03.2023 4

Nationales Metrologieinstitut

3rd International DCC Conference
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Current activities of the DKD

Work within the committees @ i et ] —
= Sub-committees created focussing e ; e

on DCC development. j T

DKD

= Development of DCCs for et |

particularly relevant measurands |

and measurement equipment SJocizete ‘

types. e ]

et SR SETamcsns

u output: :dent tionsy M\WM\W

= Good practices (templates) for R

selected important measurands.

= Expert reports. anenToeTeT

= Harmonised wording.
Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
02.03.2023 5 D K D 3rd International DCC Conference

Current activities of the DKD

Mass WoW

Chem. measurands

Scales \/ \/ \/
Temperature J \/ ‘/
Humidity v v v
Length \/ \/ \/
Air pressure ‘/ ‘/
Torque J J
Force \/ \/

v v

v v

Laboratory medicine

\/ \/ Ready to use

www.ptb .de/cms/en/metrological- v/ Work started

services/dkd/publications.html --> tab Expert Reports \/ Planning started
Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin D K Nationales Metrologieinstitut
02.03.2023 & 3rd International DCC Conference
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EPB

Work beyond the committees:
= Aligning with the German

accreditation body about (( DAKKS

accreditation requirements. Adedterungsstelle
Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
02.03.2023 7 D K D 3rd International DCC Conference

B

Outlook and challenges

Goal for Germany: @ Goal internationally:

= Developing a harmonised = Harmonisation on European
concept for the DCC which and world wide level.
will be used within the n Expand Concept to all
German accreditation. measurands.

= Continue the coordination
with the German
accreditation body.

» Expand the concept to all
measurands and
measurement equipment
types.

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin D K D Nationales Metrologieinstitut
02.03.2023 8 2

3rd International DCC Conference
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Physikalisch-Technische Bundesanstalt

Braunschweig und Berlin

Bundesallee 100
38116 Braunschweig

Dr. Thomas Krah
phone: +49 531 592-9451

E-mail: thomas.krah@ptb.de

Dr. Martin Czaske

phone: +49 531 592-8020
E-mail: thomas.krah@ptb.de

Dr. Wolfgang Schmid

phone: +49 531 592-9100

E-Mail: wolfgang.schmid@ptb.de

Dr. Shanna Schénhals
phone: +49 531 592-1240
E-Mail: shanna.schoenhals@ptb.de

) www.ptb.de

“ Stand: 03/23
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22  GEMIMEG-II — Status and Progress Report

Presenting author: Dr. Thomas Engel, Siemens AG, Germany
E-mail address: EngelThomas@ Siemens.com

Abstract

The GEMIMEG-II project is a German lighthouse project to path a way for digitalization in
metrology. The acronym reflects the project aspiration by combining GEMIni for the digital
twin of the MEtrology equipment for Global application. The central element of this
digitalization initiative is the digital calibration certificate (DCC) and its fully automated
application in modern industrial IT and IOT infrastructures. The user story is a calibration
together with the related DCC that is created (automatically) in the calibration process and
then transferred safely and without human intervention to the customer of the calibration. At
the customer site, the DCC is read, processed, and interpreted automatically by machines in
truly digital workflows in typical Industry 4.0 scenarios. The information extracted from the
DCC will be used to update the plant management system (ERP) and all calibration related
information in production.

This talk presents an overview of the recent project status of GEMIMEG-II in its final phase. It
shares some insights on the concept developed and solutions implemented so far. 5
RealBeds will be setup in the project to showcase and prove the applicability of the
GEMIMEG concept in the fields of the i) Digital Competence Centre for Wind power (d-CCW)
at PTB (Germany), ii) fab of the future, iii) process- and pharma industry and iv) mobility for
autonomous driving and v) a legal simulation.

The GEMIMEG-II project is funded by the German ministry for economic affairs and climate
action based on a decision by the German Bundestag under grant number 01 MT20001A.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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Status and progress?’ego{

Dr. Thomas Engel

Project Coordinator GEMIMEG-II

3" International [)CC Conference, PTB, Braunschweig, Germany

March 29, 2023 .o
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Our world gets digitalized everywhere. Why not the calibration ecosystem too? — seamlessly from NMI to local applications
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The Project in a Nutshell L\QGEMIMHO |
Project start: 01.08.2020 % Fraunhofer
Funding budget: 11,2 M€ 2 9
Total project budget: 17,9 ME Heinnich-Hertz:nstitut
Project duration: 36 months
Project end: 31.07.2023 E 1 t
igiraster
Project partners: 13
Industry: 8
NMI: PTB I I \ L
Applied Research: 1 L) (= @) BOSCH W
University: 3
ey
Supported by: M SI EM E N S
* Federal Ministry
for Economic Affairs
and Climate Action
UNIKASSEL o
ST “ UNIVERSITAT
on the basis of a decision VERSITAT SIEGEN
by the German Bundestag
Our Research Agenda T
& GEMIM3D-II

Robust digital
calibration
information

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

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

Future
oriented com-
munication
infrastructure

Safe
Orchestration
of Data

unrestricted® Siemens 2023
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UseCase: System integration aspects of industrial products .o
and in entire industrial production systems (fabrication plants) (:?, GEMIM3D-II

Testing Laboratory Inspection Body

» Secondary Artefact

» Secondary Standards
» Artefact standard

Unique 1D DCC » Artefact Standards
1D: Artefakt Unique ID DCC
|D: Calibration Setup 1D: Artefakt
1D Calibration Selup

Unique 1D DCC
1D Artefakt

I Calibration Setup ’
/
]
[
/
11 /
: éb /
Supplier 3 /
: v
—1-11
Vandfacter W AD
unrestricted® Siemens 2023 Supplier n
Page b 2023-03-01 Dr. Thomas Engel / 1 CED
Typical System Status for Test Equipment Inventory & GEMIM3o-II
Unit / System
proc.rement m Manufacturer

+

: [ status ()
i ]

g @ valid for use Unit / system properly calibrated at T, utilization for t,, : ~§

i Tcal + laup\ - x days . . . . . " . P =

i Y Vvalid for use Warning: calibration expires soon, recalibration needed :\ i 2

é O not available Unit / system not available — in re-calibration : %

i Tea * tam — — - - events )

i @ do not use Use prohibited: calibration overdue or function potentially .

; - inaccurate Test equipment

management

+ @ do not use Re-calibration failed: repair / refurbishment of unit / system - inspection -

Regulatory
Environment @ do not use Unit / system scrapped
JEN/DI S|

Note usually ransition periods apply
unrestricted® Siemens 2023
Page 6 2023-03-1 Dr. Thomas Engel / T CED
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GEMIMEG - Concept

Abstraction from specific
% S, Sensor and Measuring process

r a
& GEMIM3D-II
L I_I

Data application including

data quality information

“Virtualjsation”

Controller

Sensor-Data-Fusion m Digital Twin
# #

Multi-Modalities Data storage
Model based Sensor

Sensor

Information Qol

Al-Data processing Applications
Machine Learning | <@ == m= = = =
Measurement: values and domain Sensor- and Data Aggregation Data utilisation
Safe Asset Orchestration
Page / 2023-03-M Lr. Thomas Engel / T CED

The DCC and its generic components :{tbjGEMIMBO-II

(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

DCC: Digital Calibration Certificate
DCR: Digital Calibration Request

(" caliration Galioration | Calibration
AT
DCA: Digital Calibration Answer

icate
i Type (Leve!)

|| @cemmao [\ Callbration
\ Customer
] DCC Information

Calibration Data Type / Data repr i to D-81
i.  Platinum

System for ii. Gold

SN iii. Silver
iv. Bronze

Certificate calibrations
Publication

Sensing
Determination ) G ination / ion of indivi instruments / artefacts in a

use in

‘ 1 ion for r

/(" DCalibration Calbration ! oo g P

I i pplications (e.g. gauge block set)

|| certificate %‘:2‘:“:‘3: Meas.rement || _— i _ . o

! { Uncertainty ] Calibration Inhgrnal pperatlongl s!eps for metrology in respective calibration /
s i or

| Secure :

i |

\ )

i Calibration Calibration C Internal operation steps to fully document and qualify calibration
1 Calibration Detaset ion vs. l W > measurement data and to issue DCC certificate — according to
Data Storage authenticaton DIN/ISO/Spec. r i for respective type of i

e e D o Quality Info Quality level determination for measurement values data generated by
Delerminalion sensor as a physical or model based sensor entity

|
Calibration i (1) CGalibration instruments & artefacts inventory of organisation
Measurement ) 1. Concise list
Date i 2. Unique identification and description
L ) 3. Calibration / qualification status
[ DCaiibration J[ Quallty of [ Calibration ]: description 4. Validity of currrent calibration, history of previous

unrestricted© Siemens 2023
Page 8 2023-03-01 Dr Thomas Engel / T CED
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Secure enrollment of devices (EST & BRSKI)

Device Registrar Manufacturer
< R o e T e e T e
1 The device does not TLS C The registrar verifies the 1
1 trust the registrar Identity of the device. :
1 | Voucherrequest 1
1 (digitally signed) 1
Regisirar verifies
I | voucher request I I
] Voucher-Request 1
1 (digitally signed, also contains 1
: the clients voucher request) | vr:;!ﬂ r‘:q’:;; I 1
Voucher 1
1 (;:;:r::;) - (digitally signed by manufacturer, 1
1 lonT verhos voucher. TIOW contains certificate of registrar) 1
: the client also trusts the !
1
R e kL L r ey S
Se0pe o BRSKI . | _ o e mmmmm |
: Client generates | Eatificats
1 Keypair and CSR 1 Authority
1 CSR I (CA)
1 I
1 Certificate
1 I
- -
Scope of EST Source: J. Sassmannshausen
Universily Siegen
unrestricted® Siemens 2023
Page 9 2023-03-01 Dr. Thomas Engel / T CED

Data Augmented with Digital Calibration Certificate
& GEMIM3D-I

| Harmonized GEMIMEG Interface

|
= N
2 Processing Calibrated
[ Sensor Raw data data + Data consumer
Calibration data
2 alibration data DCC file
| sener 5
] Processing Calllaiiz: 2
E__ I ’ data + m Data consumer E
da
H DCC file 2
Sensor ‘B" =
Calibrated
o
data +
5 ‘Smart Sensor = Data consumer
= (memory, DCC file |
= communication) /link
@
| DCC repository
T o - )
Level 2: Set of requirements for E‘ E E
interacting entities within !
GEMIMEG framework
Level 1: Minimum set of requirements for
exchanging GEMIMEG conform data
Measurement: values and domain | | Sensor- and Data Aggregation
Page 10 2023.03-01 Dr. Thomas Engel / | CED
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Process and Data Flow Overview & GEmIvM3o-Il

V [ | [ | [(omm

v .
P fre—

unrestricted® Siemens 2023 1 4
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The Digital Calibration Document ,,Ecosystem*™
A generic view...

Concept:

One common DX-Schema with Semantics
(as X8D / XML-Schema as parent schema)

HRO

Multiple different sub-schemata of DX as
children / branches for

f f f
* DCR
* DCC > govemed by ISO 17025 requirements
*« DCA

i i i i

«DC...

XSD/ XML Schema

Digital Document Schema - DX

HRO: Multi-language available =
automatic conversion / generation from

CACEEE) CRERER oo

Acronyms:

DCA: Digital Calibration Answer
DCC: Digital Calibration Certificate
DCR: Digital Calibration Request
HRO: Human Readable Output

o
i
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The Digital Calibration Document ,,Ecosystem*™
A generic view...

Physical Sensors / white box" model sensors - .black box* model sensors / Al sensors

HRO

XSD/ XML Schema

Digital Document Schema - DX

OoPC/ = - New Acronyms:
VIN - X - -
A DQC: Digital Qualification Gertificate

DQR: Digital Qualification Request

o
e
=2
]
T
c
[
E
<]
=
=
[}
E

©
kel
T
b=}
=
_n_j
7}
o

SIEMENS

How to make the DX and the DCC sustainable for routine application worldwide

» The DX and DCC and further derived documents perspectively need to be hosted and maintained by a
Lneutral“ organisation with key interest for seamless international kooperation in the field of metrology
» Potential ,owner“: CIPM and ist operative unit BIPM as ,neutral” but internationally established

organisation for metrology
» Potential ,Maintainer“: NMI or group of NMI with an official mandate by BIPM to do so

» This is just a suggestion, to foster international acceptance and support as much as possible

» What needs to be maintained:

» DX —the digital document schema — including version control
» Structure
» Semantics
» Ontologies

» DCC - as the international platform for DCC (with sole language in english) — including versions
» Sensor and Calibration related submodells to the AAS

» Vacabulary — complementing the VIM — vocabulary in metrology
» Including language packs with translations for all vocabulary to all languages needed

» Preferably, each language pack is maintained by group of native speakers

» Vocabulary / Language packs preferably in conformance with VIM, AAS, OPC/UA ...

SIEMENS
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Quality of X
X: Sensing, Data, Information, ...

A complete measurement result typically consists of:

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

Example: Length measurement  8.412 um (105 m) 3a

Additional quality related information for the measurement process of sensing (S) or data aggregation (D) and
evaluation (D) or the information () gained from the data are possible:

Sensor System or Data 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 Detailed/explicit determination scheme, traceable, version controlled
Definition 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, ...)

SIEMENS

| Contact

Published by Siemens AG

Dr. Thomas Engel

Principal Key Expert Research Scientist
TCED

Otto-Hahn-Ring 6

81739 Miinchen

Germany

Federal Ministry
Phone +49 172 24 21 401 * for Economic Affairs
. . and Climate Action
E-mail engelthomas@siemens.com

Supported by:

on the basis of a decision
by the German Bundestag

Grant: 01 MT20001A.

SIEMENS

Page 238 of 559



X~
:‘,&a I 3"international DCC-Conference

Parallel Session 1: DCC-Tools

Presentations that would also fit into this session:
» Parallel Session 4: DCC Tools

» 07 OQualified Electronic Seals - The Peace of Westphalia in the Laboratory Sector

» 19 Analyzing the Conformance of DCC Prototype Architecture to Calibration Laboratory
Expectations Report

43 Using a Spreadsheet to generate XML Based on XSD Schema

44 XML Tree Editor

53 DCC Middleware — Obstacles and Approaches

vV V VY VY

56 DCC via iPhone (or iPad)

23  The GEMIMEG Tool — A Software for Creating Digital Calibration
Certificates (DCCs)

Presenting author: Moritz Jordan, PTB, Germany
E-mail address: moritz.jordan@ptb.de
Additional authors: Muhammed-Ali Demir, Jan Loewe, Justin Jagieniak (all PTB)

Abstract

The GEMIMEG-Tool in its current state is a web application that offers a user-friendly way to
create and edit DCCs without the need of XML skills. A rich graphical user interface guides
the user through the process of filling in administrative and calibration data. The user can
choose between multiple different Good-Practice examples as a template, create a new DCC
from scratch, or edit any existing DCC that follows the Good-Practice guidelines.

A human-readable HTML as well as an XML preview of the DCC complement the feature
set. Furthermore, the software automatically validates any DCC with the schema version 3 or
later and updates the used schema to the latest version.

In this presentation, we give an overview of the most recent developments in the GEMIMEG-
Tool:

e Improved interface for adding multiple languages to the DCC

e  Optional HTML Human Readable attachment in document element
e Integrated references to DCC Wiki

o Viewer for files that are attached to the DCC

e Update on release of standalone desktop version

e Back to “Table of Contents” atpage 1|2 |3 |4
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Physikalisch-Technische Bundesanstalt
Nationales Metrologieinstitut

Sidls & GEMIMID

The GEMIMEG Tool

A Software for Creating Digital Calibration Certificates (DCCs)

Moritz Jordan, Muhammed-Ali Demir, Jan Loewe
Working Group 1.24

Scope

* Graphical user interface for creating and editing DCCs

* The following Good Practice Examples are built-in:
* Temperature
* Air Pressure
* Humidity

* Support for localization

01.03.23 2 Maritz Jordan, Muhammed-Ali Demir, Jan Loewe
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Architecture

* Web Application
» Static HTML, no real backend needed

* Everything is done on the client side using JavaScript/TypeScript
* Vue.js is used as a framework

* Your DCCs are never sent to a Server v
* Platform independent
* Desktop version using Electron

01.03.23 3 Maritz Jordan, Muhammed-All Demir, Jan Loewe

Features

* Automatic schema validation {v3.x.x)

* File attachment

* LaTeX formulas

* Human readable generation using XSLT
* DCCfile viewer

* Built-in wiki links

01.03.23 4 Maritz Jordan, Muhammed-Ali Demir, Jan Loewe
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Layout of the GEMIMEG Tool

® 0 ® g 20230208 6P _Temperature X+ ~

< c 0 @ plb.gitlab.iofdee/gemimeg-toolj# a | @ o

EN - ENGLISH
Administrative Data

Administrative Deta
Used Software @ °

Name Version Description Actions

Notepad++ (32-bit) V82 . ) ° ems

© statements

Core Data @

Country Cede * Mandatory Larguage *

DE - Germany = © en-English -0 © Measurement Results
Used Language () + o
Preview
en-English

Main content area

01.03.23 =) Maritz Jordan, Muhammed-Ali Demir, Jan Loewe

Layout of the GEMIMEG Tool

® 0 ® ¢ 202302-08 6P Temperare x4 v

4 [+ 0 & ptbogitlab.iofdecigemimeg-tooljs LR o =

= @GEMIMAD o

= . EN - ENGLISH
Administrative Data

Ad rative Dt
Used Software @ © Adminisirative Deta

Name Varsion Description Actions

© tems

4
—
© starenc <4
—
—

Notepad++ (32-bit) w82 - /s

Wiandatory Larguage

DE - Germany - © en-English -0 © weasurement Results

Used Language ) + e
Preview
en - English X
de- German

- Navigation
NEXT STEP

01.03.23 6 Maritz Jordan, Muhammed-Ali Demir, Jan Loewe
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Human-Readable Preview

EPB

® 0@ m 20230200 0P mperaw X+ v ® 08 @ 20050000 0P mporature. X+ -
< C [ @ lcalhost: U ) D = ) C 0 © localhest:3000 al@ o =
& GEMIM3ID & GEMIM3D
N7 412.0dev N7, y1.2.0-dev
Measurement Results
Preview 1 col c Measurement Meta Data EN
Meta Data 1
Calibraion value
oot °
Callbralion value. Calloration value
- . : " Prviied
Digital Calibration Certificate Veelvin \degreecelsius
Administrative o 306 2285 o
Data
B Softwars 73 9985
* Seftware 448 174.85
Name Notepads++ (32-bity
Release 8.2 ° 523 249,85 o
Core Data
Country Coda ISO3166_1 DE 5e3 31985
Used Language Code ~ en, de
180638_1 ° Indicated measured value probe Indicaled measured value probe o
Mandatory Language Code en et o v Kot
180638_1 elvin \degreecsisius
Unique Identifler GP_DCC_temperature _simplified_1.1.1
Issuer callbrationLaboratory -] 308.32 3347 (-]
Onder no. string-calibrationLaboratory-coreData
—— 9 v ar21 100,06
Recelpt Date 1957-08-13 448,36 175,21
Perfarmance Date +057-08-13
Perlarmance Lacation laboratory §23.31 25018
Hems
56307 316,62
« flom Temperature sensor
ot
Manufazturer String ‘ Measurement emor
tnssabunciing
Moral Striner elvin
PREVI!
01.03.23 7 Maritz Jordan, Muhammed-Ali Demir, Jan Loewe
H Readable P [
® 08 g 2023.02-09 0 Temperatwz. X - 08 g 2005.00-00 08 Tompersture. X | + -
b L@ n=0ld:c e 0 8ot 6 1@ o=

A Frint fpese m
Admisative
Dain

Preview Destination B SovcesPOF - ’—m
HUMAN READABLE Pages Al - )
Dlglt_al_ Call_bratlon C Layout Portrait -
Administrative o
Data
DCC Software Mora sattings v
+ Seftware
Name Notepa
Roloase 8.2 o
Core Data
Country Code 1S03166_1  DE
Used Language Code en, de [ ]
1806301 obe
Mandalory Language Code en - e
180639_1 = =
Unique Identifier GP_DC = -
Issuer callbrat i L]
Order no. stiing-c - [er—
Asrager . E
Recsipt Date “957-0 — m—
Perfarmance Dale 1957-0 .
Perfarmance Location Laborats Sy
ltems =
+ em Temper e o -
Rt T eoran:
Manufacturer String e —— Caneel m
Moial Strine e "
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2P1B

XML Preview

® 0 ® & 2023-02-00_6P_Berometerx X+

q c 0 @ localhost:3030

‘ DE - GERMAN ]
Y XML TO CLIPBOARD O S

Preview

© Acministrative Data

1 <?xml version="1.0" encoding="UTF-8"?>
2+ <dcc:digitalCalibrationCertificate xmlns:xsi="http://ww.w3.0rg/2001/XMLSchema-instance"

xnlns:dcc="https://ptb.de/dcc” xmlns:si="https://ptb.de/si" xsi:scheralocation="https
://pth.de/dcc https://ptb.de/dcc/v3.1.2/dcc.xsd" schemaVersion="3.1.2">

3+ <dcc:administrativeData>

4- <dcc:dccSoftware>

5- <dce:softwares © stotemens
6- <dcc:name>

7 <dcc: content>Notepad++ (32-bit)</dcc: contents

8 </dcc:name>

9 <dcc:release>v8.2</dcc:release>
10- e e S PRar @ Measurement Results
TLs </dcc:dccSoftware>

12- <dcc:coreData>

13 <dcc: countryCodeIS03166_1>DE</dcc: countryCodeIS03166_1>

14 <dcc:usedlangCodeIS0639_1>en</dcc:usedlangCodeIS0639_1> ° Preview
15 <dcc:usedLangCodeIS0639_1>de</dcc : usedLangCodelS0639_1>

16 <dcc:mandatorylangCodeIS0639_1>en</dcc :mandatorylangCodeIS0639_1>

17 <dcciuniqueldentifier>GP_DCC_temperature_simplified_1.1.1</dcc:uniqueldentifier>

18- <dcc:identifications>

19- <dcc:identification>

20 <dcc:issuer>calibrationLaboratory</dcc:issuers

PREVIOUS STEP

9 Moritz Jordan, Muhammed-Ali Demir, Jan Loewe

01.0

h

File Viewer

®  ® @ 2023-03-010P Airpressure. X+

4 c 0 & gemimeg.ptb.dejgemimeg-tool#

DE - GERMAN ‘
Preview

@ Administative Data

O Attach Human Readable to xml file
© tems

Administrative Data

<

o R © statements

image/png

Measurement Results
> Comments © Measurement Results

Document

© Preview

PREVIOUS STEP

01.0: 10 Moritz Jordan, Muhammed-Ali Demir, Jan Loewe

w

Page 244 of 559



3"international DCC-Conference

Attach b64-encoded Human Readable

® © ® @ 2023-03-01GP_Airpressure. X+ v

d Cc 0 @& gemimeg.ptb.de/gemimeg:

@ GEMIM3D |

DE - GERMAN

Preview
@ Administative Data
Human Readable to xml file
© items
 Administrative Data
C Beled © statements
> Measurement Results
> Comments @ Measurement Results
+ Document
tv(l:tr\‘:i'r:jrs—ar\ah\e html ° Preview
01.03.23 T Maoritz Jordan, Muhammed-Ali Demir, Jan Loewe
* DCCs of schema version 3.0.0 or
later are supported
* GEMIMEG Tool will update all DCCs
of version 3.x.x to the latest schema
version
1 <7xml version="1.0" encoding="utf-8"7>
2 - «dcc:digitalCalibrationCertificate
3 xmlns:xsi="http://ww.w3.0rg/2001/XMLSchema-instance"
4 xmlns:si="https://ptb.de/si"|schemaVe
5 xmlns:dcc="https://ptb.de/dcc
6 XS cation="https://ptb.de/dcc https://ptb.de/dcccc.xsd">
7 <dcc:administrativeData>
8 p <dcc:dccSoftware> [19 lines]
28w <dcc:cor~eDutaj
29 <dcc: countryCodeIS03166_1-DE</dcc: countryCodeIS03166_1>
30 <dcc:usedLangCodeIS0639_1>de</dcc:usedlLangCodeIS0639_1>
31 <dcc:mandatoryLangCodeIS0639_1>de</dcc :mandatorylLangCodeIS0639_1>
32 <dcciuniqueldentifier>PTB AG 1,24 1234565789</dcc:uniqueldentifier>
EER <dcc:identifications>
34w <dcc:identification>
35 <dcc:issuer>calibrationLaboratory</dcc:issuer>
36 <dcc:valuesxxxxx PTB xx</dcc:value>
37w <dcc:name> Maritz Jordan, Muhammed-Ali Demir, Jan Loewe
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® 0 ® @ oldbcCxml - GEMIMEG-Tosl X + v

c n

« DCCs of schema version 3.0.(
later are supported = L{-"J‘JGEM'ME’OM 20.gey
. GEMIMEG TOOl Wl” update a| Administrative Data

@ localhast:3000

of version 3.x.x to the latest ¢ e Successfuly loaded he DCC
Ve rs | 0 n Name. Version Deseription Actions
! <7K|TII VEV"SiDn‘“l @” Enccding—"utf 8“?> Auftragsverwaltuny 1218 Messmittel-Management fiir den Kali P |
2 v <dcc:digitalCalibrationCertificate ’ ’ - o 2]
xmlns:xsi="http://www.w3.0rg/2001/XMLSchem CleverLab DCE Export 0120 Erweiterung zum Erstellen eines DCC /8
4 xmlns:si="https://ptb.de/si"
5 xmlns: dccf“https //ptb.de/dcc o
6 xs1i:schem ation="https://ptb.de/dcc https://pth
7 <dcc.ad’n1mstrﬂt1vef}ata>
8w «dcc: coreData n 4]
29 <dcc: countryCodeIS03166_1>DE</dcc: countryC S . e
30 <dcc:usedLangCodeIS0639_1>de</dcc:usedLang
31 <dcc:mandatorylLangCode150639_1>de</dcc:man
32 <dcc:uniqueldentifier>PTB AG 1.24 12345657uwwmssmumuyusamsmemmmse H
33 @ <dcc:identifications>
34w <dcc:identification>
35 <dcc:issuer>calibrationLaboratory</dcc:issuer>
36 <dcc:value>xxxxx PTB xx</dcc:value>
37w <dcc :name> Maritz Jordan, Muhammed-All Demir, Jan Loewe

Handling Old Schema Versions

® @ oldDCCxmi - GEMIMEG-Tool x4 v

C R @ localhast:3000 h | @ D =

* DCCs of schema version 3.0.
£
later are supported SoEmmIo,

&

* GEMIMEG Tool will Update a Preview
of version 3.x.x to the latest
H 1 k?xml version="1.0" encoding="utf-8"?>
VerSIOn | 2- |:dcc dlgltuLCaL\bratwnCertlf\cate xmlns:xsi="http:/ /v 22
1 <7xml version="1.0" encoding="utf-8"7> gma-instance” xmlns:si-"https://ptb.de/si
2 v «dcc:digitalCalibrationCertificate xmlns :dcc="https://ptb_de/dcc" xsi:schemalocation="https 2]
3 xmlns: xsi="http://ww.w3.org/2001/XMLSchen e/dcc https://ptb.de/ded(T 2 07 cc. xsd">
" xmlns: si-"https://ptb.de/si" - 3+ <dcc:administrativeDatas
4 «dcc:dccSoftwaresCJ</dec:decSoftwares
5 xmlns:dcc="https://ptb.de/dcc 24- <decc: coreDatan o
6 xsi: ocation="https://ptb.de/dcc https://pth 25 <dce: countryCodeT1503166_1>DE</dcc : countryCodeTS03166_1>
7v <dcc:administrativeData> 26 <dec:usedLangCodeIS0639_1-de</dcc:usedLangCodeIS0639 1>
8 <dcc:decSoftwares [19 lines] 27 <dcc:mangazerytanggojegg:;g i)dec/acc
. imandatoryLanglode _1>
8 gdec; coreData] 28 <dcciumiquetdent: FlersPTE AG 1.24 1234565785</dcc L
29 <dcc: countryCodeIS03166_1>DE</dcc: countryd ‘uniaueldentifiers
30 <dcc:usedLangCodeIS0639_1>de</dcc:usedlang
31 <dcc:mandatoryLangCodeIS0639_1>de</dcc:man
z e uniqueldenti Fler:PT AG 1,28 1234565 e et
EER <dcc:identifications>
34w <dcc:identification>
35 <dcc:issuer>calibrationLaboratory</dcc:issuer>
36 <dcc:valuesxxxxx PTB xx</dcc:value>
37w <dcc: name> Maritz Jordan, Muhammed-Ali Demir, Jan Loewe
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DCCs with Multiple Languages

B0 8 10130200 0P Tempermure x o 0@ @ 3020205 08 Tempeane. x| o

C B O lcalhost5000 U] (8]

@ GEMIM3D

m
a

q C B @ localhost:3000 o |G o

7™y .
L‘¢JGEMIM33 v1.2.0-dev

v1.2.0-dev

150/ FC 17025201803

Reterenes,

E o
en-Englisn -0 7843

m
-

used Languege € + bectaraton @ E B =

en-Englsn x * Gontent (-]

\. The results refer anly 1o the object calibrated in this DCC. The measurement results arevalid

Unigue igentines * o at the time of calibration. Tha applicant is respons ble for arranging a recalibration in due o
L] time.

GP_DCC_temperature_simphfied_1.1.1

et Dt o (-]

2 19570813 °
O vaid
= 19570813 []
O Traceable
O 152 date range £ oste
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DCCs with Multiple Languages

® 08 @ 2003-02:00.0 Temperawre. x4 v ® 08 g 200300-00.05 Temperare. X+ v
< C 0 @ localhost:3000 o 19 o

< [+ 0 © localhost3000 o @ o

= @GEMIMID oo @ GEMIMID s o

v1.2.0-dev v1.2.0-dev

EET -

Norm

DE - Germany - e ISO/EG 7025 2011803

Masetory Langusge Reference,
en - English - e 7843

Used Language @) s veclaration ) B P |
— L Cortont o
The results refer only to the ohject calinrated in this DCC. The measurement results ara valid
de - German x at the time of calibration. The applicant is respons ble for arranging a recalibrabon in due
° time. o
,_DCC_temperature_simplified_17.1 ° Cie Ergebnisse gelten zum Zeitpunk: der Kaibrierung, &5 obliegt dem Antragsteller, zu
-] gegebener Zeit eine Rekalibrierung 2u veranlzasen ©
ReceutDate
(3 10570813 L
O valid
Fectormarce Dt
[ 19570813 °
O traceabls
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Direct Links to DCC Wiki

@] 2025-02-00_6_Temperature X+ v ® 0 ®  cecrorbote | DigiCaliratic X+ v

® 0 ® o ocricoreData| Digital Caltva

a C 0 © localhost:3000 y | @ o

{3; GEMIM3D Digital Calibration Certificate - Wiki
N7, \1.2.0de

C R & decwikiptb.delenideccoredats n @ o =

dcc:coreData

Administrative Data [ en

eoreData canlaing essential infarmation on the glabal classification of the caibration.

The element

Used Software @ o

Tree structure

The tree structure af the element dec:coreData has the following sppearance:

Notopads+ (32bit) vz sou o b
T

Mancotory Larguage*
dsenors .
en-English - @ o ) }Kym"

ol
b o

used Language @) +

en-English
=
e [ et

de - German x peromasceloation

Then [ aseomormerimsar e

prevanun

e B =y
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Direct Links to DCC Wiki

@08 & 20030200 6 Temperatre X 4+ v ® 5 ®  cor decicoraDara Dighal Calibravi: X 4 “

c o s

oryLang!

ki ot de/enich

@
a
n

a C O @ loralhost3000 @

@GEMMID |

]
\

Courry Coce
DE - Germany -8

Cetermination of the official language(s) valid in case of doubt The
specification shall be made in 1he code for official languages (two lower case
letters) specified in IS0 639. More details can be found in the descrintion of
the data type

dec:mandatarylanglS0639_1
ecslinglS0e39IyRe
N EPE

n Germany and in the PTR, German (de) is very ofien specified

Mandstory Languoge *

en- Engiish .
<mandatoryl _1=ds C _17]
ngusee @ N P— Aworldwide unique identifer for the DCC {calibration cerfificate number) shall
s B Rl bespeciied here. A necessary condition s thal the idenifier is unique in the
o . alves organisation where the calibration laboratory is located.
o~ Bt x
P centifications in careDate contains further identfiers which describe exacly
’ [0l ths calbration certficate. The flem also contains an element identfcation
de-German x dosidentficationListType
o which deseribes the calibration object exacty.

Date of recelpt of the callbration ftem. The date shall be given I it has a
decTeceiptDate

[0Rl  temporal influence an the calibration result
plified.1.1.1 L] e xsdare
Date at the start of the performance of the laboratory activity.

. n DIN EN ISO/IEC 17025:2018-03 1 it is specified that the date or period of
decbeginPerformanceDate . calbrationss an essental part of a caibration certfcate. Thercfore, the
ssdate @ elements begi shall be fillad in.In

case the calibration is performed an ane day, the same date shall be entered in

P both elements.

Cate athe end of the performance of the laboratary activity.
n DIN EN ISO/IEC 17025:2018-03 14 it is specified that the date or period of

PerformanceDate | colbretionis an essental potof o cairaton certficate. Therefore, the
] elements shall e filled in. In

the calbratinn s necfarmed an ane A he same dave shall he aovarad in
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Try it Yourself! B

Stable version:
https://www.gemimeq.ptb.de/gemimeg-tool

Desktop version:
https://gitlab.com/ptb/dcc/gemimeg-tool-desktop/-/releases

Latest features:
https://ptb.gitlab.io/dcc/gemimeg-tool

01.03.23 19 Maritz Jordan, Muhammed-Ali Demir, Jan Loewe

Future of the GEMIMEG-Tool

* Desktop version for MacOS

* Adding WYSIWYG formula editor / MathML support
* XSLT template system

* Extension API

Please contribute to the project by creating an issue on
https://gitlab.com/ptb/dcc/gemimeg-tool

01.03.23 20 Maritz Jordan, Muhammed-Ali Demir, Jan Loewe

Page 249 of 559



: 7 I ) .
= 3"international DCC-Conference

Physikalisch-Technische Bundesanstalt
Nationales Metrologieinstitut

FEPIB & GEMIM3D

Moritz Jordan Jan Loewe
Phone: +49 531 582-1245 +49 531 592-1018
Email: moritz.jordan@ptb.de jan.loewe@ptb.de

Muhammed-Ali Demir
Phone: +49 531 592-1241
Email: muhammed.demir@ptb.de

Physikalisch-Technische Bundesanstalt
Nationales Metrologieinstitut

BEPIb & GEMIMI3D

Thank you for your attention!

Do you have any questions or comments?

Moritz Jordan, Muhammed-Ali Demir, Jan Loewe
Working Group 1.24
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24  Python Tools Examples for the Transition to DCC

Presenting author: Francese, Claudio - INRIM - ltaly
E-mail address: c.francese@inrim.it
Additional authors: Facello Alessio - INRIM - Italy, Germito Gabriele - INRIM - Italy

Abstract

Digital Calibration Certificates (DCC) offer well known advantages over the traditional paper
or pdf based ones and impact only the final phase of the calibration process. Nevertheless
during the transition period to DCC, both certificate models could coexist and some efforts
should be made in order to keep consistency of data and ease integration of the DCC
software with the existing software setups of the laboratory.

This work describes a modular software divided into three steps for the certification phase of
the calibration process. Every step is further divided into specialized submodules. The
interchange of data is performed using a human readable textual format. The first step
collects the calibration data. Data series from old certificates can be imported automatically
or manually input by means of separated specialized submodules. New incoming calibration
data can also be read in this step by means of another dedicated submodule. The second
step processes the data e.g. adding mandatory fields required by DCC standard which were
not present in the historical data. The third step generates the certificate in DCC and legacy
formats. Keeping the steps separated and splitting the tasks into submodules eases
debugging, developing efficiency and data consistency verification. Another advantage of
software modularization is the possibility to centralize steps 2 and 3 into a dedicated server,
yet allowing the laboratories to send their calibration data to the server by means of a
specialized submodule of step 1. This reduces the distribution of unnecessary submodules to
each laboratory and eases the overall software maintenance and version tracking.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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NRIM
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Python Tools Examples for the Transition to DCC

Claudio Francese
Alessio Facello
Gabriele Germito

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference

About DCC and INRiM

INRIM Mission Transition to «Digital»

* NMI for Italy (excluding ionizing radiations) « Dece
« Scientific & Technological Research # * RDM
- Knowledge Transfer * DI

| R

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference
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Simplified workflow of a Calibration

Laboratory
operation

Different perspectives

Calibration

* Quality System Manager

* (Calibration Laboratory Responsible
* Operator

* Customers

* Administration

& .

easurements
and data pr

Logs
P

Traceability & equipment
Documents

Calibrati

Procedul

Same data !

1
Laboratory *

Maintainance ment Templates

Tongibie objects

W oo/ information

R

DCC 3 International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference

Modular software architecture

- Calibration data input Centralized services
{locally distributed in
every laboratory) Network
Module 2 Module 2
Advantages

* Easier coding, deployment, debugging and maintenance
* Distributed access
* Centralized management of data, data protection

Sl

DCC 3 International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference
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Modular approach to data collection

' .csv to YAML
o
<

.pdf o YAE

[ortoaton
O ey

The architecture allows

* Simple usage for the labs

Description

Each laboratory is given their own set of scripts,
which work on the specific data format they use.

MQTT/
Other

Network

= No extra work for the labs

The scripts are currently in Python,
migration to other languages is not an issue

YAML is lightweight and human readable

MQTT is a lightweight and loT oriented protocol

* Tailoring on user needs (through local yaml configuration files)

* Scalability to many labs
* Gradual roll-out

R

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference

Traditional Calibration Certificate

Certificate management

+ Stored locally in pdf
= Printed, signed and sent to customer

Certificate elements

Validity

* Template compliance

* Registry code and embossed stamp of
INRIM in the first page

Approval and authorizations

* Release authorization by signature on
every page

Common mandatory fields

* |D, date of the Certificate

ANRIM regisiry code

validity

Certiiale of Calbration

‘oen 1o 1

Common mandatory fields

emessn Wosedon [ 0F_0Fe |

i

‘SORGENTEASTATO SOLIDGDITENSIONE CONTIIA

timeasuran neoel it

masurand 41
aaaaaaa

fimeasvring manviacue

Pk

o (ama_st armi])

Dl date_messuranerd_stat) al{ dabe_measurement_scp)

freastsmg)

maiez eustomer ssws))

* Customer and Measurand information

P

Fesporsative uieth
P

in the first page

TREEnorization (signaturesye——__ I

Méés’@ike&nént'kaniiitidﬁs
_(aboratory)

Lab-specific results

+ Starting from the 2nd page

I “w === Authorization (signature) I

* Atthe end of the certificate

DCC 37 International Digital Calibration Certificate (DCC ) Conference -
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Example of DC Voltage Calibration Certificate

T an o T a—
lNRJ M CERTIFICATO I TARATURA 'N R\ M CERTIFICATC DI TARATURA
W G -
Lo g - -
CERTIFICATO DI TARATURA

Cartifizate of Calioration
N Emesso imados

s

Simple case

* Zener based Voltage Standard
(Fluke 732 B)

+ Scalar real value

+ Certified measurement
result at the 10 V output

| TENGOME ALLOBTATO S0UDD

o
~ CIPM MRA

Templating
Python package docxtpl

e, G er wra st tsons Tt

ez 0 1o & s conmret o ok 3

Cover page Calibration results

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference

Example of DC Voltage Calibration Certificate

' # UNSIGNED DIGITAL CERTIFICATE output YAML file

# BASE DATA FROM /cp@®d/LegacySoftware/Tools/Base.yaml

# CERTIFICATE DATA

€ Traceability data

Ge—— Customer info

C—— Measurand info

continues ...

R

DCC 37 International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference
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Example of DC Voltage Calibration Certificate

continues ...

G |_ab info

€= Measurement conditions

- S C alibration request

e Auxiliary
data

e Calibration results

End of file

R

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference

MQTT communication protocol

[ Analogy to data busses

Subscribe Subscribe Subscribe

Topic1 Topic2 Topic T

MQTT broker

Publish data on "Topic1”

import paho.mqtt.client as mgtt
client = mgqtt.Client()

client.tls_set(ca_certs=r'ca.crt’, tls_version=2)
client.username_pw_set({ ‘xxxx ', “xxxx')

client.connect(“x.y.z", 123, 68)

client.publish( “topicl’, ‘message')

+. )Data bus “Topic 17

¥ ¥ Daﬁ bus “Topic 2"

import paho.mgtt.client as mqtt . .
import tine Subscribe to topic
# connect to the MQTT Broker

client.tls_set(ca_certs=r’'ca.crt’, tls_version=2)
client.username_pw_set{ ‘xxxx’, ‘xxxx')

client.connect(“x.y.z", 123, 6@)

def on_connect(client, userdata, flags, rc): # upon new connections
client.subscribe(“#") # subscribe to all topics
client.on_connect = on_connect

def on_message(client, userdata, msg): # callback for new data
print( ‘(' + msg.topic + '): ' + str(msg.payload)) # handle data

client.on_message = on_message

client.loop_start() # Wait for incoming data

Python objects are YAML encoded and

encapsulated in the MQTT payload exchange

structured data

Applications can

while True:
_ Application
Node Messages
MQTT
y
L4
N

time.sleep(@.1)
1y
) Network

client.loop_stop()
“

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference
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Centralized services

. Communication protocols
*  MQTT among Python scripts
*+  MQTT and other protocols for users, e.g. web access

MarT
r\mrr— = Native database protocol

4 -
§ | MQIT | pataingestion MarT [
3 4
§ [ [oommave || £
5 Data analysis ]
>

Other £ g

protocols MQTT §

<+— | Data processing —

+— | Certification —

Translation

Exposed services

* Data storage and processing

* Certification

* Reporting, Business intelligence
*  Other

DCC 3 International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference

Centralized services — Certificates generation

. Data flow .docx certificate generation example
Certificate Request Data Request from docxtpl import DocxTemplate, yaml initialization
# (. . . onitted code . . )
=z DCC .xml file # - digitalCertificate, templateName are read from MQTT payload
§ (machine readable) = # - pcktIdentifier is set to match request and reply
9 <
E MQTT .xml certificate MQTT g tpldata = open{templateName, “rb").read() # template for .docx certificate
g <+—| | (machine readable) | |*— = =2
E b with io.BytesIO(tpldata) as inMemoryFileIn: # store .docx template in memory
E .docx certificate e doc = DocxTemplate(inMemoryFileIn) . . .
3 {human readable) doc.render(digitalCertificate) fill in with calibration data
- . with io.BytesIO() as inMemoryFileOut: # store .docx certificate in memory
Digital Certificate Calibration Data doc.save(inMemoryFileOut)
inMemoryFileOut.flush()
i il . ke
Many format converters can be inMemoryFileout. seek(®,6)
. . mgttClient.publish(“replyTopic”, { # send back the .docx object
implemented, depending on “pcktldentifier” : pektTdentifier,
the end user requil’ements “data” : yaml.dump(inMemoryFileOut.read())
L2/ reply
XML is suitable both for DCC standards At the moment human readable .docx files are
or other machine readable formats. still necessary for our needs.
A QR code can be added to check the information
against the central database. NR | M

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference
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Overall software architecture

Lab 1 .csv to YAML | Data ingestion |

MQTT / | Data processing |
Other

Lab 2 .txt to YAML

API

Certification

DCC .xml file
Lab 3 xls to YAML (machine readable)

xml file
(machine readable)

Calibration data input
(locally distributed) .docx certificate
{human readable)

Database
4-H0=

HTTP User interface {web)

Lab 4

Lab operators

Quality

Administration

API

Centralized service
[l

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference

DCC Validity check and Withdrawal

Different access policies
for stakeholders

. QR code with unique
DCC identifier (or
printed certicate ...)

