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David Balslev-Harder, Team Leader atkDansk Group on Harmonizing DCC and DRMC, Czech

Fundamental Metrologi (DfFM)' DenCmar Metrology Institute (CMI), Czech Republic
Jariya Buajarern, Head of Digital Center and P :
Matgria[s etrology, Qualit S?/stem and_ Bt}\(%mgs I!r(T:'arl]l, CEO of German Calibration Service
International Cooperation Office, NIMT, Thailand » (sermany

Mark Kuster, Chair of "Metrology Practices" and

ganos Saivan, Direccion Metrologia Dimensional, g Automation Committees™at NCSLI, USA

Hugo Gasca Aragon, Co-Chair of IMEKO TC6 Hector Laiz, Director of Metrology and Quality, INTI,
Dig%alization 9 Argentina

Blair Hall, Distinguished Scientist at Measurement é%nbmga)étﬁgéﬁisessor of the Board of D-Trust

Standards Laboratory of New Zealand (MSL)

James Fedchak, Associate Director for

AB{aIi Sharma, Senior Principal Scientist and Head,
Measurement Services, Physical Measurement N

I, India

Laboratory(NIST) Shanna Schénhals, Group Lead and Head of DCC

Brett Hyland, Project lead at UN/CEFACT Development Team at PTB, Germany

and NATA Australia IFS;Iexis Valqui, Digital Transformation Consultant,
eru
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Chair and Co-Chair of the International Programme Committee (IPC)

 Chair: Jariya Buajarern, NIMT

» Co-Chair: Shanna Schonhals, PTB

GruINTERNATIONAL DCC CONFERENCE

FROM GOOD PRACTICE TO STANDARDIZATION: DCC FOR A RELIABLE FUTURE

What Awaits You at the Conference ?

- _0O
' 47 presentations -.- > 600 registered
[ ) participants
—
c - 3 panel sessions
ﬂ./o ® 9 parallel sessions
e

82 countries

m 4 open exchange sessions
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Moritz Jordan In case of technical questions or issues please contact
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Welcome message |l: Frank Hartig, PTB Germany

Welcome to the 6" DCC Conference 2026
From Good Practice to Standardization: DCC for a
Reliable Future

Frank Hartig

Physikalisch-Technische Bundesanstalt (PTB)
National Metrology Institute of Germany

Tuesday, 24 February 2026

* Federal Ministry
" ' < fm'd EEconomic Affairs
X 4 and Energy
=
|

Bureau
T International des

* Poids et

4 Mesures

Developing the Sl Digital Framework as the anchor of trust for metrology inthe

digital era
FORUM-MD: Members
Chair Vice-Chair
| Prof. Dr C. Denz | orH. Laiz
President Instituto Nacional de Tecnologia Industrial
Physikalisch-Technische Bundesanstalt Argentina
Germany

| Ms G. Macdonald

Director General, NRC Metrology
National Research Council of Canada

P‘l‘B Canada
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TG Al TG MS r@ WG CC |

Build. Safe & Trustworthy Al 9 Metrological Semantics Coord. between CCs
Louise Wright (NPL) Ryan White (NRC) L Peter Blattner (METAS) |
TG DQ&FPM ’@ WG RMO

@&

Data Quality & Fair Practices in Metrology
Daniel Hutzschenreuter (PTB) & Paul Duncan (NPL)

Coord. between RMOs
Nikita Zviagin (VNIIM, interim) |

.
TG H-DCC DRMC TG SIDF } [ % WGS |
Harmonizing DCC & DRMC Sl-digital Framework X Strategy
Martin Koval (CMI) Anna Cypionka (BIPM)  \ Cornelia Denz (PTB)
DG SN
% Sensor networks
Shan Cui (NMC,A*STAR), Wan-Ho Cho (KRISS) 3

International

harmonization for full interoperability

* FORUM-MD
Bureau « ad hoc Task Group
International des on Harmonizing
T Poids et DCC and DRMC
+ Mesures

ttl FORUM-MD

BIPM / CIPM Community

Regional
Metrological
Organisations

Standardisation
/ Regulation

% | o Standardization
: | bodies
o Accreditation bodies

APMP — DX Focus

Group

* EURAMET - TC-IM
1448

* SIM - MWG-14

eCalibration Labs
eIndustry
oNCSLI
*DKD

<

Deutscher Kalibrierdienst

6t
.|

-
EURAMET

Metrology for Digital

Q«@?