I Accreditation |

: body "
L feseonse | S

| Labs, industries, |

Cloud service with
database validity tables

Is my DCC valid?

c
[
m
=
o

DCC 37 International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference
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Conclusions

. Python is one of many good languages, other choices are available if needed

MQTT libraries for other languages

* LVMQTT - MQTT Library for LabVIEW
https://github.com/DAQIO/LVMQTT

* VSMQTT - Vsmqtt is a simple MQTT client integrated in vscode.

https://marketplace.visualstudio.com/items?itemName=rpdswtk.vsmqtt
.

YAML is good for our development but JSON, XML and other formats exist

General considerations
* Modularity advantages

+ Services centralization
. IFI:exibilit?y anc: scal_at?ility t . “ Flexibility and opportunities of
. niegrauon Into exisling sysiems an . & . . e

legacy applications Digital Calibration Certificates

* Version tracking
* Accessibility

o 'NRM

DCC 3™ International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference

_ NRIM

ISTITUTO NAZIONALE
Ol RICERCA METROLOGICA

www.inrim.it

Thank you for your attention

For further details, please contact us

Claudio Francese - c.francese@inrim.it
Alessio Facello - a.facello@inrim.it
Gabriele Germito - g.germito@inrim.it

DCC 3 International Digital Calibration Certificate (DCC ) Conference - Tuesday, 28 February 2023 to Thursday, 2. March 2023 - Virtual Conference
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25  Generation of Digital Calibration Certificates for Temperature Sensor
Calibrations using Python and Excel

Presenting author: lan Smith, National Physical Laboratory, UK
E-mail address: ian.smith@npl.co.uk

Abstract

At the second International DCC (Digital Calibration Certificate) Conference in 2022, |
presented initial thoughts from the UK’s National Physical Laboratory (NPL) on the use of the
Python programming language to generate DCCs using information stored in Microsoft Excel
workbooks [1]. A significant proportion of calibration services at NPL involves the capture of
measurement data using Excel and it seemed reasonable to consider how DCC generation
might be integrated into those services. Python is widely used nowadays and there are
numerous packages available to implement different tasks, hence the decision to employ it.

While the primary focus of the 2022 presentation was the concept of developing an “Excel to
DCC” pathway, this presentation describes initial efforts in the implementation of such a
pathway. NPL and the National Composites Centre (NCC) [2] have conducted a case study
involving the calibration of temperature sensors. NPL considered the storage of
administrative data and measurement results in Excel workbooks, and subsequently
developed Python software to extract that information and generate (and validate) DCCs. A
small number of DCCs has been generated and provided to NCC, allowing them to gain
experience of working with DCCs, better understand how their internal infrastructure and
processes may need to be updated to work with DCCs, and provide feedback as a user of
DCCs. A summary of the case study will be written and made openly available.

The presentation will centre on the aspects of information storage and DCC generation.
Points discussed in the 2022 presentation will be revisited to review if the initial
implementation of the “Excel to DCC” pathway has altered thoughts presented a year ago.

References

[1] Proceedings of 2" International DCC Conference, pages 138-147,
https://oar.ptb.de/resources/show/10.7795/820.20220411

[2] National Composites Centre, https://www.nccuk.com/

Back to “Table of Contents” atpage 1|2 |3 | 4
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National Physical Laboratery

Generation of digital calibration certificates for temperature sensor
calibrations using Python and Excel

lan Smith, Data Science department, NPL

3 International DCC Conference
28 February-2 March 2023

Outline NPLE

National Physical Laboratary

= Main points of 2022 presentation

» Case study with National Composites Centre (NCC)
* Motivation and overview

* Information (administrative data and measurement results)
organisation

+ Software development

» Lessons learnt and revisiting last year’s thoughts
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Main points of 2022 presentation NPLE

National Physical Laboratary

» Focused on first steps in generating DCCs at NPL

* Many calibration services at NPL use Microsoft Excel workbooks to
store measurement results

* Python programming language in common use nowadays

+ Started to combine these two aspects to begin to develop an “Excel
to DCC” pathway

Template file NPLE Running Python code NPLE
s ST s o i

Core data in lemplate file

+ =100 fnes of code
|+ Dummy values assigned

Case study with NCC Pl.
Motivation and overview ” ’

= Case study has two main aims

1. NPL: Gain experience of DCC generation focusing on data stored in
Excel workbooks and development of Python software

2. NCC: Gain experience of working with DCCs and understanding
how they can be integrated into existing workflows

= Focus only on provision of information
* No consideration of aspects such as digital signature, security

= Selected calibration of temperature sensors
+ Measurement results “manageable” in terms of size
+ Availability of good practice material
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Case study with NCC NPL
Motivation and overview " ’

» This presentation concentrates on the first (NPL) aim

» Main aspects treated
 Information organisation in Excel
+ Software development

= Keep things relatively simple but recognise that they can easily be more
complicated

Case study with NCC NPLE]
Information organisation — options ,

Dec

Administrative data

DCC software

Core data

Ttems

Calibration laboratory

Responsible persons

Customer

Statements

Measurement results

Measurement result

Page 263 of 559



Case study with NCC
Information organisation — options

= One workbook, one worksheet

Case study with NCC
Information organisation — options

= One workbook, one worksheet
= One workbook, two worksheets
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NPLE

Mational Physical Laboratary

DCC

Administrative data

DCC software

Core data

Ttems

Calibration laboratory

Responsible persons

Customer

Statements

Measurement results

Measurement result

NPLE

National Physical Laboratary

Dec

Administrative data

DCC software

Core data

Ttems

Calibration laboratory

Responsible persons

Customer

Statements

Measurement results

Measurement result
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Case study with NCC NPL
Information organisation — options
= One workbook, one worksheet ~— Df‘
= One workbook, two worksheets :ic;t =
= Two workbooks, one worksheet per e o
workbook Ttens
_ _‘ Calibration laboratory
Responsible persons
Measurement results
g_ .—‘L Measurement result
Case study with NCC NPLE

National Physical Laboratary

Information organisation — options

= One workbook, one worksheet _ -
Administrative data
= One workbook, two worksheets
DCC software

* Two workbooks, one worksheet per e dota
workbook -

* Two workbooks, one worksheet for each s Calibration laboratory
subcomponent of administrative data, Responsible persons
one worksheet for measurement results Customer

- Statements
Measurement results
iy
Measurement result
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Case study with NCC Np|_
Information organisation — options B

* One workbook, one worksheet b 4 _ >
Administrati dat
* One workbook, two worksheets ® e
DCC software

= Two workbooks, one worksheet per x core dota
workbook —

* Two workbooks, one worksheet for each " Calibration laboratory
subcomponent of administrative data, Responsible persons
one worksheet for measurement results Custoner

- Statements
= |ndividual worksheets reusable, e.g., “ P —————
. . — L]
« Calibration laboratory e Measurenent result
+ ltems
» Customer
Case study with NCC NPLE

National Physical Laboratary

Software development — approach

= Decode template DCC to Python dictionary
* Minimal, dummy information, valid
* For each worksheet
* Read information
+ Generate dictionary value
» Update component of template DCC dictionary
» Save DCC
» Validate DCC against D-Sl and DCC schemas
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Case study with NCC
Software development - overview

= Main aim is to develop Python software that works

= Not aiming for “perfect” software
» Modular approach

* Document assumptions about how information is presented in Excel
worksheets

Use Python libraries openpyx1 and xmlschema

= Press a button to run

Case study with NCC
Software development — XML & dictionaries

<name>
string
</name>

P{'name': 'string'}

<hame>
stringl
</name>
<name>
string2
</name>

‘{'name' : ['stringl', 'string2']}

<namel>
<name2>
string
</name2>
</namel>

-{'namel' : {"name2': 'string'}}
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Case study with NCC
Software development

= DCC components — structure, Excel, Python code,
dictionary, XML

» Core data

+ DCC software

« Statements

+ Measurement result

Case study with NCC
Software development — core data

= Assumptions
» Optional subcomponents not used

« One instance only of used language code and
mandatory language code

+ Seven pieces of information (in specified cells) in

Excel worksheet

Country code GB
Language code en
Mandatory |; code en
| |Unique identifier 2022070197/1
| |Calibration start date 2022-07-19
|_|Calibration end data 2022-07-19
Performance location laboratory
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NPLI

National Physical Laboratary

DCC

Administrative data

DCC software

Core data

Ttems

Calibration laboratory

Responsible persons

Customer

Statements

Measurement results

Measurement result

NPLE

National Physical Laboratary

CORE DATA

Country code

Used language code

Mandatory language code

Unigque identifier

Calibration start date

Calibration end date

Performance location




7 I ) .
£l . 3"international DCC-Conference

Case study with NCC NPL

Software development — core data
Python code (with comments removed)

def generateCoreDataDictionaryValue(workbook, worksheetName): H H
ws = workbook[worksheetName] " Relatlvely Slmple
ncd = 7 Python function

coreDatalist = ['a'] * nCD
for iCD in range(@, nCD):
coreDatalist[iCD] = ws.cell(iCD+2, 3).value

coreDataDictValue = {'dcc:countryCodeIS03166_1': [coreDatalList[@]], \
'dcc:usedLangCodeIS0639_1': [coreDatalList[1]], \
'dcc:mandatorylLangCodeIS0639_1': [coreDatalist[2]], \
‘dcc:uniqueldentifier': [coreDatalList[3]], \
‘dcc:beginPerformanceDate’ : [coreDatalList[4]], \
'dcc:endPerformanceDate ' : [coreDatalList[5]], \
'dcc:performancelocation’: [coreDatalist[6]]}

return coreDataDictValue

Case study with NCC NPLE
Software development — core data n—

Dictionary value

{'dcc:countryCodeIS03166_1': ['GB'],
'dcciusedLangCodeIS0639_1': ['en'],
'dcc:mandatorylLangCodeIS0639_1': ['en'],
‘dec:uniqueldentifier’: ['2022070197/1'],
'dcc:beginPerformanceDate’: ['2022-97-19'],
'dcc:endPerformanceDate’: ['2022-87-19'],
‘dcc:performanceLocation’: ['laboratory’]}

XML

<dcc:coreData>
<dcc:countryCodeIS03166_1>GB</dcc: countryCodeIS03166_1>
<dcc:usedLangCodeIS0639_1»en</dcc:usedLangCodeIS0639_1>
<dcc:mandatoryLangCodeIS0639_l1»en</dcc:mandatorylLangCodeIS0639_1>
<dcc:uniqueldentifier>2822870197/1</dcc:uniqueldentifiers
<dcc:beginPerformanceDate»>2022-87-19¢/dcc:beginPerformanceDate>
<dcc:endPerformanceDate>2022-087-19¢</dcc:endPerformanceDate>
<dcc:performanceLocation>laboratory</dcc:performanceLocation>

</dcc:coreData>
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Case study with NCC NPLE
Software development — DCC software

= Assumptions e SOFTWARE
» Allow for any number of software instances Software
« Optional type element not used
» Optional description element used

» Three pieces of information for each piece of P
software in Excel worksheet

of decsoftware instances 2 -

Software

Name

Software number 1

Name DCV_NCC_GenerateDCC_EBRO.py

Release v3.0

Description Python software to generate DCC

Software number 2

Name EBRO_administrativelnformation.xlsx

Release va.0

Description Microsoft Excel workbook containing administrative information
| |Software number 3

Name EBRO_measurementDala.xlsx

IRahasa v2.0

Case study with NCC NPL

Software development — DCC software
Python code (with comments removed)

def generateDccSoftwareDictionaryValue(workbook, worksheetName):
ws = workbook[worksheetName ]
nS = ws['C2'].value # number of instances of dcc:software
softwareList = [[['a"'], 'b', ['c']]] * nS
for iS in range(@, nS):
softwarelist[iS] = [[ws.cell(4*iS+4, 3).value], ws.cell(4*iS+5, 3).value, [ws.cell(4*iS+6, 3).value]]
softwareDictvalueList = [{}] * nS
for iS in range(®, nS):
nameDictValue, nameDict = generateNameDictionary(softwarelist[iS][@])
releaseDictValue = softwarelist[iS][1]
descriptionDictValue, descriptionDict = generateDescriptionDictionary(softwareList[iS][2])
softwareDictValuelist[iS] = {'dcc:name’: [nameDictValue], \
‘dec:release’: [releaseDictvalue], \
'dcc:description': [descriptionDictvalue]}
dccSoftwareDictValue = {'dcc:software’: softwareDictValuelist}

return dccSoftwareDictValue u S|Ight|y more
complicated Python
function
= Calls other simple
functions
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Case study with NCC
Software development — DCC software

NPL

National Physical Laboratary

Dictionary value

{'dcc:software’: [{'dcc:name’: [{'dcc:content': ['DCV_NCC_GenerateDCC_EBRO.py']}],
‘dccirelease’: ['v3.0'],
'dcc:description’: [{"dcc:content’: ['Python software to generate DCC']}]},

{'dcc:name’: [{'dcc:content': ['EBRO_administrativeInformation.xlsx']}],
'dcc:release’: ['v3.@'],
'dccidescription’: [{'dcc:content’': ['Microsoft Excel workbook containing administrative information']}]},
{'dcc:name’: [{'dcc:content’: ['EBRO_measurementData.xlsx']}],
'dccirelease’: ['v2.@'],
‘dcc:description’': [{'dcc:content': ['Microsoft Excel workbook containing measurement data']}]},
‘deciname’: [{'dcc:icontent': ['dccv3.1.2_Template.xml']}],
‘dcc:release’: ['v4.@'],
'dcc:description’: [{'dcc:content’: ['Template XML file']}]}]}

XML (portion)

<dcc:dccSoftware>
<dcc:software>
<dcc:name>
<dcc:content>DCV_NCC_GenerateDCC_EBRO.py</dcc:content>
</dcciname>
<dcc:release>v3.@</dcc:release>
<dcc:description>
<dcc:content>Python software to generate DCC</dcc:content>
</dcc:description>
</dcc:softwares
<dcc:software>
<dcc:name>

cdrrs rantantSERRN adminictrativaTnfarmatinn vleve /dre - rantants

.

Case study with NCC
Software development — statements

NPL

National Physical Laboratary

= Assumptions
» Allow for any number of statements
« Elements used depends on type of statement

* Variable numbers of pieces of information in Excel
worksheet depending on type of statement

Statement

3"international DCC-Conference

I [ I
Number of statements. 3 | |
Statement number 1 Statement number 2 [Statement number
Statement Recalbralion Statement type Resalution [Statement type Calibration range
Declaration Declaration Declaration The digital thermometer and associated probe wera
submitted for calibration over the specified tem peratire
range in terms of the International Temperature Scale of
Dale onor before which the item is to be recalibrated Measurement resolution 1990
Date 20230718 Value I 01 Label 1 Lowwer limit
Unit \degreeGelsus Value 1
Unit 1 \degreeCelsius
Label 2 Upper limit
Value 2 150,
IUniI 2 \degreeGelsius
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Case study with NCC NPL

Software development — statements
Python code (with comments removed)

def generateStatementsDictionaryValue(workbook, worksheetName): .
us = workbook[warkshestiane] = More Comp“cated
nS = ws['C2'].value # number of instances of dec:statement
statementDictValuelist = [{}] * nS f H
o 15 n range (6, 1) Python function to
statementType = ws.cell(4, 2*i5+3).value . .
if statementType == 'Recalibration’: # 2 rows of information t d t
Wiow < 2 3 munber of rows of snfornation generate dictionary
statementlist = ['a'] * nRow
far iRow in range(@, nRow): Value
statementList[iRow] = ws.cell(S+iRow, 2*iS+3).value
declarationDictValue, declarationDict - generateDeclarationDictionary(statementList[@]) :
statementDictvaluelist[i5] - {|@refTypel: [basic calibration:], \ n C || th f t
‘dcc:declaration’ : declarationDictValue, \ alls otner functions
‘dec:date’: [statementList[1]]}

elif statementType == 'Resolution': # 3 rows of information Att 'b t I t
Wiow 2 5 1 number of rows of infornation " ripute also se
statementlist = ['a'] * nRow
for iRow in range(®, nRow):

statementList[iRow] = ws.cell(S+iRow, 27i5+3).value
declarationDictValue, declarationDict = generateDeclarationDictionary(statementList[@])
resolutionStatementDataDictValue, resolutionStatementDataDict = EEner: Luti BERY (statementList[1:3])
statementDictValuelist[iS] = {‘dcc:declaration’: declarationDictValue, \
‘dec:data’: [resolutionStatementDataDictValue]}

elif statementType == 'Calibration range’: # 7 rows of information
nRow = 7 # number of rows of information
statementlist = ["a'] * nRow
for iRow in range(®, nRow):

statementList[iRow] = ws.cell(S+iRow, 2*iS+3).value
declarationDictValue, declarationDict = generateDeclarationDictionary(statementlist[6])
calibrationRangeStatementDataDictValue, calibrationRangeStatementDataDict - generateCalibrationRangestatementDatapictionary (statementlist[1:7])
statementDictValuelist[i5] = {‘dcc:declaration’: declarationDictValue, \
‘dcc:data’: [calibrationRangeStatementDataDictValue]}
statementsDictValue - {'dcc:statement': statementDictValuelist}
return statementsDictValue

Case study with NCC NPLE
Software development — measurement result T

= Assumptions

» Layout of information (values, units and uncertainty
information)

* Number of data points specified explicitly

Number of data points. 5
Quantity name ITS-90 Temperature | Measured temperature Correction Lower limit Upper limit
|Value 0.00 0.0 0.0 -0.3 0.3
Value 49.97 499 0.1 49.7 50.3
Value 100.01 100.0 0.0 99.7 100.3
150.04 149.9 041 149.7 150.3
0.00 0.0 0.0 -0.3 0.3
\degreeCelsius ‘\degreeCelsius \deg elsius \deg! elsius \degreeCelsius
0.2
2
0.95
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Lessons learned and revisiting last year’s NPLE
thoughts

= The Excel to DCC pathway introduced last year can be applied to real
calibrations

+ Perhaps a more simple implementation is possible but the approach
described is useful to better understand the depths of DCCs

» Software and software quality
+ Imperative to ensure reliability and robustness
» Testing may be challenging
« Development of generic functionality important for software reuse

= |mportance of collaboration, e.g., among NMI community

Acknowledgements NPLE

National Physical Laboratary

= Radka Veltcheva, NPL
= Dan Griffin, Paul Addicott, NCC

= DCC development team
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26  Dynamic Web Tool for Generating DCC

Presenting author: Itzel Dominguez-Mendoza - CENAM - México
E-mail address: idomingu@cenam.mx

Additional authors: Oscar Ramos-Monzalvo, Carlos Galvan-Hernandez, Aldo Adrian Garcia-
Gonzélez, Jose Armando Lopez-Celis, Hugo Gasca-Aragon

Abstract

CENAM currently generates the calibration certificates electronically (PDF format) for which it
has an internally developed web system in which, through an identifier of the service
performed, data that is already in a database is retrieved, most of these data can be defined
as administrative data (customers, dates, calibration location, etc.); the results are uploaded
in a pdf file; at the end the system combines the result file with the one generated with the
administrative data to obtain the electronic certificate.

Now with the digital certificate, CENAM has the vision of also generating a web system, based
on the current one, where administrative data can be obtained in the same way; for the results
it is going to have two options, one is going to be through capturing the results individually, the
second one is upload xml files (with the format of the digital certificate schema) generated by
other tools developed inside the laboratories or by excel files currently used by metrologists to
analyze their results. If an xml file is uploaded, the system would combine it with the one
generated with the administrative data; otherwise, the system would generate the digital
certificate in its entirety.

Anticipating that the schema may have changes over time, the system will be dynamic and
configurable with respect to the schema, that is, it will generate the fields according to the
schema provided; and it will be configurable for non-mandatory elements and that for reasons
of processes within the institute may not be necessary, they are not going to be showed.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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DYNAMIC WEB TOOL FOR GENERATING DCC

CENAM DCCTEAM ITZEL DOMINGUEZ-MENDOZA

DESCRIPTION

= |t is based on our current system for generating certificates, which
begins by requesting a service number.With it, we can get most of
administrative data from our database.

= For the results,a pdf file is requested, which is attached to the cover
page, generated with the administrative data.

= Web application
= Current: .Net Framework
= New: .Net Core MVC
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ADAPTABLE

= Adaptable to schema changes

® Through schema deserialization, elements are read, and
controls are built according to their type at runtime.
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case "byteDataType™:
elemento ="<input type = 'file' id=" + inside.Name + " />"; ]
beale | .
Y o Ty -
(Case "DateTime"™: )
inicio = "<div class="card> <dv class='card-header'>" + inside.Name + "</div><div class="card-body'>"; H
valor = inside. GetValue(prope rty.GetValue(model)). ToString(); L ¥
DateTime date =Date Time_Parse( valor); ‘H i |
| elemento ="<in ='date’ id =" + inside Name + " value=""+ date.ToString("yyyy-MM-dd") +" />"; |
’\“-..C total=total+ String. Concat{inicio, elemento, "</div></dv>"); h/r‘
T . i i S
a2
administrativeData measurementResults document Version del esquema R 2
coreData calibrationLaboratory customer

document .
receiptDate

Seleccionar archivo Sin archivos seleccionados
Sl bl 28/11/2022 0

beginPerformanceDate

16/01/2023 O

CONFIGURABLE (EXCLUDED ELEMENTYS)

= There may be elements that do not need to be displayed
to the user when the dcc is been created, they can be
configurable in another moment. Ej. Country code,
languages, etc.

= All this elements are excluded of being build at runtime
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foreach (System.Reflection.Propertyinfo inside in property.GetValue(model).GetType().GetProperties())

if (IModel.squema.Excluidos.Contains(inside.Name))
{

switch (inside.PropertyType.Name)
{

dccSoftware is in the

excluded elements

administrativeData measurementResults document

coreData calibrationLaboratory customer

Excluded items

Idiomas

Nuevo idioma

Idioma Codigo Principal Eliminar

CONFIGURABLE (LANGUAGES)

Espanol €s v @

Inglés

= [ anguages

The tool get te content
[stringWithLang] elements ,

2 public static string WithLangType[] Content( texto)
according to the languages {
specified

fig urscion configuracion = new Models.Cor

LangType> stringWithLangs = new List

return stringWithLangs. ToAmay();
stringWithLangType stringWithLang = new stringWithLangType();

stringWithLang Value = textg;

stringWithLang.lang = configuracion.MandatoryLang;

stringWithLangs . Add(string WithLang);

foreach (string lang in Helpers idiomas())

{

texto = HitpUti ity HtmlAttributeEncode(texto);
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= Name elements traslation

Elemento Traduccién

Eliminar

<button class="nav-link" data-bs-toggle="tab" data-bs-target="@5tring.Concat("#", property.Name)">
@{

string traduccion = string.Empty;

| (IModel.squema.ElementaTraduccionf). TryGetValue(property.Name, out traduccion))

{ @property.Name; }

else { @uaduccion; }

}

</button>

administrativeData  Datos administrativos n

Version del esquema n

squemaVersion

document Archivo

coreData

Datos administrativos

o
o
)
w
0
Q
®
o

Archivo Vers

measurementResults

slibrationlaboratory  customer

Datos administrativos measurementResults Archivo

customer

calibrationLaboratory

coreData items respPersons

Version del esquema

identifications

issuer value name
calibrationLaboratory 230114 coitent
lang
es
en
calibrationLaboratory FO10 content
lang
es
en

Value
Numero de servicio

Service number

Value
Patrén Nacional de Aceleracion Transitor

National Pattern of Acceleration Transitor
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RESULTS ENTRY

administrativeData measurementResults document Version del esquema

Source

XML ‘ ‘ Manual

‘ Seleccionar archivo ‘ Sin archivos seleccionados

RESULT ENTRY BY XML FILE

® The xml must have DCC schema format
= Tags names

= The namespaces name could be other or omitted

= The elements are searched with Xpath, if found they are placed
in the corresponding object
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version="1.0" encoding= ' standalor

xmlns :nsi=

lang="es">Calibracifin de termBmetro de resistencia de platino

lang="en">Platinum resistance thermometer calibration

refType="

. private measureme U XML(string file)
lang="e Método de puntos fijos 51 = {

lang="en">Fixed point method XmiDocument doc = new XmiDocument();

. " Node 1 tSingleNode("//*[starts with(local name(),\"measurementResults
La calibracign del instrumento se r - T
. 2 = > sultType> resultados = new Listemeasureme sultType>();

foreach (XmiNode insideList in nl.ChildNodes)
{
neasuren s fType measurement = new me
foreach (X e inside in insideList.ChildNodes)
{
string nodeName = NombreSinPrefijo(irside.Name);
switch (ncﬂo!\nmc-)r

RESULTS XML ENTRY | kst

return resuftados . ToArray();

}

DCC Schema  Emisian de certificados  Configuracién

name description usedMethods usedSoftware measuringEquipments influenceCaonditions results measurementMetaData

usedMethods

description reference

420-AC-P.029
content

lang Value
es Método de puntos fijos

en Fixed point method
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FUTURE WORK

= Include configuration for best practices (refld).

= Configuration for creating subschemas in order to be
used with excel tool to create xml of the
measurement results.

= Security for the DCC

= This tool will be finished at the end of these year.

GRACIAS

CENAM DCCTEAM

CARLOS GALVAN
ARMANDO LOPEZ
HUGO GASCA

OSCAR RAMOS

ITZEL DOMINGUEZ

Page 282 of 559



1 I
‘ P B 3"international DCC-Conference

27  The Use of (Anonymised) Timestamps in the DCC
Presenting author: Gamze Soylev-Oktem & PTB & Germany

E-mail address: gamze.soeylev-oektem@ptb.de

Additional authors: Siegfried Hackel, Benjamin Gloger, Shanna Schénhals, Justin Jagieniak,
Lutz Doering, Jan Loewe, Muhammed Ali Demir, Moritz Jordan (all PTB)

Abstract

For measurements and analyses, it can be important to record the point in time when the
data is collected. For example, the sequence of data recording or the sequence of data
analysis can be documented. The accuracy of the recording of the time can be handled in
very different ways. This flexibility is made possible by the format used by the DCC.

However, in some situations it might be preferrable to not use exact time of recorded data.
This might be due to various reasons, such as labour law or issues with the protection of
personal data. The sequence of the recording of e.g., data collection, in other words which
data is recorded first, second, and so on, could still be important and could be possible in this
way without additional effort.

In this presentation, we show one solution to this issue, namely using anonymised time
stamps. The anonymised time stamps allow a conclusion to be drawn about the sequence
without giving rise to the problems of time recording. The DCC team has developed a
demonstration tool for anonymised timestamps. In the presentation, an example is used to
present this tool and explain how it works.

Back to “Table of Contents” atpage 1|2 |3 |4
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Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin
National Metrology Institute

The Use of (Anonymised)
Timestamps in the DCC

Gamze Soylev-Oktem, PTB .

Datetime in DCC

= DCC allows to record the date and time of every
measurement

It ® Braunschweig and Berlin National Metrology Institute
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Datetime in DCC

© [ ] sirealQuantityType

~ label ]@

°

0

O (amerne)

:::::::a Built-in primitive type The dateTime datatype
definition for a represents a specific instant of time.
real
measurement ®
quantity. O
Soteneni (coveragelnterva |
Salemenis or coveragelnterval |®
real quantity univariate
are possible.... measureme:
nt
uncertainty
Physikalisch-Technische Bund It m Br g and Berlin National Metrology Institute
2023-03-01 3

PIB

Datetime in DCC

© | | sireallistXMLListType
() ©
Cmain)o
unitXMLLIst | &
| o

(&)

sirealListXMLList El° E
Meta data element definition

for a list of real
measurement quantities
Dbased on the XML type
xsdilist. The list can...

©
®

univariale
measureme

uncertainty

\;.
multivariate
measureme

nt
uncertainty

®

ellipsoidalRegionXMLList
rectangularRegionXMLList

S
®

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin National Metrology Institute
2023-03-01 4
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Datetime in DCC

<si:hybrid>
<si:real ListXMLList>
<sivalueXMLList>306.245 373.127 448.249 523.321 593.151</si:valueXMLList>

<siunitXMLList>'kelvin</si:unitXMLList>

I <si:dateTimeXMLList>1957-08-13T08: 15:00Z 1957-08-13T09:15:00Z 1957-08-13T10:15:00Z 1957-08-13T11:15:00Z 1957-08-13T12:15:00Z</si:dateTimeXMLList> I

</si:real ListXMLList>

<si:real ListXMLList>
<si-valneXMLList>33.095 99.977 175.099 250.171 320.001 </si:valueXMLList>
<siuni XML List>\degreecelsius</si:unitX MLList>

<Jsi:real ListXMLList=>

</sihybrid=

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute

2023-03-01 5

xs:dateTime

= xs:dateTime
* YYYY-MM-DDThh:mm:ss

Physikalisch-Technische B ] ig and Berlin National Metrology Institute
2023-03-01 6 ppt-folie-vorlage
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xs:dateTime

= xs:dateTime
= YYYY-MM-DDThh:mm:ss
= <startdate>2002-05-30T09:00:00</startdate>

]
Phy h-Ti ische Bundesanstalt L} ig and Berlin National Metrology Institute
2023-03-01 7 ppl-idie-vorlage
- ER ™
L] Lo
xs:dateTime aPIB

= xs:dateTime

* YYYY-MM-DDThh:mm:ssZ

o
]
w

ig and Berlin National Metrology Institute
ppl-folie-vorlage
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xs:dateTime

= xs:dateTime

* YYYY-MM-DDThh:mm:ssZ
= <startdate>2002-085-30T09:30:10Z</startdate>

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-01 9 ppl-folie-vorlage

Anonymised Timestamps

» What do we mean by ,Anonymised Timestamp*?

» Using si:dateTime or si:dateTimeXMLList with a meaningless
content as just an index

» <si:dateTimeXMLList>1957- 08 13T08 15:00Z 1957-08-13T08:15:00Z 1957-08-13T10:15:00Z 1957-08-
13T11:15:00Z 1957-08- : </si.date limeXMLList>

* <si dateTlmeXMLLlst=|1 900-01-01T00:00:01Z lQDO -01-01T00:00:02Z 1900-01-01T00:00:03Z 1900-01-
01T00:00:04Z 1900-0 imeXMLList>

* Why do we need that?

» |t can be a legal requirement not to disclose the exact time of the
measurement

= The calibration laboratory might not want to disclose the exact
time of the measurement

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-01 10 pt-folie-vorlage
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Datetime Anonymizator

# DsteTime Ancnymizator

n D e m O ChooseaDcc| © y p/3. DCC C _gp_temperature_extensive_v12xmi

© influenceCondtions

easuringResut!’)

S data

& list (refType="gp_tableZ’)
% dateTimeXMLList

% name
& hybod
= realListXMLList
W valueXML List
& undXMILList

1900-01-01T00:00:17Z 1900-01-07100:00:202 1900-01-01100:00:23Z 1900-01-01100:00:26Z 1900-01-01100:00:29Z

1 measurementMetaData
= quantity (refType="basic_messuredValue’)

realListXMLList
@ valueXMLList
) unitXMLList

] 1900-01-01T00:00: 12 1900-01-01T00:00:21 1900-01-01T00:00:247 1900-01-01T00:00:27Z 1900-01-01T0(:00:307

W reallvamCTET

Physikalisch-Technische Bund It ® Braunschweig and Berlin National Metrology Institute

ppl-olie-vorlage

2023-03-01 1

Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin

Bundesallee 100
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Parallel Session 2: DCC and Machines

Presentations that would also fit into this session:

Session C: DCC and Machines

01

Digital Calibration Certificate as part of an Ecosystem

06

The General DCC Rulebook and the Rules under the Aspects of Accreditation

10

Persistent Identification of Instruments and the Digital Calibration Certificate

11

DCC and Digitisation versus Digitalisation and Digital Transformation

14

Machine Readability — Automating the Extraction of Data from DCC’s

22

GEMIMEG-II — Status and Progress Report

38

The Quality of Sensing, of Data or of Information

V V. V ¥V V V¥V VYV V V

51

How does a Machine Distinquish the Different Types of DCCs?
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28  Pilot Comparison Project in Terms of Air Kerma in Radiation Protection
between Digital Twin Laboratories

Presenting author: Eric Matos Macedo — Labprosaud/IFBA - Brazil
E-mail address: ematosmacedo@gmail.com

Additional authors: Igor Fernando Modesto Garcia, Matheus Rebello do Nascimento,
Jeovana Santos Ferreira, José Guilhnerme Pereira Peixoto, Marcus Vinicius Teixeira Navarro.

Abstract

Proficiency Testing (PT) activities, especially in ionizing radiation, are an essential tool for
continuously monitoring the performance of laboratories in their processes and maintaining
the reliability of participants and other interested parties. However, PT events bring
operational challenges, mainly logistics. Even big international programs have some years-
long PT events. Technologies from the fourth industrial revolution and metrology 4.0 can be
used to mitigate these difficulties. The objective is to develop a technical framework for
comparisons in terms of air kerma between digital twin laboratories, using physical
measurements taken in the physical laboratory (kerma_P and spec_P) and virtual
measurements from the digital twin (kerma_V and spec_V) simulated in Monte Carlo. The
idea is to dispense with equipment logistics so that the provider laboratory (lab_prov) only
delivers a virtual transfer chamber to the participating laboratory (lab_part). Such measures
are used to calculate the normalized error (En) of each PT event from lab_prov and
lab_part's digital calibration certificates (DCC) issued. The characterization of virtual
laboratories, simulated in EGSnrc, has brought promising results such as average energy
differences of 1.4% between raw experimental and simulated spectra of N-60 radiation
quality (ISO 4037). When the spectra are corrected, the differences become non-significant.
Some challenges in measurements of kerma_V in ionization chambers, in the same
scenario, are not converging to kerma_P yet. Data generated from physical calibrations and
guality control tests performed periodically in laboratories are used to predict trends and infer
the status of the physical system promoting corrections and improvements in the digital and
physical systems.

Back to “Table of Contents” atpage 1|2 |3 | 4
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Cyber-physical system vs Digital Twin vs simulation
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Limitations

Challenges to representing physical features in the virtual system, such as electronics,
material degradation, environment variables, etc.

It is an MC simulation-based technology, and a robust process of validation of virtual
measurements is necessary;

It was presented a difficulty of PT programs in Brazil, relating to calibrations for
diagnostic radiology applications, which may not occur at the same level in other
applications or countries;

The vComparison depends on adopting of other calibration labs to its metrological
consolidation as a comparison possibility. It also depends on acceptance by regulation
bodies in the future;

« DCC 2023
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29 Data Analysis and Business Intelligence - Digital Metrology
Presenting author: Talaat Al-Rahali, NMCC, Saudi Arabia

E-mail address: t.rahali@saso.gov.sa

Abstract

The aim of this work is to identify the impact of business intelligence on strategic
performance in the measurement and calibration sectors. Our focus will be on digital
transformation for the use of reference materials for calibration of measuring equipment. This
needs the development of algorithms and models for data analysis and extraction of
"information” for a number of objectives. An example for the application of our proposal can
be the calibration of a gas monitor using a certified reference material through the following
steps:

1. Obtaining data related to the one-point calibration using a reference gas (R).
2. Processing and checking the obtained data.

3. Making three measurements of the sample (S) and calculating the average.
4

Building, developing, and applying the algorithms and models necessary for calculating
the concentration and uncertainty of the unknown sample (S).

5. Presenting the final results to the decision makers, in an automated way by machine
learning and artificial intelligence.

The main tasks required to achieve the proposed work are: 1) predating data from previous
measurements regarding the number of injections, calibration points of the GC-TCD
measuring machine. 2) testing the data for outliers. 3) calculation of the concentration and
uncertainty. 4) Testing the relationship between the reference values and measured
concentration of the sample (S). 5) checking the quality of the algorithms to ensure quality of
the obtained results.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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Introduction and concepts in data analysis and business intelligence

Big data analytics

It is the use of advanced analytical techniques against large and diverse sets of big data that
includes structured, semi-structured and unstructured data, from different sources, and of different
sizes. It is processed and managed with high efficiency and low latency because it is driven by
artificial intelligence (Al) and emerging technologies (eg IoT). . )} and sensors and on a very large
scale. As cost-effective data processing and warehousing tools designed to handle the volume of
data being generated

Benefits of big data analytics

1. Make Faster, Better Decisions NMCC institutes and centers can access a large volume of data
and analyze a wide variety of data sources to gain new insights and take action.

2. Cost Reduction and Operational Efficiency NMCC institutes’ flexible data processing and storage
tools can help save costs in storing and analyzing large amounts of data. Discover patterns and
insights that help you determine the performance of (measurement and calibration) activities
more efficiently.

3. Enhanced Data-Driven Access to Measurement and Calibration Market, Capacity Building,
R&earch and Studies Analyzing data from sensors, devices, records, and applications enables

instituteg and centers to be data-driven. Measuring customer needs and potential risks
“Ind creatingnew products and services in the measurement and calibration market.

Data Analysis Classes (DA) Data Analysis

6. mechanical analysis

(® 2 .Exploratory analysis

o
| ©
| ©

o

(® 3. deductive analysis

| 3
b_ <q 7. 4. Predictive analysis
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N'MZS Challenges of big data in global metrology work ’\
<

plstoly UUyEL gl i)
Measurerent & Calibro

' methodological aspects

Define ways to access the
@ data

the possibility of international

Ensure the level of data quality and '
comparison

Work on building statistical '
capacities

® Standardization of statistical
concepts
Update the organizational
structure with partners and '

Completing, processing, and
[ isseminating data and other practice:
private and public data

b
> ' - | Digital communication and N X - El >
s, T, m " clouds with two users | > ‘

Page 304 of 559



!_ 7 I ) .
;_\. 3"international DCC-Conference

2 business intelligence "BI" 4‘3

pulnoll Uil ool 440l
*+aasurement & Calibr>>

b ptzollg Uil Gibgll i5 ol
**easurement & Calibra*

NM;CC> Components of business intelligence methodology ,\
“SASO™

6. Data and reports to " 2. Extraction, conversion
support decision making — - and uploading

5. Managing data and 3. Data warehouse, its
business performance type and classification
indicators

4. Analytical processing "data
and business analysis"

Pie -,

-
N »

Page 305 of 559



: 7 I ) .
;,_l. 3"international DCC-Conference

NM:CC, Business intelligence stages ’ﬂg
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5. Decision making. 3. Data analysis. 1. Data preparation.

k»‘ « 4. View the data. 2. Data collection.
\\ » » ‘ N

Benefits of business intelligence for business
NMCC GASO

sutmotoustsis pise ot HOW do business intelligence tools and their benefits help the metrology and
= " "=nbusiness? ,
Data mining has a strong competitive advantage

Data mining and data
visualization

Quality of services and
satisfaction of beneficiaries
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A strong competitive advantag
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Summary of the relationship of all fields to
the science of data analysis Data Science

= SASO

1. (DS) Data Science.

2. (DA) Data Analysis.

3. (BI) business Intelligence.
4. (BA) business Analytics.

5. (DE) Data engineering .

6. ( Al) Artificial intelligence.

( DL) Deep learning .
( DM) Data Mining.

Past
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ANALYTICS 2 TESIING &
INSIGHTS OPTIMIZATION
Q o
B

Y -

CROSS-CHANNEL / AUTONOMOUS
EXECUTION == AUDIENCE TARGETING

Future

Business intelligence and data analytics platform

the

To develop work
performance and
beneficiary services
sectors of metrology
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Cloud platforms, investment in business intelligence and data
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Digitization of gas reference

material production and
measurement processes in support
of environmental sustainability

»
-
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|

L >
Step: A Steps to perform a single point calibration A Choose the reference gas (R) and
: measure it 3 Times .
Choose the calibration gas mixture whose response cannot be measuring device B.  Take (3} readings from the sample
statistically be distinguished from the response of the unknown c a_"jf:_"“'?‘: “;IE rtﬂe:n-
. Indistinguishable test.

sample and take at test 3 reading D. Calculate the unknown sample (S).
Step: B E.  Calculate the uncertainty in the

result of the measured sample (S).
Take at least 3 readings from the unknown sample and calculate

the mean peak area (y,) and its standard uncertainty, u(y,).

A mixture of ( R ) gas and sample are considered indistinguishable
if they meet the following condition,

i R
H Iy, =, - 11_ c?
Step: C 122t () el K,Bg'

Heasyrement & b

If the condition of distinguishing of the two responses is Step: E
fulfilled, the mole fraction (x) of unknown sample can be g The uncertainty of the mole fraction is calcul: %_
calculated from the equation: I-- —_ 2 the following equation: £
b S ©
w 2 v

il uix,) = Ju*(x)

................. 2 ! p
x, | The mole fraction of the unknown sample & where T T T T T (L]

X, | The mole fraction of the CRM

Y, | The peak area of the unknown sample

The peak area of the CRM u (x,) | Standard uncertainty in the mole fraction of unknown sample

o P (x,) | The standard uncertamnty in the mole fraction of the CRM
Step: D X, | Mole fraction of the unknown sample
Repeat the gas mixture readings to verify system stability M Peak area of the CRM
The sequence of injection of the reference and the measured sample is as ”(-ys) UW@”*”""U’ ()fthcpc‘ak arca of the unknown Sﬁfﬁplt‘
follows: u(v,) | Uncertainty of the peak area of the CRM
R (l);R(j}* R{3)-5(1)-82)-5@)-RE}-RE)-R(6) J;é%
N
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Parallel Session 2: Good Practice (GP)

Presentations that would also fit into this session:
» 06 The General DCC Rulebook and the Rules under the Aspects of Accreditation

» 10 Persistent Identification of Instruments and the Digital Calibration Certificate

» 17 The Digital NIST: Pilot Project for the Digital Transformation of NIST’s Measurement
Services

> 21 DKD’s Contribution to DCC Harmonisation and Coordinated Development

> 22 GEMIMEG-II — Status and Progress Report

> 45 Digital Transformation of NMI: Practical Experience on DCC and Beyond @ NIS-
Eqypt

» 51 How does a Machine Distinquish the Different Types of DCCs?

» 54 Digital Calibration Certificate with MetricodeHUB, a Real Implementation Case

30 Calibration 4.0: A DCC Implementation in Electrical Metrology for the
Calibration of Digital Multimeters

Presenting author: J. C. Suarez Baron, INTI, Argentina
E-mail address: jsuarez@inti.gob.ar
Additional authors: R.J. luzzolino and A. Tonina (both INTI)

Abstract

This work presents a case of study of a DCC applied to the calibration of digital multimeters
at INTI. Such calibration requires over 50 points of measurement including DC, AC voltage
and current and resistance. The calibration process is automated, and its results are stored
in a spreadsheet file format. This file acts as input to a tool that generates an XML metadata-
based file and finally a human readable certificate. In this way possible errors and workloads
are reduced.

The DCC automation process will be presented to the calibration of a 6 % digit multimeter on
the quantities described above, where its different functions and ranges with the
corresponding uncertainties are finally reported.

This work applies solutions based on DCC and digital SI based on the structure scheme
proposed by PTB. It also includes a validation scheme for data quality and trustworthiness.

Back to “Table of Contents” atpage 1|2 |3 | 4
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Calibration 4.0: A DCC implementation in electrical
metrology for the calibration of digital multimeters

Juan Carlos Suarez Barén, Alejandra Tonina, Ricardo luzzolino, Diego Coppa, Diego
Calero
INTI and INCALIN-UNSAM

3" International Digital Calibration Certificate (DCC) Conference
28" February 2023 - 2" March 2023

Instituto Nacional o )
i X Ministerio de Economia Secretaria de Industria
de Tecnologla Industrial Argentina y Desarrollo Productivo
INTI

+ Identification of case study
« Case study implementation
* Input
* Output
» Approach (Information flow)
* Modules
» Spreadsheets processing and XML
generation
+ XML-DCC complexity
» PDF/A-3 generation
« Next steps
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Instituto Nacional
de Tecnologia Industrial

|dentification of case study

Identification of case study
DCC generation for a HP 34401A DMM, 6'~- Digit

Input
Spreadsheets (XSLX file) : Administrative data,

calibration information and comments

Output

DCC whose content adheres to D-Sl and DCC ‘
schemas

DCC schema version: 3.0
D-S| schema version: 2.0

. < I > PDF/A-3

‘ Validated DCC
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Instituto Nacional
de Tecnologia Industrial

Case study implementation

Case study implementation P
Aproach (information flow)

a
Data Frames il
Metadata R

Pandas . m
openpyxI ‘ - — <l>

Administrative !’
Class Generation !

Results Parsing

(Calibration)

Validation
Comments |

* For more information see:
Software for the creation of Machine-Readable and Human-Friendly Reports
by Diego Coppa at 12:30 (UTC) Wednesday.
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Case study implementation

Modules <

XmlgenAdminlpy XmlgenMUI“mpy

xmlvalidator.py .l
Valldated

A 4

pdfgenerator.py

Instituto Nacional
de Tecnologia Industrial

Spreadsheets processing and XML generation
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Case study implementation ~
Spreadsheets processing and xml generation .
iCund\:mnes demedicion _ . Tanto el multimetro a calibrar como elinstrumento utilizada como referencia fueron conectados 24 hotas antes de empezar la calibracion a Iz tension de red eléctrica de 220V, 50 Hz

1
Condiciones ambientales Minimo _|Maximo [Incertidumbre[Factor de cobertura K|Unidad
1 [Temperatura “RE> 20 2&£| 20085 2[\degreeCelsius
2 |Humedad <RE> 40] 60 10[085 2|\percent
Coftwareutiizade | <OP>  Softtemp | e
Vfversén 1 <o . Ll .
) — Cell indicators: 0Ax to 0Zx

Fields: Information
<RE> Required Blue: Fields are editable by the metrologist.
<OP> Optional Black: The fields are not editable by the metrologist.

Case study implementation 7\
Spreadsheets processing and xml generation u

ﬁb’h&‘i’c“ihﬁé‘s"&é’ medicion | <RE> " ITanto el multime

1

Bk ondiciones ambi Minimo _ [Maximo
1 [femp <RE> 20 %)
1 Humedad <RE> 40 60/

0K oftware utiizado ] <op> SoftTemp |
1 ersién | <op> 248

Cell indicators: 0Ax to 0Zx

e

<RE> Required
<OP> Optional
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Spreadsheets: Read and processin

Measurement conditions

Enviromental conditions
Cell indicator (‘0J’)

Case study implementation
Spreadsheets processing and xml generation

Cell indicator

;:NSION CONTINUA

Administrativo

<RE>

3"international DCC-Conference

v

~

tion>

tentCondiciones de medicisnc

cntents

Condition>

ni>Condiciones ambientales</

nded

v

lang="es">fanto el multimetrc a calibrar como el instrumento utilizado como
ueron conectados 24 horas antes de emperar la calibracién a la tensién de red

dicicnes.

Enviromental conditions

>\degreeCelsius

ang="es">Temperatura</dc

="es">Minimo</d:

Results table example for DC Voltage

RANGO
0.7)\si{\volt}
0.11\sif\volt}

\sifwolt)
{\volt}

Ti\si{\volt}

\si[\volt}
si\si{\volt}

fvolt)

(oiy_|

\si{\volt}

ifvolt) |

<RE>

[

Spreadsheets |

10\si{\volt} |

10\si{\volt}
10\si{\volt}
10 \é {\volt}
10 \si{\volt}

Resultados | Comentarios D

\si{\volt}
\sifivolt}
{\volt}
7i\si{\vol t}v
| é\si{‘wo t}
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3i\sif\olt}

si{\volt} fole]
sif\volt} 0.00K
\si{\volt} 0.0

\si{\volt}
3\sif\volt}
> \sif\volt}
\si t\‘¢o i (}.
3i\si{\vo! t}

content>
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XML-DCC complexity

Case study implementation
XML-DCC Complexity o

<dccimeasurementResults>
<dce:measurementResult>
<dcc:iusedMechods> | |

</dcc:usedMethods>

<dcc:usedSoftware>
</dcciusedSoftware>

<dcc:influenceConditions>
<dcec:influenceCondicion>
</dcc:influenceconditions

<dec:influenceCondition> I ~6400 lines of code
</dcc:influenceCondition>
</dcciinfluenceConditionsa>

<dcc:resulc>
<dcc:names
</dcc:name>
<dccidata>
<dec:lizza
<decilist>
<deciguantity
<quantity_ 1>
</dcc:quanticy>
<dec:quanctity
<quantity 2>

</azc:guanziys Lists of quantities

<doc:iquantity
<quantity_n>
</dec:quancity>
P T TREE TS
</dcc:ilist>
</dcc:data>
</dcc:result>

</docimeasurementResults
</decimeasurementResults>
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Case study implementation

XML-DCC Complexity

<dcc:imeasurementResults>
<dec measurementResults
<dec :usediiethadss
< /dec:usedMethods »

<dccusedsoftuare>
</dcciusedsoftuare>

<dec:influenceConditions>
«dcc:influencecancition>
</dcc:influenceConditions

<dcc:influenceCondition>
</deciinfluenceCondition>
¢/dec:influenceConditions>

3"international DCC-Conference

<dcc

</dcciresults>

«dcciresults
«<dccinamer
</dcciname>

<fdec:lists
sidecdatay

«/deeil1sT

dec.rasult

</decimeasuramentResults
</decimeasurementResults>

-I resultListType i
Part of XSD

~y—<dcc:results>

/~ <dcc:result>

sult>

<dec:iname>

<dcc:content lang-"es">TENSION CONTINVA</dcc:content>
</dcciname>
Fetcidatas

tlist>

dco:quantitys>
<dcc :name>
<dec:content >RANGO< fdce: contant>
</dcciname>
<si:real>
<si:value>0.l</si:value>
<sinmit>\velt</sizunit>
«/si:real>
</dcc:quantity>
dcc:guantity>
<dcc iname>
<dcc:content>VALOR NOMINAL</dcc:content>
</dcc:name>
<si:real>
<si:value>0.1</si:value>
<si:unit>\velt</si:unit>
</si:real>
</dcc:quantity>
<dcc:quantity>
<dcc :name>
<dcc:content>ERROR</dcc: content>
</dcc:name>
<si:real>
<giivalues>=0.00000004</=1i:value>
<sliunit>\velt</siiunit>
<=i:expandedlincs
<si:uncertainty>0.00000060</sizuncertainty>
<si:coverageFactor>2</si:coverageFactor>

<si:coverageProbability»0.95¢</si:coverageProbability>

</si:expandedUnc>
«/si:reals

b= </decc:quantity>
& L </dcc:list>

Case study implementation
PDF/A-3 generation

LaTeX_Multim.xsl

pdfgenerator.py

BN PDF/A-3

* For more information about PDF/A-3 generation process for DCC see:
Software for the creation of Machine-Readable and Human-Friendly Reports
by Diego Coppa at 12:30 (UTC) Wednesday.
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XSL File

version=
atyleshest 3 1999/XSL.
tb. de/dcc
e 001

3ingm"UTF-8" indentm'no" omit-xml-d -tyast />

q.073/2013£02/13/1atex documentclass options illustrateds

TRaTITeR>
\documentclass [adpaper] {article}
‘\usepackage [includeheadfoot,

1. 5em,

right=1.5em,

bottom=1.3am,

headneight=a0pt,

1 {geemetry}
\usepackage {Langtable}
\usepackage { tabularx)

\usepackage |
\usepackage | Eancyhdx}
\usepackage [graphiex)
\usepackage {enuniten}
\usepackage [datetime?}
\usepackage [utfBx] [inputenc}

LATEX XSL

match="dee: results/doe: result(2]"§

dec nane/deo; content” />

elect="dce

3"international DCC-Conference

N

<xslitext>
\bagin{center)
\begin{longtable}

1
|5 [table-fornat=4.4, detect-all]|}

\hline

‘\multicelumni{l}{|&|}{\Eextbe (Rangs}} samp;
Nmuidticotumaii) (151} (\teatbf (Valor nominall) éans;
\multicolumn|l}{|g| }[\textbf (Ercor}) ssmp.
\multicolumn(1) [le|} [\taxtbf [Tncertidumbrel) \\ \hline
\endfirsthead

\endhead

4, detect-all]|S(table-formated.d, detect-all

rdata/des: lxxl/da; lisem>

oo quantity [1]/s4:

e quantity [2] /a1 raal fai value®/ >
“dee: quantity[2] /si:zeal /ai unit" />

it s

<xslivalu co

<xslivalus-of s ooncat{ \ST(:
<ralsbaxts famp, < x71 et >

exalivalua-of sale
cxaltext>samy</xolitext>

Srang dev, 10

Jxalitexts

<xslivalue-of
<zl Coxt AN \hlinecsnelstonts

Sumdt,

concat{\SI{", Svalllom dov,']{' Sunit vallom decv,') '}"/>
concat(’\SI{’, Serrar_acv,']|' $unit_srrer acv,') ')"/3

concat {*\SI{', $uncert_dev,']{' $unit_errox_dov, ') *)"/x

,$unit lung dov, ')t

HP 34401A DMM Calibration Certificate (PDF/A-3)

Nacional

de Tecnologia
INTI industrial
Certificado de Calibracién

OT 00000222-00001423-Uni
Pigina 1 de 11

Elemento Objeto: tr
Fabricante/Marca: Hewlett Packard / Agilent
Modelo/Niimero de serie: 34101A

1d. del usuario: item 9%

Determinaciones requeridas

Fecha de recepcion 05/03/2022

Fecha de calibracién Desde 11/03/2022 hasta 16/03/2022

Solicitante

Lugar de realizacidn

lifici

INTLGOMYC-SOMCEI-Departamento de Metrologia Cudntica
Avenida General Paz > ¥ M [CP 1650]

San Martin, Provincia de Buenos Aires, Repiiblica Argentina
Teléfono: (54 11) 4752 5402 / (54 11) 4724 6200 (interno 7444)
E-mail: fisicaymetrologiatiinti.gob.ar

e @ B e

Tensién Continua

Rango | Valor nominal Error

Incertidumbre

01V [01V

-0.0000017 V

0.0000020 V

0.1V 0.0000015

V | 0.0000020 V

1V 0.1V

-0.0000003 V

0.0000020 V/

1V 0.5V -0.0000011 V| 0.0000050 V
1V -1V 0.0000029 V| 0.0000080 V'
1V 1V -0.0000024 V | 0.0000080 V/

-0.000003 V

0.000010 V

-0.000012 V

0.000030 V

-0.000019 V'

0.000050 V

0.000025 V

0.000070 V'

-0.000030 V

0.000080 V
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Next steps

Next steps 7\ €
Migrate to DCC 3.1.X (PTB) @

</dcc:measurementMetaData>
</dcciquantity>
<dcc:quantity refType="basic_measuredValue">
<dcc:name>
<dcci:content lang="en">Indicated measured value probec</dcc:content>

</dcc:name>
<siihybzids
- <si:reallListXMLLis:
: Upgrade t? D-S12.1.0 <nxxv¢luemx::>!06.ss 373.45 448.05 523.05 593.35</si:valueXMLList>
« XMLList S <31:uniTXMLList>\kelvin/si:unicXMLLisE>

« Attribute lists s

<si:ivalueXMLList>33.2 100.3 174.9 249.9 320.2</si:valueXMLList>

e Relatlve uncertalnty <si:unitXMLList>\degreecelsius</si:unitXMLList>
. . </si:reallistXMLList>
* <dcc:relativeUncertainty> </aSinybria

</dcciquantity>

refType_areat | basic measuredvalue]
Measured value/ K Measurement error /K | U ent error]
/K

refType_area2

refType_area3
306.35 105 89 .95 | normal
Example taken from 373.45 323 89 95 | normal
dcc_gp_temperature_simplified_v12.xml 448.05 -0199 89 95 | normal
7 i 523.05 0271 89 195 | normal
https://dccwiki.ptb.de/en/gp_home a5 e o FE

For more information see DOI: https://doi.org/10.7795/820.20220411 and https://www.ptb.de/dcciv3.1.2/
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Next steps ) ‘ ‘e
Migrate to DCC 3.1.X (PTB) ' :

306.35 373.45 448.05 523.05 593.38</ 54 :valueXMLiLists
\kelwin/siiunicXMLLisc>

33.2 100.3 174.9 249.9 320.2</si:valueXMilist>
refType_areal | besic_measuredvalue I Q1 t>\degreacelsins</siiunickMLLLT
value/ K Measurement ermor / K U! eas| t error) 13
7K
refType_area?
reflype_areal
306.35 0.105 089 §12 [J0.95 | normal n">Heasurement error</doc:content
373.45 0323 089 | 2 095 nomal
448 05 -0199 088 2 085 nomal t
523.05 -0271 089) 2 (095} nomal 13£>0.105 0.323 -0.199 -0.271 0.199</31:valueXMilise> |
503.35 0.199 0.89) 2 | E normal r IO J’t \kelvin</siiunitXMLList>
_L — | TexpandedUncXHLL
» Upgrade to D-S1 2.1.0
+ XMLList
+ Attribute lists
« refType
; . Example taken from
* Relative u_ncer!alnty . dcc_gp_temperature_simplified_v12.xml
= <dcc:relativeUncertainty> https:/idcewiki.ptb. defen/gp._home

For more information see DOI: https://doi.org/10.7795/820.20220411 and https://www.ptb.de/dcc/v3.1 2/

C

<Thank you for your attention!!!>
<jsuarez@inti.gob.ar> © NTiArg

o @INTlargentina

@ N

ntiargentina

o canalinti

Instituto Nacional

i . Ministerio de Economia Secretarfa de Industria
de Tecnologia Industrial

Argentina y Desarrollo Productivo

&
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31 DCCs for Non-Automatic Weighing Instruments (NAWIs) — Current
Status of a Respective Working Group Elaborating “Good Practice”
Conventions

Presenting author: Dr. Julian Haller, Sartorius Lab Instruments GmbH & Co. KG, Germany
E-mail address: julian.haller@sartorius.com

Abstract

The advantages of the digital calibration certificate (DCC) for the management of test
equipment and further processing of calibration data are obvious. The XML scheme
developed by the PTB for the DCC is designed to be very flexible so that it can be applied to
all possible measuring devices with their peculiarities. However, due to the great flexibility of
the DCC schema, there are different possible ways of implementation in accordance with the
XML schema for almost every aspect. This entails the risk that the implementations of
different laboratories are not compatible with each other and that users have to adapt their
input software to the implementation of the respective laboratory. Such lack of compatibility
may jeopardize user acceptance and ultimately the success of the entire DCC
implementation.

Therefore, it is inevitable that "good practice" agreements should be made for general
aspects as well as for instrument-specific aspects.

For the calibration of non-automatic weighing instruments (NAWIs), a working group has
been established within the Technical Committee "Mass and Weighing Instruments"” of the
DKD (German Association of Accredited Calibration Laboratories) to define and formulate
the corresponding "good practice" agreements. The group consists of experts from PTB,
EURAMET and renowned manufacturers and calibration laboratories for NAWIs.

The purpose of this presentation is to present the current status of the working group's
progress in defining "good practice" agreements for NAWIs and provide an overview of the
expected timetable.

Back to “Table of Contents” atpage 1|2 |3 | 4
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DCCs for NAWIs - current status of a respective working

group elaborating “Good Practice” conventions
Dr. Julian Haller, Sartorius Lab Instruments GmbH & Co. KG, 01.03.2023

DCCs for NAWIs - current status, Julian Haller

DKD Working Group DCC ,Best Practice” for NAWIs

+ DKD Working Group established with members of the DKD expert
committee “Mass and Weighing Instruments”

< Aim:

* Quickly publish a simple best practice example to establish a
standard for NAWIs

* Provide proper documentation of the best practice conventions
* Publish further, more complex examples
* Kick-off meeting March 2022

* Several meetings online, face-to-face meeting on 29.11.2022

« “Simple” DCC NAW!I Best Practice Example almost finished
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DCCs for NAWIs - current status, Julian Haller

Why are best practice conventions necessary?

= Level 2" can be achieved quite easily - e.g. using

PTB’s GEMIMEG tool

= Fora universal (i.e. not proprietary) digitalization of
processes, we need at least Level 3:

= DCCs from different labs must be machine-readable

with the same software

= DCCs for similar types of measuring instruments should
be machine-interpretable

= -> Harmonization

Level 3
Machine-
readable and
Level 2 -executable
content
n Content completely
Machine- (semantically) discovered
Level 1
readable Semantic search
document and selective access
on cantent level
i Structured
Digital document format ook
document infarmation
Software processing with  delivery across

Digital representatior

high manual workload

several documents

Eg Level 4

Machine-
interpretable
content

Information models
describing and explaining
the cantent and

the relationships between
items of information

self-leaming analysis
together with
autamatic validation
and optimization
value-adding services
possible e.g.
canformity check,
question answering,
predictive content supply
Fully integrated
digital value chain

is possible

Level 5

Machine-
controllable
content

The content of 3
standard is be amended
automatically and
sdopted by automated
decision-making
processes,

Digital standards
are based on & system
of artificial genera:
intelligence with
cognitive capabilities
Digital standards
‘adapt constantly

to the current state

of the art of technical
and regulatory
framework conditions.

Source: DIN/DKE Scenarios for digitizing standardization and standards, White Paper (2021)

DCCs for NAWIs - current status, Julian Haller

Different presentations in analogue certificates

Messung Wiederholbarkeit 3 3 I . .
Weasar Aoty Priffung auf Wiederholbarkeit Challenge for a machine (Software):
Briifiast;Nennwert] 1000 g bei Priflast ven: 10 kg
1 1000,0000 g Messung Anzeige I
z 10000020 . e o T Identify...
3 1000,0002 g 1 90805 kg .
B 10000000 g 2 59595 kg = ...the nominal load
5 1000,0000 g : ggxl«g
X kg . .
Sindardss chins s=000002 g 5 5595k = ...the standard deviation
Mitteshwert 9 96950 kg
\Wiederholbarkeit | Repeatsbifty i 0,00000 kg = .. the mean value
Last
Load . - .
Messung Repeatability test (measurements) (M1TTE) AT ApSTa = .thatthisisa repeatﬁ bl |ty
Msssurement Indicstion

; 1100001 B;'[rr'mmssxn noRyE Aon ‘.T"m =N noREw 10 measurement

2 109,9098 g easurement Measurement 1V

3 109.6993 results Load Mass results Load Mass

4 10990989 | 200.00003 49 99994

5 1099999 g

199.99999 9999996
6 110.0000 g
199.99998 99.99992

Standardabwaichung | Srandard deviation 199.99997 200.00000 99.99996 100.00000
Sus B Messungan | o oo 199.994998 9999994
5 from 6 measurements N g | 200.00004 99.99995
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DCCs for NAWIs - current status, Julian Haller

Using refType attributes in DCCs

dccrresult refType=,repeatability” = Allows for machines (software) to ,understand”, what is inside a
dcc:name repeatability measurement dcc element
dccidata

= Needs clear definitions:
d 100
" oA J measuredValue

quantity value representing a measurement result

PREFIX: basic_

refType=,measuredValue NOTE: compare VIM 2.10 "measured quantity value”

ELEMENT: dece:quantity

refType=,nominalValue

refType=,standardDeviation

= Which refTypes are specific for NAWIs

(prefix NAWI_) and which are universal

(prefix basic_)

DCCs for NAWIs - current status, Julian Haller

Using refType attributes in DCCs

= Close collaboration concerning refType definitions with the DCC Mass Best Practice team, see next
presentation: o

32]D1§i!d Calibration Certificates for Weights and Mass Rules and |Glsa Foyer, PTB, Germany
t T

= Procedure established to suggest universal (,basic_“) refType definitions, see respective presentation tomorrow:

s s e G SR 7

—+
|49|Pmcasses and Conventions for the DCC — Results of PTB's 100-Day Programmes in 2022 |Shanm Schonhals, PTB, Germany
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DCCs for NAWIs - current status, Julian Haller

Further prerequisite for universal usage: General structure

Example: How to present results of multiple range instruments?

Option 1

Option 2

dcc:measurementResults

repeatabilit:
errorOfIndication

repeatabilit:
errorOfindication

dcc:measurementResults

repeatability|range?)
occentritfange2
ErorOrnaicatonfangs?

DCCs for NAWIs - current status, Julian Haller

Documentation

Discussion, documentation,....in a PTB hosted Gitlab project for DCC NAWI:

3"international DCC-Conference

0 occam WO5TE 551 + T commitons  OENAM i
O Projectnsomation Open & Closed 0 Al 6
B Repository
D sues 6 o-[ earch o e resu

List

ouiss refType suggestion: rangel ranged. range3. ranged

) #6- crostec 1 week ago by Julan Hater RIS QERIED
Sonvcs Dask
g

Miestones as ks 30 by Julan Hater (ST
1 Morge rauents o
@ aco 0 ot oot £ et sy o e R
@ Security & Compliance

s fourd/as et
@ Deployments O 43 mated & wenks a0 by Julian Hallee  (EEEEINEID
B Fackages anaregses
IN PROGRESS:
@ Inkastractuns O #2 - ceatac & weeks 390 by ulian Hater  (EESTINNTD (RN
Voor o
12 Analytics O #1 cestec 4 weeks ago by Julian Hater  (EEESEINEID @MY
Q win
Concerning the Gitlab work, see also:
32 |Digital Calibration Certificates for Weights and Mass Rules and Gisa Foyer, PTB, Germany
49 |P and C for the DCC - Results of PTB's 100-Day Programmes in 2022 Shanna Schonhals, PTB, Germany |
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DCCs for NAWIs - current status, Julian Haller

DCC ,Best Practice” for NAWIs - next steps

* Implement the ,simple” Best Practice Example into PTB’s dccwikiand GEMIMEG tool
* Finalization of the example still to be done

* Create and publish list of NAWI_refTypes
« List has been created - definitions and explanations still to be completed

* Create and publish accompanying document

* Discuss and document conventions for topics above the ,simple” example:
« Structure for MR and Ml instruments
¢ Multiple measurements (e.g.,as found/as left”)
« Conformity statemenents

¢ Formulas for characteristic curves and uncertainty
¢ Minimum net weight

DCCs for NAWIs - current status, Julian Haller

Conclusion

« ,Simple” DCC NAWI Good Practice Example is almost finished. Proper documentation still to be copleted

* Extensions above the ,simple” case (MR/MI, ,Uncertainty in use”, Minimum net weight,....) still to be
discussed/documented

* Aninfrastructure has been established to foward topics to be discussed, decided and documented for
universal considerations

¢ Theindustry is called upon to participate with concrete proposals for harmonization
¢ Users must prepare to be able to handle changes

* Not much visible to the outside world (yet), but a lot is happening....
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Dr. Julian Haller
Sartorius Lab Instruments GmbH & Co. KG

Scientist | En Metrology
Phone +49 551308 4523
Mobile +4¢ 3
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32 Digital Calibration Certificates for Weights and Mass Standards: Rules
and Applications

Presenting author: Gisa Foyer, Physikalisch-Technische Bundesanstalt, Germany and Martin
Hafner, Hafner Gewichte GmbH, Germany

E-mail address: gisa.foyer@ptb.de, mh@haefner.de

Additional authors: Julian Haller, Sartorius Lab instruments GmbH & Co. KG, Germany;
Christian Miller-Schéll, Mettler-Toledo GmbH, Switzerland

Abstract

In 2021, the DKD technical committee “Mass and Weighing Instruments” formed an expert
group to discuss the use of the digital calibration certificate schema for the calibration of
weights. The results of the extensive discussions were published in an expert report
“Instructions on how to use the DCC schema to create a digital calibration certificate for
weights” in 2022. The expert group refocused afterwards on applying the instructions on the
calibration certificates of mass standards as well as on more detailed discussions about
conventions and good practices.

The first part of the presentation will give an overview of the work within the DKD technical
committee on weights. This includes mass specific topics such as the reporting of the actual
results in a machine-readable and -identifiable way for both conventional weight and mass
and describing the calibration item for weight sets and mass standards. Furthermore, more
general topics as for example reporting of different locations, the indication of compliance
with CMCs or the use of the refType-attribute have been discussed and a summary of the
results will be given.

In the second part of the presentation, an example of a practical application of a DCC for
weights will be shown. The example shows how a DCC for a weight set, as a future industry
standard, can be imported into a balance calibration software. In this process, detailed
information on weights, such as conventional mass, measurement uncertainty, maximum
permissible error, marking, density, etc., is digitally processed. Until now, this information has
been imported via proprietary formats or had to be entered manually by hand, resulting in
significant time effort and the risk of transmission errors.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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» Physikalisch-Technische Bundesanstalt
‘/‘ Braunschweig und Berlin
= Nationales Metrologieinstitut

Digital calibration certificates for weights
and mass standards: rules and
applications - Part 1: Rules

Gisa Foyer, Martin Hafner, Julian Haller, Christian Muller-Schall
3 International DCC Conference

The DCC for weights = rules in example

RU|ES reflD; item1
Identification of
weights | norm: OIML R111-1:2004. |
serialNo
value: 12sfr; name: serial No | renype |
temperature airDensity
ID: item1 | id <& refld | name: Temperatur | | name: Luftdichte
identifications
marking Typical influence
value: *; name: Markierung iy
conditions mass
- data measurementValue
ID: item2 | Nominal value | nominalValue -
: SR sizreal:
ztlaficzirosis sizreal: si:value: 1.99999
marking | | sizvalue: 2 sizunit: \kilogram
value: +; name: Markierung si:unit: \kilogram si:uncertainty: 0.0003
refType —/|
Physikalisch-Technische Bundesanstalt B Braunschweig und Berlin D K D Nationales Metrologieinstitut 2
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Expert report (April 2022)

— Wi siomont Sub siement Sampie vaiue werype et [Elment Femaria, [nacessar, [5G Eoment Erasterona
Physikalisch- nenceGondion | rerm Temperaire gt i s i
4 {influcnceCondition) Cierials) e P
Technische an T - iy preriy b
Bundesanstalt bested Dol oy e S, — bl s far A el s o
data 8070 kgim* o] el i P
R e . U=30kgmk=3) periirieg
influenceGondition | neme arDensity set
A REuecHy o ieantamingt Vs mancny | apbonal s e
D KD ) 1695 hgim - B
U=0.0035 kofm? (5=2)
— e ramienig Do 02 e murcnn [osemt
dats 47T -
U= 0.020 (k=2) hamotce [Merrcon da-Die- | For AL ear | aeemscary
e Arpressure arpressire EE b stucumi
inl O R111
deta (with 2 1008.04 hPa min
quantey elements) | U=0.06 hPa ik=2)
mar
U=006hPa (k=2)
Table 6: xample of contents in the element influence Condition
st of idenified possible rafTyres especially in the resulls part (usable in the slements Appendix B Example of a digital calibration certificate for a single weight
influence chapter 4 2, results — chapler 4 4 und chanter <axm werston=1.a% encontng"ur-aTi
25y
o humidity
* temperature
+ aipressure
" s volume
1t Report Instructions on how to use the DCC « censty
DEprDeE 7"2"0 schema fo creale a digital calibration . mass
= certificate for weights o conventionaiWeighingVale
« mn
. max
Edon OUZ022 o nominalVaive (only o be used in he resul demsnt)
2 " o +  measurementvalue (only t be used n the resuit element)
s fido g/ 10.T785/560.202204190 o aRAcEVaRis
o measuremeniDevialion (unly Lo be used in the resull element)
+ meanvaue

Physi h-Technische Bundi It® Br g und Berlin DKD Nationales Metrologieinstitut 3

What happened next...

Expert group active again since September 2022

name: 1 kg silicon sphere Manufacturer
description X .

identifications basic_isInCMC
name: Case basic_serialNo mass_material mass_shape reference: D-K-xxoo-yy-zz
description: issuer: manufacturer || issuer: manufacturer || issuer: manufacturer
in transport value: SiQPkg_02_a value: natural silicon || value: sphere declaration: This value is
container name: serial no. name: material name: form within the calibration and

measurement capabilities.
nominalValue

rounded or pproximate valve of a characterizing quantily of @ measuring instrument or measuring system that provides guicance for its aporcprizte use

respAuthority
PREFIK: mass_
NOTE 1 VIM 4.6 nominal guantily value name: DAkks
eMail: info@dakks.de
NOTE 2: nominal value can be a means of identification and part of a result . . .
location:city: Braunschweig
ELCMENT 1: deciigentification in deesitem

ELEMENT2: | dcciquantity

Physikalisch- i M Braur ig und Berlin D KD Nationales Metrologieinstitut 4
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I"iHAFNER®

THE PERFECT WEIGHT

Digital calibration certificates for weights and
mass standards: rules and applications -

Part 2: Applications
A practical realization of the DCC for weights
Martin Héfner

®

5 Simply

BALANCE CALIBRATION

5

N = A ®
Expert Working Group for DCC-Mass T
Further Members: Eifg‘;

PTB, BEV, Mettler, Sartorius

Group meetings
(e.g. sprint meetings with 2
100 days programs)

iiHAFNER®

THE PERFECT WEIGHT
CT VEIGHT ORGA
FT

Important basic work in the development of the DCC for mass since 2019.
The result was the implementation of a DCC in "Good Practice® with model examples.

Héafner Gewichte GmbH - Oberrot www.haefner.de
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_ ke
Use Case for Test Weights .

i HAFNER N .
Weight Calibration ' Balance Calibration
i (@ (G
Software - — Software
| Data Base | —_— , l SimplyCal®
H BALANGE CALIBRATION
1
Task
How can we provide calibration }——
certificate data of the test
weights digitally?
i
i
H
Weight identification and A digital file of the weight
measurement data are calibration data should be
entered into the application read into the database
Hafner Gewichte GmbH - Oberrot www.haefner.de 7

i' HAFNER®

THZ PERFCCT WEIGHT

Implementation of a DCC for weights

Hafner Customer
Héfner Import Portal Héfner Export DCC
Middleware Middleware

SimplyCal Import
Middleware

@D = 8 &

The DCC XML file

1

1

1

:

The Hafner Middleware is part of !

the Customer Portal. It reads and H

transfers the data of the Weight Customer can The Hafner Middleware is part
Calibration Database and open the DCC of the Customer Portal. It The Hafner Middleware ist part of the
transfers it to the Customer online in the reads and transfers the data of SimplyCal software. It reads and
Portal using Industry 4.0 BaSyx customer the Customer Portal and transfers the data of the DCC into
Middleware. portal creates the DCC XML file. SimplyCal properties
Héfner Gewichte GmbH - Oberrot www.haefner.de 8
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From Calibration Certificate to DCC

3"international DCC-Conference

SR A ®
I.HAFNER

THE PERFECT WEIGHT

Gegenstand  Gewichtsatz von 1g - 1kg
Chpct set of weights 1g - 1 kg So—r”
facwes (( DAKKS

Hersteller Hafner Gewichte GmbH ke E’::l';‘(jr‘rl\ll-mngssléllr
Manufactorsr Hohenhardtsweiler Str. 4 D-K-15192-01-00

74420 Oberrot
Typ Klasse E2, siehe Seite 2 115030
Type Class EZ2, see page 2 DK

. . 161820100
Fabr./Ser.-Nr. Kalibrierzeichen
Serial number 1800508 Calibrafi kK
anbratian mar 2020-02

Ident-Nr.
Ident nember
Auftraggeber  Ebinger Waagenbau GmbH
Customer

Obere Riedwiesen 15

D-74427 Fichtenberg
Auftragsnummer
Croer Vo 171232
Anzahl der Seiten des Kalibrierscheines 4
Ivumber of pages of the cerifizate

Daturn der Kalibrierung

Late of calibration 25.02.2020 - 26.02.2020

Hafner Gewichte GmbH - Oberrot

www.haefner.de

The Customer Portal from Hafner

I"iHAFNER®

THE PERFECT WEIGHT

Calibration certificate portal

b4 A ®
i HAFNER

THE PERFECT WEIGHT

You are logged in as Mr. Max Mustermann

Dashboard / Overview of my calibration certificates ali ertif |

Calibration certificate details

Here you can see all the details of your calibration certificate.
Calibration certificate no Order no. (calibration laboratory)
115030 171232
Calibration date Calibration mark
2020-02-26 115030 - D-K-15192-01-00 - 2020-03
Calibration status

4 from 4

to the weight set

Order no. (customer)
2020#0120
Reference normals

—---G5 13- -

Héfner Gewichte GmbH - Oberrot

www.haefner.de
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Details of the Weight Set
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I" HAFNER®

THZ PERFCCT WEIGHT

.HAFNER

THE PERFECT WEIGHT

You are logged in as Mr. Max Mustermann

Calibration certifi

Dashboard / Overview of my weight sets / Weight set cetails

Weight set details

Fere you can see all the details of your weicht set

Your 1D na.

1d-19731211

Manufacturer

Hafner Gewichte Gmbl

Current calibration status

4

Recalibration inteval {manths)

48

Calibration date

Designation
1g-1kg

Weight class

[

Recalibration date (Self-ceterm ned]

cate portal

Serial nc.

1600508

Error limit system

oL

Recalibration date (Leboratory recommendation)

2020-02-26 2024-02-26 2024-01-10
Hafner Gewichte GmbH - Oberrot www.haefner.de "
S= A ®
Details of the weights .
g THE PERFECT WEIGHT
Weights
Measurement
Nominal .\ . . .
value Marking Conventional mass value uncertainty MPE En-value Valuation MPE
U(k=2)
1g [without] 1g +0.014 mg 0.010 mg 1£0.03 mg 035 0.80
2g [without] 29 +0.015mg 0.012 mg +0.04 mg 0.06 0.68
2g 29 +0.011 mg 0.012 mg +0.04 mg 0.06 0.58
5@ [without] 5g +0.021 mg 0.016 mg +0.05 mg 0.08 0.74
10g  [without] 10 g =0.025 mg 0.020 mg +0.06 mg 035 0.75
12

Héafner Gewichte GmbH - Oberrot

www.haefner.de
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i HAFNER®
Download Of DCC I THE PERFECT WEIGHT
Calibration certificate downloads
Here you can find all downloads for your calibration certificate.
File name File type File size
Download DCC
Héfner Gewichte GmbH - Oberrot www.haefner.de 13
: H : « 3 HAFNER®
Rules in application: items iaNER

ﬁ <dcc:items>
] <dcc:name>

H </dcc:name>

=] <dcc:equipmentClass id="itemsEC1">

<dcc:classID>E2</dcc:classID>
[</dcc:equipmentclass

<dcc:content lang="en">1 set of weights with 13 weights, 1 g - 1 kg</dcc:content>

<dcc:reference>0IML R111-1:2004</dcc:reference>

Definition of OIML weight class

=] <dcc:description 1d="housing">

<dcc:content lang="en">in a box</dcc:content>

Human-readable description of

</dcc:description> ”packaging"
£ <dcc:owner>
? <dcc:identifications>
] <dcc:identification I refType="mass serialNo"F

<dcc:value>1600508</dcc:value>

<dcc:issuer>manufacturer</dcc:issuer>

Current refType-terms

Héafner Gewichte GmbH - Oberrot www.haefner.de
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Rules in application: measurementResults 0 NER

3"international DCC-Conference

<dcc:measurementResult frefld="weight01">|
<dcc:name>
<dcc:content lang="en">Measurement results</dcc:content>
</dcc:name>
<dcc:usedMethods>

Reference to item

L

o

<dcc:influenceConditions>
<dcc:

influenceCondition

refType="basic

temperature">

<dcc:

influenceCondition

refType="basic

humidityRelative">

SR

<dcc

:influenceCondition

refType="basic

airPressure">

<dcc:

influenceCondition

refType="basic

volume">

ma iy

<dcc:

influenceCondition

refType="basic

density">

i

One
influenceConditon-
element for each
ambient condition
and influencing
characteristic

<dcc:resu 5>

</dcc:influenceConditions>
P

<dcc:result refType="mass conventionalMass">

o

<dcc:result refType="mass mass">

One result for

</dcc:results>

conventionalMass

</dcc:measurementResult>

and one for mass

Héafner Gewichte GmbH - Oberrot www.haefner.de

Rules in application: quantities

ﬁHAFNER®

THE PERFECT WEIGHT

=] <si

<dcc:results>
<dcc:result refType="mass_conventionalMass'">

= <dcc:name>

Three quantities in

<dcc:data>
<dcc:guantity refType="basic nominalValue">

conventional mass result:

<dcc:iguantity refType="basic measuredValue">

= <dcc:name>
<dcc:content lang="en'">Conventiecnal mass value</dcc:content:>

</dce:name>
al>
abel>1 g +0,014 mg<

si:label>

<si:unit>\kilegram</si:unit>
<s5i:dateTime>2020-02-25T16:00:14< /51 :dateTime>

H <si:expandedUnc>

<si:uncertainty>4E-09</si:uncertainty>
<si:coverageFactor>2</si:coverageFactor>

expandedUnc>

<siicoverageProbability>0,95</si:coverageProbability>

nominal value, measured
value & measurement error

Quantity-values in D-S|

ireal>

influenceConditions>

= <dccimeasurementMetaData>

<dcc:metaData refType="basic referenceTemperature">

</dcc:measurementMetaData>
</dcc:quantity>

Bl [<dcc:guantity refType="basic measurementError'>

Metadata for results

</dccrdata>
</dcciresult>

Héafner Gewichte GmbH - Oberrot www.haefner.de
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I" HAFNER®

THZ PERFCCT WEIGHT

The next step — DCC for balance

Balance Calibration DCC for

Software SimplyCal Export balance

Middleware

SimplyCal®

BALANCE CALIBRATION @
i
'
/

The Hafner Export Middleware will be The DCC XML file

part of the SimplyCal. It reads the data
of the data base of SimplyCal and
creates the DCC XML file.

Hafner Gewichte GmbH - Oberrot www.haefner.de 17

Thanks to all experts in the expert group DCC mass!

Discussions complete on PTB-gitlab:
https://gitlab1.ptb.de/d-ptb/dcc/TCs/mass

D DCC_massforweightan..  #3D-PTE + — © Tacunicet committses + DGE.Mass for welgints s mass standares

@ Project information

[ Repositary D DCC_mass for weights and mass standards © o~ kumste 4| Yrek | 0
Project 855 (&

O 1ssues | e 8

11 Merge requests o ©s3Commis P 38uncnes Q2Tags 3 3.8MB Projct Storage

Ik iscussion forum with examples

& ciico Di f h

@ Deploymems
Update README.mdl 3afe086s [

@ Infrastructure Glsa Foyer authored 1 weel

X sniopsts

@ settings nein v mass | + v Findfle  WebIDE || & v
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33 DCC Good Practice Examples for Air Humidity and Air Pressure —
Current Status of Respective Working Groups

Presenting author: Christian Rohrig, PTB, Germany
E-mail address: christian.rohrig@ptb.de
Additional authors: Regina Deschermeier, Carolyn Eckerleben, Mattias Brennecke (all PTB)

Abstract

Together with temperature, air humidity and air pressure are among the ambient influence
conditions that are required for virtually any measurement and thus within any digital
calibration certificate. Therefore, good practice examples for these measurands and
associated measuring equipment are urgently required. Whereas temperature good practice
examples have been developed and published in early 2022 in a common effort with the
PTB-internal calibration lab, the other two measurand followed later in the year.

In this talk, selected structures of the good practice examples for humidity and air pressure
will be presented and discussed. These are especially suited to represent how similarities but
also differences between the measurands contribute to the implementation of harmonised
structures within DCCs. Also, an insight on the current status of the coordination discussions
within the respective working groups of the German Calibration Service (Deutscher
Kalibrierdienst, DKD) will be given.

Back to “Table of Contents” atpage 1 |2 |3 | 4
] Physikalisch-Technische Bundesanstalt
= Braunschweig and Berlin
National Metrology Institute

DCC Good Practice examples
for air humidity and air pressure

Current status of respective working groups

R. Deschermeier, C. Eckerleben 3.41
C. Rohrig, M. Brennecke 2.11 .
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Overview EP I B

= Where to start

» Composing the DCCs

= Measurement values

= Future development

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin National Metrology Institute
2023-03-02 2 GP air humidity and air pressure

BPIB

Where to start

» National calibration norms by DKD
= DKD-R 5-8 — Humidity
» DKD-R 6-1 — Pressure gauges

» Advantages:
» Standardized procedures

= Detailed descriptions (uncertainty, hysteresis, etc....)

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin National Metrology Institute
2023-03-02 3 GP air ht ty and air pressure
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Where to start EPIB

» National calibration norms by DKD
= DKD-R 5-8 — Humidity
Im

= DKD-R 6-1 — Pressure gauges ’nte,g?ga"f-'
b ation
y ach,'nes!

= Advantages:
= Standardized procedures

= Detailed descriptions (uncertainty, hysteresis, etc....)

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin National Metrology Institute
2023-03-02 GP air humidity and air pressure

BB

Where to start

» Using refTypes

= |dentifies data contained I
. . Mporta,.

= Guideline for machines Inte nt:
achlneS!