Transformation
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Unique data structure, unique administrative date

1ISO 17000 1SO 17025 1SO 17034 1SO 17065 ISO 170ii
Terms and Test and Reference Conformity
Definitions Calibration Material Assessment

DCC: Calibration DCRM: Certificate for Reference Materials
DTR: Test Certificate DCoC: Certificate for Conformity Assessment

DVC: Verification Certificate  Expert report DKD-E 0-2
Common requirements for machine -readable certificates in the ISO 17000 series
EPTB Edition 08/2024 https://doi.org/10.7795/550.20240812

5

Important Documents
>PDKD<
B (DCC) Deutscher Kalibrierdienst
Pre-normative Documents
= Expert Reports from
German Calibration Service (DKD)

E (D-CoC)
European coordination group of
notified bodies in legal metrology NoB@Met

https://www.ptb.de/cms/en/metrological -services/dkd.html
EPTB https://www.ptb.de/cms/ptb/fachabteilungen/abt9/forschungs-nachrichten-der-abteilung-9/nachrichten-2024.html

- _________________________________________]
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DCC in industrxd standards

B Asset Administration Shell and Ihdustrial Digital Twin Association

»One* digital language - the basis for a common semantics

150 17000 [EEEd < Semanﬂcmapplngv\/

Info

1SO 17025 <:1§emanﬂc mapping I\ CORE Semantic ma_$ > A A S
Model
ISO 17034 <_Semantic mapping > (X Sehorrm)

1SO 17065 [ \Z: Semantic mapping I'\,’: for

Digital
= AIDTA

Quality Document

ISO 17000 standards series

Documents Release planned end 2025

IDTA - Core-Team:

Sascha Eichstadt, Lara Harris,
Yong Jin, Sudip Adhikari, COU rtesy T' Enge Il QI

Thomas Engel Digital Forum 2025

unrestited  © Siemens 2025 | Dr. Thomas Engel | FT RPD CED DPR.DE | 2025-10-08 SIEMENS

DCC in numbers for a simple but relevant use case

E Use Case:

= Boehringer-Ingelheim as largest German pharma company 44 w
started DCC Production Mode project in mid 2024

= 150 000 calibrations per year globally

= 45 min time saving per calibration (only admin and data
transfer!)

= 2 — 3 Mio Euro potential savings per year for one single
company!!!

SIEMENS

B Further use cases:
= Use of data history
= Extension of calibration intervalls from 1 to 2 years
= 50% cost reduction...

EPIB
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Digital Metrological

Expert (OME) Product

EPIB

nology

it 6.6261

Hugo Gasca S—

o
D6.62606
@ 6.62604
©

E ¢ 62602

6.626

6.62598

TUI_2025-11-11| —————

PTB_2025-10-14
NIST_2025-11-14

Contribution

Stephan Schlamminger, NIST presentation at BIPM, Nov 21, 2025.

https://www.linkedin.com/posts/stephan-schlamminger-40755498_exciting-day-today-at-the-bipm-for-my-colleagues-ugcPost-7396914510512476160-
go1j?utm_source=share&utm_medium=member_android&rcm=ACoAAAE8pasBLeABcOS2k2HNGZvQVNRuk4i_koM

EPIB
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Welcome message llI: Stephan Schlamminger, NIST

Confessions of a Measurement Scientist:

The Digital Tool | Didn't Know | Needed

Stephan Schlamminger
NIST
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TU Ilmenau

manuscript under preparation
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<dcc:quantity refType="basic_measuredValue">
<dcc:name>
<dcc:content lang="en">measured value</dcc:content>
</dcc:name>
<si:real>
<si:value>1.006610</si:value>
<si:unit>\milli\gram</si:unit>
<si:expandedUnc>
<si:uncertainty>0.003982</si:uncertainty>
<si:coverageFactor>2</si:coverageFactor>
<si:coverageProbability>0.95</si:coverageProbability>
<si:distribution>normal</si:distribution>
</si:expandedUnc>
</si:real>
</dcc:quantity>
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Unblinding in the digital age

NIST DCCs

Digital Metrology Expert e e

(DME)
GemimeG
https://d-si.ptb.de/#/d- Tool
comparison
https://gemimeg-
tool.ptb.de/v1/#/

manu-
facturer
XML

Unblinding in the digital age

Table 5. Links to the DCCs.

Laboratory DCC
HF mass set

TUIL https: . .de/api/d-dcc/dcc/5611c6a6-e532-4248-9195-bed956042366
NIST https: . .de/api/d-dcc/dcc/202d370d-10c5-4f06-b25e-ffe324ac033e
PTB https: .ptb.de/api/d-dcc/dcc/50bfbdb3-dccf-4d6a-bb3d-33£76464f5af
HF https: . .de/api/d-dcc/dcc/773553¢3-20a2-42ba-8b74-bf145489491c¢

RL mass set

TUIL https: .ptb.de/api/d-dcc/dcc/58e3beec-92cc-44fe-84b4-be00fb50£604
NIST https: .ptb.de/api/d-dcc/dcc/d25897ed-£902-42a0-9864-262c6e43cdc3
PTB https: . .de/api/d-dcc/dcc/3aTcdc84-a065-4d9a-822a-b080f420f8fc

.de/api/d-dcc/dcc/5437668c-5d8d-4ceb-beb6-£69744b398b0
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rt Rogge,

Hugo Gasca

HAF set: 1 mg 1.00000

~ 0.99998

. 0.99996 |- HAF set: 1 g
0.98

HAF set: 50 mg 6.62610 |-

£ 50.00

6.62600 HAF set: Planck

10.00010
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Welcome message Jariya Buajarern: Bridge to the conference

Jariya Buajarern introduces the start of the conference with a few words.