» Need to be developed by
responsible community

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin National Metrology Institute
2023-03-02 5 GP air humidity and air pressure
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Composing the DCCs
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» Humidity

intant>

aluesEq 123456789/

ge"de">Bquipment NE. </

en">Bquipment ho.</dec

Py 135792468 Iuc/coe:values

fdoc: content>
ens>

Messnittel Nr ntents
“Measurement equipment no.</dccico

calibrationlaboratory</
CL 123456783 Dy</

valus

ntent Lang-vder
ntent lang=te:

Equipment Ne.</de
Bquipmant Ro.<

Physikalisch-Technisch It ® Br hweig and Berlin National Metrology Institute
Y 9 y
2023-03-02 6 GP air humidity and air pressure

Composing the DCCs

» Humidity

de " sAnzelgegerat</d
SDiwplay umit</de

>H20Meas

sngeede >serien Nr.</

st =men s Barial no. </

Lange"de "> Peuchtesensor</doc

Humidity sonsor</de

4t Pouch Lomess tochn ik Gabie/d

€789-1</

«<doc: identificat

>

£ s Lomer< / dec
a1ue>123456789 Huc

ntificaticm»
{usunr >aal Ibrat foatabo
lue>kq 123456769¢/d:

<dcciissusr>custome
JBe 123456789 ek

r</doc: issusr>
< val

cicontents

Messittel Nr </
“Measurament equipment no.</d

C1 123456789 By</cice:val
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Composing the DCCs -PTB

» Humidity

='basic _validityRange">

<dec:statement
<dec:dacla

D e erten Bereichs der relativen Feuchte bei der vorgegebenen Gastemperatur
“Ven">Specification of the calibrated range of the relative humidity at the given gas temperature

= 2 ltems

= Display cacerquancif
<dcec:n
<dcc:content
= Sensor <dccicontent
</dcc:name>
<si:hybrid>

= MetaData

</si
<si:real>
<s lue>10</si:v =
<s nit>\percent</si:unit>
</siireal>
</si:hybrid>
</dcc:quantity>

nit>\one</s
real>

e>

Blinmibatiarhi:Tarbslisi ™ h
P u Br

ig and Berlin National Metrology Institute
2023-03-02 8

5P air humidity and air pressure

Composing the DCCs .P]B

» Humidity

pe=basic_validityRange">
o:declaration>

de">Angabe des kalibrierten Bereichs der relativen Feuchte bei der vorgegebenen Gastemperatur: </dc
en"sSpecifieation of the calibrated range of the relative humidity at the given gas bemperature:</dec:contents

= 2 ltems

= Display =

vbasic validityRangemin'>

<dec:quangity refType="basic validityRangeMax")l

= Sensor <dec: fano
lang="de">Oberes Limit des kalibrierten Bereichs</dcc:centent>
<g <decc:contant lang="en">Upper limit of the calibrated range</dcc:contant>

</dcciname>
* MetaData
<si:real>
<si:value>0.B8</si:value>
< runic>\one<d/situnit>
</si:real>
<si:real>
<si:value>B0</si:value>
<si:unic>\percent</si:unit>
</si:real>
</si:hybrid>
<fdce:quantity>

Physikalisch-Technische Bund: it @ Braunschweig and Berlin National Metrology Institute
2023-03-02 9 GP air humidity and air pressure
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EPB

» Humidity
= 2 ltems

= Display

= Sensor

= MetaData

"basie validityRange">

de">Angabe des kalibrierten Bereichs der relativen Feuohte bei der vorgegebenen Gastemperatur: </dc

en">Specification of the calibrated range of the relative humidity at the given gas temperature:<. content>

vbasic validityRangeMin">

name>
<decc:quantity r a="basia wvalidityRangeMax">
<dec:name>
: <dcc:guantity x-:—fI "baslc validitySecondaryCondltion"> I tent>
& <dcciname> =
</dy <dcc:content lang="de">Vorgegebene Gastemperatur</dcc:content>
<51 <dcc:content lang="en">Given gas temperature</dcc:content>

</dcc:name>
<ci:hybrid>
<si:real>
<si:value>293.15</s1:valuae>
<si:unit>\kelvin</si:unit>
</si:real>
<si:real>
<si:value>20</
</s <si:unit>\degreecelsius</si:unit>

value>

</dcc:ql </si:real>
i:hybrid>
ntity>

National Metrology Institute

Composing the DCCs

it ® Braunschweig and Berlin

10 GP air humidity and air pressure

EPIB

» Humidity
= 2 ltems

= Display

= Sensor

= MetaData

=basic validityRange">

gabe des kalibrierten Bereichs der relativen Feuchte bel der vorgegebenen Gastemperatur: <
>Specification of the calibrated range of the relative humidity at the given gas temperature

<dcc:statement refType="basic_measurementRange">
<dcc:declaration>
<dcc:data>
<dcc:quantity refType="basic measurementRangeMin">
<dcc:guantity ref e="basic measurementRangeMax">

= Validity range

= DUT measurement range

National Metrology Institute

2023-03-02

u Br ig and Berlin

5P air humidity and air pressure
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EPB

» Humidity

= 2 ltems
<dcc:influenceCondition reflype="basic valueSettlingTime gp_valueAdjustmentTime">
- Dlsplay <dcc:influenceCondition refType="gp valueFlowVelocity">
<decrinfluenceCondition refType="basic measurementDimensicn">
= Sensor

<dcc:influenceCondition refType="basic measurementRangeScalelnterval">

» MetaData
= Validity range
= DUT measurement range

= |nfluenceConditions

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin
20230302

Composing the DCCs

National Metrology Institute

12 GP air humidity and air pressure

EPB

» Humidity

= 2ltems
<dcc:influenceCondition :efiyge=ibasic_valnesettlingTimeIgp_valueAdjustmentTime“i
- Dlsplay <dcc:influenceCondition refType="gp valueFlowVelocity">
<dece:influenceCondition refType="basic measurementDimension">
= Sensor

<dcec:influenceCondition refType="basic measurementRangeScaleInterval">

* MetaData
= Validity range
= DUT measurement range

= |InfluenceConditions

2 Namespaces for more details

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin
2023-03-02

National Metrology Institute
13 GP air humidity and air pressure
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Composing the DCCs .PTB

» Humidity

= 2 ltems
<dcc:influenceCondition reflype="basic valueSettlingTime gp_valueAdjustmentTime">
- Dlsplay <dcc:influenceCondition I.v':-II",j.-+“gp valueFlowVelocity">
<dcerinfluenceCondition refType="basic measurementDimension">
= Sensor e
<dcc:influenceCondition refType="basic measurementRangeScalelnterval">
* MetaData
= Validity range Data for air chamber

= DUT measurement range

= |nfluenceConditions

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin National Metrology Institute
2023-03-02 14 GP air humidity and air pressure

Composing the DCCs .PTB

» Humidity

= 2ltems
<dcc:influenceCondition refTyps="basic valueSettlingTime gp valueAdjustmentTime'>
- Dlsplay <dcc:influenceCondition refType="gp valueFlowVelocity">
<dee:influenceCondition re,,~,’;+"nasic measuraementDimension"> l
= Sensor

<dcec:influenceCondition refType="basic measurementRangeScaleInterval">

* MetaData
= Validity range Dimension delivered by DUT
= DUT measurement range

= |InfluenceConditions

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin National Metrology Institute
2023-03-02 15 GP air humidity and air pressure
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Composing the DCCs .PTB

&

» Humidity

= 2 ltems
<dcc:influenceCondition reflype="basic valueSettlingTime gp_valueAdjustmentTime">
- Dlsplay <dcc:influenceCondition refType="gp valueFlowVelocity">
<deerinfluenceCondition refType="basic measurementDimensien'>
= Sensor

<dcc:influenceCondition :eny;-+"basic measurementRangeScaleInterval"> I

= MetaData
= Validity range Resolution of DUT

= DUT measurement range

= |nfluenceConditions

Physikalisch-Technische Bund It ® Braunschweig and Berlin National Metrology Institute
2023-03-02 16 GP air humidity and air pressure

Composing the DCCs

= Air pressure

= 1ltem
cemcat ceuipmest: mo
Laboratorye/dzz:iassess
Ihratlontaboratory{tamc/
="da*>Equipmant Ne.</
Lang="an*>Equipment no.</doc:content
Physikali: -Technisch W Bral g and Berlin National Metrology Institute
2023-03-02 17 GP air humidity and air pressure
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EPB

= Air pressure

<dcc:statement refType="basic measurementRange">

<dcc:data>

L 1 |tem <dcr_:q‘|:.=.nt'ity refType="basic

measurementDimension">

<dcc:quantity

measurementRangeMin">

<dcc:quantity

measurementRangeMax">

<dcc:quantity

ic validityRangeMin">

<dcc:quantity refTy

validityRangeMax">

= MetaData
= Validity range

<dcc:quantity refType="basic

measurementRangeScaleInterval ">

= DUT measurement range Analog to GP Humidity

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin
2023-03-02 18

Composing the DCCs

National Metrology Institute

GP air humidity and air pressure

EPB

= Air pressure <G quantiy zefayfomrbanic_valvasettiingrina®s |

<dcc:nama>

= 1t |
em <sizhybrid»

<si:real>
<si:valus>180</si:value>
< unit>\second</si:unit>
real>

value>3</si:value>

™ MetaData ” |£u>1;t>\m_lnute<;‘sx:u.n;t>

</si:hybrid>
</dcc:quantity>

= Validity range
= DUT measurement range

= |InfluenceConditions

content lang="de">Wartezeit bis zur Ablesung nach jeder Druckanderung</dc
g lang="en">Waiting time until reading after each pressure change</dcc:content>

content>

Physikalisch-Technische Bundesanstalt 8 Braunschweig and Berlin
2023-03-02 19
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EPB

= Air pressure

= 1 |tem

= MetaData

= Validity range
= DUT measurement range

= |InfluenceConditions

_valueSettlingTime">

ie">Wartezeit bis zur Ablesung nach jeder Druckanderung</d:
en">Waiting time until reading after each pressure change</

e="basic cycleDelay">

<dcc:guantity ref
<dcc:name>
<dcc:icontent lang="de">Wartezeit zwischen den beiden Mess
</dcc:content>
cdcci:content lang="en">Waiting time between the two meast
</dcc:icontent>
</dcc:name>
<si:hybrid>
<si:real>
<si:value>600</si:value>
<si:unit>\second</si:unit>
rreal>

"basic valueSettlingTime">

<si:value>10</si:value>
<si:unit>\minute</si:unit>
</si:real>
</si:hybrid>
dcc:quantity>
</dcc:data>
</dcc:influenceCondition>

Measurement values

ig and Berlin

National Metrology Institute

GP air humidity and air pressure

EPB

= Air pressure

<dcc:list refType="gp pressure">

1. Applying pressure

<dcc:gquantity refType="basic referenceValue">

<dcc:quantity refType="basic measuredvValue">

Reference value

2
3. Measured value by DUT
4

Calculating deviation

<dcc:quantity refType="basic measurementError">

h-Technische Bund

2023-03-02

it @ Braunschweig and Berlin

National Metrology Institute
21 GP air humidity and air pressure
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Measurement values .PTB

» Humidity

1.
2.

Create Humidity in chamber
<dcc:results>
Reference Value <dccizzz\;\i;m;i:Ty_r.--z-="gp_relativecasllumidityAbovewater">
<dcc:data>

<dcc:list>

Measured value <dec:guantity refTy
by DUT S oty e

<dcc:influenceConditi

"basic referenceValue'">
basic measuredvValue">
="basic measurementError">
s>

o p » <dcc:influenceCondition refType="gp_gasTemperature">
4. Calculating deviation
Ph Technisch it ® Br hweig and Berlin National Metrology Institute
202 2 GP air humidity and air pressure

Measurement values .PTB

» Humidity

1.
2.

Create Humidity in chamber
<dcc:results>
<dcc:result refType="gp_relativeGasHumidityAboveWater">
Reference value Hetom s
<dcc:data>
<dcc:list>
Measured Value <dcc:guantity refType="basic referenceValue'">
<dcc:guantity refType="basic measuredValue">
by DUT <dcc:guantity refType="basic measurementError">
<dcc:influenceConditions>
<dcc: influer‘.ce:onditic-l; ref?y_[r?:"gp_gas’j'emperature“>|

Calculating deviation

Influence condition: gas temperature

Te ische B u Br ig and Berlin National Metrology Institute

5P air humidity and air pressure
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Getting the GPs
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EPIB

= Website: https://www.ptb.de/dcc

Digital Calibration Certificate

News & Events

Links / Downloads Development-Platform

Videos / Tutorial GEMIMEG-Tool

® goodpractice
© temperature

Siogp W

®

® geodpractics

Good Practice

Good Practice

in the field of information tachnology (IT), the Information Te
for best oractice was ebandoned, because this claim of the

Despile

e ces, calibraior
accrodited call

0 cerlficales b
ios. Non-accredited calibrat

Avalieble under: NIIps:(/eonv.02uth Ce/der-

Phy H Bral g and Berlin
2023-03-02 24

Future development

National Metrology Institute
GP air humidity and air pressure

EPB

= Example: reference layer (pressure)

Automated import of data

= Correction of following measurements

More and detailed refTypes necessary

WIP: GP for multi purpose calibrator (electricity)

Physikalisch-Technische Bund: it m Br.
2023-03-02

ig and Berlin
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THE END EP]—B

THANKS FOR YOUR
INTEREST!

7

Physikalisch-T ische Bund W Brau ig and Berlin National Metrology Institute
Nd alr pressure

Y
2023-03-02 GP air humidity ar pr

Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin

Bundesallee 100

38116 Braunschweig

Christian Rohrig

Telefon:0531 592-2126

E-Mail: christian.rohrig@ptb.de
E www.ptb.de
‘, :
. Stand: 2023-03
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Parallel Session 3: In Development

Presentations that would also fit into this session:
> 01 Digital Calibration Certificate as part of an Ecosystem

06 The General DCC Rulebook and the Rules under the Aspects of Accreditation

>
> 10 Persistent Identification of Instruments and the Digital Calibration Certificate
>

17 The Digital NIST: Pilot Project for the Digital Transformation of NIST’s Measurement
Services

» 25 Generation of Digital Calibration Certificates for Temperature Sensor Calibrations
using Python and Excel

> 26 Dynamic Web Tool for Generating DCC

> 28 Pilot Comparison Project in Terms of Air Kerma in Radiation Protection between
Digital Twin Laboratories

> 31 DCCs for Non-Automatic Weighing Instruments (NAWIs) — Current Status of a
Respective Working Group Elaborating “Good Practice” Conventions

38 The Quality of Sensing, of Data or of Information

39 Two Implementations of Digital Calibration Certificates in Industrial and Metrological
Services

> 45 Digital Transformation of NMI: Practical Experience on DCC and Beyond @ NIS-
Eqypt

53 DCC Middleware — Obstacles and Approaches

56 DCC via iPhone (or iPad)
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34 The DCC in its Role as Networked Data Source

Presenting author: Benjamin Gloger, Physikalisch-Technische Bundesanstalt (PTB),
Germany

E-mail address: Benjamin.Gloger@ptb.de

Additional authors: Gamze Soylev Oktem, Siegfried Hackel, Moritz Jordan, Justin Jagieniak
(all PTB)

Abstract

The Digital Calibration Certificate (DCC) is not simply a translation of an analogue calibration
certificate into a digital format. The digital calibration certificate contains much more
information than can be found anywhere in the analogue calibration certificate. This
additional information is available in the DCC and is even machine-readable and machine
interpretable.

The links and the subsequent self-description of a SemantikWeb show here the advantages
of using DCC:s. In this talk, the reliability and verifiability of DCCs will be discussed with the
possibilities of the flexibility of Industrie 4.0 machines. The attribute "refType" in the DCC wiill
be used for this purpose.

The goal is that the DCC can be audited by humans. The following sentence summarises
this. "For a human with an appropriate metrological background (e. g. an auditor or a trained
employee of the calibration laboratory or its customers), a DCC without refTypes must be
fully comprehensible in terms of content.”

Back to “Table of Contents” atpage 1|2 |3 |4
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Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin
National Metrology Institute

The DCC in its role as
networked data source

Benjamin Gloger, AG 1.24

The Utility Model

PIb

PDF Level 1

Digital
document

Digital representation

Machine-
readable
document

Structured
document format

Software processing with
high manual workload

Machine-
readable and
-executable
content

Content completely
(semantically) discovered

Semantic search
and selective access
on content level

Earmarked
information
delivery across
several documents

Level 4
Machine-
interpretable
content

Information models
describing and explaining
the content and

the relationships between
items of information

Self-learning analysis
together with
automatic validation
and optimization

Value-adding services
possible e.g.

conformity check,
question answering,
predictive content supply

Fully integrated
digital value chain
is possible

Level 5
Machine-
controllable
content

The content of a
standard is be amended
automatically and
adopted by automated
decision-making
processes.

Digital standards

are based on a system
of artificial general
intelligence with
cognitive capabilities.

Digital standards
adapt constantly

to the current state

of the art of technical
and regulatory
framework conditions.

From: ,IDiS — Initiative Digitale Standards”. [Online]. see: hitps://www.dke.de/idis

2018-05-09
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EEPIB

Measure-
Start of ment
Calibration
ndustry Calibration

Time for Re-
calibration )

Data analysis

wm-nm:m-‘q @

Industry 4.0; e
Digital Twin

2018-05-09 3 Benjamin Gloger

Content Management System

previous timeline ."

reports
refType
definition

measuring
equipment

content management system
(cms)

2018-05-09 4 Benjamin Gloger
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Simple refType Definition
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Name
Note

Used Element

2018-05-09

Immersion depth
Immersion depth of a sensor.

dcc:influenceCondition

Simple refType definition

refType
definition

Benjamin Gloger

retype | Jimmersonoepth

Name en
de

Note en
de

Used

Element

2018-05-0

Immersion depth
Eintauchtiefe

Immersion depth of a sensor
Eintauchtiefe eines Sensors

dcc:influenceCondition

Page 358 of 559
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refType Definition File

D Linked by the DCC

Administrative

Data
[eimpe | meronvezn | dcc:refTypeDefinition
o T
o ™ EC I TR
o ™ I LT
i = _‘ dcc:name temperature
B e dcc:namespace gp
R S N [ dec:link extern or
Used deciinfluenceCondition .
B intern
Useable in the DCC as
refType="gp_immersionDepth”
2018-05-09 7

Benjamin Gloger

Machine - Online

Saigiat =D
previous timeline .“

reports

refType

definition

!
)~
td e

Flte

measuring
equipment

O,
, bmachine

2018-05-09 Benjamin Gloger
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Auditor

—t
previous timeline ."

refType
definition

reports

!

.1 (_’

T
&lte

Auditor

"For a human with an appropriate metrological
background (e.g. an auditor or a trained employee
of the calibration laboratory or its customers), a
DCC without refTypes must be fully comprehensible

in terms of content."
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Machine - Offline

c =P
previous timeline ."

reports

refType
definition

measuring
equipment

!

.j '_’

T
&lbe

O,
, bmachine

Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin

Bundesallee 100

38116 Braunschweig

Benjamin Gloger
Telefon: 0531 592-1019

E-Mail: benjamin.gloger@ptb.de
b www.ptb.de/dcc

‘a Stand: 02/23
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35 The Digital SchemaX (DX)

Presenting author: Justin Jagieniak, Physikalisch-Technische Bundesanstalt, Germany
E-mail address: justin.jagieniak@ptb.de

Additional authors: Benjamin Gloger, Gamze Soylev-Oktem, Jan Loewe, Moritz Jordan,
Muhammed-Ali Demir, Siegfried Hackel, Shanna Schonhals (all PTB)

Abstract

DX is the short form for Digital SchemaX. The Digital SchemaX is a modularisation of the
Digital Calibration Certificate (DCC) schema and will be used for the future development for
of the DCC schema in the version 4.0.0 and up. Furthermore, the DX can be used as an
inheritance for other kinds of certificates related to the DCC, because the DX does not
contain any XML-like Tree Structure and contains the typically types of a DCC schema
instead. This structure makes the DX useful for other certificates. The intention behind the
DX is to create a base for certificates in metrology. For example, for the Digital Calibration
Request (DCR), the Digital Calibration Answer (DCA), the Digital Certificate for Reference
Materials (D-CRM) and the Digital Certificate of Conformity Metrology (D-CoCM). The
presentation gives you an overview of news in this development.

Back to “Table of Contents” atpage 1|2 |3 |4
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Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin
National Metrology Institute

Digital SchemaX (DX)

Modularisation of the
Digital Calibration Certificate (DCC)

Presenting author:
Justin Jagieniak, AG 1.24 m

b Advantages of Modularisation

» Better reading comfort of the DCC
» Better understanding
» Avoid mistakes
» Allows inheritance
. Not only the DCC profites from the DX:
DCR (Digital Calibration Request)
« DCA (Digital Calibration Answer)
« DTC (Digital Test Certificate)
+ DRM (Digital Certificate for Reference Materials)
« EDC (Envelope Digital Certificate)

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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aPIB Advantages of Modularisation

DX

Schema (Type only)

Digital Calibration Request

Digital Calibration Answer

Digital Test Certificate

Schema

Digital Certificate for Reference Materials : DRM >
Schema
Digital Envelope e \
Schema [~ J"

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute

ppt-lolie-vorlage

B

DCC 4.0 and DX

= DCC — = DX

» Contains tree structures = Contains types only

and related elements = Doesn‘t have 3 tree

= Refers to DX structure, every type is
indepentend
L (2,
Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrologymg
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© [ docdigitalCalibrationCertificateType

administrativeData

o

© [ dccadministrativeDataType

decSofiware
( lType | dx:softwareListType J

coreData
©

®
l Type | dcc:core DataType J

dx:itemListType

calibraionLaboratory )

(" pre | dec:adm irlisiraﬁvsDBiSTyper

LType | dx:('.alibraﬁunLabulabryTypeJ

respPersons

lType dx:respPersonListType l

dx:contactType

dx:statementListType

The element administrativeData contains all essential

about the The entries

measurementResults ]

®
L_Type | dcc:mea suremeaneauIll..islTypaJ

 (conmen)®

document
dx:byteDataType

ative

2023-03-01

The root element that contains the four rings of the DCC.

© [ dccdigitalCalibrationCertificateType

o Attributes

(‘administrativeData &
(" {ype [ decadministrativeDataType

measurementResults )

® [ dccmeasurementResultListType

1o [messwemenesn )

LType ] dcz:measjrememResullL‘slTyveJ

{ comment ) ®

\__ | document
Gype dx:byteDataType

&)
Type dcc:measjrememﬁesmTypel

® [ docmeasurementResultType

® a

Z
i§

description
Type | dx:richContentType

usedMethods
Type | dx:usedMethodListType

usedSoftware )
T}_pi dx:softwareListType

Type [ ﬂx:msmm&ulmmwsﬁypg)

influenceConditions
Type | dx:influenceConditionL istType |

dx:resultListType

LTypo ] dx:measuamenlMstaDataLinTypaJ

J

Ameasurement results with he methods, software and
X ibration, Al i

influence....

Listof measurement results hat are part of a DCC.

The root element that contains the four rings of the DCC.
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How to use DX in XSD?

<?xml version="1.0" encoding="UTF-8"2>

<xs:schema version="4.0.0" xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns:dcc="https://ptb.de/dcc"
xmlns:dx="https://ptb.de/dx"
targetNamespace="https://ptb.de/dcc"

elementFormDefault="qualified">

<xs:import

namespace="https://ptb.de/dx"

schemalocation="dx.xsd"/>

0

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology‘lnstitute

2023-03-01 7

How to use DX in XSD?

<?xml version="1.0" encoding="UTF-8"2>

<xs:schema version="4.0.0" xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

elementFormDefault="qualified">

<xs:import

namespace="https://ptb.de/dx"

schemalLocation="dx.xsd"/>

Notes:
* |t is notintented to use the DX for a XML file.

* The intension is to use it as an modular extension
for another scheme.

E ) )
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology\‘lnstnute

2023-03-01 8
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How to use DX in XSD?

<?xml version="1.0" encoding="UTF-8"2>

<xs:schema version="4.0.0" xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

xmlns:dcc="https://ptb.de/dcc"

targetNAmespace="https://ptb.de/dcc"

elemen rmDefault="qualified">

<xs:import
namespac
schemalL

<xs:complexType name="administ
<xs:annotation>
<xs:documentation>
The element admin
The entries in tl
</xs:documentation>
</xs:annotation>
<xs:all>
<xs:element name="dggSoftware" typg="dx:softWareListType"/>
<xs:element name=" eData" type="
<xs:element name=" ms" type="dcc:itemList
<xs:element name="FAlibrationLaboratory" type="dx:calibrationLaboratoryType"/>
<xs:element ref=" respPersons"/>
<xs:element ref="dx:customer"/>
<xs:element name="statements" type="dcc:statementListType" minOccurs="0"/>
</xs:all>
</xs:complexType>

trativeData ins all essential administrative information about the calibration.
s area are the same and regulated in all DCCs.

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology‘lnstit/ute

2023-03-01 9

How to use DX in XML?

<dcc:digitalCalibrationCertificate
xmlns:xsi="http www.w3.0rg/2001/XMIL.Schema-instance"

xmlns:dcc="https://ptb.de/dcc"

|xmlns:dx="httgs:éég%b.deédx"|
xmlns:si="https://ptb.de/si"

schemaVersion="4.0.0">

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology‘lnstifute

2023-03-01 10 ppt-folie-vorlage
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PIB

How to use DX in XML?

<dcc:administrativeData>
<dcc:dccSoftware>
<dx:software>
<dx:name>
<dx:content>Notepad++ (32-bit)</dx:content>
</dx:name>
<dx:release>v 8.2</dx:release>
</dx:software>
</dcc:dccSoftware>
<dcc:coreData>
<dx:countryCodeIS03166_1>DE</dx:countryCodeIS03166_1>
<dx:usedLangCodeIS0639_1>de</dx:usedLangCodeIS0639_1>
<dx:usedLangCodeIS0639_l1>en</dx:usedLangCodeIS0639_1>
<dx:mandatoryLangCodeIS0639_1>de</dx:mandatoryLangCodeIS0639_1>
<dx:uniqueIdentifier>GP_DCC_temperature typical 1.0</dx:uniqueIdentifier>
<dx:identifications>
<dx:identification>
<dx:issuer>calibrationLaboratory</dx:issuer>
<dx:value>string-calibrationLaboratory-coreData</dx:value>
<dx:name>
<dx:content lang="de">Auftrags Nr.</dx:content>
<dx:content lang="en">Order no.</dx:content>
</dx:name>
</dx:identification>
</dx:identifications>
<dx:beginPerformanceDate>1957-08-13</dx:beginPerformanceDate>
<dx:endPerformanceDate>1957-08-13</dx:endPerformanceDate>

<dx:performanceLocation>laboratory</dx:performanceLocation> p A\
</dCcTcorenatYs B w?\m

7))
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2023-03-01 11 ppt-folie-vorlage

PIB

Build your own scheme

Your scheme ...

byteData richContent formula data
Type Type Type Type

software contact
Type Type

quantity relativeUnc usedMethod
Type Type Type

\\‘
D).

Physikalisch-Technische Bund alt m Braunschweig and Berlin National Melrology‘lnstltute

2023-03-01 12 ppt-folie-vorlage
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The modular DX allows us a common understanding of
DCC type and can be refound in different xml schemes.

In this way different projects and organisations or persons
can profite from following:
» Common understanding of used xml elements.
+ Common programming modules.
» Programs can recognize these types and
synchronize the data in xml files with different
schemes based on DX.

The DCC 4.0.0 will be based on DX. But the DCC 3.x.x has
long term support and will still be supported!

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute

Thank you
for your attention!

Justin Jagieniak (justin.jagieniak@ptb.de)

Dir. u. Prof. Dr. Siegfried Hackel (sieafried.hackel@ptb.de)
Dr. Shanna Schonhals (shanna.schoenhals@ptb.de)
Gamze Soylev-Oktem (gamze.soeylev-oektem@ptb.de)
Benjamin Gloger (benjamin.gloger@ptb.de)

» Dr. Lutz Doering (lutz.doering@ptb.de)
‘f. Moritz Jordan (moritz.jordan@ptb.de)

Muhammed Demir (muhammed.demir@ptb.de)
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Parallel Session 3: DCC and Industry

Presentations that would also fit into this session:
» 01 Digital Calibration Certificate as part of an Ecosystem

> 05 Bringing the Digital Accreditation Symbol and the Digital Calibration Report (DCC)
into Practice

09 The Semantics of Measured Quantities

11 DCC and Digitisation versus Digitalisation and Digital Transformation

21 DKD’s Contribution to DCC Harmonisation and Coordinated Development

22 GEMIMEG-II — Status and Progress Report

YV V VYV VYV V

31 DCCs for Non-Automatic Weighing Instruments (NAWIs) — Current Status of a
Respective Working Group Elaborating “Good Practice” Conventions

> 32 Digital Calibration Certificates for Weights and Mass Standards: Rules and
Applications

36  Pharmaceutical Test Case of a DCR- and DCC Implementation in an
Accredited Calibration Laboratory

Presenting author: Jakob Fester, Danish Technological Institute, Denmark
E-mail address: jafe@teknologisk.dk
Additional authors: Jonas Emil Vind

Abstract

The practical implementation of digital calibration certificates (DCC) and -requests (DCR)
meet a range of requirements and regulations and must link solutions to existing data- and
guality infrastructure (Ql). These aspects of DCC and DCR can represent serious
bottlenecks in the efforts towards implemented solutions before the administrative benefits of
the paper less- and machine assisted calibration process can be achieved. In this study, we
present a test case together with a major Danish pharmaceutical company where the whole
chain from DCR to DCC is demonstrated and evaluated based on a thermometer calibration
performed at the designated temperature laboratory (DI) at the Danish Technological
Institute (DTI). The DCC and DCR formats are constructed starting from the current good
practice examples and online material already published by PTB, and the templates are
reviewed with a focus on suggestions for future improvements, as evaluated from both views
of the customer and calibration laboratory, respectively. The DCR and DCC versions in the
study are XML-based, machine read and automatically exported by internal software. We
describe the transfer of data to- and from the internal QI system at DTl and designed an
integrated solution where the customer can create and send the DCR through a browser.
The primary focus is to provide feedback to the current DCR- and DCC templates and inspire
further practical implementations by potential users in industry.

Back to “Table of Contents” atpage 1|2 |3 | 4
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PHARMACEUTICAL TEST CASE
OF A DCR- AND DCC IMPLEMENTATION IN
AN ACCREDITED CALIBRATION LABORATORY

Jonas Emil Vind and Jakob Fester {presenter)

Danish Technological Institute (DTI)

Contact:

3 international Digital Calibration Certificate (DCC) conference

Wednesday 1 Marts 2023 (on-line)

TEKNOLOGISK
INSTITUT

OUTLINE

Who are we?
Motivation and purpose of the case study

Technical details

EalE

Conclusions and summary of learnings

TEKNOLOGISK
INSTITUT
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WHO ARE WE?

Danish Technological Institute {DTI)

+ Self-owned non-profit institute with +1000
employees.

« Designated Institute (DI) for contact thermometry,
water content, flow, anemometry and geometry.

= Calibration and Metrology services also include
pressure, force, humidity, mass, hardness and DC
electricity

= >75.000 pieces of equipment calibrated for more
than 3000 customers per year.

« Accredited by The Danish Accreditation Service,
DANAK (member of EA (European Co-operation for
Accreditation) and ILAC {International Laboratory
Accreditation)

novo nordisk

Novo Nordisk
+ Danish multinational pharmaceutical company

+ Production facilities in eight countries + affiliated

offices in 80 countries,

= Employs more than 55,000 people globally and

markets its products in 180 countries.

» Requests calibration from suppliers for approximate

15.000 measuring devices per year

_—_

TEKNOLOGISK
INSTITUT

MOTIVATION - WHY IMPLEMENT DCC AND DCR?

Danish Technological Institute
Benefits:

+ Implementation of DCC and DCR services for
calibration customers

Facilitate uptake in Danish Industry in coordination
and collaboration with partners in the Danish
system of Research and Technology Organisations
("GTS institutes") as well as by participating in
EURAMET working groups and projects

« Automization of internal calibrations and
calibration orders

« Collaborate with Danish companies to provide input
to the international harmonization of DCC and
DCR

Novo Nordisk
Benefits:

+ Transferer of calibration results automatically into
SAP QM will reduce time spend (up to 20 min. for
each calibration).

* Remove manual work and improve EHS
(environment, health and safety for NN employees)

» Reduce time spend on requesting calibration (up to
25 min, for each calibration)

« Reduce errors, 5% of errors in revised certificates
originate from the original request documentation
from Novo Nordisk

TEKNOLOGISK
INSTITUT
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THE CASE STUDY

. @
Activities: DANISH
. . Eead TECHNOLOGICAL
+ We performed a real calibration of a Novo novo nardisk INSTITUTE

Nordisk thermometer using early versions of
DCR and DCC service tools implemented in
the calibration laboratory at DTI Company Transfer Laboratory

Purpose: :> | ——
' “ e ‘ DCR
1. Acquire new “real-life” learnings to

+ Better help other companies to digitalize their

B N ies?
calibration processes (NM|’s/DI’s/customers) Dependencies?

uonesqied

* Provide feedback and user-based suggestions

to reach the best possible harmonized formats Equipment Dec
of DCC and DCR e
(——

2. Provide a showcase to inspire further
practical implementations by potential

users in industry .
F

TEKNOLUGISK

INSTITUT

IMPLEMENTATION APPROACH

Use of templates and formats:

DCC: Digital Calibration Certificate

- XML constructed based on Good Practice (GP)
examples pUbIIShEd by PTB Development-Platform

» schemaVersion=3.1.2

Geod Practice

DCR:
» XML constructed based on video tutorial from the 1=t
international conference on DCC Videos / Tutorial
» Adapted and extended to identified needs hittps:/Avww.ptb.de/dee/

TEKNOLUGISK
INSTITUT
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DCR TRANSFER

- Administrative data and calibration information automtically transferred to internal QM system without manual
typing of data
DCR upload platform

T Saved in
- database
o Request
Upload = calibration
Confirm

request

ﬁ

TEKNOLOGISK
INSTITUT

CALIBRATION AND DATA COLLECTION

+ Digitalized data collection enables automatic transfer of calibration data to database using intermediate software

Quality management system
Calibration Saved in

Automatic dabase

datacollection

Ready for
calibration

TEKNOLOGISK
INSTITUT
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PIB

Saved in
DCC GENERATION database
+ Validate conformity between generated pdf and XML files
+ Options for inspection and control/proofreading of generated files
Embedding
Send to into PDF
costumer Draft

Quality management system

TEKNOLUGISK
INSTITUT

CONSTRUCTION OF THE DCR FILE (XML)

alCalibr.
cr:administr
<dcr:derso

:xsi="http://wn

Identified need for additional fields (implemented):

<dcr:laboratory

+ Requested DCC format

+ Requested units in DCC

der:calibrationOrd:

+ Interfaces to check
= Check conformity with accreditation requirement (true/false)
» Requested MPE conformity assessment
= Requested full calibration after adjustment

Requested by Novo Nordisk but not implemented:

» Requirements to calibration environment conditions,
instructions regarding the calibration and calibration setup
requirements

+ Requirements to uncertainty level and method

+ MPE and adjustment limits g <der:billinghddress

<dcr:billingRefer

</dcr:administrativeData>

<dcr:task>

<dcr:saskTexta>

<dcr:items>

<dcr:expiringDate>

<dcr:interfacesTo

der:justage>

H <dcr:specification

der:measurin

<dcr:requested

</dcr:tasic>
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TRANSFER OF INFORMATION FROM DCR TO DCC

~/ Adminstrative data is efficiently transferred
~/ Other information that can be transferred:
» Customers Equipment ID (existing field)
» Requested DCC version

= Requested stated units in DCC

Company

Equipment

3"international DCC-Conference

Transfer

Laboratory

TEKNOLUCGISK

uoneJqied

INSTITUT

TRANSFER OF INFORMATION FROM DCR TO DCC

No satisfactory solution found:

Customer Calibration ID (e.g., SAP Inspection
Lot number at Novo Nordisk) transfer to DCC?

- No place a “customerCalibration|D” (e.g.,
inspection lot number in SAP system Novo
Nordisk) in DCC

Answer/confirmation in DCC to accreditation
requirement in DCR (true/false)
= We apply the statement section under

administrative data in the DCC, but request a
more suitable field

Company

Eguipment

Page 376 of 559
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TRANSFER OF INFORMATION FROM DCR TO DCC

BeR

No satisfactory solution found:

Customer Calibration ID (e.g., SAP Inspection
Lot number at Novo Nordisk) transfer to DCC?

* No place a “customerCalibrationID" (e.g.,
inspection lot number in SAP system Novo

Nordisk) in DCC

Answer/confirmation in DCC to accreditation — 12

requirement in DCR (true/false)

= We apply the statement section under
administrative data in the DCC, but request a
more suitable field

civalid

="dk">Falibreringen er mAfert akkrediteret
="en">This Accredited calibration was was

TEKNOLOGISK
INSTITUT

NEXT IMPROVEMENTS AND CONTINUED WORK

+ Accomodate identified needs to be able to return

* Requested DCC version

* Requested units stated in DCC

« Unambiguous customer calibration ID from DCR to DCC
= Adaption to updated templates and version control

= Full machine based dispatch and receipt of DCR and DCC over time ---——]

= At Novo Nordisk:
= Gradual transition towards implementation

= Needs to go from test environment to actual calibration system

Future receipt of DCR
Browser based?
Mail bot?
QM system?
Cloud service?

?

Y v

YV YV W

» Define new relevant internal standards for IT system

DCR upload platform

N =
Upload
==
(=)

= Semi-automatic dispatch and receipt of DCR and DCC where fx employees
will double check the automatic transfer of data by visual inspection

Page 377 of 559
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CONCLUSIONS AND NEXT STEPS

Conclusions:
» Benefits were demonstrated for both calibration laboratory and customer
» Practical learnings achieved

= Requests for specific content in future DCR (and DCC) good practice examples or standards
identified by calibration provider and customer togehter.

Planned next steps:
- Dissemination towards Danish industry

= Pass on learnings and feedback through the Danish coordinated DCC-collaboration group
among GTS institutes the international DCC community and working graups (TC-IM 1448, ...)

@ Acknowledgement: This study was supported by a grant from Danish Technological Institutes
Dn!‘llsh Aganyfor Higher performance contract 2021-2024, entered with the Danish Agency for Higher Education and Science,
Education and Science under The Ministry of Higher Education and Science Denmark. Collaborators are greatly acknowledged.
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37  Development of a Universal Measurement Model Framework

Presenting author: Michael Brown, Fluke Corporation, United States
E-mail address: michael.brown@flukecal.com

Abstract

Calibration processes and software have largely been developed with a direct
measurement comparison method at the forefront. While adequate for many routine
calibration processes, this approach becomes insufficient for more complex
calibrations and often leads to the creation of special processes, tests, or
workarounds which are neither ideal nor sustainable over the long term. In some
cases, these inadequacies initiate the development of a completely new and
separate calibration processes and software designed to specifically address a single
calibration discipline or measurement problem. Here we discuss a complete and
universal measurement model framework capable of accommodating routine and
complex calibration scenarios alike and allows the use of the various comparison
types including direct, indirect, ratio, differential, transfer, and substitution
measurement techniques. Additionally, the framework generates a comprehensive
set of records to include, all original observations, calculations, corrections,
conversions, environmental factors, and measurement results, allowing for step-by-
step auditing of every measurement performed. When used in conjunction with the
Digital Calibration Certificate or DCC, we enable the ability for measurement
processes to be exchanged in their entirety in a manner which can facilitate full and
complete interoperability.

Back to “Table of Contents” atpage 1|2 |3 |4

FLUKE -
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Development of a
Universal Measurement
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Background

300

Pressure Gauge

Range Nominal

3"international DCC-Conference

wer Limit [ Result 100 gram Precision Balance
300psig G.0psig 54.0 62 Pass
1200psig 117.0 1 Pass
180.0psig 177.0 181 Pass Mass Accuracy
240.0psig 340 Range Cardinal Point_Applied _Lower Limit__*Measured Upper Limit
300.0psig 2930 0- 1008 10g 10010
240.0psig 2340 =g o
180.0psig 177.0 sog soom0
1200psig 117.0 e [ 7010
wapsig s = [—
0.0psig 60 -
¥ ty
Range “Measured
Torque - Clockwise (Ibf - ft) 21008 I
] Range Nominal Applied Readings Measurement Results
5Cto 3501bf -t S016F- Rt s0 P A TR — =
T S0t IS0MbN 500 ft 150 | - dwr =
3 sumzmumr sumen 250 B
Upper Limit
Length - Qutside (mm) e = [ sesne
Off-Center Shift
# Range Neminal _ Applied Readings (Lower) Expected 1Uppery Range Applied  *Measured  Ervor
1 010100 mm 71 mm 1.0 w039 210 21000 0-100g Center
2 22 mm a2.0) 41998 azoo Top Left
3 50.5 mm) 60.5 60.499 60.501 et
4 BLS mm) 61 81499 BLSOL Gottam Left
5 100 mm| 100.0 99,999 100,001 Battom Right Upper Limit
Maxbror [ ] maeworesoig

Calibration Datasheet

100 gram Precision Balance

Mass Accuracy

*Measured

Upper

0-100g 10,010
Bg 990 B0
50g 4,990 50010
g 74.9% 7000
Bg 94.990 95.010
Repeatability
Range *Measured
0-100g

| I—

n-1

_—
[Ty
Off-Center Shift \I

Range Applied  *Measured Error

0-100g Center
TopLeft
TopRight

BettemLeft

Gottom Right

Upper L

MaxError [ ] MaxEmeresiilg
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Calibration Datasheet

100 gram Precision Balance

Mass Accuracy
Range Cardinal Point
0-100g 10g 0.000 swo [ ] 10010
24.990 5010
43,990 50010
%5 I %010 Mean Value

94990 .010

Lower Limit__*Measured Upper Limit

2
E

Repeatability
Range
0-100g

*Measured

I\

(— ~— Sample Standard Deviation

[Csam0 ]

i " _\3 Upper Limit
¥ — 1) —_—

n -
Off-Center Shift —_—

Range Applied  Measured Error —_—

0-100g tenter S0 ] [ JC__]
Top Left
TopRight T
BeottomLeft

Bottom Right

—~—  Maximum- Minimum

Upper Limit

Max Error |:| Max Error ss011g

—

From - Every Calibration is Different and Unique

S A /S v}
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From - Every Calibration is Different and Unique

To - Every Calibration Consists of 6 Basic Steps

Record Indications Apply Corrections Perform Conversions Calculations Compare Values Report Results

Measurement Process

000 Q- 0 0

Record Apply Perform . Compare Report
Indications Corrections Conversions Eakulaicns Values Results

Measurement Function Mea;:srzr;erﬂ.
Indications Corrected Converted Input Quantities B= A0 X, X) Output Quantities Measured Verification
Indications Indications Y= (X1 X, 0, Xn) Quantity Value T
Ko Xao Xa) | (B Ko T) | (R B 20) (Fo X ) Yo = falXa, X, o Xn) Yoy o V) Rules
— Input Estimates Estimation Output Estimates
sens nzhtd g:i
Yz = 1 Lgp ey
GRS Gaesy  NEREETE
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100 gram Precision Balance

Calibration of 100 g Balance at 50 g with a sin

gle measurement

3"international DCC-Conference

x min max I ot Span Mo MR v
50 g Mass Standard
| N g g 5000000 500000 500000 0000 0000 0000  NaN 50000  0.00%
Ut
l n g § 4090500 49.9950 49.9950 0000 0000 0000  NaN 49995  0.00%
Corrections = min max 5 a? Span Mo MR [
K[ 10 ]
I x B 50.0000 g 50.00000 50.0000 50.0000  0.000 0.000 0.000 NaN 50.000 0.00%
' ©
| % B 49.995 g 4999500 499950 49.9950 0.000 0.000 0.000 NaN 49.995 0.00%
Conversions X min max o a? Span Mo MR Cv
5] &
# B 50.0000 g 50.00000 50.0000 50.0000  0.000 0.000 0.000 NaN 50.000 0.00%
| &
I £ B 49.005 g 4900500 409050 40.9950 0.000 0.000 0.000 NaN 49,095 0.00%
| Output Quantities x min max o o Span Mo MR Ccr
Applied ¥, g 500000 g 500000  5HpOp0 500000 0.000 0.000 0.000 NaN 50000  0.00%
Expected , g 50.000 g 50000 | spooo0 500000 0.000 0000 0000 NaN 50000 0.00%
I Measured 2 B 49.005 g 49095 409050 499950 0.000 0.000 0.000 NaN 49,995 0.00%
|
é # Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to 100 gram 50g 50.0000 g 50.000g 49990¢g 49.995g 50.010g
100 gram Precision Balance
Repeatability of 100 g Balance at 50 g with 5 measurements
d x min max a a? Span Mo MR v
50 g Mass Standard
| * g‘ 50.0000 | 50.0000 | 50.0000 ‘ 50.0000 | 50.0000 | g S0.00000 500000 500000  0.000  0.000 0000 50000 50000 0.00%
| out
+ X g 45.991 50.000 50.002 50.004 49.935 § 4559840 49,9910 50.0040 0,005 0.000 0.013 NeN 493,998 0.01%
Corrections I min max a o? Span Mo MR 43
K,
I i £ 50.0000 30.0000 50.0000 50.0000 50.0000 § 350.00000  50.0000 50.0000 0.000 0.000 0.000 350.000 50.000 0.00%
| t,
X [ 4£9.89100 50.00000 50.00200 50.00400 49.99500 £ 4999840  49.9910 50.0040 0.005 0.000 0.013 NaN 49.993 0.01%
Conversions z min max s a? Span Mo MR (4
] a
# [ 50.0000 50.0000 50.0000 50.0000 50.0000 £ 50.00000  50.0000 50.0000 0.000 0.000 0.000 50.000 50.000 0.00%
| &
I Y g 49.93100 50.00000 50.00200 50.00400 49.99500 g 4999840 49.9910 50.0040 0.005 0.000 0.013 NaN 49.998 0.01%
| Output Quantities x min max g ot Span Mo MR Lr
Applied y, g 50.0000 50.0000 50.0000 50.0000 50.0000 £ 50.00000  50.0000 50.0000 0.000 0.000 0.000 NaN 50.000 0.00%
Expected 1 g 50.000 50.000 50.000 50.000 50.000 g 5000000 50.0000  50.0000 | 0.000 0.000 0.000 NaN 50000 0.00%
I Measured y; B 43991 50.000 50.002 50.004 49995 g 4999840  49.9910 50.0040 0.005 0.000 0.013 NaN 49.993 0.01%
|
é # Range Nominal Applied  Expected Lower Limit Measured Upper Limit

1 0to 100 gram

Og 0.000g

0.000g

0.000 g
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100 pL Pipette

Accuracy and Precision of 100 pL Pipette at 10 pL with 10 measurements

Indications T min max a o= Span Mo MR Cr
. DUT Test Volume

s w|[ 00 | 00 | a0 | w0 | 0 || w0 100 0000 000 0oso oo 10000 10000 ook

[ 00 [ w0 [ w00 | w0 [ 100 |

Precision Balance

v wg[ mm | e | wmee | wom | e | | wmowm  osm  mo oms  omo oo seom  saces o
[ wo0s [ sss [ w002 | o1 | 1003 |

Corrections X min max g a’ Span Mo MR Cw
S wo e s N
10.0 10.0 10.0

| R = P
10.0611 10.0109 10,0811 10.0410 10,0611
E Conversions min max a a2 Span Mo MR cr

¥ mg 10.0511 10.0210 10.0511 10.0611 10.0310 10.045 10.011 10.061 o.017 0.000 0.050 10.051 10.036 0.16%
2

£l

s 10.00 10.00 10.00 10.00 10.00 10.000 10.000 10.000 0.000 0.000 0.000 10.000 10.000 0.00%
10.00 10.00 10.00 10,00 10.00

a [0 Jeescccomverfomgrom

|
|
I £ e 10.0511 10.0210 10.0511 10.0611 10.0310 10.045 1.011 10.061 0.017 0.000 0.050 10.051 10.036 0.16%
10,0611 10.0109 10,0511 10.0410 10,0611
Qutput Quantities x min max o a® Span Ma MR cv
Applied ,,  wl 10.00 10.00 10.00 10.00 10.00 10.000 1W.000  10.000 0.000 0.000 0.000 10000 10000 | Q.00%
10.00 10.00 10.00 10.00 10.00
| .,
|
|

Expacted 5, il o 10.00 10.00 10,00 10.00 100001 10000  10.000 0.000 0,000 0.000 10000 10.000 |GGG
10.00 10.00 10.00 10.00 10.00

Measured 5, pL 10.0511 10,0210 10,0511 10.0611 10.0310 10,045 10.011 10.061 0.017 0.000 0.050 10.051 1000 [NEHEEN
10.0611 10.0109 10.0511 10.0410 10,0611

Range Description  Nominal Applied Expected Lower Limit Measured Upper Limit
100 pL Accuracy 10 puL 10.00 pL 10.00 pL 9.65 pL 10.05 pL 10.35pL
100 L Precision 0% 0.00% 0.00% -100%0 0.16% 1.00%

0 psi to100 psi Pressure Transducer (4 mA to 20 mA)

L
. I L kokm
T

E puT

Pressure Controller

=X |4 .
(ﬁ) — outputmin
outputmax — outputmin

16

= rangemin + (rangemax — rangemin) -

y, = 0+ (100 — 0) -
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100 psi Pressure Transducer
Calibration of 100 psi Pressure Transducer at 75 psi with 5 measurements

Indications X mn max g a2 Span Mo MR Cu
Pressure Controller
1 psi 74.9988 | 75.0031 l 74.9979 l 75.0012 | 75.0018 psi 75.00056  74.9979 75,0031 0.002 0.000 0.005 NaN 75.001 0.00%
Voltmeter
I X v 15.9986%5 I 15.9946 ] 15.9985 [ 15.99914 I 15.9993 v 15.99804 15.9946 15.9993 0.002 0.000 0.005 Nan 15.997 0.01%
I Current Shunt
* kol 099999879 0.99999879 I 0.99999879 0.99999879 0.99999879 kO 0.99999879  1.0000 1.0000 0.000 000.0E+0 0.000 1.000 1.000 0.00%
Corrections X men max g Ll Span Mo MR Cv
7 A [ 10 o 10 ¢ 10 ]
£5Y pst 74.9988 75.0002 74.9979 75.0012 75.0018 psi 74.99998 74.9979 75.0018 0.001 0.000 0.004 NaN 75.000 0.00%
| %
2 v 15.99865 15.99460 15.99850 15.99914 15.99930 v 15.99804 15.9946 15.9993 0.002 0.000 0.005 NaN 15.997 0.01%
' %
I £ *Q 0.99999879 0.9999987% 0.99995879 0.99999879 0.99999879 kO 1.00000 1.0000 1.0000 0.000 000.0E+0 0.000 1.000 1.000 0.00%
[5E] Conversions x mm max ° o2 Span Mo MR cv
G 10
£ psi 74,9388 75.0002 74.9979 75.0012 75.0018 psi 74.99998 74.9979 75.0018 0.001 0.000 0.004 NanN 75.000 0.00%
' &
I 2 v 15.99865 15.99460 15.99550 15.99914 15.99930 v 1599804  15.9946 15.9993 0.002 0.000 0.005 NaN 15.997 0.01%
I o
A kO 0.99999875 0.99999879 0.99993879 0.99999879 0.99999875 ko 1.00000 1.0000 1.0000 0.000 000.0E+0 0.000 1.000 1.000 0.00%
Output Quantities x min max I3 a* Span Mo MR Cv
Applied ¥y, psi 7a.9988 75.0002 74.9979 75.0012 75.0018 psi | 7499998 ja9s7e 750018 0.001 0.000 0.004 NaN 75.000 0.00%
I Expected 3, psi 74.999 75.000 74.998 75.001 75.002 psi 75.0020 0.001 0.000 0.004 NaN 75.000 0.00%
| Measured . psi 74.9917 74.9664 74.5907 74.9347 74.9957 psi 74.9957 0.011 0.000 0.029 NaN 74.981 0.01%
é # Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100psi 75 psi 74.9998 psi 74.9813 psi 75.0188 psi
Various Reported Results
# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to 100 psi 75 psi 74.9998 psi 75.0000 psi 74,9813 psi 74.98786 psi 75.0188 psi
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Various Reported Results

3"international DCC-Conference

# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100psi 75 psi 74.9998 psi 75.0000 psi 74.9813 psi 74.98786 psi 75.0188 psi
# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100psi 16 mA 74.9998 psi 15.9999 mA 15.9970 mA 15.9980 mA 16.0030 mA
Various Reported Results
# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100psi 75 psi 74.9998 psi 75.0000 psi 74.9813 psi 74.98786 psi 75.0188 psi
# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100psi 16 mA 74.9998 psi 15.9999 mA 15.9970 mA 15.9980 mA 16.0030 mA
# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100psi 16V 74.9998 psi 15.9998 V 15.9969 v 15.9979V 16.0029 V
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Various Reported Results
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# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100 psi 75 psi 74.9998 psi 75.0000 psi 74.9813psi  74.98786 psi 75.0188 psi
# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100psi 16 mA 74.9998 psi 15.9999 mA 15.9970 mA 15.9980 mA 16.0030 mA
# Range Nominal Applied Expected Lower Limit Measured Upper Limit
1 0to100psi 16V 74.9998 psi 15.9998 Vv 15.9969 Vv 15.9979V 16.0029 v

Without knowing the measurement function, we cannot understand the true
relationship between the measurement result and the intended application.