Back to Table of Contents above
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P01 Brett Hyland: Interoperable conformity data exchange in
a digital quality infrastructure - update from UNECE

Presenting author: Brett Hyland, Project Lead at UN/CEFACT, NATA Australia
E-mail address: Brett.hyland@nata.com.au

Additional authors: Nil

Keywords: Certificates, Interoperability, Calibration, W3C, UNTP

Abstract

Following the July 2025 publication of United Nations Economic Commission for Europe
(UNECE) Recommendation No. 49 [1] dealing with digital supply chains, it may be timely to
consider whether the design principles for platform-independent exchange of product data, as
outlined in this document, could play a role in facilitating the exchange of Digital Calibration
Certificates. Numerous implementations of these design principles are proceeding under a
specification known as the United Nations Transparency Protocol (UNTP) [2] . A central ele-
ment of UNTP is a ‘conformity credential’ which is designed to digitally capture basic product
conformity information within a hosted JSON LD file and which also links to an issued con-
formity certificate (which may be in analogue, digital or hybrid form and may also be encrypted).
World Wide Web Consortium (W3C) protocols provide an interoperable basis for exchanging
such credentials, while also ensuring that the credential is cryptographically verifiable back to
the issuing party in a tamper-evident manner. This talk will consider possible relevance of W3C
protocols within the legal metrology and scientific measurement sectors, as one potential sup-
port mechanism for the traceable exchange of Digital Calibration Certificates. It is hoped that
awareness of these approaches may facilitate discussion among the scientific, trade measure-
ment and wider conformity assessment communities.

[11 UNECE (2025): Recommendation No. 49: Transparency at Scale - Fostering
Sustainable; Value Chains
[2] UN Transparency Protocol (2026), https://untp.unece.org, last accessed: 6 January 2026

Back to Table of Contents above
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Presentation #P01 of Brett Hyland

(@) unece
Interoperable data exchange within
digital quality infrastructure
- an update on efforts underway at UNECE
Brett Hyland
UN/CEFACT Project Lead UN /CEFACT

U

(#) unece

Transparency at Scale

United Nations Economic Commission for Europe (UNECE)
Recommendation No. 49 ‘Transparency at Scale’ describes an equitable
and scalable approach for the digital discovery and verification of
information supporting claims made about a product.

What about ‘metrological transparency at scale’?
This may be interesting based on potential relevance for:
* Certified commercial quantities in trade
* Product claims based on measurement
* Support for DCCs & metrological traceability
 Support for traceability chains in legal metrology

UN / CEFACT

AR

- _____________________________________________]
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IR
UNECE Recommendation No. 49

Transparency at Scale

Urited Nations ECEmusseceacmmsans “Enhancing the reliability of

@ Economic and Social Council o g sustainability claims...includes the

it Eg. etnd possibility of using digitally verifiable
documents, issued by recognized
authorities, as formal declarations of
compliance, sustainability, or product
characteristics. This would also
i i gyl involve trustworthy actors such as
Reommemdntion N 5: Teunsgruncy i Sese-Fiturig government bodies and accredited

conformity assessment

b organizations.”

% % !’\ https://unece.org/trade/uncefact/tf_recommendations (Recommendation No. 49, page 6)
1 S

(#) unece

Economic Commission for Europe

Executive Commitice

The problem of greenwashing

United Nations Sustainable Development Goals depend on the
reliability of claims being made about product sustainability.

A race to the top: A race to the bottom:

It’s hard Consumer It's easy Even well-intentioned
to fake confidence to fake businesses must fake
claims! improves claims! claims to survive.
Business is\ / Higher Consumer \ , Low confidence
motivated to prices are confidence drops means no price

make provable justified differential

claims

UN / CEFACT

% ; | \\ Digitalisation can help shift the balance, favouring a race to the top

- ________________________________________]
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Digital Product Passport — EU Regulation

Digital Products Passports (DDPs) emerged under EU regulations
requiring products to have an associated data set, accessible from a
data carrier (such as a QR code) on the product. Consumers or
authorities can use this to examine declarations and product
information relating to product sustainability.

The concept is already being applied within EU Regs for product
attributes beyond sustainability, such as hazardous substances in toys.