Conclusion

« Every calibration can be performed by implementing 6 basic functional steps

« A quantity value consisting of only a number and unit is incomplete without identifying what type of statistic

the number represents

« The measurement result can be assigned one of several summary statistics produced by a measurement

function

« A complete record of all observations, calculations, and conversions is maintained, facilitating a step-by-step

audit of any measurement

« Defining and including the measurement function in DCC's can be used to facilitate interoperability

+ Proposal :

A Universal Measurement Model (UMM) namespace to include the full measurement process in DCC's
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e Calibration

Thank You!

Michael Brown

Fluke Corporation

Everett, WA USA
michael.brown@flukecal.com

Precision, Performance, Confidence™
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38 The Quality of Sensing, of Data or of Information

Presenting author: Dr. Thomas Engel, Siemens AG, Germany
E-mail address: EngelThomas@ Siemens.com

Abstract

In a digital world, data scientists have to rely on the data they get from the various sources.
For the metrology domain it is important to not only have the measured value plus its
tolerances and unit but also to have some additional information about the conditions where
the measurement was performed. The approach of QoX, where X is an abbreviation for
Sensing (S), Data(D) and Information (1), is intended to convey supplementary information
about the measurement conditions or environment parallel to the data. It is intended as an
open but concise concept to report, transport, and propagate QoX in parallel to the measured
data, when they are processed in order to provide respective QoX indicators also for the
result. The QoX do reflect the domain where they are generated. This is of great value for
data scientist to understand where a specific QoX was generated in the process to trace
back easily the origin of the data used.

This talk will introduce to the concept of QoX and present some related methods how to
determine QoX values. Furthermore, early concept ideas how to propagate QoX of input
values into meaningful QoX related to the output of respective operations or evaluations on
the input values will be shared.

This work to optimize the quality of data is part the GEMIMEG-II project which is funded by
the German ministry for economic affairs and climate action based on a decision by the
German Bundestag under grant number 01 MT20001A.

Back to “Table of Contents” atpage 1|2 |3 | 4
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Dr. Thomas Engel
31 International DCC Conference, PTB, Braunschweig, Germany
March 1st, 2023

unrestricted | @ Siemens 2023 | Thomas Engel | T CED | 2023-03-01 SI EM E N S

Motivation

Future Vision of Industry 4.0:
In a fully automized quality infrastructure, the interacting parties are machines or computer systems.

All data/information contained in data files are taken for granted by the chain of IT systems. There is no
space attributed to assess the quality of a datum itself or of the information content attributed to the data.

Today‘s good practice:
The metrologist observes the measurement and even other external conditions around the measurement.
She/he only trusts the measurement to full extent, when she/he feels comfortable with the data measured

and all her/his observations — conscious or incidential — around the measurement
Open Question:
How to close the ,,digitalization gap” to convey the positive ,,gut feeling of the metrologist or data

scientist about the values measured, the data derived or the information gained along with the data?

unresticted | ©Siemens 2023 | Thomas Engel | T CED | 2023-03-01 SIEMENS
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The QoX Concept

Quality Information can be derived for data in different domains. To make fully transparent in which domain /
which expert the quality information has been derived, the following structure is suggested:

Quality of Sensing (QoS):
+ Characterizing the sensing domain - Attributed to data by metrologist / sensing expert

+ Sensor values are preferably agnostic to specific sensor system used to improve interoperability in
subsequent processes

Quality of Data (QoD):

+ Characterizing the data evaluation, data operations and data fusion = Attributed to data by data scientist
Propagate the QoS of incomming data and incorporates also effects of data operations

Quality of Information (Qol):
+ Characterizing the trust level or trustworthiness of information = attributed to information by data scientist
* Propagate the QoS and QoD of incomming data and incorporate also effects of information generation

unreshicled | ©Siemens 2023 | Thomas Engel | T CED | 2023-03-01 SIEMENS

Quality of X: QoX
X: Sensing, Data, Information; ...

A measurement result typcially consists of:

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

Example: Length measurement
8.412 pm (105 m) +10 um 3g
(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 Software / model based sensor ~ Accuracy of information derived
Signal/Noise ratio (SNR) Data fusion: residual error level ~ Machine/system status, DT
Battery status of sensor Battery capacity of sensor Remaining Battery Life

Motion blurring Sensor network data, modalities  Al: Classification quality / %

Sensor motion/Doppler effects Redundancy/Diversity of Data Anomaly detected (yes/no)

unreshicled | ©Siemens 2023 | Thomas Engel | T CED | 2023-03-01 SIEMENS
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Quality of X
X: Sensing, Data, Information, ...

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 frst suggestion for semantics can be found in
Vedurmudi, A P, Neumann, J., Gruber M., Eichstadt, 8 | Semantic Description of Quality of Data in Sensor Networks,
Submitted for publication to Sensors

Addilonal aspects have been denved in the project and will be published soon in Measurement Science and Technalogy in
special issue of CIM 2023 conference

unreshicled | © Siemens 2023 | Thomas Engel | T CED | 2023-03-01 SIEM ENS

How to combine QoX values?

Goal / Aspiration:
Resulting QoX values should reflect the quality of the related datum/information in a conclusive way based on
the QoX values of all contributing data values/information used while generating the datum/information.

Implications:
« Different input data differ in influence on result data/information 2 QoX should reflect it
* Weighting should be possible while combining QoX
* Weighting factors according to computation of data / numbers
+ For ease of combining QoX, they should be scaled to [0 1] with 0: no quality and 1: optimal quality
« Preferably, QoX are unit less, e.g. by scaling to best possible value
+ Caution; For some computations, a value of 0 can be critical

unreshicled | © Siemens 2023 | Thomas Engel | T CED | 2023-03-01 SIEM ENS
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General Concept
Averaging functions applied to QoX

For the application with QoX the formulas read:

A) Arithmetic Mean or weighted arithmetic mean
N\ QX iy we QoX,
-y o~ L g

=i k=1Wk

B) Geometric Mean or weighted geometric mean

x=
C) Harmonic Mean or weighted harmonic mean
-1 —13 1
_ (Z“: 1 ) i Th=1We (E}éﬂwk Qoxkl)
XxX=n - n Wy, - no
k:lQan k=1Q0Xy Zic=1 W

D) General Mean / Hélder mean is also valid and applicable for QoX, which are positive real numbers.
SIEMENS

unreshicled | © Siemens 2023 | Thomas Engel | T CED | 2023-03-01

Example: Fourier Ptychography Microscope (FPM)

Synthetic aperture imaging microscope
* Multitude of individual light sources for illumination

= High resolution high aperture images are fused from
low resolution low aperture images of one / few light
sources

= Depending of illumination aperture, single images
have different image quality > QoS

+ Question:
What is the quality of the image fused? - QoD

SIEMENS

unrestricted | © Siemens 2023 | Thomas Engel | T CED | 2023-03-01
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Example: Fourier Ptychography Microscope (FPM)

[Sr——

The table shows generic QoS assigned to each LED of the
illimination system and respective contribution weight factors
for each ring with related aperture of illumination.

Results:

0,422  Arithmetic Mean with constant NA weighting
0,295 Geometrix Mean with constant NA weighting
0,565 Arithmetic Mean with MTF weighting
0,429 Geometrix Mean with MTF weighting

A lower weighting of images with higher aperture illumination
reflects the effect of a typical modulation transfer function
(MTF) of the respective optical system and thus improve the
final QoD for the image fused.

7Se—— 3\
(\E////, e :;\?/Z’\/\\z)

MU =N\
\\§§(\( - ) /’j]z);f)
N
unrestricted | ©Siemens 2023 | Thomas Engel | T CED | 2023 S IEM ENS
Conclusion
» How to incorporate the QoX into the DCC?
+ QoX can be added as supplemented information in the DCC schema — discussions are started
+ Clear and unique definition of respective QoX needed
+ Definition of formula for calculation
+ Structured notation of QoX input channels with related weighting factors
» QoX do contain additional information about the quality of sensing, data and information
+ QoX are supplementary information about the data/information and do not compete with
measurement uncertainties or measurement errors
+ QoX are optional information attributing the data or information
unreshicted | © Siemens 2023 | Thomas Engel | T CED | 2023-03-01 SlEM EN S
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39 Two Implementations of Digital Calibration Certificates in Industrial and
Metrological Services

Presenting author: Marcos E. Bierzychudek, INTI, Argentina
E-mail address: mbierzychudek@inti.gob.ar

Additional authors: D. Coppa, A. Toran, L. Di Lillo, C. Muzzio, L. Gurevich, N. Dini, F.
Wainstein, F. Serrano, R. Benevenia, A. Zapata, D. Calero Costa, J. C. Suarez Bar6én and L.
Alvarez.

Abstract

This work presents the implementation of the DCC in two traceability chains from the national
standards maintained at INTI (Instituto Nacional de Tecnologia Industrial) up to the services
of the company HITEC. INTI can provide a DCC to the company’s standards. Then, HITEC
can perform a metrology service using that DCC and writing a new DCC for the customer.

The first traceability chain is applied in electrical metrology for the calibration of multifunction
calibrators. These standards are broadly used in the industry because they are required to
realize the performance verification of hand multimeters and other instruments. The
calibration procedure includes the measurements of more than 100 points. Thus, the DCC
can help to improve the usability and control of all this data. In addition, the DCC eliminates
the errors and the workload associated with the human-readable calibration certificate.

The second traceability chain starts with the vibration standard at INTI, and finished with the
vibration sensors of the Terative system developed by HITEC. This system analyses the
sensor data utilizing an IA algorithm for predictive maintenance of rotating machines. The
first step is the calibration of an accelerometer by INTI, which is used to calibrate a shaker at
HITEC. Then, the sensors are calibrated and finally, the data generated for these sensors
can be corrected before the data processing. This case of use allows embedding the DCC in
machine learning software, taking full advantage of new trends.

Back to “Table of Contents” atpage 1|2 |3 | 4
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M. Bierzychudek, D. Coppa, A. Toran, L. Di Lillo, C. MuzZio, L. Gurevich, N. Dini, F. Wainstein, F.
Serrano, R. Benevenia, A. Zapata, D. €alero Costa, J. €. Suarez Barén and L. Alvarez.
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INTI Industrial
Project overview &

Associative research project funded by the Ministry of Science and
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Partners:

Instituto
P"TEE SRL : Nacional
. de Tecnologia
sensing & control INTI industrial
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Project overview

Objetives

To ensure the calibration data quality in its generation, use and
transference by means of a digital calibration certificate.

Project overview

Traceability chains

+ To implement a digital traceability chain from the vibration standard
at INT! up to the sensors produced by HITEC. The work involves a
new standard for INTI and the implementation of calibration
procedures at HITEC.

+ To implement a digital traceability chain in an automated process of
calibration of multifunction calibrators. The work involves the
development of the calibration procedure, software and a
multivariable multiplexer.
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DCC -

INTI develop a software to DCC generation, for more information see:

“Software for the Creation of Machine and Human Readable Reports”
by Diego Coppa at 12:30 h (UTC) Wednesday.

m— P
=INTI 655
Instituto Nacional
de Tecnologia Industrial

DCC in a Vibration

Traceability Chain
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Vibration traceability chain

INTI
primary
system

DCC

HITEC
Standard

Calibrator

9100 or
SV110

DCC

Vibration
sensor

DCC

Vibration traceability chain

pr'i’;’gry INTI implemented the digital
system calibration certificate for accelerometer
and calibrators

N HITEC
Standard
DEE

; Calibrator
9100 or
v SV110

DCC

> Vibration
sensor

DCC
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Vibration traceability chain

INTI
primary
system

DCC

HITEC calibrates the
vibration calibrators.

.~/

HITEC
Standard

Calibrator

9100 or
SV110

DCC

Vibration
sensor

DCC

Vibration traceability chain

©
INTI

primary

system

A HITEC
Standard
DCC

; Calibrator
9100 or
v SV110

DCC

Vibration
sensor

HITEC can calibrate

its vibration sensor BrC
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Vibration traceability chain

Terative system analyses the vibration sensor data utilizing an Al
algorithm for predictive maintenance of rotating machines.

Calibration of sensor within Terative system to provide

+ Traceability (ensure quality of data)
» Compatibility between sensors
» Uncertainty calculation

Vibration traceability chain

The integration of DCC in Terative software allows to design the
software with the ISO/IEC 17025 approach (equipment (6.4), traceability
(6.5), technical register (7.5) and assurance of the validity of results
(7.7))

+ DCC database and automatic identification of the device

+ Automatic date control and verification of calibration period

» Automatic evaluation of error measurement to determine that the
device is within specification

» Control chart

+ Automatic measurement error correction
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Vibration traceability chain

Vibration sensor

# ki .E [ | cisptay
‘ femperature and humidit NCC . I il
s ns‘l’:\er( DCC $V 7 state of the machine -

> Data processing f ;

l-— ﬁ] Reports
Anomaly detection —

[
- 2]
# /| Ners
/1 Current sensor Fault diagnosis
N I 4} Personalized service
() = s L) Faiture prodiction oy
© cowmatnse —
Other variables

Sound sensor >

Vibration traceability chain

Calibration certificate
HITEC SRL X
sensing & control New certificate
Dreccir o koo

~IDENTIFICATON—m———————

CERTIFICA

1 year (recommended)

B View certificate

X Cancel v Accept
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Vibration traceability chain

7] i « & Master Data ~
Master Data / Calibration certificates

Vibration traceability chain

Sensor detail Sensor detail

(CALBRATION————————————— ~CALIBRATION:
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— .
=INTI 655
Instituto Nacional
de Tecnologia Industrial

DCC in an Electrical
Traceability Chain

Electrical traceability chain
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Electrical traceability chain .

* More than 100 point of calibration
* The analysis of measurement errors is complex

+ The application of correction allows to use data history to reduce
uncertainty

+ Service with high workload

Electrical traceability chain .

Fully automated system to calibrate multifunction calibrators.

Magnitude Range

DC voltage 100 mV — 1000 V

AC voltage 100 mV — 1000V up to 10 kHz
DC current TMOpA-20A

AC current 10 uA-20 Aupto 5kHz
Resistance 10-1GQ

Capacitance 1 nF - 100 pF
Frequency 10 MHz
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Electrical traceability chain "
Front panel Rear panel
multimeter Calibrator multimeter

Input Resistores NOI'malo B ! o

O & 0O
3l i

SenseO Aux o \ o

o—0

o0
\

Carriente
Current Multivariable
module module
Electrical traceability chain .

DATOSEQUIROS CONFIGURACION | MEDICIONES PARCIALES MEDICIONES FINALES.
Clignte Mulimetro a Calib
WVISAMULTIMETRO &
;!«..mu 18.103.47/GPIBD:6=INSTR . ::’
Fecha Actual ;:::'r ] ]
Ll o we 0 For more information see: A
Direcciones Visa (GPIE) [ L
je e Proof of Concept for a Digital
. Calibration Environment or
et e Digital Multimeters, 12:45 h
. \VISA CALIBRADOR Calibrador a utilizar (UTC) Thursday
tmwula.n‘ms‘«lmmmm I 5100 @
N" de Serie e
500
1 Medir Temp Multimetra 5520 0

Iniciar Configuracion
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acio
nologia Industrial

Conclusions

Conclusion

The Digital Calibration certificate platform was implemented.

The partners are working to establish two digital traceability chain
from primary standard up to vibration sensors and high accuracy
calibrators.

A fully automated system to calibrate multifunction calibrator is
under test.
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Parallel Session 4: Human Readable DCC

Presentations that would also fit into this session:
» 01 Digital Calibration Certificate as part of an Ecosystem

12 Development of PDF based Digital Calibration Certificates at NMIJ, AIST

>
> 53 DCC Middleware — Obstacles and Approaches
> 56 DCC via iPhone (or iPad)

40 Human Readable Digital Calibration Certificate for Piston-Operated
Volumetric Apparatus

Presenting author: G.D.Thilini Asoka Pathiragoda, Industrial Technology Institute, Sri Lanka
E-mail address: thilini@iti.lk, pathiragodat@gmail.com
Additional authors:

Abstract

The high demand for calibration of piston operated volumetric apparatus fulfilled through
digitalization from customer request to issuing calibration certificate. Internationally
competitive calibration services provided to local and foreign customers along with digital
calibration certificate. This electronic human-readable version reduce handling, storage,
retrieval time and more efficient than the analog version in hardcopy. Report preparation and
reviewing time has reduced significantly. Each Single page auto generated volumetric
apparatus calibration certificate contain delivered volume with uncertainty. Calibration
measurement capability(CMC) 0.3ul for micropipette of 20ul. Customer shall extend or
reduce recalibration interval over time with trend analysis, statistical process or other
methods analyzing the previous data using E, ratio. Similarly to ensure validity of results and
guality assurance; the degree of equivalence evaluated by E, number statistical formula for
measurement results management.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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Digital calibration certificate (Human readable)
for Piston operated volumetric apparatus

3rd DCC conference - Online

G.D. Thilini Asoka Pathiragoda
Senior Research Scientist/ Industrial Metrology Laboratory
Industrial Technology Institute
Sri Lanka

thilini(@iti.lk; pathiragodat(@gmail.com
Introduction

Problem :

Measuring equipment characteristics influence the measured
results/ products deviation from required quality standards. It
affect the acceptability/ uniformity of measurement
results/products worldwide. Metrology laboratory faces the
challenge of issuing calibration reports reliable with the
increase in demand for calibration.

Solution :

Develop digitization methods to establish and guarantee the
measurement accuracy of the measurement infrastructure to

increase the efficiency of calibration work, with international
standards to meet MEMC to CMR.
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Terms

» Industrial Metrology: Application of measurement to manufacturing
and other processes use in society, ensuring the suitability of
measurement instruments, their calibration and quality control.

» Calibration: Process of comparing the test equipment /instrument or
the value of a material measure against reference value of a
measurement standard with uncertainties under specified conditions.

» Metrological Traceability: Value of a measurement standard or
measuring instrument determined by an unbroken chain of
comparisons with a series of higher level standards with stated
uncertainties.

» Metrological confirmation : set of operations required to ensure that
measuring equipment conforms to the requirements for its intended
use [3] (calibration and verification, adjustments or repair, subsequent
recalibration, sealing, labeling )

» MEMUC - Measuring equipment Metrological characteristic -
distinguishing feature which can influence the results of
measurement.

» CMR - Customer metrological requirement

» Measuring system - set of devices including any regents assembled
to generate measured volume

» POVA - Piston operated volumetric apparatus

» CMC - Calibration measurement capability, realizable optimum
measurement uncertainty of the laboratory

» Conformity assessment - The process used to show that a product,
service or system meets specified requirements in relevant standards
through inspection, validation or accreditation process to enable
buyers, sellers, consumers, and regulators to have confidence
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Digital transformation in metrology

* Business transformation enabled by digitalization and industry 4.0 for
accredited or non accredited calibration providers, industrialists,
testing laboratories and all metrology users.

« Difference in Digitization Vs Digitalization is making analog
information/ physical attributes to digital and use of digital
technologies to change enabling/ improving process increasing
efficiency and productivity and reducing cost

* The implementation of Digital Calibration Certificate is crucial for the
quality infrastructure in industrial internet of things(ITOT), metrology
community and sensor networks to meet the challenges in digital era

Input
Physical Central database- Digital Twin
facility Cloud computing
: : Research
Customer Calibration Laboratory SN
=il Digital Digital Digital
SSEERCNELE) Calibration calibration Simulation
request Answer - DCA Certificate Forecasting
Real world Virtual
measurement realization

realization

Figure 1 : The model of real world measurement optimization and virtual
optimization for calibration and testing laboratories.
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Process digitalization

» Digitization used to fulfill the high demand for calibration in the
process from customer request to issuing calibration certificate.

» Calibration procedure use is ISO 8566:2022 standards[1,2]

» Data analysis, uncertainty calculation, Draft calibration report
reviewing arranged to do in excel, saved softcopy in network/cloud
computing facilities.

» Human readable digital calibration certificate were programmed in
one page and saved as PDF with electronic signature to deliver
customer maintaining data security aspects.

Each single page piston operated volumetric apparatus calibration
certificate contain volume with uncertainty and international
traceability.

Piston operated volumetric apparatus

= Micropipettes with fixed or variable volume
= Multi channel pipettes
= Piston burettes

» Dispensers, dilutors

Requirements for calibration

* Environment monitoring equipment
* Micro balance with evaporation trap
* ISO 8655:2022 international standard [1,2]

* Electronic worksheets programmed for data analysis and
measurement uncertainty

* Programmed Digital calibration certificate(Excel to pdf)
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Data Analysis

» Converted each mass values(m; ) in 10 cycles to volume(v; ) by
applying the Z correction factors at the mean temperature and

barometric pressure measured

» Calculated the average volume delivered by the piston operated
volumetric apparatus.

» Calculated the measurement uncertainty with factors influence
for piston operated volumetric apparatus calibration.

Uncertainties are calculated in accordance with the methods
laid down in “Guide to Expression of uncertainty in
measurement (GUM) JCGM 100:2008°[4].

Measurement uncertainty Budget

Source Factor Type Calculation (multiply by Standard
sensitivity coefficient) Uncertainty
Resolution of the B ] Ul
Mass Measurement balance resolution + 2\/5
Calibratoin B U2
Uncertainty Correction + (Exp. uncertainty +2)
Scatter A sD =10 u3
Evaporation A —
Loss of liquid JUimit) S+U(mi1) = u10
Temperature Calibratoin B - U4
Measurement Uncertainty Exp. uncertainty ~ 2
Scatter A SD =N us
Density of Water B Ue
0.2 kgm3 *At
Density of air B 0.0012 mg/cnt’ u7
Density of weights B U8
0.1 gem
Cubical thermal expansion B us
coefficient u(y)
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2 * U (Vy)

The reported expanded uncertainty of measurement is based as the
standard uncertainty of measurement multiplied by a coverage factor
k=2, corresponding to a coverage probability of approximately 95%.

Calibration measurement capability(CMC) for calibration of piston
operated calibration apparatus 0.3pul for 20ul.

ISO 17025:2018 Std clause 7 process requirements fulfilled[ 5]
in Human readable electronic Calibration certificate

Reference No

Customer

Description

Capacity/Range

Manufacture

Received Condition

Request Date

Temperature

Reference standards and Traceability

« Set of weights of accuracy class E2 traceable to primary standards at xcoomx

* Working Standard Platinum Resistance Thermometer Fluke traceable to xxxxxx

Calibration Certificate of Micropipette

Issued by xxxxx
Certificate No: xxx

XOXXXX
XOXXXXXXXXXXXX
XOKKXXXX

20ul

Eppendorf

No visual damage
XX

20£1°C

Method used : 1SO 8566:2022 Piston XXXXXXXXXXXXXXXXXXXXXXXXX

Auxiliary Equipments used

Resolution

S.No/ID No

Location of calibration
Calibration Date
Relative Humidity

0.1p

JOOOXXXXX
XXX
50 = 10%

Micro Balance XXKX 0.001mg
OOXKKXKXX XK 0.1°C
Calibration Results
Nominal Volume at reference Deviation Expanded
Capacity{ pl) temperature of 20°C( pl ) (ul) Uncertamty  Uful)

5 4.9 0.1 0.2

10 9.9 0.1 0.4

20 20.0 0.0 0.3

The measurement results can be varied £ U

UNCERTAINTY:

The reported expanded uncertanty of measwement is based as the standard uncertamty of measurement multiplied by a coverage factor k=2,
corresponding to a coverage probability of approximately 95%. The standard uncertainty of measurement has been determined in accordance with
Guide to the expression of uncertainty in measurement (GUM-JCGM 100: 2008)

. Customer obliged to recalibrate the mstrument at appropriate mtervals
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Multi Channel Pipettes =

Set of single channel pipettes and all delivery units
operated simultaneously.

=
. . —; ‘-—5
For the calibration, h 2

........

Each channel regarded as a single channel and calib........

Fill the test liquid to all channels and expel only the test
liquid by the channel being testes into the vessel

(MCP not available)

12 Multichannel pipette calibration results mn 12 pages
transferred into digital calibration certificate in pdf report

Discussion

¢ Calibration laboratory work load can be managed efficiently and
effectively using the electronic version of documents. Quality of
measurements managed with international standards to meet MEMC
to CMR.

* It reduce handling, storage, retrieval time and paper work.

* Eco friendly : A4, paper consumption/service - Final 3 -1-0, draft 3-1-0,
Data analysis and uncertainty 2-1-0, Data recording 2-0, other 3-1-0
Total 13*7000= 91,000 paper saving with toners per year planned.

* Training and familiarity with the system undergoing

* Ensure validity of results, with degree of equivalence E | ratio for
measurement results management requirements of ISO 17025:2018[5]

* Extend or reduce recalibration interval over time with trend analysis,
statistical process ,etc analyzing the previous data OIML D10[6].

* Human readable digital calibration certificate converting to machine
readable version is planned to transfer the calibrated data directly to the
machines(Still the stakeholder requirement not raised).
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41  Generating DCC and Human-Friendly Readable Using Auto-Generated
XML Schema

Presenting author: Praiya Thongluang, NIMT, Thailand
E-mail address: ms.praiya@gmail.com
Additional authors: Narin Chantawong and Jariya Buajarern

Abstract

This work aims to transform a calibration certificate into a Digital Calibration Certificate (DCC)
for preparing a machine-readable process. The way to create the DCC, we add the process
which transfers data into an XML file. However, laboratory staff uses Microsoft Excel to
compute measurement results and issue certificates. And then print the certificate in a PDF
file to give to the customer. Therefore, the process to produce the DCC is using Microsoft
Excel and add-in an XML map function for converting it into an XML file. The XML map
guidelines from the DCC good practice on GEMIMEG-II. Our XML map design is less
complicated because of the limitation of Microsoft Excel. In this work, we use the certificate
of a standard capacitor as an example of the transition process. There are accredited by the
Thai Industrial Standards Institute (TISI). The transition process result, our XML map can be
imported into Microsoft Excel and elements from the XML source pane can be dropped into
data and can be exported to the XML file. This XML file is the DCC which can be uploaded to
a cloud network or used in machine-readable form. We program an XSL file to generate a
web browser and link data from the XML file to preview the DCC on the web browser for
human-readable purposes.

Back to “Table of Contents” atpage 1|2 |3 |4
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Generating DCC and human-friendly
readable using auto-generated XML schema

Ms.Praiya Thongluang

National Institute of Metrology (Thailand)

() amuumnosIngmnna

National Institute of Metrology (Thaland)

Overview

* Introduction

* Objective

» Current issuing a certificate of calibration process
* How to issue a DCC

¢ Conclusion

NIMT 2
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Netionel Institute of Metrology (Thailand)

() amuumnosIngmnma

Introduction

* According to the Industry 4.0 era, the global has been a trend to digital
transformation

* Digital transformation in metrology has been started with Digital
Calibration Certificates (DCC) by PTB

* The theme of the World Metrology Day in 2022 is “Metrology in the
Digital Era”.

* In 2022, NIMT proposed the implementation of a digital calibration
certificate at the second international DCC conference.

NIMT 3

() amuumnosangmnama
National Institute of Metrology (Thailand)

Implementation of Digital Calibration Certificate
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National Institute of Metrology (Thailand)

() amuumnosIngmnma

Objective

To transform the certificate of calibration into the DCC by using an
XML file for machine-readable and converting it to a preview on web
browser for human readable.

NIMT 5

() amuumnosIngmnna

National Institute of Metrology (Thaland)

Current issuing a certificate of calibration process

Customer Customer service Lab staff

B —gi

il
x|

< lll
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() amuumnosIngmnma

Digital Calibration Certificate (DCC)W

* Long-term archiving

* Machine-readable

* Traceable directly to the national standards
» Constitute proof of metrological traceability
* May include additional information

* Cryptographic signatures et EURAMET TC [ L4ds

NIMT 7

() amuumnosangmnama

National Institute of Metrology (Thailand)

Creating the DCC process

1. Creating XML map before import to excel
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() amounasangmnama
National Institute of Metrology (Thailand)

2. Importing the XML map into Microsoft Excel and exporting it to the XML file

Pl Certificate No.  |EI-22-0022

Issued by ‘Imédance LFboratoryA Eléctrical Metrology Department
MEASUREMEN' .

3
4
) Standard Capacitor

6 MANUFACTUREGeneral Radio Company
[ MODEUTYPE [GR 1409-F |

8

SERIAL NUMBEITIRTINT |
9 27434,
gt} CUSTOMER |Impedance Laboratory
1 @: .
12 Electrical Metrology Department,
13 National Institue of Metrology (Thailnad),
14 |3/4-5 Moo 3, Klong 5, Klong Luang,
15 |Pathumthani 12120
16 MEASUREMEN]|9 August 2022
il Reference Issue date  Approved by Issuer
18 [ns5:norm ____ GEIFNPISEL nss:maing@nss:content &
il I-EMC1505-01/22, (Sivinee S¢ (Jutarat Tanarom) ,
nn
XML Source pane Convert sheet

National Institute of Metrology (Thailand)

() amuumnosangmnama

T

Data collection

* We use the certificate
of a standard capacitor
as an example of the
transition process.

* The measurement
result in this certificate
has

* frequency,

* measured value,

* uncertainty, and
coverage factor (k).

NIMT
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Excel to XML

Certificate No. : E1.22.002
Issued by  : Impedance Laboratory, Electrical

rology Department

Page 1 of 2page

MEASUREMENT ITEM Standard Capacitor
MANUFACTURER Genenal Radio Company
MODELTYPE
SERIAL NUMBER
CUSTOMER Impedance Laboratory
Electrical Metrology Department,
National Instirue et (Thailnad),
Moo 3,
Pathumthars
MEASUREMENT DATE 9 August 2022

FEMCIS0S-0122 30 August 2022

Excel

gp.elec v2xml X

3"international DCC-Conference

amounasangmnama

National Institute of Metrology (Thailand)

Add the XSL Style
Sheet to the XML
file

Certificate No. :

Issued by edace Laboratory, Electrical Metrology Departmeat
Page of 2page
MEASUREMENT ITEM Standard Capacitor
MANUFACTURER General Radio Company
MODELTYPE GR 14
SERIAL NUMBER
CUSTOMER
Electrical Metrology Department.
onal Inst fetrology (Thaiinad)
34-5Moo3,
Pathumthani 12
MEASUREMENT DATE $ August 2022

Transition Process

E1220022

FEMCTSO0S-0U22 30 August 2022

Excel

Inpedance Laboratory, Electrical Met

XML

National Institute of Metrology (Thailand)

() amuumnosangmnama

T

Ministry of Highar Education, Science, Research and Innovation

() National Institute of Metrology (Thailand)

Calibration of Certificate g
Coriate No. Ao
hsnedby Impedunce Lidorweny: Eicmes ey Deparmies
MEASUREMENT ITEM Sasdent Cpres
MENUFACTURFR Gonars o Ceoepny
MODELTYTR ®uF

SERIAL MUMBER

CUSTOMER

MEASUREMENT DATE

™ PP R —
Relerence Approved by Priermed by
BICISIS0
S p—— Jusw Tasom
- s cor i p—
et OB ot g, o L. b 13 T Pt 3577 10 P 4357 4

PDF Preview
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leasurement Res dts amMOuNaSangnnasa

rology (Thailand)

Administrative Data

Page 2 012

& National Institute of Metrology (Thailand) Contimuation of Certificate of Calibraton Nummber E1-22-0022
Ministry of Higher Education, Science, Research and Innovation
ENVIRONMENTAL CONDITION
o < _— The measurement was carvied out in an ambient temperature of (23.0 = 1.0) °C and relative bumidity of (S0 &
Calibration of Certificate 5%
MEASUREMENT METHOD

Capacitance of the standard capacitor was directly measured by an ultra precisicn capacitance bridge at
requested frequencies. The value of three-terminal capacitance was measured with the GND terminal
wacorected to the LO terminal

Nt

Certificate No. EL22 .
Tssued by Impedance Laboratory, Electrical Metrology Department UNCERTAINTIES OF MEASUREMENT
Puptot2sagu| | Thestated 1 wncertainties are the expanded uncertainties obtained from the combined
uncertainties multiplied by . & The coverage factors &= 2 are implied
; " " i allcases except where difereat valuesof # are explicly stated. They are Getermiaed i aocordance wils
MEASUREMENTITEM Stendurd Capacitor JCGM 100: 2008 “Evaluation of data - Guide to
The values of the measurand lie within the assigned range of e ‘probabilty of approxitmately 95 %
MENUFACTURER General Radio Cempeny
TRACEABILITY
\ 3
IRELAVER: SRS This cetiicate provides traceability of o recogaized natioual standards, and to
J the International System of
SERIAL NUMBER 2438
MEASUREMENT RESULTS
CUSTOMER Impedance Laboratory
3/4-5 Moo 3, Klong 5, Klong Luang, 3terinal micssecoment y
National Institue of Metrology (Thailaad), Measured Valne i "(
Pathumtbans 12120 990796 pF 215
990,766 pF 200
MEASUREMENT DATE 9 August 2022 990.710 pF 201
990,642 pF 200
990621 pF 200
The reported maasurement result relctes oy to the apples only at the 990.567 pF 218
990 507 pF 21
990.434 pF 205
Reference: Approved by: Performed by: 990381 pF o1
LEMC1505-0122 <
(Sivinee Sawatdiaree) (Jatarat Tanarom)

End of Certificate of Calibration

Partial reproducion of this certficate s permicted only with awritten permission from NIMT.

Techaopoliz Ofice4.£ Mso 3, Kleeg &, Kong Lasag. Dbt hacand, Teepbons 66257

National Institute of Metrology (Thaland)

<> amuumnosIngmnna

T

Digital Calibration Certificate (DCC)

* Long-term archiving

* Machine-readable

Ref: EURAMET TC IM 1448
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National Institute of Mewology (Thaland)

() amuumnosIngmnma

Conclusion

* Our XML map can be imported into Microsoft Excel and elements
from the XML source pane can be dropped into data.

* We can transform excel file to XML file for machine-readable
process.

* The DCC can preview on the web browser for human-readability.

NIMT 15

National Institute of Metrology (Thailand)

() amuumasangmnuni

NIMT
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42 A Human Readable Form for the DCC

Presenting author: Muhammed-Ali Demir, Physikalisch Technische Bundesanstalt, Germany
E-mail address: muhammed.demir@ptb.de

Additional authors: Jan Loewe, Moritz Jordan, Justin Jagieniak, Siegfried Hackel, Shanna
Schoénhals

Abstract

The common interpretation of the Digital Calibration Certificate (DCC) is to electronically
store and transmit authenticated, encrypted and signed calibration results + enabling uniform
interpretation. The DCC must be machine readable, interpretable and at the end must enable
the automation of the processing of (digital) calibration certificates.

Regardless, a human readable version of the DCC is required since the DCC is optimized for
machines. In the presentation, it will be shown, how a HTML5 and PDF human readable
format can be generated from the DCC XML with the GEMIMEG tool of the PTB. The
GEMIMESG tool uses XSLT to generate the Human Readable form of the DCC. The
presentation ends with an outlook on a possible road map.

Back to “Table of Contents” atpage 1|2 |3 | 4
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', Physikalisch-Technische Bundesanstalt
‘,‘4 Braunschweig and Berlin
= National Metrology Institute

A HUMAN READABLE FORM
FOR THE DCC

The Human Readable in the GEMIMEG Tool

Muhammed-Ali Demir, Justin Jagieniak
Moritz Jordan, Jan Loewe !

B2P1B content

» The Human Readable Form of the DCC
= |nitial intent for the HR
= Possibilities to generate the HR
= HR in the GEMIMEG Tool
= Examples for text, multilingual text, pictures and tables

= Comparison between XML and HR
= Conclusion

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-02 2
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F2P1B Human Readable (HR) of the DCC (1)

= |nitial intent of the HR
= The DCC is optimized for machines

Need for a document, that can vizualize the data contained
in a DCC optimized for human beings

» During the transition period: possibility to digitally generate
the analoguos caliberation certificate (also called
Conventional Calibration Certificate, CCC) off the DCC and
print it out

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2023-03-02 3

B2 P1B Human Readable (HR) of the DCC (2)

» Multiple ways to achieve this:
= Commercial software tools: e.g. Altova StyleVision
= Open Source tools: e.g. the GEMIMEG Tool
= Programming languages: C#, Java, ...

= XML transformation language: XSLT

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-02 g
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2 P1B Human Readable (HR) of the DCC (2)

» The GEMIMEG Tool uses XSLT (Extensible Stylesheet
Language Transformation), because...