Separate to regulatory requirements, DPPs are also emerging as a
general mechanism for aggregating product data along supply chains -
i various standardization initiatives are underway including ISO JTC5

0,

(#) unece

UN Transparency Protocol - conceptual model

Human-rendered
digital data

Human/manual = g
PY scanning process UNTP
[ Traceability
Events
Low volume/maturity
customer UNTP Prod
. roduct
Shlzpetz D \\ Passports
productio| gl |
High volume/maturity g
customer T Producer or
@l _ UNTP manufacturer
Machine / automated CaRtormity
SN CERAST scanning process Credentials

0,

- ____________________________________________]
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UN Centre for Trade Facilitation and
eBusiness (UN/CEFACT)

UN/CEFACT is responsible for the reference implementation of
Recommendation NO. 49, known as the United Nations Transparency
Protocol (UNTP).

UN/CEFACT facilitates national and international transactions, through
simplification/harmonization of processes and information flows

It represents a relevant forum for discussionregarding access to and
exchange of conformity datarelevant to international supply chains.

UN / CEFACT

0,

(#) unece

Reducing costs, increasing participation

To encourage maximum inclusion, digital trade systems cannot favour
rich countries or create unjustified barriers for small businesses.

This means:

adopting internationally accepted approaches, emphasising open
development and free resources, such as W3C verifiable credentials
(VCs) and decentralized identifiers (DIDs)

adopting an open architecture, so that stand-alone technology
platforms do not add friction to data exchange, or be leveraged to the
disadvantage of some participants

i * providing a backbone of trust by making ‘trust anchors’, including
% || «\ Quiality Infrastructure, verifiable by any participant

2026-05-11 18:53 Page 33 of 520
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Interoperability protocols

Leave data wherever it is - but link it together when needed
Use any software you like — so long as it conforms to protocols

S o —Sue =
e ®. - . P
[ J
(] o
[
e e
( L
®
[ {
@ = Data platforms L D
UN / CEFACT
I
2 y “Transparency at Scale”

(e8) unece

Support for issued certificates within UNTP

UN/CEFACT does not seek to specify certificate formats, certificate
content or conformity assessment processes.

Rather, the focus is providing a surrounding framework for certificates -
whether analogue, digital or hybrid - that offers:

1. Ameans of discovering relevant certificates from products of interest in
a tamper-evident & machine-readable manner.

2. Verifiable connections between data points, including any trust anchors
like testing/certification bodies, accreditation bodies and regulators.

3. Compatibility with confidentiality requirements of supply chain actors
UN/ CEFACT (including third party selective redaction).

i
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Trade Data -
(e8) unece (UNTP data Certificate
Model) issuer
Product
A Weblink
»/-“
i, ( Product )
. info R
~._.—
. Verifiable v..
ey Conformity Credential >
E53 . Web
Optional: Structured Tinks
¢ Product ID R ~
Auto-verification *  ProducerlD | readable 7
¢ Scheme data! ity |
+  Standards Product |
| *  Endorsement ( info ,) v
I : ~e— —
¢ e " Product
_/'/ ( info ,)
7 N~ —-
e
Optional buyer Endorsement
UN / CEFACT re-verification - credential
Certificate (ie, authority)
Issuer applies their preferred
security features (eg, encryption)
I supeort or .
@unece  metrological alibration
traceability Laboratory
(illustrative onIW T Equipment
Original .
( calibration ' Weblink
Device L Ccertificate 7
Owner =N
\ . '\
ol Verifiable
Lt T~ Conformity Credential
- Web
Example: S .
Auto-verification Cal Date Device Isuppher
J Device ID _ "~ links i
o e -~ Device * v
Accreditation ( Identifier, —_
\ '\ ebob / ( Product )
T / ~.e- \-i':f-/,
7 Certificate(s) "\ Auto-verification
( for Reference .
\ Device(s) / /
Material(s) ‘ . . . B
- -__/,/ Calibration Certificate - DCC ISO/IEC 17025
ncluding s
UN / CEFACT Accreditation
branches ¥~ l

[Or may be accessed by weblink,

More certificates -> preferred for some use cases]

-> to Primary Ref Stds

(possibly linked to
CMC)

- ____________________________________________]
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"™
G unece Support for Verifying = a
) legal metrology Authority
dustelveon)  HE _—— i Eapmen
( Approval /‘ Weblink
Device \f:ertiﬁcate/,
Owner — TN I
Verifiable ) o
Conformity Credential
Web
Date Payload file Device supplier
J Device ID g (any format) — Jinks :
~N !
pevice !
Accreditation ~ ( |de:‘tl-;:ieer, \ _/.L_\
S NCLAN T
e c‘3""""““5(5)\‘\ Auto-verification
( for Reference .
'\ Device(s) / ) J
Including e NMIAp.prz-)vaI
SMICEACE branches ¥~ l [Or may be accessed by weblink, (as Ver!fylng
) I e ferred f Authority)
7 More certificates -> preferred for some use cases]
X -> to Primary Ref Stds
(#8) unece
Some remarks
1. Many aspects of traceability can be verified without even reading
the DCCs. This is achieved through digitally matching the
equipment item identity, confirming DCC issuer’s identity,
accreditation status and certificate validity, for all branches of the
calibration chain, all the way back to primary reference standards.
2. This is not the same thing as achieving true metrological
traceability, which requires ingestion of the DCC data, yet it may
still be satisfactory for many use cases.
3. The non-proprietary protocol provides a roadmap for discovering
and ingesting relevant DCC content, subject to access permissions.
s 4. It provides a potential protocol for interoperability across any
Iy national or regional data spaces that may be used to host DCCs.
7
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(ef)
Q“j UNECE