= Specifically designed for transformation of XML documents
= Syntax similar to XML

» Programming overhead minimal

» Transformation of DCC XML to HTML5 enables you using
whole design features of HTMLS (incl. jQuery or own scripts)

= HTML5 document can be printed out as a PDF

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2023-03-02

BRP1B using XSLT (1)

» XSLT (eXtensible Stylesheet Language Transformation)

Browser

XSLT Processor

v
-74'—-

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-02
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PIB using XSLT (2)

= Every aspect of the schema of the DCC must be covered

» DCC consists of block -> XSLT will handle one block after
another beginning at the top

= DCC contains following information
= Plain texts
» Multilingual texts
* Images

= Tables

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2023-03-02 7

XML  +  XSLT
¥
Used Language Code en, de
39_1

Physikalisch-Technische Bund talt @ Brau weig and Berlin National Metrology Institute
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PIB using XSLT - Multilingual text (1)

= Determination of primary and secondary language, in case of
multiple languages specified in a DCC

Primary Language: e.g. first mandatory language
<xslvariable "primarylLang" "dec:digital CalibrationCertificate/dcc:ad ministrativeData/dcc:coreData/dcc:mandatorylangCodelS0639_1[1]"/>

Secondary Language: e.g. used language not equal to primary language
<xsl:variable "secondarylLang" "dec:digitalCalibrationCertificate/dcc:administrativeData/dcc:coreData/dec:usedLangCodelS0639_1[text() /=
SprimaryLang]"/>

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2023-03-02 9

PIB Using XSLT - Multilingual text (2)

<xsl:if “"self::dcc:content[@lang=Sprimarylang]">
<p "text-primary''>
<xsl:value-of s
</p>
</xsl:if>
<xsl:if “self:dcc:content|@lang=%secondarylLang]">
<p "descripticn-secondary">
<i><xslvalue-of " o<
</p>
</xslif>

XML+  XSLT

Or 123456780
uftrags N

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-02 10
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PTB Using XSLT — Images

dec:calibrationLaboratory: i K I .
<dccscontact> <xslvariable name="fileName

e select="__/dcc:descriptionData/dcc:fileName" />

ontent>Calibration Company Inc</dcc:contents>

name>

<xsl:variable name="mimeType"
select="_../dcc:descriptionData/dcc:mimeType” />

ax>+1 123 4567-90</dec:

<xsl:variable name="datalmage"
".../dcc:descriptionData/dec:dataBase64” />

selec

<xsl:if test="starts-with{SmimeTypelmage, 'image')">
<img width="250">
ntowwe.cc.xyz</decicontent <xsl:attribute name="src">

GetNo»1</dcC: Streatio

e P g e R I data:<xsl:value-of seleci="$mimeTypelmage"/>;
P ey PO N T haceRd cvslvalue-of select="$datalmage" />
XML + XSLT >
o 1 J se-of
ntact ¥ " [>&#xD;MimeType:

bratienLabor

t="SmimeType"/>

Pt nische talt
Nationales Metrologiginstitut

-
Physikalisch-Tt i | ] weig and Berlin National Metrology Institute
2023-03-02 11

PIB using XSLT — Tables

<dcc:results> <xsl:template na simpleTableHybridHorizontalHeaders">
<dcc:result reflype="gp_measuringResultl™> <x5|;param name="data"/>
<dccrnams> <xsl:if test="count(Sdata/si:hybrid/si:realListXMLList) &gt; 0">
<dcc:content lang="de">Messergebnisse</dcc:content> <div ¢ ‘U}},uﬂex mbfdefau/t avoid-break™
<dcc:conter
Sideotpmed si:realListXMLList">
<dcc:data>
XML+ XSLT
<dcc:qu v J
<dc¢ T
~ listName">
</ m:ssuie’gr'gsgmsse "name" select="5data/dcc:name"/>
<si
Bezugswert Bezugswert nitXMLList"/>
Reference valus Refersnce value
\kelvin \degreecelsius ) ¢
itputXmiListHorizontal">
306.248 33.098 milist" seleci="./si:valueXMLList"/>
373.121 99.971
448.253 175.103
</dcc:¢ 523.319 250.169
593.154 320.004
—_— L=
Physikalisch-Technische Bund talt @ Braunschweig and Berlin National Metrology Institute
2023-03-02 12
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in the HR? (1)

<2xml version-"1.0" encoding-"UTF-8"?2>
i<dcc:digitalCalibrationCertificate>
Sdcc.admipisirat yepatas
<dcc:dccSoftware>
<dcec:software>
<dcc:name>
<dcc:content>Notepad++ (32-bit)</dcc:icontent>

Digital Calibration Certificate

Administrative
Data

<fdcc:name>
<dcc:release>v8.2</dccirelease>
isoftware>

DCC Software

* Sollware

Name Notepad++ (32-bit)
Release vE.2

CodelS503166 1>»DE</dcc:countryCodelS03166 1>
<dcerusedLangCodeIS0639 1>en</dcc:usedLangCodeIsos3d 1>
<dceiusedLangCodeTIsS0639_1>de</dcc:usedlangCodeTIS0639_1>
<dcc:mandatoryLangCodeIS0639_1>en</dcc:mandatoryLangCh

<dcec:identifications>
<dcc:identification>
<dcc:issuer>calibrationLaboratory</dcciissuer>

<dci
<dec:content lang="de">Auftrags Nr.</dcc:content>
<dec:content lang="en">Order no.</dcc:content>
</dce:name>
</dcciidentification>
<fdec:
<dcec:receiptDate>1957-08-13</dec: receiptDate>

tname>

<dce:endPertormanceDa
:performanceLocation>laboratory</dc
orebata>

<dcc:ibeginPerformanceDate>1957-08-13</dcc: beginPerformanceDate>
te>1957-08-13</dcc:endPerformanceDate>
erformanceLocation>

0deISQ639_1>
<dcciuniqueldentificr>GP DCC temperature simplified 1.1.1</dcc:iuniqueldentificl>

<dccivalue>string-calibrationLaboratory-coreData</dcc:value>

Core Data
Country Code 1S03166_1 DE

Used Language Code en, de
150639 1

Mandalory Language Code en
1S0839_1

Umique Identifier GP_DCC_temperatuwe_simpliied_1.1.1

Issuer calibrationLaboralory

Order no sftring-calibration| aboratary-coreData
Aufrags Nr

Receipt Date 18570813

Performance Date 1957-08-13

Performance Location laboratary

1-T i ]

weig and Berlin

B Where to find what data

National Metrology Institute

in the HR? (2)

' >Pemparatur-Fihlars/d
Temperature sensor</

suer>

String-manufacturer-items/

Ler>eus tomer< /doc
|e>string-custome

tam< /dcozvalues>

ang-"de">Messmittel Nr.</dcc:conte:
n'>Measurement equipment no.

cc: content>

>calibrationLaboratory</dcc: issner>
salue>string-calibrationLaboratary-item</dccivalus>

antent>
ntent>

"de*>Equipnent Nr.</dcc
"en" >Equipment no,</dcoo

<fdec:identificat
</fd

iitem>

Kems

* ltem

Manufacturer

Model
Issuer
Senal no
Serien Nr.
Issuer

Measurement equipment

no.
Measemitte! M

Issusr
Equipment no.
4 e

Temperature sensor
Temperatur-Fuhier

Sting
String

manufacturer
sting-manulaciurer-ilem

customer
string-customer-item

calibrationLaboratory
string-calibrationLaboratory-item

Calibration Laboratory

E-Mail
Phone
Fax

City

Country Code
Post Code
Street

Street No.

Kalibrierfirma GmbH

info@kalibrierfirma.xx
+49 123 4567-89
+49 123 4567-90

Musterstadt
DE

00900
Mustersirale
|

Physikalisch-Technische Bund
2022-09-20

talt | hweig and Berlin
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data in the HR? (3)

Calibration Laboratory
Kalibrierfirma GmbH
E-Mail info@kalibrierfirma xx
Phone +49 123 4567-89
\’ Fax +49 123 4567-90
City Musterstadt
. i Couniry Code DE
A:-m.ka.llhnnrﬂma.nl' /dccscontent> Post Code 00900
Street Musterstrale
Street No. 1
Further www kalibrierfirma
T 'Flmnn(a)auﬂmrizing the
report
>true</dec imaingigness | Name Michaela Musterfrau
n Main signer true
§ Name Michae! Mustermann
ntentsMichasl Mustermann/doc:contents Customer Kunde Gmbr
E-Mail info@kunde xx
City Musterstadt
Country Code DE
Post Code 00900
Further Customer 10 no. 1024418

unden Nr. 1024418

SRenden Nr. 1028418</dcc:c
Customer 1D no. 1024818</dec:

tent?,

N,

hweig and Berlin

National Metrology Institute

de”>Die Ergebnisne gelten zum Zeitpunkt de
en">The results refer only to the object o

Statements

+ Statement 1

The results refer only to the object calibrated in this DCC. The
applicant is responsible for arranging a recalibralion in due time

Die Ergebnisse peften zum Zeitpunkt 0es Kahiorierungd. £3 obNedt oem Amragsietier, 2u Qegedener Zeit eine
Norm: ISO/IEC 17025:2018-03

Reference: 7.8.4.3

de">Angabe des Temperaturbereichs, in dem
en">Specification of the temperature range|
"basic_validityRangeMin":

"de">Unteres Limite/d
"en">Lower limit</dcc

alue>306</ai
nit>\kelvin</si:

"basic_validityRangeMax">

« Statement
Specification of the temperature range in which calibration was performed:
jabe des i Qe KaliDrert wurde:

Lowrer limit
Untares | imit

\kelvin

306

Upper limit
Goeres Limit

‘kelvin

593

"de" >Oberes Limitc/

e,

Physikalisch-Technische Bund talt | hweig and Berlin
2022-09-20 16

National Metrology Institite
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Measurement Results
Measurement results

"de">Messergebnisse</dcc:content>

en'>Measurement results</dcc:content> Used Methods
* Used method 1
. Expanded uncertainty
relType="basic_uncertainty"> Emmelterte Messunsicherhelt
The expanded uncertainty was calculated from the centributions of uncert|
lanc="de">Erweiterte Messunsicherheit</dcc:content> weighings and the air buoyancy corrections. The reported uncertainty dog
lang="en">Expanded uncertainty</dcc:content> Fogogeten ist dis srveilerly die £ich sue der sicherheil durch Muilig)
tne Expressicn of Uncenainty in Measurement (GUM)* ermittelt Der Wert der Messgro&e liegt dana im Rz
Ubergeckungsintervail
lanc="de" sAngegeben ist die erweiterte Messunsicherkeit, die si RNorm:/GUM
gemaB dem ,Guide to the Expression of Uncertainty in Measurement (GUM)"“ ermi
rvall.</dce:content > * Used method 2
<dccicontent lanc-"en">The expanded uncertainty was calculated from tha contlf JGalibration of temperature sensors
corrections. The reported uncertainty does not include an estimate of long-t| Né(;;"‘gk’g_‘ﬁ"’g:,%ﬁ’g =
cc:descriptio - -

Measuring Equipments

» Measuring Equipment

PL 100 thermomeler

Pt 100 Widerstandsthermometer

Issuer (Identification): manufacturer

Value (ldentification): string-manufacturer-measuringEquipment-1

cfType="gp_temperaturasensor’ >

lang="de">Xalibri wvon lern<
“en">Calibration of temperature sensors</dcc

norm>

gEquipment refType="basic_normalUsed">

ntent lang="de">Pt 100 Widerstandsthermometer«</dcc:
tent lang="en">Pt 100 thermometer</dcc: tent>

content:>

. = - A —ra
Phy h-Tech he Bundi It m B \weig and Berlin National Metrology Institute
2022-09-20 17

PIB where to find what data in the HR? (6)

—_—
;_smamzsiondepth” > [nfluence Gon ons
+ Influence condition 1
Attribute refType: gp_immersionDepth
Name: Immersion depth in water bath
Eintauentiefe Im Wasserbad
IName/|mmersion depth
1 |Ewntauchtiefe

Unit |\matra
[Value 0.1

da in .
en’'>Immersion depth in water bath<

+ Influence condition 2
Atribute refType: basic_temperature
Name: Ambient condition temperature

da"-Umgebungsbedingung Temperatur-/c ontent> Uimgebungsbedingung Temperatur

en’-Ambient condition temperature</d: ntent> Description
/ These values were not measured, but were given based on typical
da>Dinss Werts wurden nicht gemessan, ssndern wurden anhand Cuese Worte wurden nich’ gomoccen, sonder 0, ypiscion e
valuss were not measured, But were given based on Reftype [basic temperatureMin
e min
~"basic_temperatureMin"> - Name Temueratur min
da" Tempsratur min</d [Unit \kelvin
~'en* >temperature min</d >
Malue 293
L=

Reftype basic_femparatureMax
Name |temperature max

Temperatu
~"basic_temperatureMax"> .“ meax
[Unit \kelvin
e >Temperatur mawe/dco: conter
*>temperature max< > [Value |[209

-«
National Metrology Institite
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PIB Where to find what data in the HR? (7)

— = Influence condition 3

b 2 Ral, ">

i e Altnibule refType. basic_humidityRelalive
Name: Ambient condition relative humidity
Umgebungstadingung relative Lufifeuchte
Dascription:
These values were not measured, but were given based on
Disse Werte.  semnm aertypischen Wetterned

relative
‘en’>hmbient condition relative humidity</do

“"da">Diese Werte wurden nicht gemessen, sondern wurden anhan
"en">These values were not measured, but were given based on

Reftype| basic_humidityRelativeMin
Name |Numidity min

"basic_humidityRelativeMin"> Feuchte min

Unit one
Malua |0 20
Reftype| basic_humidityRelafiveMax
Name | humidity max

de">Feuchte min

| reuchte max
Unit \ona
"basic_humidityRelativeMax" Nalue |0.70
"de">Feuchte max</dcc:c
g="en">hunidity max</dc
.
Physikalisch-Tt i | ] weig and Berlin National Metrology Institute
2022-09-20 19
Results
~"gp_measuringResultl" Measuring results
Messerpeonisse
de'"-Massergebniss atents
en''>Measuring results</dc atent> Referencs value Reference value
Bezugsnert Sezugswert
. \kelvin degreecelsius
="basic_referenceValue">
306.248 33.008
"de">Bezugswert</d nt>
"en” >Reference value</d nteat
1 373 89971
5 5
06.248 373.121 448.253 523,313 5!3.154~43)’:'.’;119XH!“/ 48255 1755105
\kelvin</ei1uniXMLLISt>
523.319 250.169
»33.098 99.971 175.103 250.169 320.004</51:valusiMLL
\deg:n::elsiu;w‘u, tunitXMLList> i B 20001

m |
Measurement Meta Data

basic_calibrationValue®> Meta Data
Calibration value
de">Kalikbrierpunkts</ Kalibriemunk!
="en" Calibration value
Calibration value Calibration value
Kﬂitﬂﬁ?rpuf.ﬂ Kalibriemunkt
- \kelvin ‘degreecelsius
¥
realLintaMLL st | 206 —
valusXMLLizt>306 373 448 523 593</si:valueXMLList> ¥
AIEXMLLisEs\Relvinc,/ 81 :unitXMLLISES
tXMLList> 373 9985
HMLL.
£>32.85 99.85 174.85 245.85 319.85¢/5i:valuerf] 448 174.85
alsinsc/si:und eXMLLiat> -
523 218.85
|
<
503 319.85 2

2022-09-20 20
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(im] @ Indexof/ x | =+ . x

> G O 1270018080 ll [ | Q)

! Mauszeiger
Pause 00:00:00 Audic 9

aufzeichnen

-

Index of /

(drw-rw-ru-) 15-Aug-2022 15:21 gt/
(drw-rw-ru-}) 07-Feb-2022 14:58 idea,
(drw-rw-ru-) 07-Feb-2022 14:58 img/
(drw-rw-ru-) 16-Mir-2022 07:02 is!

& (-rw-rw-ru-) 07-Feb-2022 14:58 2.7k gitignore

= (-rw-rw-ru-) 19-Sep-2022 00:12 82.6k dcc_gp temperature_simplified v12 edited.xml
(-rw-rw-ru-) 14-Sep-2022 14.45 2.8k dcc.css

o (-rw-rw-ru-) 04-Aug-2022 14:49 39.8k dcc.xml

& (-rw-rw-rw-) 14-Sep-2022 14:39  123.4k  decc.xsl

5 (-rw=rw-ru-) 01-Apr-2022 14:15 14.7k  favicon.ico

o (-rw-rw-ru-) 06-Sep-2022 14:40 18.7k GP_Si-nat_BranchDevelop.xml

& (-rw-rw-ru-) 07-Feb-2022 14:58 6418 README.md

Node js v16.14.2/ hitip-server server runming @ [27.0.0.1:8080

" o i e 00:17
ﬂ el Suchbegriff hier eingeben g3 D P D IR B

PTB Conclusion

» How a Human Readable for the DCC can be generated
» How the Gemimeg-Tool generates a Human Readable form
» Topics to be covered in the future

= Dynamic form to display tables
» Extending complex tables
» Updates of the DCC Schema

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2023-03-02 22
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Conclusion

For more information and contribution to

the project, please have a look at
— https://lwww.pth.de/dcc

Phy 1= | ] weig and Berlin National Metrology Institute
2023-03-02 13

Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin

Bundesallee 100

38116 Braunschweig

Muhammed-Ali Demir Jan Loewe
Phone: +49 531 592-1241 +49 531 592-1018
Email: muhammed.demir@ptb.de jan.loewe@ptb.de

Moritz Jordan Justin Jagieniak
Phone: +49 531 592-1245 +49 531 592-1016
Email: moritz.jordan@ptb.de justin.jagieniak@ptb.de

www.ptb.de/dcc

Stand: 03/23 N:
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IMEKO World Congress 2024

. " ‘»“5' 26-29 August 2024

Hamburg, Germany
OF;

TR
S

www.imekoZOZA.org

Physikalisch-Technische Bundesanstait ® Braunschweig und Berlin Nationales Metrologieinstitut

ICC

PTB Appendix: How to encode Images manually

Open picture with Notepad++
Select the whole content in Notepad++ (Ctrl + A)
C|ICk on Pluglns -> MIME Tools -> Base64 Encode

S|P I RR BED .
»

{

Copy the encoded content from Notepad++

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2022-09-20 26
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Appendix: How to encode Images manually

= |nsert the encoded Base64 to the DCC, e.g. at this position

<dcc:calibrationLaboratory>
<dcc:contact>

<dcc:descriptionData id="Logo">
<dec:name>
<dec;content>Your image</dcccontent>
</dccname>
<dcc:fileName>Yourimage.png</dcc:fileName>
<dcc:mimeType>image/png</dcc:mimeType>

</dcc;dr€.::r'ip:mnD:;; eed 4>
string here!

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2022-09-20 27

PIB Appen.: How to split XML lists with XSLT 1

= In XSLT we have to define our own template to split XML
Lists, in order to put each value in it's own cell

<xsl:template “outputXmlListHorizontal">
<xsl:param “xmlList"/>
<xsl:variable “newXmlList" “concat{normalize-space(SxmlList), " )" />
<xsl:variable “firstElement” "substring-before(SnewXmilList, *')" />
<xsl:variable “remainingElements" "substring-after(SnewXmilList, *')" />
<div “cell">
<xsl:value-of "SfirstElement” />
</div>
<xsl:if “SremainingElements">
<xsi:call-template “outputXmilistHorizontal">
<xsi:with-param “xmiList" "SremainingElements" />
</xsl:call-template>
</xsliif>
</xsl:template>

Physikalisch-Technische Bundesansialt ® Braunschweig and Berlin National Metrology Institute
2022-09-20
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Parallel Session 4: DCC Tools

Presentations that would also fit into this session:

>
>
>

Y

Y V VY VY

Parallel Session 1: DCC-Tools

07 OQualified Electronic Seals - The Peace of Westphalia in the Laboratory Sector

19 Analyzing the Conformance of DCC Prototype Architecture to Calibration Laboratory
Expectations Report

23 The GEMIMEG Tool — A Software for Creating Digital Calibration Certificates
(DCCs)

24 Python Tools Examples for the Transition to DCC

25 Generation of Digital Calibration Certificates for Temperature Sensor Calibrations
using Python and Excel

26 Dynamic Web Tool for Generating DCC

27 The Use of (Anonymised) Timestamps in the DCC

53 DCC Middleware — Obstacles and Approaches

56 DCC via iPhone (or iPad)
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43 Using a Spreadsheet to generate XML Based on XSD Schema

Presenting author: José Armando Lopez-Celis, CENAM, México
E-mail address: jolopez@cenam.mx

Additional authors: Carlos Galvan-Hernandez, Itzel Dominguez-Mendoza, Aldo Adrian
Garcia-Gonzalez, , Hugo Gasca-Aragon, Oscar Ramos-Monzalvo

Abstract

The generation of calibration certificates at the National Metrology Center (CENAM) is based
on spreadsheets (MS-Excel). Metrologists analyze the measurements and generate the
report of the measurement results directly or using a word processor (MS-Word).

In order to avoid modifying the data analysis process for the time being and to favor natural
change, it was decided to find a way to export the results directly from the work environment
to the XML file. Given the variety of services, the work of programming the individual
generation of the XML can become a very large task, therefore a way to export the
measurement results directly from MS-Excel tables is presented.

At the moment we are not considering how the raw data of the measurements are obtained
and we will concentrate on the digitalization of the calibration results to be able to integrate
them in the creation of the DCC, this is a task that requires a lot of work thinking that the
great majority of the laboratories of the National Metrology Center make use of spreadsheets
to process the information of the measurements and from there to obtain the reports that will
be used to create the calibration certificates in PDF format.

Exporting the calibration results to an XML digital exchange format and structuring them in
the DCC schema becomes a job that must be carried out individually for each of the different
services due to the nature of each one of them. For this purpose, the CDD development
team at CENAM makes use of the import of subschemas derived from the main CDD
schema. These subschemas contain the necessary elements that each service requires and
are aligned to the rules established by the DCC structure.

In this way, the direct export of calibration results to XML can be achieved avoiding the
coding of specific routines to generate XML files. It is possible to generalize in most cases
the necessary elements for each of the services with similar subschemas, simply by linking
the elements of the subschema with the cells in the spreadsheet containing the results to be
exported. This reduces the work to generating subschemas for the service variants.

Finally, it remains to link the measurement XML with the XML containing the administrative
and comments sections, which in CENAM are generated from a centralized system from the
service management databases, thus obtaining the complete DCC.

Back to “Table of Contents” atpage 1|2 |3 |4
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o
‘&E\S’CENAM

CENTRO NACIONAL DE METROLOGIA

GENERATING XMLWITH SPREADSHEETS

ARMANDO LOPEZ-CELIS - CENAM MEXICO

3RD INTERNATIONAL DCC CONFERENCE 2023 - FEBRUARY 28TH - MARCH 2ND

-

» Spreadsheets : Data analysis,
uncertainty estimations, ...

» Word processors: Generate
document, insert photos,
images, descriptions, tables,
formulas, etc.
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SPREADSHEETS IN PROCESS

Flexible tool to make different tasks

»Data connection
»Measurements processing
»Data analysis
»Uncertainty estimation

* Most of metrologist in our NMI uses a spreadsheet to
generate a Calibration Certificate

IMPORT/EXPORT DATAWITH A SPREADSHEET

» Spreadsheets can export data —
to different formats (CSV,
Databases, communications

protocols, XML)

»An XML Schema can be used
to export data

Page 447 of 559
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USING A XSD IN A SPREADSHEET

»A XSD file can be used to “sp
define an XML Map for data —

export

»DCC schema may be
complex to define a XML

Map, but can be adapted

CONFIGURING DCC SCHEMA IN A SPREADSHEET

, XML Source

XML maps in this workbook:
1

»Import DCC Schema (XSD)

= [ Root

= LF Meta 2
] Name
(=] ProductCode

= g7 Expenseltem
“F pate

»Link elements to Excel Data
To map element’s, drag the elements
from the tee on to your worksheet,

[Options v] [ XML Maps... ]
Verify Map for Export... 5
@) Tips For mapping XML
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GENERATE TEMPLATES FOR CALIBRATION SERVICES

Tabla31 - £ & W se define o
ua (BT H20), Wr represents 4 los valores de Is

A e

1 senemaversion

2312

3

4 <cmeasursmentResuits/>

Fl < v oas uramantRosuin> B 1diows |

& Cabibracion de termoretro de resistencia de platino e

ance thermomeser cal bration

11 Callorstion Conditions

2
B cusedMethads/>
“

<usedMethod/>
5 refTypa.
Bucos B B
N — . e
L]
20
5 . ’

La calitacion del instrumen:o se resliad por &l meétodo e
BUAIES fijos de acserds al procedimiento 420-AC-F.029,
an los patranes declarades enla tabla 1

5 utiizé <l modc's de la Exola Intemasional de
1990 {€T-90]

mo W= R{td0) / 1, dande

c 5 ¢ v
Drigen XML v x
e
& mstenatznt
iy
<usedMethod/> ang
e 0 oy 2 versie
o
el ey = ==
- & nslenatennce
ncentdumbrs Expandca = iy !

10) €= ¢l valor de resistencia apares peraturs 190 y D &3 el velor ce resistencia aparente del

n de veferencis de acuerda s la EIT-90

0l 13 b 84 2o 4n 1 408 deies 08

La incetidumbre ampliad se ha
calculato s partr delas
eonribuciones de incertidumbre
procedzntes de los patrencs

wiilicodos, de la pesades y de ko
correcciones por empuje del aie. La

P33 mpArar §ates A Naga CE o 061 SEANCING n s
pora

1A a4rada A, sieccone XAy N clc e

apeiones +| | adgnariones e

omprdar skgeacisn pa expor

Formulas  Datos

Combinary centrar

Archivo  Inido  Insertar  Dispesicion de pagina Revisar

o x K |B=

g |Nks-|-|o-a- HES

al

Caibri o

Portapapeies Fuente 5 Alneacién

vista

&

{frene :

Disefio de tabla & Comentarios || ¢5 Compartic

B B |0 | I O e
7] 5 B Sy T ) \

Fomato  Darformato Estiosde | Insetar Eiminar Formars |~ Oclerary Buscary | Analiar

‘condionsl ~ como tabla = celds = - - - & Filtrar = seleccioner = datos

Programador  Ayuda

Confidenciabedad

$-%m @y

Nimeco

Bormar «

a cas o | e

procedentes de fos patrones utilizados, o

Calibracion de termometro de resistencia de pletino

La calibracion del instrumento se realizé por el métado de
[puntos fijos d
con los patrones declarade

uerdo al procedimiento 420 AC-P.029,
5 en la tabla 1.

o utilizé ol modelo de la Escala Internacional de
Temperatura de 1990 (EIT-90). Las temperaturas en este
certificado estan de scuerdo con la EIT-90 (1
acién en el p
00 ROG, INTEGRATE = 100 PLC, OCOMI
ON.

La confl nel de control fue la siguiente:
DIG FILTER =

LOW POWER

Catibration of the instrument was performed by the fixed
point method according to procedure 420-AC-P.023, with

the standards reported in Table 1.

The 1990 International Temperatura Scale (ITS-90) model
was used. The temperatures in this certificatecertificate
are in accordance with 115-90 [1]

The settings on the control panel were as follows: DIG
FILTER DG, INTEGRATE = 100 PLC, OCOMP =ON, LOW
Fel OWER = ON.

100 R

B B Acceatided e necesaric imestigar

tato

<usedMethod/>
refType basic_uncertainty

Norma -

Gum

Exponded uncertainty

Incertidumbre Expandida

GM 100:2008

3 incertidumbre ampliada se
calulado a partir de las
ontribuciones de incertidumbre
procedentes de los patrones
stillzados, de las pesadas y de las
racciones por empuje del aire. L
ertidumbre comunicada no
incluye una estimacion da las

variaciones a largo plazo

The axpanded uncertainty was
calculated from the contributions of
uncertainty originating from the
“tandards used, from the weighings
and the air buoyancy corrections.
The reported uncertainty does not
include an estimate of long-term
varlations.
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44 XML Tree Editor

Presenting author: Justin Jagieniak, Physikalisch-Technische Bundesanstalt (PTB),
Germany

E-mail address: justin.jagieniak@ptb.de
Additional authors: Benjamin Gloger, Shanna Schonhals, Siegfried Hackel (all PTB)

Abstract

The XML Tree Editor is a Qt development written in Python. The aim of the development is to
get a better overview of an XML file and to edit it. Similar to the well-known XML Notepad by
Microsoft it can be used to load an XML file into a tree view. But the XML tree editor has
some differences. One big difference is that the XML tree editor load the scheme out of the
XML file (via web or via local file) and use it to construct a skeleton in the program memory.
This skeleton can be used to validate the data and to create new nodes inside the tree view.
There is no option to create a node with a name by oneself. Instead, you have to use the
names suggested by the xml scheme. This prevents errors by the user and is all-designed to
be user friendly. The XML Tree Editor aims to be used not for the digital calibration certificate
only. It can be also used for other certificates e.g., the Digital Calibration Request (DCR), the
Digital Calibration Answer (DCA). The presentation shows the program functions in an early
stage of development and gives an overview about planed rollouts in the future.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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) Physikalisch-Technische Bundesanstalt
‘,.‘ Braunschweig und Berlin
2 Nationales Metrologieinstitut

XML Tree Editor

Presenting author:
Justin Jagieniak, AG 1.24 .

B Stakeholder

* Users, who aren‘t familiar with XML and want to
administrate, edit and validate and XML file.

* Experienced users, who would like to have a
better overview of the XML file and to work faster

with it.

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

08.02.2023

Page 452 of 559



\ G
:‘k‘ PTB 3"international DCC-Conference
5 P1B Functions

* The tool should crawl the xml schemas out of the
xml file and download it by itself.

* The tool should work with every XML file and a
scheme (XSD, RelaxNG, etc.)

* If there aren‘t schemas the XML is editable, but
the functions aren‘t made for this and it has a
limited use for this.

Physikalisch-Technische Bundesanstalt B Braunschweig und Berlin Nationales Metrologieinstitut

08.02.2023

B XML Tree Editor - O X
File Tools Help
+v0 dardigitalAccidentReport

© xsi:schemalocation https://ptb.de/dar ../d-arxsd

v O daro:digitalAccidentReportObject
v o daro:administrativeData

o darozisan
0 daro:status new ~

© darc:owner

v 0 daro:accidentData
0 daro:accident smarthome

0 daro:reportingObject
v 0 darp:digitalAccidentReportPerson
0 darp:administrativeData
o darp:patientData

0 dardigitalAccidentReportRisk

08.02.2023 4
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7 XML Tree Editor
File Tools Help

PIB

v 0 dccdigitalCalibrationCertificate

° xsi:schemalocation https://ptb.de/dcc https://ptb.de/dcc/v3.1.2/dcc.xsd
° schemaVersion 3.1.2

v ) dccadministrativeData
v o dcc:dccSoftware

> @ deasoftware

> 0 decc:software
> o decc:software

> o dcc:coreData

v @ decitems

() AddNode

dccname
v o deciter..

dcc:equipmentClass
> ) decname dec:description

dccowner
> o decc:manufacturer

00000

dccidentifications

o dccmodel o decitem N
> o dccidentifications w

> o dcccalibrationLaboratory
> Q dccrespPersons

> o dcc:customer

P

08.02.2023 5

7 XML Tree Editor
File Tocls Help

~ 0 dcc:digitalCalibrationCertificate
© xsisschemalocation https://ptb.de/dcc https://ptb.de/dcc/v3.1.2/dccxsd
° schemaVersion 312

v @ dccadministrativeData
v ) dccdecSoftware
v @ dccsoftware

> 0 decciname

o dccirelease

0 dec:itype editor
> o dcc:software
> 0 dcc:software

> o dcc:coreData
v o dccitems
v o decitem
b o dcc:name

> o dec:manufacturer o Add Node
o dccmodel ° Add Attribute

> o dcciidentifications

> o dcc:calibrationLaboratory

08.02.2023 6
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7 XML Tree Editor

File Tools Help

PIB

v 0 dec:digitalCalibrationCertificate

o xsi:schemalocation
° schemaVersion

v o decc:administrativeData
v @ dccdecSoftware
v o dcc:software

> @ decname

o dccrelease
© dectype
> o dec:software
> @ decsoftware

> o dcc:coreData
v o dcciitems
v 0 deccitem
> o dcc:name

> o dca:manufacturer

o decc:model

https://ptb.de/dcc https://ptb.de/dcc/v3.1.2/dccxsd
3.1.2

editor il

application L}
bios

driver

editor

firmware

library

os

other

b 0 dccidentifications

> o dcc:calibrationLaboratory

08.02.2023

7 XML Tree Editor

File Tools Help

> o dcc:coreData
v @ decitems
v o deccitem
> @ decname

> @ decmanufacturer
o decc:model

> o deccidentifications
> o dcc:calibrationLaboratory
v o dcarespPersons

v o dcc:respPerson

> o dcc:person

© deccmainSigner

v 0 dcc:respPerson

> o dcc:person
o dcc:mainSigner

> @ deccustomer
> o dccstatements

> @) dec:measurementResults

O

%]

08.02.2023
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v @ dccdigitalCalibrationCertificate
o xsi:schemalocation
o schemaVersion

v o dcc:administrativeData
v, o dcc:dccSoftware
v o dcc:software

> o dcc:name

o dccrelease
o dcc:itype
> o dcc:software
> o dcc:software

v o dcc:coreData

© dcccountryCodelS03166_1

© dccusedLangCodelS0639_1

0 dcc:usedLangCodelS0639_1

0 dca:mandatorylangCodelS0639_1
0 dcc:uniqueldentifier

> o dccidentifications

0 dcc:beginPerformanceDate
o dcc:endPerformanceDate
o dcc:performancelocation

24 o dccitems

https://ptb.de/dcc https://ptb.de/dcc/v3.1.2/dcc.xsd
312

application

I

laboratory

08.02.2023

v0 dcc:digitalCalibrationCertificate

° xsi:schemalocation
° schemaVersion

https://ptb.de/dcc https://ptb.de/dcc/v3.1.2/dccxsd
3.1.2

v o dec:administ] 7 Validation Error!

v @ dcadecSq

v o dccisg

> 0 dd
o da

o da

> @ decsa
> 0 deccisg

b, 4 o dcc:coreD)

0 dccoé
o dccus
o deccus
O dc

e failed validating 'de' with XsdPatternFacets(['[A-Z}{2}']):
Reason: value doesn't match any pattern of ['[A-Z]{2}']
Schema:

<xs:pattern xmins:xs="http://www.w3.0rg/2001/XMLSchema" value="[A-Z}2}"
/>

Instance:

<dcc:countryCodelS03166_1 xmins:dcc="https://ptb.de/dcc">DE</
dcc:countryCodelS03166_1>

[ox ]

e - =

o dcc:uniqueldentifier
> o dccidentifications

0 dcc:beginPerformanceDate
o dcc:endPerformanceDate
0 dca:performancelocation

v o dcciitems

laboratory

08.02.2023

10
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o dcc:digitalCalibrationCertificate
o xsi:schemalocation
° schemaVersion
@ dcc:adninistrativebata
o dccidccSoftware
o dccicoreData
o dcc:items
o dcc:calibrationLaboratory
) dcc:respPersons
o dccicustomer
0 dcc:statements

https://ptb.de/dcc https://ptb.de/dcc/v3.1.1/dcc.xsd

3.1.1

v (N dcc:statement

o refType

o dccideclaration
o dcc:respAuthority

o dcc:conformity

o dcc:statement
0 dcc:measurementResults
0 dcc:measurementResult
o dcc:name
o dcc:usedMethods
o dcc:measuringEquipments
©) dec:influenceConditions
o dcc:results
o dcc:result
© refype
o dcc:name
° dcc:data

o dcc: list
-

basic_conformity

gp_measuringResultl

08.02.2023

o dcc:results
o dcc:result
° refType
o dcc:name
o dcc:data
o dcc:list
o refType
o dcc:quantity
© refype
o dcc:name
© si:hybrid
o si:reallistXMLList
o siivalueXMLList
© si:unitMiList
o si:realListXMLList
o si:valueXMLList
o situnitXMLList
o dcc:quantity
o refType
o dcc:name
©) si:hybrid
o si:reallListXMLList
Q si:valueXMLList
© si:unitmiList
© si:reallistxiLList
0 siivalueXMLList
© si:unitMLList
o dcc:quantity
© refype

o dcc:name

08.02.2023

11

XML Tree Viewer

gp_measuringResultl

gp_tablel

basic_referenceValue

306.248 373.121 448.253 523.319 593.154
\kelvin

33.098 99.971 175.103 250.169 320.004

\degreecelsius

basic_measuredValue

306.32 373.21 448.36 523.31 593.07

\kelvin

33.17 100.06 175.21 250.16 319.92

\degreecelsius

basic_measurementError

12
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[ ] (] XML Tree Viewer @ P I B

u S1IUNITAMLLIST \gegreeceLsius 2

o dcc:quantity

° refType basic_measurementError
o dcc:name
o siirealListXMLList
o siivalueXMLList 0.072 0.089 0.107 -0.009 -0.084
© si:unitMLList \kelvin
o si:expandedUncXMLList =
o si:uncertaintyXMLList 0.061
o si:coverageFactorXMLList 2
o si:coverageProbabilityXMLList 0.95
o si:distributionXMLList normal

o dcc:measurementMetaData
o dcc:metaData

° refType basic_conformity
o dcc:declaration
o dcc:conformityXMLList pass
o dcc:data
o dcc:quantity
o refType basic_acceptanceLimitLower
o dcc:name I
© si:ireallistxMLList
o si:valueXMLList -0.23 -0.23 -0.23 -0.30 -0.30
o sizunitXMLList \kelvin
o dcc:quantity
o refType basic_acceptanceLimitUpper
o dcc:name
© si:reallistxMiList
o si:valueXMLList 0.23 0.23 0.23 0.30 0.30
o situnitXMLList \kelvin

08.02.2023

P B Plans for the future

* Convert lists to Qt Tables
* Recognize files in base64 and show it as file
elements:
* Make previews for image files
* double click to change and upload another
file
* Create a dashboard to make the tool as a part of
the GEMIMEG tool.

08.02.2023 14 ppt-folie-vorlage
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Thank you for your attention!

Please keep in mind that the development is in an alpha
stage and can‘t be released right now.

Justin Jagieniak
E-Mail: justin.jagieniak@ptb.de

Benjamin Gloger
E-Mail: benjamin.gloger@ptb.de

Siegfried Hackel
E-Mail: siegfried.hackel@ptb.de

- Shanna Schonhals
E-Mail: shanna.schoenhals@ptb.de
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Parallel Session 5: Adoption of DCC at NMI’s

Presentations that would also fit into this session:
» 12 Development of PDF based Digital Calibration Certificates at NMIJ, AIST

> 17 The Digital NIST: Pilot Project for the Digital Transformation of NIST’s Measurement
Services

» 20 A Proof of Concept for a Digital Calibration Environment for Digital Multimeters

» 25 Generation of Digital Calibration Certificates for Temperature Sensor Calibrations
using Python and Excel

» 30 Calibration 4.0: A DCC Implementation in Electrical Metrology for the Calibration of
Digital Multimeters

» 36 Pharmaceutical Test Case of a DCR- and DCC Implementation in an Accredited
Calibration Laboratory

45  Digital Transformation of NMI: Practical Experience on DCC and Beyond
@ NIS-Egypt
Presenting author: Ahmed H. Ali & National Institute for Standards & Egypt

E-mail address: ahmed.hussien@nis.sci.eg

Additional authors: Reham Abdellatif abouhogail, Mohammed Gadelrab, Mohammed
Elsheikh

Abstract

Generally, sharing experience and information is a good practice in the human communities.
Its importance increases in emerging scientific or technical fields as it helps people to learn
from each other and apply new technologies faster without repeatedly committing same
mistakes. The digital transformation in metrology is an ideal example of this practice where
experts share generously their experience with fellows. In this presentation, we present our
practical experience regarding the digital transformation (DX) and the digital calibration
certificate (DCC) at the National Institute of Standards (the NMI of Egypt). We describe how
we approached the problem from the early beginning with a clear vision. Not only we
describe how we developed a comprehensive plan to make the transition from traditional
systems to become fully digitalized. We also explain how we reached this plan through a
comprehensive analysis of the status quo of our institute. Besides the IT infrastructure
necessary for the digital transformation and the DCC, our plan also covered the metrology-
related processes and the metrology artifacts.

Unlike other presentations, ours may explain some overlooked or uncovered issues that
might never be confronted by NMIs in more advanced countries. Therefore, we believe that
presenting NIS experience could be beneficial for many NMls that have similar situations or
environment such as ours (i.e., with respect to DX/DCC readiness, available facilities,
skills/personnel and budget).

Back to “Table of Contents” atpage 1|2 |3 | 4
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Digital Transformation of NMI: Practical

Experience on DCC and Beyond @ NIS-Egypt

1- Ahmed H. Ali (Ahmed.hussien@nis.sci.eq)

National Institute of 2-Reham A. Abouhogail

Standards (NIS-Egypt)

3- Mohammed Gadelrab

4- Muhammad EISheikh

Outline

@ Vision
Status Quo
@D -oistic ox Pran

@ Practical steps for plan execution

@ Steps towards fully implemented DCC

@D ox Legisiative side
@ Learned Lessons & Challenges

Page 461 of 559



X~
Q‘ I 3"international DCC-Conference

" P
Vision &%:}
.Vision: Digital Transformation not only current
metrological services and metrology-related activities but also
opening the door for future, innovative services and
applications.
+Approach:
Where we are?
How can we realize our vision?
@ .
Status Quo: Where we were? fﬁ:«i
&S
» Quite obsolete infrastructure
» Manual processes and disjoint workflows
» Paper-based CC
» Limited DX Awareness & Know-how
» Legislative Aspects: National laws in place
@
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« Activities (Processes): « Measurement Artifacts:
~Measurement ~Measurement instrument (HW, SW)
-Calibrate/Test -Measurement Data
~Inter-Compare ~Calibration Certificate
-Audits -Reference Material/Standard
- Administration/ Managment -Digital Twin

« Upgrading infrastructure
« DX of the institutional departments

« Re-engineering the process of the calibration service:
* Reviewing calibration process workflows

+ Building a new calibration management system
« Digital Calibration Certificate (DCC)
« Training

« Research:
« MADT
+ DT4M
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Practical steps for plan execution: Infrastructure upgrade

v Network re-design

v New network equipments

v High-speed Internet

v Inter-building fiber-optic links
v" Build a local data-center

v Build a private cloud

Practical steps for plan execution: Platform upgrades

v NIS mail server:
v'Enhanced reliability and security
v NIS service web-portal:
v'Calibration / Test / Ref Material /
Training / Consultation
v NIS calibration management system:

v" End-2-end process view

v Integrated quality system

\/ Auto m ated woO rkﬂ ow Administration Settings Calibration Quality
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Delivery to the Client

I

Camtration maregement

‘ A

o qmss| e qee] g

Generate

Calibration DCC Request

Request

Request Select DCC Fill Template
Template Data

Assign

Fix Date
Approve DCC Review DCC issues
by owner by reviewer Preview DCC

Send DCC for

= Review
Issue DCC
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« Unify CC from all departments to a standard template

« Analyze its current contents
« Compare with PTB suggested DCC scheme
« Adapt and add CC fields

« Generate own DCC scheme

. .Generate
Adapt

XSD
.Compa re

.Study

.Unify

Digital Image of XML-based XML-based Standard DCC Blockchain-
the paper-based cerlificate + certificate signed XML format based DCC
certificate signed paper- using digital
based certificate signature
1% Gen
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» “Calibration Method ” Field: NIS SOP (Service Operation Process) or a standard procedure
(e.g., IEC 60060-1 and ISO 171234 (2012))
» “Uncertainty Method” Field: Like “Calibration Method ” Field

» “Calibration Mode” Field: The function to be calibrated in a multi-function device

name 1 l‘:]
[<] type = textType
[d[1D
usedMethodListType - |usedMethod 1./ description o3l
{t H =] type = richContentType
base = complexType e type = usedMethodType [sedmethodtype L —— | [¢4__[®
4 fTbﬂs!=°°"v|eXTYPe 1= { =) refld | IDREFS
L 4 o e
refvyps] retypedt
refType| refTypesType 4

“Calibration | NIS SOP (Service
Method ” Operation <dcc;usedMethod refType="nis_calibrationMethod">
Field Process) or a standard <dcc:nane>

d ( IEC <dccicontent lang="en">Calibration Method</dcc:content>
proce ure e‘g'l <dcc:content lang="ar"></dcc:content>

60060-1 and ISO </dcc name>
171234 (2012)) <dccinorm> <!-- ‘‘SOP or Standard’’ --> </dcc:norm>

</dcc:usedMethod>

“Uncertainty Like “Calibration
n n” H
MEthOd MEthOd Fleld <dcc:usedMethod refType="nis_uncertaintyMethod">
Fleld <dcc:name>
<dcc:content lang="en">Uncertainty Method</dcc:content>
<dcc:content lang="ar"»></dcc:content>
</dcc:name>
<dccinorm> <!-- ‘S0P or Standard’’ --> </dccinorm>
</dcciusediethod>

“Calibration  The function to be
" H - . .
MOde FIEId callbr'ated In‘a mUItI_ <dcc:usedMethod refType="nis_calibrationMode">
function device <decimane>

<dcc:content lang="en">Calibration Mode</dcc:content>
<dcc:content lang="ar"></dcc:content>
</dcciname>
<dcc:description> <!-- ‘‘Functions to be calibrated’’ --> </dcc:description>
</dcciusedMethod>

e
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= &

1. Localization in DCC XML

2. User-interface localization
v PTB DCC scheme Multi-Language support
v Field Translations

v Multi-language GUI

» Law No. 203 of 2020 on Organizing measurement and calibration work
(Metrology).

» Law No. 15 of 2004 on E-signature and Establishment of the Information
Technology Industry Development Authority (ITIDA).

» Law No. 151 of 2020 on Personal Data Protection.

» Law No. 175 of 2018 on Anti-Cyber and Information Technology Crimes.
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Research Aspects: R &D Team Is Useful ”lﬂ s

#»Published:
= Mchammed S. Gadelrab, Reham A. Abouhogail, “Towards a New Generation of Digital Calibration
Certificate: Analysis and Survey”, Journal of the International Measurement Confederation
(Measurement), Volume 181, August 2021.
https://www.sciencedirect.com/science/article/pii/S0263224121005844
#In progress:
= Topic 1: A New Generation of Digital Calibration Certificate: Blockchain-Based DCC.

= Topic 2: Digital transformation in metrology.