—_—

. Digital identifiers (eg, DIDs) for reference materials as well as for
measurement devices

| Scope for further metrology data exploration

2. Protocols for generating full device calibration history based on
matching calibration/verification certificates - possibly issued by
different CABs and held on different data platforms, but still
matched to a common device identifier

3. Machine representation of Calibration & Measurement Capability
statements) for digital verification of competence for transferring
metrological traceability

J
% |

Resources

All UNTP resources are open source, available without charge and are

royalty free
https://untp.unece.org/docs/about/

Industry adoptions of UNTP can be registered, either as an

‘implementation’ (for selected UNTP elements) or as an ‘extension’ (with

extensions owned and managed by the party undertaking the extension).
https://untp.unece.org/docs/implementations/
https://untp.unece.org/docs/extensions/

)
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(ef)
ﬁ‘:‘j UNECE

Is it time for exchanging ideas?

UNTP deals with trade-related data. Standards for metrology certificate
digitalisation and traceability are outside the activities of UN/CEFACT.

However, cross-domain exchange is welcome, noting the degree of
overlap that exists:

—_—

. Trust in the attributes of traded goods and the outputs of scientific/legal
measurement both rely on national Quality Infrastructure

2. Laboratories providing test results for traded goods also undertake
metrology activities in some cases

UN / CEFACT

3. Most accreditation bodies work across testing/calibration/certification

(«£)
ﬁ‘:‘j UNECE

UNTP-Conformity Group

Mailing list

UN / CEFACT
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Thank you!

For more information
Brett Hyland brett.hyland@nata.com.au

UN / CEFACT

Back to Table of Contents above
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P02 Mark Kuster: Modeling measurement data with the
Measurand taxonomy

Presenting author: Mark Kuster [1], Independent Researcher, Consultant, USA
Additional authors: Nil

Institute:

[1] NCSL International 141 MIl and Automation Committee

Email: mjk@ieee.org

Abstract

The NCSL International 141 MIl and Automation Committee continues to emphasize careful
conceptualization for use in agile digitalization processes in order to instill value in digital trans-
formation. Long-term value in digitalization depends on interoperability across systems and
time and universal applicability across data types. This work presents an updated conceptual
model designed for interoperable digitalized measurement data suitable for representing infor-
mation in accreditation scopes, instrument specifications and calibration certificates. The tech-
nology-agnostic model, suitable for implementation in any exchange format (JSON, XML, etc.),
rests on NCSLI’'s open-source Mil measurand taxonomy and M-layer. We encourage industry
collaboration to further extend and refine the model.

Back to Table of Contents above

Presentation #P02 of Mark Kuster
]

Modeling measurement data with the MIl measurand taxonomy

Mark Kuster, mjk@ieee.org
NCSL International 141 MIl and Automation Committee

Measurement-Information Infrastructure

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026
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Introduction

Section 1

Introduction

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026

Introduction

Today's Topics

© Introduction
© Conceptualize, model, implement
© Draft models

@ Conclusion

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026
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IQl—international quality infrastructure
MRA—mutual-recognition agreement

CIPM—International Committee on
Weights and Measures

NMI—national metrology institute
KCDB—key-comparison database

ILAC—International Laboratory
Accreditation Cooperation

AB—accreditation body
SoA—accreditation scope

CMC—calibration and measurement
capability

DX—Digital Transformation
MPE—maximum permissible error
DCC—digital calibration certificate
DCR—digital calibration request

FAIR—findable, accessible, interoperable,
reusable

M-layer—metrology information layer to
support measurement systems

JSON—1JavaScript object notation
XML—eXtensible markup language
MathML—mathematics markup language
ETL—extract, transform, load

NCSLI 141 (MII&AC) DCC 2026

Tuesday, February 24, 2026

Conceptualize, model, implement

Section 2

Conceptualize, model, implement

NCSLI 141 (MII&AC) DCC 2026

Tuesday, February 24, 2026
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Conceptualize, model, implement

DX reality

Facts
@ Business thrives to the extent that customers receive positive net value.
e DX provides new value at lower cost: finance, B2B, online retail, travel, entertainment

@ Metrology has consensus standards, plentiful computing power, lab and enterprise
software, automated measurements and plenty of applicable information technologies.