@ 3
Learned Lessons & Challenges WJ’\‘E‘“‘;
sy
nstityre o
. obsolete Infrastructure
» Shortage of financial budget
> Shortage of qualified and experience team members
> nhone unified CC template for all department
- staff Resistance for Automation Systems
)
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» Authors List

» Ahmed H. Ali (Ahmed.hussien@nis.sci.eq)

» Reham A. Abouhogail (Reham.abdellatif@nis.sci.eq)

» Mohammed Gadelrab (mohammed.gadelrab@nis.sci.eq)

» Muhammad EISheikh (muhammad.elsheikh@nis.sci.eq)

Thanks
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47  Equipment Management and Tracking System - Cloud Service for
Calibration Certificate Management

Presenting author: Sunantiya Parana, NIMT, Thailand
E-mail address: Sunantiya.pa@gmail.com
Additional authors: Narin Chantawong, Jariya Buajarern, and Praiya Thongluang

Abstract

The NIMT has created an Equipment Management and Tracking System (EMTSs) that will
provide customers with an open service. The EMTs is created following the 1SO17025
standard, the general requirements for the competence of testing and calibration
laboratories. The EMTs is a platform to approach the problem of storing calibration
certificates. The main purpose of EMTs is to store calibration certificates of various
equipment in electronic form and manage data storing calibration results for customers. The
benefits of this system are easy-to-find documents, privacy, and security of data. The EMTs
planning is divided into two phases. The first phase will be used in the NIMT to test the
system and receive inner feedback to improve the system. Then it will be launched for third
parties and review the comment to improve the system again before the official launch.

Back to “Table of Contents” atpage 1 |2 |3 | 4
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EQUIPMENT MANAGEMENT AND
TRACKING SYSTEM (EMTs)

= Cloud service for calibration certificate management.

Presented by: Sunantiya P.

() amounosIngmnuma
National Institute of Metrology (Thailand)

Overview
}} Introduction
) What is EMTs

}} How does the EMTs work?

}} Future work

aaaaa
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Introduction :

File cabinet of each department

|
-

() amuoumas3Ingmnuana

National Institute of Metrology (Thailand)

A lot of document Owner

+

o 7 ]
+_>—>

+

Customers store a document in paper form and they keep it in a file cabinet of each
department. The large document resulted in some issues i.e. finding and losing the
document. Because finding document operation depends on storage system of

organization.

Current issuing certificate process

Customer NIMT

User Owner Lab staff

f@a i
D y -— ‘f" @ cagat.onpmgram \){Q

il
x|

-

National Institute of Metrology (Thailand)

<> amuumas3angmnuna

NIMT
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To approach this issue,

The NIMT has created an Equipment Management and
Tracking System (EMTs) that will provide customers as a public service.

() amounasIngmnuma
National Institute of Metrology (Thailand)

6

Depicts storing data management system - EMTs.

Customer NIMT

Lab staff

K

:

Calibration program

A

() amuunasIngunuma
National Institute of Metrology (Thailand)
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What is EMTs ’

The EMTs is a platform to approach the problem of storing calibration certificates
¢ The main purpose of this system is to store calibration certificates of various
equipment in electronic form and manage data storing calibration results for

customers,
¢ The benefits of this system are easy-to-find documents, privacy, and security of
data. E
¢ 51 10
- | =

erics svarvien taman

() amounasIngmnuma
National Institute of Metrology (Thailand)

The roles of users in the EMTs 8

Super Admin
Super Admin is staff from the NIMT
Organize the overview of the EMTs.
accept a request from an organization.
assign an admin role for each organization

Organization 1

Member

* Member is staff of organizations
that access the EMTs.

* Only to view the equipment of

their group and subordinate

group equipment.

Admin is staff of organizations that
access the EMTs.

* Create and edit group, accounts, and
equipment of their group.
manage their subordinate groups.

() amoumasangmnumia
National Institute of Metrology (Thailand)
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How does the EMTs work? o

Log In

Whds=uu

At Admin created an account for a user, the account

user will receive a verification via email to log in.

Request for access

EMTs registration must be sent a request to the
https://emt.nimt.or.th website

() amounosangmnumn
National Institute of Metrology (Thailand)

Dashboard 10

Equipment

Member
55 27

e Memars | Sucumnn caupmens | huonaunsn

Mamsars | cnen Eausmants | numunanl

Device list near
calibration date

Device list near
maintenance date

[ r———

Device overview p —

() amuunasIngunuma
National Institute of Metrology (Thailand)
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Equipment Management 1

Equipment Manament

>
Equipment Management [ Q searcn |
Detail of equipment

[+ oot e [ G ot G oo |

() amounosangmnumn
National Institute of Metrology (Thailand)

Group Management .

¥
Groups Management Detail of group
Group | ngu =+ Creste Group Administrator
Group
Member | andn

() amuunasIngunuma
National Institute of Metrology (Thailand)
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User Management 13

User Management Detail of user R =

T

No. Profile Picture Name Lastname Email Status

() amuunosIngmnama
National Institute of Metrology (Thailand)

NiMT

Conclusion &

* EMTs is a cloud service for management and approaching the problem
of storing calibration certificates.
* The benefits of this system
* easy-to-find documents,
* Privacy
* security

() amuunasIngunuma
National Institute of Metrology (Thailand)

Page 478 of 559



Future Work.

First phases

+ NIMT test the system.
* Receive feedback.
* Improve the system.

Second
phase

around July

2023

Customer test the system.
Receive feedback.

Improve the system again
before the official launch.

3"international DCC-Conference

15

Next step

Develop
the EMTs

to support a
DCC

The NIMT will develop the
EMTs to be able to support a
digital calibration certificate

(DCC).

() amuunosIngmnosa
National Institute of Metrology (Thailand)

16

THANK YOU FOR YOUR ATTENTION
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48  Mapping of Processes and Risks in the Digital Transformation in
Metrology of lonizing Radiation - A Case Study in X-Ray Air Kerma Calibration

Presenting author: Igor Fernando Modesto Garcia, Labprosaud/IFBA, Brazil
E-mail address: lem.labprosaud@ifba.edu.br

Additional authors: Eric Matos Macedo, Marcus Vinicius Teixeira Navarro, José Guilherme
Pereira Peixoto

Abstract

To solve the metrological challenges of an increasingly digitized world, countries are
developing applications, infrastructure for DCC and researching the comparability of real and
virtual measurements. Objective: to map the processes and risks related to the digital
transformation of kerma calibration in air in X-rays. For quantification of risks related to the
process, the FMEA was used, which is a method widely used in the aviation and automotive
industry due to its reliability. The results presented showed and compared the mappings of
processes and risks related to contemporary calibration and the 4.0 model projection for x-
ray air kerma magnitude. In the contemporary calibration process 18 risks were found. The
main identified risk was the error in the analysis and use of the calibration certificate by the
user which uses the CC. The main vectors were complexity and number of magnitudes
related to the area of ionizing radiation; lack of user metrological training; lack of metrological
management of equipment by the user; manual certificate analysis process associated with
the complexity in presenting the results of calibration certificates by laboratories and cultural
factors (perception of the meaning of the word “calibration” as “adjustment. This result is
important because, of all the risks listed in this process, this is the one that presents the
greatest harm to metrological reliability. In the case of 4.0 calibration that uses the DCC as
premise, the risk of error in the analysis and use of the certificate was significantly lower
because the structure of DCC mitigates the main factors related to the CC. The main level of
risk in the case of 4.0 is associated with the sensor/actuator chosen, with the reliability and
integrity of the communication network.

Back to “Table of Contents” atpage 1|2 |3 | 4

Mapping of processes and risks in the digital
transformation in metrology of ionizing radiation, a case
study in x-ray air kerma calibration

Author: MSc. Igor Garcia
Coauthors: MSc. Eric Matos
Dr. Marcus Navarro

Dr. José Guilherme

*pEq® LabPROSAUD i = e pconind
O i sam - EE SRR ~-tEEE BRATI.
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11 years of experience in calibration laboratories (2012 —
2023)

PhD candidate in the graduate program in Radioprotection
and Dosimetry at the IRD in the area of metrology (2021).

L2

Training in x-ray calibration with secondary standard
laboratory dosimetry from the 1AEA (2018)

Master's degree in Health Technologies (2017)

Degree in Medical Radiology Technology (2011)

&l [E =

S __

Mapping processes and risks in the digital transformation

The contemporary calibration for x-rays VS The 4.0 calibration projection for x-rays

Digital copy of the Calibration Certificate CC Digital calibration certificate DCC
o
o LEROSND | .

Certificado de Calibracao
Salvador, 22 de janeiro de 2021 Salvador, 18id& oufubro de 2027
o (11 =)
A [MA
Me-fgerfemando Modesto Garcia Dr. Marcys|Yitiiciué T. Navarro
Signatario Autorizado Cooydenador Técnico -
! Signatano Autorzada Coardenador Técnica
Human readable Human and machine readable

[ nza
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» To quantify the risks related to the process, the Failure Mode and Effect Analysis — FMEA method
was used, with the following sequence:

1. The criteria were defined (table 1)
Table 1. Definition of criteria by effect

Value Effect Description
Criteria for severity (S)
i) No effect No effect on the calibration process
2 Lesser effect  Small effect on the calibration process
3 Greater effect R ble effect on the calibration process
4 Critical Great effect on the calibration process
5 Catastrophic  Interruption of the calibration process

Criteria for occurrence (O}

1 Never Never happens

2 Rare 1% chance per year

3 Occasional 5% chance per year

4 Likely 10% chance per year

5 Frequent >10% chance per year
Criteria for detectability (D)

1 Easy Can be easily detected by observation before starting the process

2 Notsocasy  Can be observed afler some process checks

3 Medium It is necessary to use standard checking tools

4 Difficult Tt is necessary to use specific tools

5 Not d d _ Cannot be ds d 4
Source: research data /

2. The Risk Priority Number RPN was calculated; —
RPN =(Sx0OxD)

3. RPN was classified (table 2);
Table 2. RPN classification

S O D RPN Classification Treatment
é é ; é Acceptable RPN< 27 No corrective action needed

3 3 3 27 : 2

4 4 4 64 Relevant 27 <RPN< 64  Demands corrective action

5 8 3

125 Unacceptable RPN > 64 Urgent corrective action required
Additional criteria:

1 Any RPN < 27 is residual risk and can be addressed in (he conlinuous improvement process.
2 Ifany of the criteria is 5, the RPN should be classified as *“Relevant”.

Source: research data

4. Corrective actions were applied;

5.  After the corrective actions, we quantified the RPN again to verify the effectiveness of the actions in
mitigating risks. .

‘ e
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u \ \ Receive the Analyze the Use calibrated
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Table 3. Quantification of the risks of the traditional calibration process (FMEA).

3"international DCC-Conference

Agent Effect Risk S O D RKN Actions S O D RN
Contemporary calibration for x-ray Error indefining calibration 4 5 5 ¢ 303 2 18
User Inaccurate bbb User training and
calibration  Error in the analysis and use AL i Iaboratory advice 3 3 4 3%
of the calibration certificate
5 = Damage or theft of user equip- =
Table 1. Definition of criteria by effect + ol CZ‘;:”;;“ St 53 3¢ 43 Inmomcecoact 42 2 16
Value Effect Description - formed excessive delay 33 2 18 Internal controls 5 12 10
Criteria for severity (S)
1 No effect No effect on the calibration process Failure to comply with calibra- 2
. 4 3 5 B 43 3 36 3 22 12
2 Lesser cffect  Small effect on the calibration process Inaccurate tion requirements
3 Greater effect  Reasonable effect on the calibration process calibration fict of i ’ s .
4 Critical Great effect on the calibration process Laboratory ) Soallictor mlcrw?l,md wnfi- 49 3 Exoctireg for 312 6
" ” ST dentiality quality controls,
5 Lalaslmglnc lnlerruauon of the calibration piocess manage- < 3 2 kel st ot
Criteria for occurrence (O) ment Calibration ~ Neceiving, bhandling, trmasport, 5 5 5y audits 4 22 16
1 Never  Never huppens not per- . £ad storage '
2 Rare 1% chance per year formed Break-inor theft of labormtory, 5 53¢ 15 45 Security system 4 12 8
3 Occasional 5% chance per year __facilities
4 Likely 10% chance per year Errors in calibration measure- 43 4 a8 4 3 2
5 Frequent >10% chance per year ments
CritericsJor dereciabinty (D) Use of inappropriate equipment 4 3 2 24 4 22 16
1 Easy Can be easily detected by observation before propr s
2 Notsoeasy  Can be observed afler some process checks 5 ar 2 Constant team
3 Medium It is necessary to use standard checking tools! Inaccurate  Equipment identificationerrors - 3 3 3 27 ing, intemal 3 32 18
I el Pl e Laboratory  CAlbON  Erorsinthe calibraion conific 4 3y 4 andesemalawdis 3, o
3 anoc calxb@hon cate information
technique Errors in un(t:xmn calcula- 43 4 48 4 22 16
unstable environmental condi- 33 3 27 12 4
tions Reservation eystem
Calibration Datterns stop working 5 32 30 2 22 8
i :
';:mﬁ:; User equipment doesnotwork 5 2 2 20 Che;ko‘l:::emd 2. 22 8
Regul I User doesnotwork 4 2 1 8 3 3 22 12
todi bt Team training
aes AR, Market surveillance error 42 4 32 3 22 12
Total 614 Total 266

Contemporary calibration for x-rays

Table 3. Quantification of the risks of the traditional calibration process (FMEA).

Agent Effect Risk S O D RPN Actions S O D RFN

The main identified was: Errorin defining calibration 4 5 5 ¢ 3032 18
Inaccurate cateria User training and
Usep calibration i : laboratory advice

Error in the analysis and use 4 64 AN 3 31 4 16

of the calibration certificate

The main vectors for this:

1- Manual certificate analysis process associated with the complexity in presenting the results of the CC
2- Complexity and number of magnitudes related to the area of ionizing radiation;

3- Lack of user metrological training;

4- Lack of metrological management of equipment by the user;

5- Cultural factors (perception of the meaning of the word “calibration” as “adjustment”)
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15t Stage Intelligent and loT 3rd Stage
sensors collect raw ATl
data and start the and execution of intelligence
control process %

-

Metrology Cloud and Big Data <_:> Wmm
|mnmm|
continuous improvement

J

Sth Step Digitizing
the calibration data

—A

Figure 3. Metrology 4.0 relationship diagram
Source: Research data

Negoti
contract Send the results

Technical Send and \
Laboratory = analysis of receive smart
. calibration sensor signal
Technique

tion crite

Automated m
reitlanc

tion protoce

Regu\ator‘/
bodies

Figure 4. Possible macro flow of the 4.0 calibration process for ionizing radiation
— Source: Research data
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Transmitter <

Receptor <

Figure 5. Flowchart of a 4.0 calibration process

Source: Adapted from Calibration for Industry 4.0 Metrology: Touchless Calibration{Andonov S. 2018)

Table 4. Quantification of risks related to the 4.0 calibration process (FMEA).

Agent Effect Risk S O D RPN Actions s
Exrror in defining calibration
T entena 422 16 g ofineltigentsop- > 1 12
User calibration  “ETTor in the analysis and ware, user training and
use of the calibrationcer- 4 1 4 16 Iaboratory advice 3R T aA
tificate
: Use of intelligent soft-
ngocardl F“'xﬁtgnm“”'y“‘;’s““‘ 383 27 ware mtmationpoce- 3 2 1 6
Lol requirem dnres far qua'ity controls,
Laboratory Conflictcfinterestand 5, 5 g memalandetemal o
manzgement confidentiality audits
Calibration y
not per- B"”“"&'ﬁ‘hm:“““' 533 45 Security system: 512 1
formed
Errors in calibration meas- 33 4 36 231 6
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X-rays

There is a significant reduction in the
risk of analysis and use of the
calibration  certificate  and  total
estimated risk of the process.

However, there are new risks exclusive
to the 4.0 model and all with criteria of 5
(interruption of the calibration process),
This increases the need for control
actions.
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Study limitations:

* Risk is calculated by mathematical means (data statistics). As the calibration process

is “company secrets”, there is a lack of “typical data values”.

= Different laboratories use different processes, so a particular independent approach

would be the best way to do the risk analysis.

* Risk is different from risk perception. Although judgments must be made based on

facts. Cultural, religious, social, and political factors can influence the perception of

risks among the agents involved.

Contemporary calibration The 4.0 calibration projection for x-rays .
Except for the "calibration request" step, each There is no logistics agent Market surveillance is
member of the process performs its task interconnected with the calibration laboratory
independently database

| ed |
X

Logistic

(Shipping
company)

Send the resuts

N\

Laboratory
Technique

Laboratory
Technique

Regulatory
podies
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Contemporary calibration The 4.0 calibration projection for x-rays

There is a detailed mapping of the calibration There is a flowchart of the 4.0 projection for x rays
process calibration
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l Figure 5. Flowchart of a 4.0 calibration
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Contemporary calibration The 4.0 calibration projection for x-rays
The main identified risk in the process: The same risk was significantly lower because the DCC
The error in the analysis and use of the CC structure mitigates the main factors related to the CC
Table 3. Quantification of the risks of the Iradilional calibration process (FMEA), Talle 4. Quantificatian of riks related 1o the 4.0 ealibearion process (FMFA).
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49  Processes and Conventions for the DCC — Results of PTB’s 100-Day
Programmes in 2022

Presenting author: Shanna Schonhals, PTB, Germany
E-mail address: shanna.schoenhals@ptb.de

Additional authors: Muhammed-Ali Demir, Gisa Foyer, Benjamin Gloger, Frank Hartig,
Siegfried Hackel, Moritz Jordan, Thomas Krah, Beatrice Rodiek (all PTB), Julian Haller
(Sartorius), Christian Muller-Scholl (Mettler-Toledo)

Abstract

During the past year 2022, significant advancement towards an operational use of digital
calibration certificates has been made. PTB has conducted all together three 100-day
programmes, focusing on selected aspects of DCC development and roll-out. Whereas the
first programme has been carried out as an internal project, with the major goal to advance
the development of the GEMIMEG tool, the consecutive two 100-day programmes involved
external partners from other NMls, calibration service providers, and industry.

General aspects such as accreditation and signing of digital certificates were addressed, but
also the development of good practice examples for weighing applications were in the focus
of these projects. Moreover, a communication workflow for conventions and harmonisation
with the core development team has been established to support the current work of
technical committees developing good practice example DCCs within various areas of
metrology. Selected results of the 100-day-programmes will be presented in this talk, with an
emphasis on processes and conventions for the DCC.

Back to “Table of Contents” atpage 1|2 |3 | 4

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Metrologieinstitut

Processes and Conventions
for the DCC

Results of PTB’s 100-Day Programmes in 2022

Shanna Schonhals .

Page 490 of 559



I 3"international DCC-Conference

B 2022 in Three 100-Days Programmes

’
GEMIMEG Tool General Mass DCC
Initiate DCC Roll-out Expert Report .
% DCC Processes and Conventions

l

"/ 07/2022 "/10,-*2022 A
03/2022 06/2022 102022 W¥) 012023

Internal DCC Mass DCC
DCC Si Nat Mass
Processes !

Mass DCC for Si-Nat Sphere
GEMIMEG Tool
Human Readable

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
02032023 2 3rd Intemational DCC Conference

PTB 100-Programme Team

PTB DCC Core

Team PTB Vice
President
PTB Mass
Experts
Dept. 1.1 Mass
WG 1.14 Communications IndUStry
Technology of Weighing Stakeholders
Instruments
Hafner
Mettler-Toledo
BEV Sartorius
Zoltan Zelenka,
EURAMET TC-M Chair
Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
02.03.2023 3 3rd Intemational DCC Conference
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.PTB Selected Outcomes for the DCC

Definition of accreditation aspects,
establishing of regular exchange
between accrediation and DCC
developers, pilot project

Accreditation

General legal requirements of digital
signatures or seals for DCCs

Digital Signatures

3 d Establishing standardised I nteraction W|th
r harmonisation processes DKD
Communication workflow between DCC PrOC@SSGS and
4th contributors for conventions (schema )
elements, refTypes, structures) Conventions
Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
02032023 4 3rd International DCC Conference

PTB Accreditation

Acceptance of the ' CC by accreditation
Long'term goal authorities

Starti ng point Cooperation between PTB and DAkkS

Pilot project Within the scope of QI Digital project

Supporting selected pilot accredited labs in

PTB objectives CC implementation
Facilitating guidance and support for auditors

Physikalisch-Technische Bund It @ Braunschweig und Berlin Nationales Metrologieinstitut
02.03.2023 5 3rd International DCC Conference
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PTB Current Harmonisation Processes of DCC

EURAMET TCs

Digitalisation
Subcommittees, also
Dealing with DCCs
EURAMET
TC-IM 1448
Interdisciplinary Project
Focusing on the DCC

DKD

German Calibration Service
Technical Subcommittees for

Harmonisation of DCC

Examples, Wording, Expert

Reports

DAKkS Pilot Project

In Scope of QI- Digital;
Digital Accreditation
Symbol with DCC Use
Cases

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin
02.03.2023

IPIB bcc within DKD-TCs

Nationales Metrologieinstitut
drd Intemational DCC Conference

1. Direct Current and Low Frequency

2. High Frequency and Optics

3.+Force and Acceleration

4.~/Length

5.+/Temperature and Humidity

6.+Pressure and Vacuum

7.+Mass and Weighing Instruments
8.+/Chemical Measurands and Material Properties
9.~/Materials Testing Machines

10vTorque

cC

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin
02.03.2023 7

Page 493 of 559

Nationales Metrologieinstitut
3rd Intermational DCC Conference



3"international DCC-Conference

PIB DKD-Technical Committees in Gitlab1

“m D-PTB = Technical committees

Technical committees @
Group ID: 3317

Subgroups and projects ~ Shared projects  Archived projects

g D DCC mass for weights and mass standards () Developer
Discussion forum with examples

0 D DCCNawl

(0 | Issues for DCC Core Team (&

o~ New subgroup New project

Name v | l=
Organised within 4 days ago
instrument
groups/types 2 days ago

40 minutes ago

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin
02.03.2023 8

Nationales Metrologieinstitut
3rd International DCC Conference

PTB Background: Processes and Conventions

» As DCC implementation progresses,
points arise

Schema changes

proposals

requests and discussion

» Well-defined and standardised workflow processing required

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin
02.03.2023
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B2 PIB Gitlab1-Workflow for DCC DevOps

Discussion,
Solving the Issue

PTB Gitlab PTB Gitlab
Core Team DKD TCs

PTB Gitlab Discussion group
Jssues for the internal
DCC core Team”

Request
(Question,
Remark)

https://qgitlab1.ptb.de/d-pth/dcc/TCs/issues-for-dcc-core-team

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
02032023 10 3rd International DCC Conference

!PTB Summary and Outlook

Progress

Achieved progress for one pilot area of DCCs,
adressed fundamental questions, provided tools

Processes
. Enabled efficient processes; showed crucial points
and prepared ground for broader discussion

Foundation for ongoing work

Facilitated discussions within DKD and beyond;
initiated pilot project for accreditation processes

Comeback possible

Suitable tool for specific issues

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
02.03.2023 11 3rd Intermational DCC Conference
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) PTB Credits to the programme participants

= Muhammed-Ali Demir, = Justin Jagieniak,

= Gisa Foyer, = Jan Loewe,

= Benjamin Gloger, = Thomas Krah,

= Martin Hafner, = Christian Muller-Schall,

= Frank Hartig, = Beatrice Rodiek,

= Siegfried Hackel, = Shanna Schonhals,

= Julian Haller, = Gamze Sdylev-Oktem,

= Moritz Jordan, = Zoltan Zelenka.

Physikalisch-Technische Bund It @ Braunschweig und Berlin Nationales Metrologieinstitut

02.03.2023 12 3rd Intemational DCC Conference

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

Bundesallee 100

38116 Braunschweig

Dr.-Ing. Shanna Schonhals
Phone: +49 531 592-1240
Email: shanna.schoenhals@ptb.de

www.ptb.de/dcc

Stand: 03/23
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Parallel Session 5: RMO Activities around DCC

Presentations that would also fit into this session:

» 17 The Digital NIST: Pilot Project for the Digital Transformation of NIST’s Measurement
Services

50 DCC2GO - Supporting the Implementation of Digital Calibration
Certificates in the European Metrology Community

Presenting author: Anke Keidel, Physikalisch-Technische Bundesanstalt, Germany
E-mail address: anke.keidel@ptb.de

Additional authors: David Balslev-Harder (DFM), Peter Friis @stergaard (DTI), Lauri Lillepea
(Metrosert), Alen Bosnjakovic (IMBiH), Anu Karkkainen (VTT), Daniel Hutzschenreuter
(PTB), Clifford Brown (PTB)

Abstract

The Project “DCC2GO0O” is a “Small Collaborative Project” (SCP) funded by EURAMET. The
overall strategic aim of this instrument for capacity building by EURAMET is to fund support
activities targeted at emerging EURAMET NMIs/DIs. The project “DCC2GQ” supports the
implementation of DCCs within the European metrology community, through the coordinated
production and sharing of training material. The 2 main outputs from this project will be (1) a
DCC training compendium, and (2) a DCC starter Kkit.

e The DCC training compendium will include the current state-of-the-art of DCC
development and usage. It will cover a range of information from the basic properties
and advantages of DCCs for NMls, DlIs and stakeholders, to full technical specifications
for metrology practitioners and technical support (e.g., IT information), to overview
documents for senior management and other stakeholder organisations in the metrology
community e.g., CIPM, International Organisation of Legal Metrology (OIML) etc. The
DCC training compendium will also categorise DCCs currently in use or in development
in terms of different types of functionalities, application areas, as well as their benefits
and requirements. This should then enable providers and users of calibrations to decide
which types of DCCs are the most feasible and appropriate for specific use-cases.

e The DCC starter kit will contain step-by-step guidance for the creation, practical
implementation and secure delivery of temperature and pressure DCCs, The guidance
will provide knowledge and experience on (i) IT tools for the creation and usage of
DCCs, (ii) how cryptographic tools, in particular digital signatures can be securely used
with DCCs to protect and validate content and (iii) will consider the large number of
issued calibration certificate types and their wide range of applications.

e Back to “Table of Contents” atpage 1|2 |3 |4
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DCC2GO

Supporting the implementation of Digital Calibration
Certificates in the European metrology community

Anke Keidel (PTB), David Balslev-Harder (DFM), Peter Friis @stergaard (DTI), Lauri Lillepea (Metrosert),
Alen Bosnjakovic (IMBiH), Anu Karkk&inen (VTT), Daniel Hutzschenreuter (PTB), Clifford Brown (PTB)
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M Danish National Metrology Institute
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Capacity Building g

DCCs are insufficiently known and understood at the TC level

e Need for
o Very practical examples for DCCs and their use
o Understanding of what DCC really means
o Understanding of what changes with DCC compared to analogue CC
o Bridge gap of technical understanding within EURAMET and within the NMIs (e.g., DCC is typically
considered in IT department rather than in the cal lab)
* Suggestions
o Questionnaire on maturity of digital transformation and needs in EURAMET
o Concrete example supported by a guideline project by a TC (guideline as annex to existing one)
o Circulate more information at plenary meetings, e.g. TC plenary
o Invite TCs to seminars organised by individual NMIs
o Develop arguments / business cases
* Open questions
o Open (software) toolbox that can be used by NMIs and smaller calibration labs? %D

o How to involve TC-QM and quality management at the NMlIs in particular?
o Relation of DCC and FAIR data in industry and science? What is required from a DCC to provide
information according to the FAIR+X principles

11011010010

DCC 001000101

Capacity Building e

DCCs are insufficiently known and understood at the TC level

* Need for
o Very practical examples for DCCs and their use
o Understanding of what DCC really means
o Understanding of what changes with DCC cogg
o Bridge gap of technical understanding
considered in IT department rath
* Suggestions
o Questionnaire o
Concrete g
o Cir

8., DCCis typically

tds in EURAMET

Oy a TC (guideline as annex to existing one)
gs, e.g. TC plenary

Gividual NMls

o]

ases

volve TC-QM and quality management at the NMIs in particular?
efation of DCC and FAIR data in industry and science? What is required from a DCC to provide
information according to the FAIR+X principles

oolbox that can be used by NMIs and smaller calibration labs? %?
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Work Packages 260 o

WP1: Creation of a general knowledge base for DCCs

The aim of WP1 is to produce structured and easy-to-understand information material that can provide a clear
understanding of DCCs, their benefits and necessary requirements. The general knowledge base for DCCs will be
used to produce a DCC training compendium, that can be used by stakeholders with no prior knowledge of DCCs to
gain basic knowledge on DCCs. The DCC training compendium should be suitable for a wide range of stakeholders
with particular focus on the SEND community.

WP2: Development of practical guidance for metrology institutes to start working with DCCs

The aim of WP2 is to produce practical guidance for metrology institutes to be able to start working with DCCs. The
practical guidance will be used to produce a DCC starter kit for DCC implementation, containing step-by-step
guidance for the creation, practical implementation and secure delivery of temperature and pressure DCC. The DCC
starter kit will be focussed on the SEND community and will consider the large number of calibration certificate
types issued and their wide range of applications. The applicability of the DCC starter kit will be ensured by
validation by the project partners in the domain of temperature followed by an adaption to the domain of pressure
calibration.

11011010010

DCC 001000101

Training compendium (WP1) Seale

4

Task 1.1: Collation of basic knowledge on DCCs relevant for NMls and Dis (PTB

The aim of this task is to collate together information on the basic properties and advantages of DCCs from the perspective
of the NMls and Dls. The information should be suitable for use by NMIs/Dls that have little or no prior knowledge of
DCCs. Relevant standards/regulations will be included, as well as technical specifications for metrology practitioners,
technical support (e.g. IT information) and overview documents for senior management.

Task 1.2: Collation of basic knowledge on DCCs relevant for NI and DI stakeholders (VTT]

The aim of this task is to collate together information on the basic properties and advantages of DCCs from the perspective
of NMI and DI stakeholders, e.g. in industry and other stakeholder organisations in the metrology community e.g. CIPM,
OIML. The information should be suitable for use by stakeholders that have little or no prior knowledge of DCCs and will
include how DCCs will impact collaborations between stakeholders and NMIs and Dls.

Task 1.3: Creation of a structured and easy-to-understand overview on DCCs (PTB)

The aim of this task is to produce a structured and easy-to-understand overview of the types and different functionalities
of DCCs. The overview will categorise DCCs currently in use or in development in terms of different types of functionalities,
application areas, as well as their benefits and requirements. This should then enable providers and users of calibrations to
decide which types of DCCs are the most feasible and appropriate for specific use-cases.
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v’ Project ends in October 2023
v A very early stage of the created material

can be found on Github: METROSERT

https://github.com/DCC2GO-Project

Task 2.1: Collation of information on DCC types, their handling and available IT tools (DFM, DTI

This task aims to collate together knowledge on working with different DCC types in use or in development, including
explanatory comments, hands-on examples and (where available) IT tools for the creation and use of DCCs. Based on the
information collated, guidelines on the creation and implementation steps for DCCs will be produced.

Task 2.2: Collation of cryptographic tool information for DCC protection and validation (Metrosert;

The aim of this task is to collate together knowledge on how cryptographic tools and in particular digital signatures can be
used with DCCs in order to protect and validate the content from manipulation. The work will include different levels of
security, the validation of digital signatures and relevant regulations and will contribute to the practical guide in A2.1.3.

The aim of this task is to produce, apply, and validate a DCC starter kit. The work will include the implementation of DCCs
for temperature according to the practical guide produced in Task 2.1. The application of the DCCs in the field of pressure
will also be demonstrated and based on this, guidelines on how to adapt DCCs for use in other metrological domains will
be produced.

11011010010

001000101
DCC 010111

2 GO 1001
1"

DFM

i '?EACNHIfJ:LDGICAL
INSTITUTE
IMBIH
~, A
E M PI R EURAMET E-mail decc2go@ptb.de
SR e Ovsti e St it o2 Webpage  http://www.pth.de/dcc2go

28/02/2023
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Parallel Session 6: Community-Feedback for Further
Developments of the DCC

Presentations that would also fit into this session:
> Session D: Community-Feedback for Further Developments of the DCC

06 The General DCC Rulebook and the Rules under the Aspects of Accreditation

09 The Semantics of Measured Quantities

11 DCC and Digitisation versus Digitalisation and Digital Transformation

vV V V V

17 The Digital NIST: Pilot Project for the Digital Transformation of NIST’s Measurement
Services

> 18 On the Construction and the Dissemination of Digital Metrology Datasets for
Research and Development Purposes

> 19 Analyzing the Conformance of DCC Prototype Architecture to Calibration Laboratory
Expectations Report

20 A Proof of Concept for a Digital Calibration Environment for Digital Multimeters

21 DKD’s Contribution to DCC Harmonisation and Coordinated Development

22 GEMIMEG-II — Status and Progress Report

YV V VY V

31 DCCs for Non-Automatic Weighing Instruments (NAWIs) — Current Status of a
Respective Working Group Elaborating “Good Practice” Conventions

> 39 Two Implementations of Digital Calibration Certificates in Industrial and Metrological
Services

> 48 Mapping of Processes and Risks in the Digital Transformation in Metrology of
lonizing Radiation - A Case Study in X-Ray Air Kerma Calibration
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51 How does a Machine Distinguish the Different Types of DCCs?

Presenting author: Siegfried Hackel, Physikalisch-Technische Bundesanstalt (PTB),
Germany

E-mail address: siegfried.hackel@ptb.de

Additional authors: Muhammed Ali Demir, Lutz Doering, Benjamin Gloger, Justin Jagieniak,
Moritz Jordan, Christian Keilholz, Jan Loewe, Kai Mienert, Shanna Schonhals, Gamze
Soylev Oktem (in alphabetical order, all PTB)

Abstract

The community has raised the question of how different types of calibration can be
addressed in the DCC in such a way that a machine "understands" what kind of calibration is
involved in the DCC at issue. This question is made more difficult by the fact that it cannot be
derived from the calibration item alone. An obvious example of the calibration job is a digital
multimeter (amps, volts, DC, AC, ...). But also, a mass piece cannot only be calibrated with
regard to its weight. Often other properties of the mass piece are calibrated, such as density.

The solution to this problem is complex, as it concerns at least two different areas:

A uniqgue storage location in the DCC:

It is intended to use an element in analogy to the element dcc:equipmentClass, as it is
already used for the elements dcc:items, dcc:item, dcc:measuringequipments and
dcc:measuringequipment. The name for the element is still open.

A directory of calibration types:

We are looking for a directory of calibration types that allows a clear assignment to the DCC.
So far, directories of this kind are only rudimentary, see e.g. [1]. The necessity of setting up
and operating such a directory service is explained and the community is asked to help.

[1] https://www.ptb.de/cms/en/metrological-services/calibration-and-measurement-
capabilities-of-ptbh.html

Back to “Table of Contents” atpage 1|2 |3 | 4
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) Physikalisch-Technische Bundesanstalt
‘,.‘ Braunschweig und Berlin
> Nationales Metrologieinstitut

How does a Machine Distinguish
the Different Types of DCCs?

Siegfried Hackel

02
1st problem
» Names are not clearly interpretable
+ Example: Caliper gauge
?  Or Caliper? —
?  Or Vernier caliper? 'é d
?  Or Calliper gauge? T
* German example:
» Until the 90’s: MefRschieber
» In between:  Messchieber %
> Now: Messschieber ~ & d
« And? What is it? B o
Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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03a
1st (solution) approach for items
and measurement equipments

» Equipment class in the DCC
* Foritem(s)

[ocasomae |
|

dcc:coreData
dcccoreDataType

| J| dccitems
type|dccitemListType

_[ dcc:calibrationLaboratory

|

digitalCalibrationCertificate
type|decdigitalCalibrationCertifica...

_ [ dccadministrativeData
type|deccadministrativeDataType

dccrespPersons

type|decrespPersonListType

dcccontactType

|
|
\
\
‘ dcccustomer
|
|
|

| [ dec tResults -
+ |type dcemeasurementResultListType

|
|
|
|
|
|
|
|
|
|
I
[
[
[
I
[
[
[
[
[

PIB

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

03b

1st (solution) approach for items
and measurement equipments

L e L
> Equipment class in the DCC }"‘ 1
* Foritem(s) |

|

_ |

" dccreference |
type |dccnotEmptyStringType

pattern|[[Ms]+(\s+[A\s]+)* |

|

|

|

12

i [vpe]decequipmentClassType 3

|

| ; .

| E -
| .

|

|

|| dccitems -
tu‘éf d(c:itemListTiEe

dccname

dectextType l

| dccitem

£

type

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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03c
1st (solution) approach for items
and measurement equipments

e

» Equipment class in the DCC

» Foritem(s)

* For measurement
equipment(s)

_ ) deccdescription

i
_| dcomeasurementResults %J_E)E._ dccmeasurementResult | :t_J_p_e_LQQC_:r_igtl_Cp_n_t_ep_tImgEI
t;;:--5|dcc:measurementResuItListTyp: ypeldeomeasurementResultType || | | | e

..................................

IPIB

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

03c

1st (solution) approach for items
and measurement equipments

» Equipment class in the DCC
« Foritem(s)

»  For measuren
equipm;ent(sg)

.................................

dcc:measuringEquipments = @: ;

t-,:pe[dccmeasuriangummentlistT..- |

Attribute

dccname

|
|
|
|
|
|
T
|

L_| dccmeasuringEquipment ,i]
type d(c:measuvingEguigmentTge
| 1.0 | dccdescrintion i |
Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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04
1st (solution) approach for items

and measurement equipments

» Are there classifications that can be used?

v VDI/VDE 2623
» Internationally respected German standard
*  @Thorsten Ring: Thanks for the work!

v'  OIMLR 111-1 (2004)
»  Weights of classes E1, E2, F1, F2,

M1, M1-2, M2, M2-3 and M3

?  Who knows of other classifications?

* Please give us feedback

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

05
1st (solution) approach for items
and measurement equipments

» Equipment class and VDI/VDE 2623
« Example: Caliper gauge
v “Messschieber” corresponds tg 41-1-1-26"
PO

A clearly defined
nomenclature is the basis

« Example: Set of weights
“Gewichtsstuck-Satz” corresponds to “2-2-2-1"
+ Example: Weight piece
“Gewichtsstlck” corresponds to “2-2-2-2”
» Equipment class and OIMR R 111-1 (2004)
« Example: Set of weights or Weight piece
v" Very precise definition of a large part

PTB of the objects used

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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06
From the community: 2" problem

» How does a machine distinguish
different types of DCCs?
« Example: Digital multimeter

Amps? (0'

2 :
2 Volts? o®
? DC, or/and AC? Q{Q*

; A

« Example: Weight piece ,Q\@
Mass? of d
Density? Cp

Magnetism?

RS ERLG LS RS

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut

07
2nd problem; here:

1st part of the (solution) approach

» Implementation of a new element for this case
in analogy to dcc:equipmentClass
 Place:
» In the area of dcc:administrativeData
« Name:
? Not yet determined

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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08
2" problem; here:
2nd part of the approach
» Implementation of a directory of calibration types
»  Objective of the directory:
» Unique classification and description
of calibrations
» | know only rudimentary directories of this kind:
- https://www.ptb.de/cms/en/metrological-services/calibration-
and-measurement-capabilities-of-ptb.html
» Questions:
? Do you know such a directory?
?  Are there existing activities on this?
?  Who can bring input to the issue?
?  Who would like to get involved in this area?
?
PhyslkaEl:-IT-eEIsche Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
09

nt* problem and (solution) approach

» Presentation of Mark Kuster
v' ,The Semantics of Measured Quantities"
v Talk#9
» Presentation of Markus Stocker
v' “Persistent Identification of Instruments
and the Digital Calibration Certificate”
v Talk # 10

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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10
The Co-Authors

alphabetical sequence

Muhammed Ali Demir
Lutz Doering
Benjamin Gloger
Justin Jagieniak
Moritz Jordan
Christian Keilholz
Jan Loewe
Kai Mienert
Shanna Schénhals
Gamze Soylev Oktem

PIB

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

Lo %u/
r 8 ¥ ¢

@ www folalia de

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

Bundesallee 100

38116 Braunschweig

Germany

More questions? Please contact:

Dir. u. Prof. Dr. Siegfried Hackel
Phone: +49 531 592-1017
) E-Mail: siegfried.hackel@ptb.de www.ptb.de/dcc

‘a 2023-03-02
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Parallel Session 6: Traceability

Presentations that would also fit into this session:
> 01 Digital Calibration Certificate as part of an Ecosystem

> 05 Bringing the Digital Accreditation Symbol and the Digital Calibration Report (DCC)
into Practice

» 10 Persistent Identification of Instruments and the Digital Calibration Certificate

51 How does a Machine Distinquish the Different Types of DCCs?
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52  Traceability

Presenting author: Abdullah Al Mamun, Bangladesh Standards and Testing Institution
(BSTI), Bangladesh

E-mail address: mamun.bsti@yahoo.com

Abstract
Traceability comprises of two words i. e. trace and ability. Trace means to find someone or
something and ability means to a skill, capability, or talent to do something.

International System of Units (SI). The implementation of Metrology is divided into three
basic overlapping activities;

e The definition of units of measurement;
o The realization of these units of measurement in practice;
e Traceability—linking measurements made in practice to the reference standards.

In measurement science, the term “Traceability” means Comparability. Its indicate the ability
to compare the results of measurements between different laboratories by the use of a
common reference.

According to the Vocabulary in Metrology (VIM) definition “Traceability’s a property of a
measurement result whereby the result can be related to a reference through a documented
unbroken chain of calibrations, each contributing to the measurement uncertainty.

Traceability refers to the procedures and records that are used and maintained to
demonstrate that calibrations made by a local calibration laboratory accurately represent the
guantities of interest.

To support the claim of traceability, the calibration laboratory must have documented
measurement procedures and provide a description of the chain of comparisons to a
particular stated reference.

Traceability of a measurement result aim that to a certified value of a common international
or national reference standard or the definition of an Sl unit; to the measurement results
measured with nationally or internationally recognized reference methods.

Each country should have its own national metrology laboratory, which should provide
guidance and services to other laboratories in compliance with ISO 17025:2015
requirements. It should maintain national standards and under the prescribed conditions.
Such standards should be traceable to international standardization bodies.

Back to “Table of Contents” atpage 1|2 |3 | 4
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3'd International Conference on Metrology

from
BSTI, Dhaka

#52
Traceability

Engr. Md. Abdullah Al Mamun

Deputy Director (Metrology)
Bangladesh Standards and Testing Institution (BSTI)
Dhaka, Bangladesh
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Wings of BSTI

PN
7 '

Administration

~—

T

BSTI oo

S T

Physical
Testing

Traceability in Metrology

The implementation of Metrology is divided into three basic
overlapping activities. These are:

* The definition of units of measurement;
* The realization of these units of measurement in practice; and

* Traceability—linking measurements made in practice to the
reference standards.
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Traceability

Traceability comprises of two words i.e. trace and ability.
Trace means to find someone or something and

Ability means to a skill, capability, or talent to do something.
Therefore, traceability simply means

v'The ability to trace the requirement;

¥'To provide better quality;

¥'To find any risk ;

v"To keep and verify the record of history and

v'Documented identification.

Traceability <.

According to the Vocabulary in Metrology (VIVI) definition

‘Traceability’s is a property of a measurement result
whereby the result can be related to a reference
through a documented unbroken chain of calibrations,
each contributing to the measurement uncertainty.
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Traceability conw.

In measurement science, the term “Traceability” means Comparability.
Its indicate the ability to compare the results of measurements between
different laboratories, the use of a common reference.

Metrological traceability is the property of measurement result which
allows measurements made under different conditions (e.g. at different
times, by different people, in different locations, using different
measurement procedures) to be compared in a meaningful way.

Traceability <.

Traceability is termed as the back bone of metrology.

THREE major facts are mutually agreed in order to maintain traceability.

1. Worldwide adoption of the SI Units as the basic system of units of weights and
measures;

2. The establishment of national laboratories, which are responsible for the maintenance
of the representations of the Sl units and their transfer to calibration laboratories;

3. Definition, implementation and use of methods and procedures that allow individual
calibration laboratories to compare their local standards with those of the national
laboratories.
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Traceability conw.

Calibration (contd.)

A calibration is an operation that establishes a relation between a measurement
standard with a known measurement uncertainty and the device that is being
evaluated. The process will determine the measurement value and uncertainty of
the device that is being calibrated and create a traceability link to the
measurement standard. The four primary reasons for calibrations are:

* To provide traceability;

* To ensure that the instrument (or standard) is consistent with other
measurements;

* To determine accuracy and
* To establish reliability

Traceability <.