o Despite resources and long-standing development, metrology has not yet achieved DX.
Success Factors: Other industries achieved DX by

o Carefully abstracting their processes and data flows (conceptualize)

e Modeling the supporting data

e Applying standardized technology solutions to implement those models in digital systems

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026

Conceptualize, model, implement

Translating DX success to metrology

© Metrology processes revolve around measurements T

and their quality. - Consumer

© Measurement data doesn't sit ignored; calibration T
laboratories, testing laboratories, inspection bodies, - : S
. . Instrument m Accreditation
instrument manufacturers, ABs, scientific Specs (G Scope

organizations and others exchange the data in vast

quantities throughout the measurement economy. ) . - R .
‘ Measuring Accreditation
Manufacturer Eﬂﬁ[y

@ To digitally transform metrology, we should therefore Body

design, adopt and apply a common conceptual Conceptualize, model, implement!
model for exchanging digitalized measurement data.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 7/23
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Conceptualize, model, implement

Modeling costs

Modeling takes resources and time
e Modeling delays implementation and any expected revenue or savings.

o Conceptual models require much careful abstract thought and refinement.
o Models should cover all known process and feature variants within scope.

@ Tooling for modeling leaves gaps.

o No complete end-to-end system for all environments
o Piecewise solutions: model-driven architecture, model-driven software engineering, object
relational modeling, model-view-controller technology

Forget flying birds, just build a penguin!
e DCC: fast development, much interest, flexible but complex
@ Implementation may fragment into separate cases that do not integrate well.
@ Everyone reinvents the wheel for every case.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026

Conceptualize, model, implement

Conceptual modeling benefits

General benefits
@ Agnosticism: no particular storage or transmission technology baked in
e Universal interoperability and reusability
Benefits for metrology
@ Locate and rank laboratories to calibrate a given instrument or inventory.
@ Locate and rank instruments to meet an application’s measurement requirements.
e Generate customized instrument specifications or DCRs and issue purchase orders.

Generate CMCs from instrument specifications and calibration certificates.

Optimize instrument specifications or calibration intervals from calibration history.

Generate automated, customized calibration procedures on the fly.

Improve uncertainty estimates flowing through the traceability network.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 9/23
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Conceptual modeling benefits
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Validate certificate uncertainties against accreditation scopes.

Verify an AB's ILAC MRA or an NMI's CIPM MRA status point-by-point.
Automate non-conformance investigations.

Calculate uncertainty, risk, reliability, et al. between and beyond calibration points.

Propagate calibration uncertainties to all dependent test & measurement processes.

Correct all measurements for instrument bias (transparent adjustments).

Facilitate digital twins and smart instruments.

Streamline assessments and audits.

Validate all data automatically at every step.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026

Conceptualize, model, implement

Conceptual modeling benefits

Caveats
@ The market will determine where the real value lies.
@ Innovators will expand this list far beyond what we might predict.

@ The benefits remain a pipe dream without interoperability.

o Benefits stem from lowering the data-exchange hurtles between organizations.
e Machines should exchange and process this data automatically.

Recover lost value from over-simplified MPEs, CMCs and measurement uncertainties.

Verify accreditation status and compliance to calibration requirements point-by-point.

10/23

o If a pressure implementation differs from that of voltage, length or radiance, those multiple

disjoint cases quickly burden software implementations, a significant development and
maintenance cost that every software developer will suffer.

e Since we already expect to ultimately transform the entire 1Ql—all measurement processes
and quantities—it makes sense to model measurements generally, abstractly, from the start

and to expect a higher return.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026

11/23

2026-05-11 18:53 Page 45 of 520



w P-I—B 6" international DCC-Conference
=Y 2026-02-24 to 2026-02-26
:_l‘

Draft models

Section 3

Draft models

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 12 /23

Draft models

General model requirements

Interoperability and reusability (objectivity) require source-independent meaning and validity:
© correct reasoning—well designed data & process models for the present and future,
@ data transformed to a standardized context—reference metadata and unique identifiers,
© correct formulation—standardized meanings, (linked) definitions, controlled syntax;
AND freedom from subjectivity such as
Q arbitrariness—undefined or free-form data fields,
@ ambiguity—multipurpose data fields, missing unique identifiers, unclear definitions,
© out-of-context placement—essential elements falling outside the modeled framework.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 13 /23
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Draft models

Metrology model requirements

Metrology DX requires an flexible, exacting, universal measurand model.
e Measurand: What an instrument measures, what we claim capabilities for, what we
measured in a calibration or other measurement service.
e Universal: Abstract enough to cover any quantity, property, discipline or area

o Proven idea: Labmate, MOX (Mudcats), IndySoft, U. Meas. Model (Mike Brown, Fluke)
o Essentially expressed in the VIM—International Vocabulary of Metrology

e Exacting: Perfection commensurate with the uncertainty desired in specifying the quantity,
its influence quantities, relevant properties and operating conditions

o Flexible: Unlimited, exacting measurand qualifiers, omitted when insignificant relative to
the measurement uncertainty or irrelevant to the service procured

All together this means we want an abstract model that distinguishes any measurand which
anyone may instantiate with only the relevant detail for a particular concrete application.
NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 14 /23

Draft models

Abstract measurand model (essential elements only)

@ Measurand

o Taxon : Name @ Farameter
o 1d: Name © Result o Name : Name
o Definition : string - .
X o Name : Name o Definition : string
: Eﬁ:&ﬂ:lssféﬁ{;ﬁes : ExternalReferencef] o Quantity : MLayerAspect o Quantity : MLayerAspect
o Parametérs . Parameter{] o PropertylD : Name o ProPertyID : Name
o deprecated : boolean o optional : boolean

o replacement : string

©MLayerAspect © AR ©ExternaIReference
: o Name : string 0
o Name : Name o ldlName o Name : string

o id : Name

o PropertyValues : string(] RSN

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 15 /23
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Draft models

Differentiating parameters

Model Element Instrument Measurand CMC Measurand
Measurand.Taxon “Source.Ratio.Voltage AC" <« “Measure.Ratio.Voltage. AC”
Result.Name “Gain” & “Gain”

Parameter.Name “Frequency” < “Frequency”
Parameter.Name “InputVoltage” <= “InputVoltage”
Parameter.Name “OutputVoltage” < “OutputVoltage”
Parameter.Name not used (optional) “AmbientRH"

Matching parameters between different instantiations of an abstract measurand. The two
measurands match, pending further evaluation of measuring intervals and uncertainty
requirements.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026

Draft models

Concrete measurand model (essential elements only)

The concrete data model
© Parameter
i Result
o Adds value, range, uncertainty © B
o Mame : Name o Definition : string
o Covers SPEecs, CMCS! o Quantity : MLayerAspect o Quantity : MLayerAspect
measurement results o PropertylD : Name o PropertylD : Name
o Symbol : Math o optional : boolean
o M-laver: an ropert uanti o QuantityValues : AspectValues o Symbol : Math
Y y p perty, q o, o Uncertainty : Traceability o QuantityValues : Aspectvalues
scale type, unit o Propertyvalues : string(] o Uncertainty : Traceability
o PropertyValues : string(]

e Math expressions for generality

e any number (x)

e symbols (g = x)

@ ranges (L =q< H) @Aspect\lalues

o complexities (L < Vf < H) -

e interdependence 2§§E§§f§°ﬂ\i£ﬂ?§h
(Vl < V2 < 2\/1) o ScalelD : Name

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 17 /23
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Draft models

Expanded QuantityValues

For a given measurand specification, a calibration Result has multiple QuantityValues with
metadata IDs:

Result.Name “Gain” (Symbol G

Nominal 100.00V - v~1
Reference 100.02V - V1
Measured 100.00V - Vv~!
Error —20mV -Vv~1
Correction 20mV -v-1

Likewise, instrument specifications may specify multiple range elements in Result:

Nominal 1.00V -V 1 < G <200.00V- V!
Indication 1.00V- -V 1< (G <199.99Vv.Vv-!
Certified 10.00V-V~!< G <150.00V. V!

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026

Draft models

Open modeling questions

Abstractly, expression model = mathematics

Concretely, MathML content markup would work for expressions but presupposes XML.
The Uncertainty : Traceability element awaits further work to cover

e simple uncertainty expressions
e various uncertainty representations and propagation methods
o a representation of the entire traceability network

@ Previous work covers all this but requires integration.

Traceability chains would help document and maintain CMCs and MPEs also.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026
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Draft models

Modeling progress

See GitHub (github.com/NCSLI-MII/measurand-taxonomy) for the latest actual info.
The committee’'s model may vary from this conception.

The actual model includes other niceties: measurement category and discipline, mappings
to other quantity systems, etc.

Currently documenting and populating the M-layer

Working toward an official release of the measurand catalog (taxonomy)

NCSLI 2026 Workshop & Symposium | July 25-29, 2026 | Kansas City, MO

o A two-day technical track dedicated to digital metrology and “Al"
e Technical papers, panel discussions, learning labs, tutorials

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 20/23

Conclusion

Section 4

Conclusion

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 21/23
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Conclusion

Conclusion

e A common conceptual model for exchanging digitalized measurement data will power
metrology’s DX.

e Standardized reference metadata sets with a universal reference model for measurement
data provides interoperability to aid application software to streamline the 1QI.

@ This in-progress model suffices to start using the measurand taxonomy to identify and
exchange interoperable data.

@ Perhaps workable as a DCC sub schema or data-block extension

@ Also suitable for documentless point-to-point data exchange
o Mike Schwartz (Cal Lab Solutions), Rob West (ATS, MOX): MDQF, ETL

@ Unanticipated realities will arise, requiring agile conceptualize-model-implement iterations.