Traceability to Previous Calibrations:

Traceability works as a pyramid, at the top level there is the
international standards; at the next level national metrology
institutes calibrate the primary standards through realization
of the units creating the traceability link from the primary
standard and the unit definition.
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Traceability conw.

Metrology traceability pyramid:

Inemational
Standards

National Metrology
Institutes

Calibration Laboratories

Industry and Testing Laboratories

Traceability conw.

Traceability refers to a process that ensures all equipment and test
procedures are calibrated using standards directly from recognized
international standardization bodies

or

At least an unbroken chain of comparisons can be established
between the standard and the standardization body.
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Traceability con.
Unbroken Chain of Comparison

)

International standard
Preferably S| units

Traceability

Result from definitive
method and calibrator

Result from reference
method and calibrator
Result from routine method
and calibrator

. Name/identity
of standard
. System

. Unit

. Concentration
. Combined
uncertainty

RS

Traceability cona.
Comparison to Certified Referance Material (CRM)

/

bree brnee (b Cilbrn Uninown
slandatd_’standatd B — ¥ i
IAiI

(
I
Jar
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Traceability conw.

Maintaining traceability

\/
o

The chain of comparison must not be interrupted;

)
o

The measurement uncertainty must be known in each stage of the
calibration chain so that the total measurement uncertainty can be
calculated each step.

7
o

Calibration chain must be documented including the measurement results;

*
‘.0

All bodies carrying out a stage in the chain must prove their competence by
means of accreditation; and

O
”

Calibration must be repeated at appropriate intervals. The periods depend
on the demanded measurement accuracy and the technical requirements.

Conclusion

O Metrology traceability is the sequential step of calibration process;

O It is necessary for understanding the laboratory calibration capability and
accuracy status;

Q For reliability of accuracy of calibration is
necessary for the confidence and checking the acceptability of calibration;

It shows the gradual improvement of potential for future development of
Metrology laboratory.
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Parallel Session 6: Commercial Approaches to DCC

Presentations that would also fit into this session:
» 01 Digital Calibration Certificate as part of an Ecosystem

53 DCC Middleware — Obstacles and Approaches

Presenting author: Hans Koch, da+d, Germany
E-mail address: hans.drkoch@da-plus-d.de

Abstract

When calibration laboratories want to generate DCCs, or, when their customers want to
extract information from the DCC, the desirable overall aim should be user friendliness. The
handling of the data transfer from and to the respective IT infrastructures should be quick,
simple, self-explaining and largely automatic. “Middleware” is the software which supports
this data mapping. However, since the individual data management and data formats of the
IT of the calibration laboratories and of their customers dispose of a very broad diversity, the
middleware must be “personalised”. Often a 1 to 1 mapping is not sufficient, and the data
need to be reformatted or modified during transfer to and from the DCC elements.

This presentation will discuss several common cases of such mapping obstacles and
describes some practical middleware approaches.

Back to “Table of Contents” atpage 1|2 |3 | 4
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DCC Middleware

Obstacles and Approaches

Hans Koch

www.da-plus-d.de

Laboratory

IT
Middleware N DCC

Middleware M

Middleware
P 1

human
readable

CCCCCCCCCCCCCCC
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'Getting started'- approach:

= :(@:GEMlMEE)ﬂ_ZO

Administrative Data

Used Software

Name Version Description Actions

GEMIMEG Tool v1.2.0 - s 0

Country Code *

Mandatory Language * en - English

DCC Conference 2023 3

Conclusion:

The handling of DCC Middleware should be simpler.

On the other hand it must be more "personalised”, because it depends on:

. individual IT structures and custom data formats of the labs

. individual calibration procedures required by standards/guidelines
. individual measurement uncertainty budgets

. individual customer requests

Thus: a general purpose middleware is not in sight!

However: for an individual calibration lab or for individual
calibration procedures a fully automatic middleware is feasible!

DCC Conference 2023 4
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A real world demo: 1, 2, 3, click!

€ File Browser

(LR T R EB 6 9.)6/Documents/Sammiung_Nov22 Demo/HK/DCC/Data_files/04, JobDetails.csv SllE]

- Data_files x +
® Neu ~ ( (8] [T @D = Tl sortieren ~ = Anzeigen aan
g
< 5~ 4 7 <« Sammlung Nov22 > Demo » HK » DCC » Dats files v G Q. Data_files durchsu...
-~ o
] [0 Name Anderungsdatum Typ GréBe
{ 01 .necards 06.07.2022 16:29 Microsoft Excel-CSV-Datei 9KB
| @ 01_Pressure Calibration Template Exa..,  22.10.2022 18:07 Microsoft Bxcel-Arbeitsblatt mit .. 496 KB
- -E 03 report_format 00.07.2022 18:44 Microsoft Excel-CSV-Datei 1KB
P

. [ R JobDetails 19.10.2022 15:00 Microsoft Excel-CSV-Datei 2KB
. &) os [ 3 20.10.2022 16:56 Microsoft Word-Dokument 149 KB

DCC Conference 2023 5

DCC_CC_collection

® Neu - % @ B ® W T sortien (3 >

4 75 « miniconda3 » HK » DCC » DCC_CC_collection A

O Name Anderungsdatum Typ [}

&l pt 22.01.2023 11:41 Foxit PDF Reader .. 6“0“ XMiSpy

@e 22.01.2023 11:41 Extensible Markup... File Edit Project XML JSON DID/Schema Schemadesign XSL/XQuery Authentic DB Convet View Browser
€0 18.02.2023 14:38 Foxit PDF Reader .. 0SS B9 & Y\l o o~ ffAf Q’G}‘ Vv upn MOE ﬁ@.?@
' 2@ 18.02.2023 14:38 @

4 Elemente 1 Element ausgewahlt (281 KB) <?xml version='1.8" encoding='utf-8'?>
[l<dcc:digitalCalibrationCertificate xmlns:dcc="https://ptb.de/dcc” xmlns:si="https://ptb.de
?ptb.l’e/ﬂ(:/vi.1.2/d(<.xsd' schemaversion="3.1.2">
¢ <dcc:administrativeData>
©  <dcc:decSoftware>
= <dcc:software>
S <dcc:name>

<dcc:content>Spyder (Python 3.9)</dcc:content>
</dcc:name>
<dcc:release>v 5.1.5¢/dcc:release>
</dcc:software>
</dcc:dccSoftware>
G <dcc:coreData>
<dcc: countryCodeIS03166_1>IE</dcc: countryCodeIS03166_1>
<dcc:usedLangCodeIS0639_1>en</dcc: usedLangCodeIS0639_1>
<dcc:mandatoryLangCod 1>en</dcc :mandatoryLangCodeIS0639_1>
<dcc:uniqueldentifier| /dcc:uniqueldentifier>
e <dcc:identifications>
P dec:idantificati,

T va GRS S8 X
NtFile C:\Users\DrHansKoch.DESKTOP-BN6F916\miniconda3\HK\DCC\DCC_CC_collection\tl.xml is valid.

DCC Conference 2023 6
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Advantage: all remains as it was!

* No change in the lab's IT structure

* No change in the calibration workflow
* No staff training required

Only the person responsible for authorization
of the DCC has to browse to the file which
usually generates the classical certificate and
with a button click the DCC is formed!

DCC Conference 2023 7

Note:
Although this conference slot is called
'Commercial Approaches to DCC'
this software is not commercially available.
Rather,
interested clients are trained in a workshop to
individually develop such a middleware for themselves.

Programming DCC Middleware
is not as difficult as you might expect!

DCC Conference 2023 8
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Simple mapping:

Middleware N | pcc

e.g. Calibration certificate ID: J_

Jx  =Kalibrierschein! 110

 §

E2xml('I1©', 'uniqueldentifier')

L

<dcc:uniqueldentifier>2002</dcc:uniqueldentifier>

DCC Conference 2023 9

Quite complicated mapping:

| declocationType |
< 120 avenue 3. Novembre —[Faccay |

~$3006 Marseille i ccountryCode |
France -

|

|

|

|

Pl SocpustCode | |

CMA Laboratory | FcpostOfficeBox | |
. - |
|

|

|

|

|

|

dijk - @
NL
SN—__
Air Technologies Ltd dec:further
Mayford Business Park T dccpositionCoordinates I
Finagh, Mayford | = ————————————
Ireland

DCC Conference 2023 10
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Quite complicated mapping:

European Commission declocationType |
Joint Research Centre :
B 2440 Geel -
Belgium - |
|
CMA Laboratory | FcpostOfficeBox | |
Streekziekenhuis |
Koningenpark 4a e :} :
7202 BN Wintersdijk " | decstrest |
NL :
etc_ I
|

e.g. USA, China, ee —| dec:positionCoordinates

dcc:postalAddress

|
|
V)

DCC Conference 2023 11

Reformatting required:

—<dcc:data>
<dcc:list refType="gp tablel">
—<dcc:list refIype="gp valuel">
—<dcc:quantity>
<dcc:name>
<dcc:content lang="de">1. Wert</dcc:content>
<dcc:content lang="en">1. value</dcc:content>
</dcc:name>
—<sirrealListXMLList>
<si:labelXMLList/>
<si:valueXMLList>36, Lo3a=4t=rstTVaATIc X VI T-1.15T
<si:unitXM illi\mole\mole\tothe {-1 } </si:unitXMLList>
<si:date Tim&XMLList>2021-04-26T00:00:00Z 2021-05-03T00:00:00Z </fi:dateTimeX
</si:realListXMLLY
</dec:quantity>
</dee:list>
—<dcc:list refType="gp value2">
—<dcc:quantity>

DCC Conference 2023 12
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Sl-units:

Python snippet:

if ws[@]['v23'].value[:2] == 'Pa’:

der_si _unit = "\pascal'
si_unit = '\kilogr*am\me{-l}\See{'z}'

data = root.find(".//dcc:quantity[@refType="basic_validityR
data.text = si_unit

DCC: | [~<si:hybrid>

—<si:real>
<sirvalue>0</si:value>
<si:unit=\pascal</si:unit>

</si:real>
—<si:real>
<si:value=0</si:valug
<si:unit>\kjlogram- 1 }\sel} </si:unit>
</si:real>
</si:hybrid>
DCC Conference 2023 13
Sl-units:
Python snippet:
if ws[@]['Vv23'].value[:2] == 'Pa’:

der_si _unit = '"\pascal’
si_unit = '\kilogram\me{'l}\SEhe{'Z}'

data = root.find(".//dcc:quantity[@refType="basic_validityRan
data.text = si_unit

DCC: | r=sithybrid>
—<si:real>
<si:value>0</si:value>
<si:unit>\pascal</si:unit>
</si:real>
—<si:real>
<si:value>0</si:valuez

<si:unit>\kilogram-l }\seq -2} </si:unit>
</si:real>

</sizhybrid>

DCC Conference 2023 14
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Reformatting table data:

Excel table: Python snippet:
o poe | oiemee | toiewent | | dnd = []
oin ssure ading N 1 1
o Pa, W/m2) | (Pa, N/ad) for x in ws[1]['Cl@:C24"]:

10
11
12
13
14
15
16

ind.append(x[@].value)
print("from Excel: ", ind)
ind_XMLList = str(ind).replace(', ', ' ')[1:-1]
print("reformatted: ", ind_XMLList)

@ - e W

= Printout: || from Excel: [@, 100, 200, 250.01, 300.01,
= B 350, 400.01, 450, 500, 550, 600.01, 650,
20 wu 700, 750.1, 800.01]
e reformatted: © 100 200 250.01 300.01 350
23 u 400.01 450 500 550 600.01 650 700 750.1
24| 15 800.01

—<dcc:quantity refType="basic_measuredValue">

DCC: —<dcc:name>
<dcc:content>Indicated measured value probe</dcc:content>
</dcc:name>
—<si:hybrid>
—<si:realListXMLList>
—<si:valueXMLList>
0 100 200 250.01 300.01 350 400.01 450 500 550 600.01 650 700 750.1 800.01
</sizvalueXMLList>

Reformatting:

* significant digits

GUM: 7 Reporting uncertainty
7.2.6 The numerical values of the estimate v and its standard
uncertainty u¢(v) or expanded uncertainty I/ should not be

given with an excessive number of digits. It usually suffices to
quote 2-(v) and U [as well as the standard uncertainties u(x;)

of the input estimates x;] to at most two significant digits,

In reporting final results, Output
and input estimates should be rounded to be consistent with
their uncertainties; for example, if y = 10,057 62 Q with
ue(1) =27 mQ, v should be rounded to 10,058 Q.

DCC Conference 2023 16
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Voids:

ll, 1 I’ I_l’ lxl’ INonel’ |Ol’ lNiII' lNaNI
<si:valueXMLList> does not allow NaN!?!
But it is needed, if a table has deliberate voids:

Date 1. Value: 2. Value: 3. Value:
[mmol/mol] [mmol/mol] [mmol/maol]

24.01.2022 37,794 37,516
26.01.2022 @ 37,091 37,239
28.01.2022 = 41,620

31.01.2022 37,586 38,597 @
07.02.2022 39,717 39,816

07.02.2022 39,927 39,625 35,359

DCC Conference 2023 17

The End

Thank You!

drhanskoch@t-online.de
www.da-plus-d.de

DCC Conference 2023 18
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54  Digital Calibration Certificate with MetricodeHUB, a Real Implementation
Case

Presenting author: Damiano Pietri, Metricode s.r.1., Italy
E-mail address: damiano.pietri@metricode.it

Additional authors: Paolo Bonacini, Metricode s.r.l., Italy — Paolo Solinas, A.B.C. Bilance s.r.l.,
Italy

Abstract
"Metricode HUB" is a "cloud based" platform designed to manage, centralize, integrate and
automate the processes and the information generated by a "calibration laboratory".

The “Metricode HUB” software is developed by Metricode; regarding the implementation of
the DCC in the platform, the activity is carried out in partnership with:

e PTB (Physikalisch Technische Bundesanstalt Institute) - GERMANY
e INRIM (lstituto Nazionale di Ricerca Metrologica) — ITALY
e A.B.C. Bilance s. r. |. (accredited calibration laboratory LAT 291) — ITALY

The software currently is focused on the management of the "mass calibration" process;
specifically "Metricode HUB" will be able to read (and import) a DCC from third parties, and
to generate a DCC relating to the calibration operations performed, following the scheme set
by the PTB.

The planned validation of the DCC implementation project includes the following steps:

1) Preliminary verification of the DCC scheme, elaborated using the Metricode HUB SW by
the PTB.

2) Validation of the software "Metricode HUB" by INRIM and ABC Bilance.
3) Calibration of a reference standard mass and elaboration of a DCC by INRIM, using
4) the "Metricode HUB" SW.

5) Automatic import of the DCC released by INRIM into the "Metricode HUB" SW by ABC
Bilance.

6) Calibration of a working standard mass (using the reference standard mass referred to in
point 1) and elaboration of a DCC by ABC Bilance, using the “Metricode HUB” SW.

DCCs will be a key part of a fully digitized calibration service delivery process.

Back to “Table of Contents” atpage 1|2 |3 | 4
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Tuesday, 28 February 2023 to Thursday, 2. March 2023

Digital Calibration Certificate with “MetricodeHUB’, a
real implementation case.

Presenting author: Damiano Pietri, Metricode s.r.l., Italy
E-mail address: damiano.pietri@metricode.it

Additional authors: Paolo Bonacini, Metricode s.r.l., Italy -
Paolo Solinas, A.B.C. Bilance s.r.l., Italy

1 METRICODE S.R.L.

AGENDA

 Metricode, what we do

e The Metricode HUB
software, main features

and output of the DCC

« Metrology network
 Validation of the DCC

2 METRICODE S.R.L.

Page 533 of 559



Software for the management of scales

High-level automation

Rapid prototyping

IOT: we connect scales to the internet

Balance calibration software
Mass calibration software

CE marking software (NAWI)
Periodic Verification Software
Applications on web platform

Smartphone app (for weighing)
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3"international DCC-Conference
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CARLOTTA MONTRONE
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DAVINDER SINGH
Developer
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METRICODE HUB

Metricode HUB" is a "cloud based" platform
designed to manage, centralize, integrate
and automate the processes and the
information generated by a ‘“calibration
laboratory”.

https://hub.metricode.it

METRICODE S.R.L.

o

6

METRICODE HUB

The "Metricode HUB" software is developed by
Metricode; regarding the implementation of
the DCC in the platform, the activity is carried out in
partnership with:

e PTB (Physikalisch Technische Bundesanstalt
Institute) - GERMANY

& INRIM (National Institute on Metrological Research
- ITALY

e AB.C. Bilance srl (accredited calibration
laboratory LAT 291) - ITALY

METRICODE S.R.L.
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METRICODE HUB

The software currently is focused on
management of the "mass calibration" process.

the

Specifically "Metricode HUB" will be able to read
(and import) a DCC from third parties, and to
generate a DCC relating to the calibrations
performed, following the scheme set by the PTB.

METRICODE S.R.L.

METRICODE HUB

3"international DCC-Conference

© Pacto sonAciNI

The software allows to start the "
process for the creation of a B

new calibration certificate. :

& Customers

Dashboard

Timetable

Firstly, you have to choose the
«name of the customer» and
the «masses» to be calibrated.

D Setings

Secondly, the calibration
process will be activated

METRICODE S.R.L.

Calibration certificate

« CERTIFICATES

mprogress

General data
e -

22-M-0083 / 0

312202 ]

CUSIOMEr  UPDATE CUSTOMER DATA

Weight set

state HUBcode  Internalreference  Description
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METRICODE HUB

Weighing test - Cycle 1

Once the calibration process
starts, the software asks for
the input of the calibration
environmental data (from
thermo-hygro-barometer)
and the weighing results
(from mass comparator)

Environmental parameters
219

503

Weights indications.

999,952

The software, is able to read e —
all the data directly from the L. | W
devices, if they are wose
compatible. 999952

canceL [IEVNS

9 METRICODE S.R.L.

METRICODE HUB

© PAOLO BONACINI

‘ A Dashboard A ® Yes O No
Once the data are registered, B Timesbie Visual and preliminary checks resut: ()
they are elaborated to v
R » Weighing test
calculate: Weigngexcle ABBA
&, Customers
. theCenventensl valus of o soungs ok wewse (N e ey R T e o)
the mass in calibration Comeesss M MR el ey omeng  omeme
ADD WEIGHING CYCLE
- the Deviation of the mass
Ca“brated from the nominal Deviation of the weight to be calibrated from the nominal value
value. .
Devintion from the conventionslvoue of the sample weight 3 00099 v
Bugyancy err (6mb) 00009 v
Conventionsi vaue of the weight o be caibated (1) 10000109
oy 00109
Calibration composite standard uncertainty Ul
10 METRICODE S.R.L.
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© PAOLO BONACINI

Deviation of the welght o be calibrated from the nominal value (M - M0) 00109
The software elaborates the b
un Certa] nty ba |a nce, a nd B Timetsbie Calibration composite standard uncertainty
calculates the extended - : Py ———
# Weights v 8

uncertainty for the mass .

. " 2, Customers
calibration. ety i some weig

& Settings

Repeatability uncertainty of the comparator

Comparator rounding erfor uncertainty

The verification of Suopncy cesny
compliance with the gl S ’
Maximum Permissible Errors,

ifa ppl icab|e, sets the Verification of compliance with EMPs

Extended calibeation uncertainty 00129

calibration result (positive or . .
negative). vsiaow

o
=3 P—— . |

11 METRICODE S.R.L.

METRICODE HUB

R ©  PAOLO BONACINI
When the process of calibration n oemoms
of all the masses indicated in ) e .
- . %% ¥ eight set
the certlﬂcate 'S Completed' itis & state HUB code internal reference Description Accinncy clash

possible to elaborate the = 13 3
certificate. "

Settings

Calibrations

state Date Operator  Surttme  Endtime  Weghingcycle weights
[ o=~ ] Simone 1000 1030 58A M10000/1 kg-D24418 1000 g
ADD CALIBRATION

Summary

st o tna aste

20/02/2023 20/02/2023

Al welght sets have been caliorated
cance. [N

12 METRICODE S.R.L.
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@ PADLO BONACINI

A Dashboard

The completed certificate can still
. . B Tmewie
be modified for possible ) Weight set

correctio ns, a nd must be sate B cade ntemmal reference Dessription Aceuracy clss.
approved by the la boratory g w0000 kg n26018 wassada1kg m -

manager. & sewngs
Calibrations
sste opeimtor Smtme  Endtime  Weihingeycle weghts
D smane 1000 1030 e MI0000/1 kg - D24418 1090
Summary
sanate e
2010272023 20/02/2023
Al weight sets have been calibrated
The certificate I waiting for approval
13 METRICODE S.R.L.

METRICODE HUB

METRICODE HUB © PaoLo BoNACINI

#  Dashboard

Once the certificate has been — :
approved, it can be

downloaded inPDForDCC  FUEEENNE o e e e
format and be sent to the 2 customas
customer. @ Setings

Weight set

M10000 1kg-D24418 Massadalkg w v

Calibrations

state Date Operator Start time Endtime Weighing cycle Wicights

2010212023 simone 1000 1030 A88A M10000/1 kg - D24418 1000

Summary
soataste

20/02/2023 20/02/2023

All weight sets have been calibrated

14 METRICODE S.R.L.
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METRICODE HUB

This is the certificate made
by MetricodeHUB.

On the left the PDF file
«human readable» and on
the right the DCC format

«machine readable».

Both contain the same
information.

15 METRICODE S.R.L.

METRICOUE HUB

The DCC plays a key role in the METROLOGY NETWORK
digitization of the calibration

service which sees the creation = &3 =
of a metrology network which o

will include national institutes,
calibration centers and end

customers.

"\ PART OF

| PART OF

NATIONAL INSTITUTE CALIBRATION CUSTOMER
OF METROLOGY. LABORATORY

The DCCs will be shared on the
network and it will be possible NRM | [, G | ABCBiance | [, e | Company
to recover them in a safe and e Matigoges

transparent way, going up the e oo
entire metrological chain.

16 METRICODE S.R.L.
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7/ METRICODE HUB

The planned validation of the DCC implementation

project, includes the following steps:

1. Preliminary verification of the DCC scheme
elaborated using the Metricode HUB SW, by the
PTB.

2. Validation of the software "Metricode HUB" by
INRIM and ABC Bilance.

3. Calibration of a reference standard mass and
elaboration of a DCC by INRIM, using the
"Metricode HUB" SW.

4, Automatic import of the DCC released by INRIM
into the "Metricode HUB" SW by ABC Bilance.

5. Calibration of a mass (using the reference standard
mass referred to in point 3) and elaboration of a
DCC by ABC Bilance, using the "Metricode HUB"
SW.

17 METRICODE S.R.L.

WO PO

cnacu60wnmﬁkeﬁ:§%fr lgiekkm ede"m]
e dnankiyoqeeis.=r

§ a--smuchchakkelami
G l@

uhngadu ':ﬂ";lllyaE'EE,EE"W&&UEHI'%W yﬂmgﬂ

[ma Kasin mepch

B {1 [

‘ miano.pietri@metri it
www.metricode.it

METRICODE

[N N U N

18 METRICODE S.R.L.
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55  Automatic Generation of Digital Calibration Certificates with AnyDCC

Presenting author: Maik Stotz
E-mail address: maik.stotz@stotz-software.de

Abstract
AnyDCC is software for automatically creating digital calibration certificates.

AnyDCC can be used to create a mapping between the computer system in the laboratory
and the structure of the DCC.

Once such a mapping has been created, digital calibration certificates can then be created
quickly and in large numbers. All information on the calibrations carried out flows from the
laboratory's IT system into the AnyDCC template and is converted there into the XML
structure of the digital calibration certificate.

Fluke's MET/CAL software will be used as the it system in the lecture. The MET/CAL
software has the great advantage that all data for a performed calibration is stored in a
central database. In the lecture, a mapping is set up for this MET/CAL database and digital
calibration certificates for PT 100 sensors and handheld multimeters are then automatically
created.

Back to “Table of Contents” atpage 1 |2 |3 | 4

A software

for creating ANY DCC
DCC's

DCC

3 International Digital Calibration Certificate (DCC) Conlerence
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o8 STOTZ
® software

@O STOTZ

O software

Founded in 2001

Offering
* Individual Software-Development, databases and automations for calibration laboratories
* Training courses for MET/CAL and MET/TEAM

Located near Frankfurt, Germany o

Page 2/6

o8 s101Z
'@ software

In calibration laboratories data
comes in many different forms:

sQl-Server 5 =f
Databases [Bbi ANY @CC
Sybase studio
Access
DCC
Excel-Files
Customer data,
Asset data,
CSV-Files Measurement results,
- i i ! )
=>» Automatic generation of DCC’s 4 1
Page 3/6
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o9 5TOTZ
® software

AnyDCC

AnyDcc at a glance:

» made for use in every calibration laboratory
* can be adapted to any data source

» fully automatic creation of DCC

* a mapping for MET/CAL is included

Page 4

¥ » STOTZ
& software

Live Demos

Live Demo 1: Overview over AnyDCC an create a DCC from MET/CAL

Live Demo 2: Create DCC from Excel (= new Online-Tool)

Page 5
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o0 5101
® software

Live Demo 1 — DCC from MET/CAL

FLUKE MET/CAL

AnyDcc consists of three parts
* Designer =» create Mapping-Templates

* Runtime = use Templates to create DCC
* Viewer =¥ to view DCC's from service providers and transfer in DB

Page 6

o8 s101Z
'@ software

Roadmap and Release

* Roadmap
* AnyDCC is currently being installed and tested in calibration laboratories in Germany

* AnyDCC is being improved bit by bit

35. Control !V!et:"l)nl‘ogl'etage
+ Final first version: summer 2023 e e messe i ook
09. bis 12 Mai 2023 in Stuttgart Boblingen

* More Information: At the exhibition stand of imetrologie
maik.stotz@stotz-software.de

www.metrologietage.de

www.digitaler-kalibrierschein.de

Newsletter for AnyDCC:

= .y S = - -
8 e J—
p=s % - - =

AL T D = Scroll down to newsletter

Page 7/6
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56 DCC viaiPhone (or iPad)

Presenting author: Hans Koch, da+d, Germany
E-mail address: hans.drkoch@da-plus-d.de
Additional authors:

Abstract

A DCC is platform independent. Thus, it is ideally suited for distributed, multi-platform usage.
This is particularly advantageous for mobile operations, e. g. out-door calibrations at the
customer site or remote certificate authorization by the responsible person.

In this presentation a step-by-step DCC-generation during a sample workflow will be
demonstrated, involving a PC and an iPhone at different stages. The workflow spans over
several stations involving different users: creating a new case in the administration, entering
item specific components by the specialist, entering measurement results by the technician,
and finally authorization by the laboratory head out of office. The used middleware requires
as few entries as possible by utilising data base entries. It performs the respected
measurement uncertainty calculations and provides as output the DCC, a conventional
Calibration Certificate as pdf-file and a printable uncertainty budget.

Finally, the extraction of data from the DCC by the customer with an iPhone will be presented
as well.

Back to “Table of Contents” atpage 1 |2 |3 | 4

DCC via iPhone
(or via iPad)

Hans Koch

www.da-plus-d.de
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“3

schools

XML Tutorial

XML stands for eXtensible Markup Language.

XML was designed to store and transeort data.

XML was designed to be both human- and machine-readable.

This is, how the DCC is utilized in the following middleware approach

DCC Conference 2023 2

DCC as a data-storage and —transport vehicle

DCC-ID, Order details

Administrator

Item details, procedure, etc. Calibration Expert

Actual conditions

Measurement results

Operator

Operator

DCC-approval, digital signature  Laboratory Head

Human readable Public
Uncertainty calculations Auditor
Data extraction Customer
DCC Conference 2023 3
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dec:digitalCalibrationCertificate xsi:sch L ion="https.//ptb.de/dcc hitps.//ptb.de/dc
—=dce:administrativeData> Tl Eulerapiegel
—=dcc:decSoftware=> e - E
—<deczsoftwars> p—— il S
—<dee:name> D c c S ———— - el
<dce:content>UTIDCC py</dec:content> AEImII———— oKD i S

</dcc:name>
<dec:release=0.0.0=/dec:release=
—=dce:description=
<dcc:content lang="d=">Eigenentwicklung des Labors</dcc:content>
<=dcc:content lang="en">Custom development of Lab=/dcc:content>
</dce:description>
</dec:software>
</dee:decSoftware>
—=dcc:coreData>
<dcc:countryCodelS03166_1>DE</'dec:countryCodelS03166_1>
<deczusedLangCodelS0639_1=de</dec:usedLangCodelS0639 1>
<dcczusedLangCodelS0639 1=en</dcc:usedLangCodeIS0639 1>

<dec:mandatoryLangCodelS0639 1>de</dcc:mandatoryLangCodelSO639 1> e

<dcc:uniqueldentifier>345</d iqueldentifier>

—<dcc:identifications>

—<dee:identification> = S
<dcc:issuer>calibrationLaboratory</dcc:issuer>

<dccmvalue>444</decvalue=

—<dcczname>
<dcc:content lang="de">Auft </dee: - E

<dcc:content lang="en">Order no.</dcc:content>

</dec:name> eyt
</dec:identification> o = . . . pe
<ldec identificationss = Calibration Certificate
<dcc:receiptDate>2023-02-10<Vdcc:receiptDate> - . ==
<dec-beginPerformanceDate>2023-02-10</dec:beginPerformanceDate> u === | generated from DCC
<dcc:endPerformanceDate>2023-02-10</dec:endPerformanceDate> = == —
<dcc:performanceLocation>customer</dee:performanceLocation> r— e
</dce:coreData>
—<dcc:items>
e id="Kalibriergeg "=
—<decinames

<dce:content lang="de"=Kalibriergegenstand</dcc:content>
<dee:content lang="en"=Calibration object=/deec: content>
</dcc:name>

—=dcc:description> S

a P ——

<dce:content lang="de">Einbereichswaag:
<dcc:content lang="en">
</dec:description= ==
—<dcc:manufacturer>
—<dcc:iname™>

DCC Conference 2023 4

DCC
adm

Till Eulenspiegel
Am Markt 12
23879 Mélin

akkreditiert durch die /accredited by
Deutsche Akkreditierungsstelle GmbH

als im/ as
Deutschen Kalibrierdienst

Kalibrierzeichen D
Cofibration mark

Kalibrierschein / Calibration Certificate 202302

Dieser Kallbrierschein _ dokumentiert _die

Object: metrologische Ruckfuhebarkeit auf nationale

Normale zur Darstellung der Einheiten in

Ubereinstimmung_ mit dem Internationalen
Mmm:&,e,. Einheitensystem (51)

Die Deutsche Akkreditierungsstelie (OAKKS)

: ist Unterzeichnerin der multiateralen Uber-

: der European co-operation for

Model: Accreditation (EA) und der International

atory Accreditation Cooperation (IAC)

Kalibrierschein Nr./Unique identifier -
Auftrag Nr./Order No o

Serien-Nr.: 2ur gegenseitigen Anerkennung der Kalibrier-
Serial No: scheine.
Die en Ergebnisse beziehen sich
Auftraggeber: Baron von Minchhausen nur auf den hier genannten Kakbriergegen-
Customer: Miinchhausenplatz 1 stand. Fur die Einhaltung einer angemesse-
Bodénaarder nen Frst zur Wiederholung der Kallbrierung
37419 - Ist der Benutzer verantworthich.
This calibration certificate documents_the
metrological traceabliity to notional stan-
dards, which realize the units of measure-
Aufragsnummer e X I
o of Units (S1).
Anzahl der Seiten des Kalibrierscheins: e
Number of pages of the certificate: e e
;{'I:f:f::ﬂ;l tvlzcﬂlﬂm’lﬂﬂ for Accreditation
of the (nternational
Datum der Ausstellung:  10.02.2023 Accreditation Cooperation (ILAC) for
Dote of issue: ‘mutuol recognition of calibration certificates.

The stoted results refer only to this
calibration object. The user is obiiged o have
the object recolibrated at appropriote
intervols

the fu

Freigabe des Kalibrierscheins durch / Approval of the calibration certificate by: ~ Vornamel Namel
Bearbeitung durch / Person in charge: Vorname2 Name2

Seite 1von 3
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DCC
adm

Kalibrierschein / Calibration Certificate

Kalibrierzeich
Calibration mork

d Ka d
Object:

Kalibrierschein Nr./Unique identifier I Hersteller:

Auftrag Nr./Order No

Kunde/Customer

Unk

Manufacturer:

Typ:
Modiei:

Serien-Nr.:
Serial No:

Auftraggeber:
Customer:

Auftragsnul
Order No.

Anzahl der Seiten 0 Bfierscheins:
Number of pages of the certificate:

Datum der Ausstellung:  18.02.2023
Date of issue:

Dieser  Kalibrierschein  dokumentiert  die
metrologische Ruckfuhrbarkeit auf nationale
Normale zur Darstellung der Einheiten in
Uber mit dem inter
Einheitensysiem [S1).
Die Deutsche Akkrediticrungsstelle (DAKES)
st Unterzeichnenin der multilateralen Uber-
einkommen der Eurcpean co-pperation for
Accreditation (EA] und der International
Laboratory Accreditation Cooperation (ILAC)
zur gegenseltigen Anerkennung der Kallbrier-
scheine.
Die angegebenen Ergebnisse beriehen sich
nur auf den hier genanaten Kalbriergegen-
stand. Fur die Einhaltung einer angemesse-
nen Frist zur Wiederholung der Kalibrierung
ist der Benutzer verantwortlich,
This colibration certificate documents the
metrological traceability to national sten-
which reolize the units of measure-
ment according to the international System
of Units {S1).
The Deutsche Akkreditierungsstelle (DAKES)
Is signatary to the muitilateral agreement of
the European co-operation for Accreditotion
(EA) and of the international Laboratory
Accreditation Cooperotion (ILAC] for the
mutual recognition of calibration certificates.
The stoted results refer only to this
calibration abject. The user is abliged to have
the object recoilbrated ot appropriote
Intervols.

DCC Conference 2023 6
D ‘ ‘ 2 Kalibrierschein aufrufen  — X
i t

Hersteller/Manufacturer
Mocelrtype |
Serien-Nr./Serial No [N  LCCRSTIGENLEY

Auftraggeber: Unknown Lab

Customer: Street 1

1000 Berlin
Kalihria
' Shimadzu: Waagenmodelle
1

g Herstellermodell auswahlen (ggf
Shimadzu
Modell/Type
Serien-Nr./Serial No rhanden

Serial No:

Aul eber

Customer:

DCC Conference 2023 7
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2 Kalibrierschein/Calibration Certificate 123

Hersteller/Manufacturer
Shimadzu
Modell/Type ATX84

Serien-Nr./Serial No 456

10p-R | | Bot-L

Kalibrierverfahren
Colibration procedure

Kalibriergegenstand
Calibration object

Anzahl der Bereiche
Number of Ranges
Hochstlast

Mox load

Auflosung

Scale interval
Temperaturkoeffizie
Temperature coeffici

Bezugsnormale
Reference standards

Prifmittel Nr.
Test equipment No

Messbedingungen
Measuring conditions

Ort der Kalibrierung
Place of calibration

Richtlinie EURAMET cg-18. Version 4.0 (11/2015)
Guideline EURAMET cg-18. Version 4.0 (11/2015)

Elektronische Analysenwaage

Bitsklasse nach OIML R111-1:2004)
he calibration weights according to OIML R111-1:2004)

Die Anforderungen gemdR EURAMET cg-18. Version 4.0 (11/2015),
Seite 6, Abs. 4.1.3, werden vom Kalibriergegenstand vollstandig erfulit.

Labor vor Ort

Umgebungsbedingungen Ruhige Umgebung
Ambient conditions

Raumtemperaturschwankung 10 K (AT durch Justierautomatik: +0 K}
Room temperature fluctuation

Kalibriertemperatur von 0 *C bis 0 °C

Calibration temperature

DCC Conference 2023 8

? Kalibrierschein aufrufen = X

Kalibrierschein Nr.2 || N N

Bearbeitung durch: / Person in charge:

DCC
env

/ Location of calibration

ry

ggf. genauere Angaben / more detailed description:

Umgebungsbedingungen / Ambient conditions:

Ruhige Umgebung

Raumtemperaturschwankungen / Room temperature fluctuations AT +
AT durch Justierautomatik / AT due to adjustment control +:
Raumtemperatur zu Beginn/ Room temperature at begin of calibration:

Weitere Messbedingungen/ Further measurement conditions:

DCC Conference 2023 9
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DCC DCC
ecc indic

s\ @
ecc indic
Kurzbefehle Pythonista DCC_indic

= \
rep x

DCC_rep

DCC Conference 2023 10

Ll
ecc indic

Eccentrici
Kurzbefehle Pythonlsta DCC_indic X ¥
A;_‘<\r~;6 iPhone von CrHun_sKo‘ch_—A\ Droid (:;;‘7 - DA i b 100 g
09:414 M 100}

3 100.0003 99.9999

= X Eccentricity B

o)

¥ 100.0001
L 100.0002 100.0000]
|
|

,0000"

12 3 4 5 6 7 8 9 0
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Till Eulenspiegel
Am Markt 12
23879 Mélin
. . . . . Budget
Messunsicherheitsbudget fiir Kalibrierschein Nr. 345 — - =
Meuasurement Uncertainty Budget for Calibration Certificate No 345 Unsichsrhsiting
Bedingungen der Kalibrierung Pritiast m__Ig 00000 | 200000 | 99,9999 | 1499999 | 2200001
Calibration Conditions
Kalibrierverfahren Richtlinie EURAMET cg-18. Version 4.0 {11/2015) Arwige il Ofeds | smmod | tongom | 1somms | zmsotd
Calibration procedure Guideline EURAMET cg-18. Version 4.0 (11/2015) aoweicmged | 0400 | ooond|  woow | osenm | eson
Calbration [ 8000112
Hersteller Euramet 26 ) 12
Manufacturer Auttonng 0000028
Madell Beispiel H1.1/A Wy O
Type auncsung e
Seriennummer 222 iy )9 " fomen
Serial No Exzentrizist | 0000000 | 0000023 | 0000958 | 0000087 | 0000127
Anzahl der Bersiche 1 ol )ig
Number of Ranges
Hachstlast 220¢ um::r 0000118 Q000124 0000134 0.000145 0000175
Max load Testiast m_ /g ,0080 sap060 | 493998 | 9a3ams | 2000001
Auflsung 0,1 mg mla o . g -
Scole interval , 50000 | 00000
Temperaturkoeffizient 15006 / K Konvantionalls
e e [retegryyd 00000 | 0000015 | 0000028 [ ®ooesan | o ovmosz
Bezugsnormale El(Genauigkeitsklasse nach OIML R111-1:2004) DAft i) fg 00000 | 0000032 | 8000036 | 0008D5S | O O0O0E3
Reference standards E1 (Class of the colibration weights occording to OIML R111-1:2004)
Prufmittel Nr. WH-EM-x0c oo 0000000 | 0000103 | 0000201 | 8000308 | 0000445
Test equipment No wfimg)
Messbedingungen Die Anforderungen gemaB EURAMET ¢g-18. Version 4.0 (11/2015), m 0000000 | 0000107 | 0000205 | 0000312 | 0000453
Measuring conditions Seite 6, Abs. 4.1.3, werden vom Kalibriergegenstand vollstandig erfillt. wfim,) g
Ort der Kalibrierung Labor vor Ort unsinete s | oooetta | osontea | asonss | woeens | aamwert
Place of calibration o
Umgebungshedingungen Ruhige Umgebung. rmextive. a 17 85 38 1377
Ambient conditions Frehsitsorads
Raumtemperaturschwankung 15 K (AT durch Justierautomatik: £3 K) Ve
Room temperature fluctuation T
Kalibriertemperatur won 20,4 °C bis 25,7 °C 287 218 20 20 200
Calibration temperature
uErwEe | 0,00034 | 0,00035 | 000050 [ 0,00069 | 0,00098
Seite 1von 2 Seite 2von 2
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Customer view:
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© iPhone von DrHansKoch - AirDroid Cast

D

e 60

Q temp_plot.py ~

ref = root.find(".//dcc:quantity[@refTyp&'basic_referencevValue']/
si:hybrid/si:realListXMLList[2]/si:valueX i
xr = np.array(ref.text.split(), dtype=float)
print(xr)

abw = root.find(".//dcc:quantity[@refTy
si:realListXMLList/si:valueXMLList", ns)
ya = np.array(abw.text.split(), dtype=float

='basic_measurementError']

print(ya)
11 = root.find(".//
dcc:quantity[@refTyfg="'basic_acceptanceLimitLower']/

si:reallListXMLList/s1i%
yll = np.array(1ll.text.sp
ul = root.find(".//
dcc:quantity[@refTyde="'basic_acceptanceLimitUpper']/
si:reallListXMLList/sI™wglueXMLList", ns)

vitl = nn_arravinl _tevt ©n

eXMLList", ns)

DCC Conference 2023 13

Page 552 of 559



!;‘1‘ | 3"international DCC-Conference

Customer view:
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The End

Thank You!

drhanskoch@t-online.de
www.da-plus-d.de
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Session E: End of Conference
Siegfried Hackel, PTB, Germany

' Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin
Nationales Metrologieinstitut

3rd International DCC Conference
End of Conference
- A Summary -

Siegfried Hackel .
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02
Statistics

» Number of Participants: 1146

» Number of Countries 93
» Continents:

» Africa 85

« America 207

* Asia 257

* Australia & Oceania 12

« Europe 585

03

Statistics (cont.)

» Accreditation Body 136

» Calibration Laboratory 307

» Freelancer 19

» Government 89

» Industry 78

» Legal Metrology Agenca 37

» Lobby Association 1

» NMI 402

» Other 36

» Public Laboratory 6

» RMO 1

» Standardization Institute 20

» University 15

Physikalisch-Technische Bundesanstalt ® Braunschweig und Berlin Nationales Metrologieinstitut
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02
International Task Force on DCC Merging

» Contributions & discussion shows:
High Level of Agreement ©

» Installation of an international task force
v To discuss and harmonise
v To represent:
» Industry end users
» NMI
» Calibration service provider
» Accreditation bodies
» Invitation to all participants by mail

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

04
Save the Date: IMEKO World Congress 2024

IMEKD

"«”l;sxo
|
a,;,(!'m%,\o«‘

26-29 August 2024
Hamburg, Germany

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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Save the Date: 4t International DCC Conference

No conference fees, only registration required
Pure online conference

Conference language: English

Date: 2024-02-27 to 2024-02-29

Start: at 12:00 UTC each day
Check the DCC homepage
https://www.ptb.de/dcc

YV VVVY

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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Thanks to the Programme Committee

alphabetical sequence

Blair Hall
Brett Hyland
Carlos Galvan-Hernandez
David Balslev-Harder
Girija Moona
Kim Nguyen
Mark Kuster
Peter Carter
Robert Hanisch
Wee Hoe Ng

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut
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Thanks to the Team at PTB

alphabetical sequence

Muhammed Ali Demir
Lutz Doering
Benjamin Gloger
Justin Jagieniak
Moritz Jordan
Christian Keilholz
Jan Loewe
Kai Mienert
Shanna Schonhals
Gamze Soylev Oktem

IPB

Physikalisch-Technische Bundesanstalt @ Braunschweig und Berlin Nationales Metrologieinstitut

Physikalisch-Technische Bundesanstalt
Braunschweig und Berlin

Bundesallee 100

38116 Braunschweig

Germany

More questions? Please contact:

Dir. u. Prof. Dr. Siegfried Hackel
Phone; +49 531 592-1017
@ E-Mail: siegfried.hackel@ptb.de www.ptb.de/dcc
&
= 2023-03-02
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Physikalisch-Technische Bundesanstalt
Bundesallee 100
38116 Braunschweig, Germany

Dir. u. Prof. Dr. Siegfried Hackel
Phone: +49 531 592-1017
E-Mail: siegfried.hackel@ptb.de

www.ptb.de/dcc

As of: March 2023

3"international DCC-Conference

* Federal Ministry
for Economic Affairs
and Climate Action

The Physikalisch-Technische Bundesanstalt, the National
Metrology Institute of Germany, is a scientific and technical
higher federal authority falling within the competence of the
Federal Ministry for Economic Affairs and Climate Action.
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