NCSLI 141 (MII&AC) DCC 2026 Tuesday, February 24, 2026 22 /23

Conclusion
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001  Gennie A. Ordona:
Implementing Blockchain-Enabled Digital Certificates
and a Verification Portal at DOST-ITDI: A Use Case for
Enhancing Quality Infrastructure

Presenting author: Gennie A. Ordona [1],

Email: gordona@itdi.dost.gov.ph

Additional authors:
e B. A Ordofia

Institute:

[1] Department of Science and Technology, Industrial Technology Development Institute,
Metrology Building, Bicutan Taguig City, Republic of the Philippines, 1631

Keywords: Blockchain technology; Digital document verification; Verifiable credentials; Digital
certificates; Quality Digital Infrastructure.

Abstract

Document verification plays a critical role in ensuring the authenticity, integrity, and legal
validity of official records within quality infrastructure frameworks. Traditional paper-based
methods often lead to inefficiencies, increased risks of forgery, and delayed processing times,
highlighting the need for robust, standardized digital solutions. The Industrial Technology De-
velopment Institute, under the Department of Science and Technology (DOST - ITDI), issues
a variety of test certificates for technical services, including training, Formula of Conversio,
laboratory testing and calibration certificates. These documents validate critical aspects such
as proficiency, compliance, product safety, international traceability and quality assurance.

To address challenges around document security, efficiency, and standardization, DOST-
ITDI has pioneered a blockchain-enabled digitalization of certificate platform. This innovative
solution leverages a decentralized ledger to create immutable, tamper-proof records with
unique identifiers, cryptographic hashes, and digital signatures. The platform also comes with
real-time online verification of certificates issued by DOST - ITDI, significantly reducing turna-
round times for validating stakeholders and eliminating the need for physical copies. The sys-
tem supports seamless verification by stakeholders, including regulatory bodies and partner
agencies, through a secure web interface. Launched on 13 May 2024 at Diamond Hotel Ma-
nila, the "ITDI Technical Services Certificates Verifiable Credential" initiative exemplifies effec-
tive application and standardization within digital quality infrastructure. The event gathered di-
verse stakeholders from different government institutions and academia, underscoring the col-
laborative effort to harmonize certification processes via interoperable frameworks.

This use case demonstrates how integrating blockchain technology with established quality
assurance practices can foster greater trust, operational efficiency, and compliance in regula-
tory environments. It serves as a scalable model for future inter-agency collaboration and na-
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tionwide adoption, supporting the broader goals of digital transformation and standardized
quality infrastructure development.

Digitalization Framework ey
b ¢ i
A.w:::om .
Govenmery D =
agency Parer R W —
Cwptal Cartlcane Mo
DOST - (YOI Cumtawery
- — €59 - i
==
= - Sernces Request
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Figure 1. Digitalization Framework and The Verification Portal
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GENNIE A. ORDONA -
Senior Science Research Specialist :3

Industrial Technology Development Institute INDUSTRIAL TECHNOLOGY
Department Of Science and Technology
DEVELOPMENT INSTITUTE

“ Implementing Blockchain-Enabled Digital Certificates and a
Verification Portal at DOST — ITDI: A use case for Enhancing
Quality Infrastructure ”
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The Dry Seal Era INDUSTRIAL TECHNOLOGY

DEVELOPMENT INSTITUTE

* |[n an ancient time dry seal is popular as “pendant seal”
use by town’s bishops and kings

= As early 12t century, dry seals are use to establish the
authenticity of documents

= Seals were used to close folded documents and thus to
guarantee their secrecy

L

INDUSTRIAL TECHNOLOGY
DEVELOPMENT INSTITUTE

The National Seals of
South Korea

- Use to identify government
official documents
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INDUSTRIAL TECHNOLOGY
DEVELOPMENT INSTITUTE

1388 Statute of
Cambridge seal

— use to identify the citizen
and their origin

L

INDUSTRIAL TECHNOLOGY
DEVELOPMENT INSTITUTE

The typical official dry
seal of a Philippine
Government Agencies

A S
i B “;a‘ﬁ“ )
g s

- |
2026-05-11 18:53 Page 55 of 520



6" international DCC-Conference
2026-02-24 to 2026-02-26

&0 @2

INDUSTRIAL TECHNOLOGY
DEVELOPMENT INSTITUTE

@ @ =2 @ ]

s
— T il
monpwmv Wl DEskTYPE STAINLESS POCKETSEAL

g (= Supreme Dry Seal -
z‘ —‘—f Profession/Customize =3 -

Q search

https.//www.facebook.com/drysealp
hil.asc/photos/?ref=page_internal

.
The Dlgltal Age INDUST&TECHNOLOGY

DEVELOPMENT INSTITUTE

* The Digitization and Digitalization trend and initiatives
worldwide for an online seamless and borderless
transactions

* Fraud, Authenticity, Identity and Ownership of
Documents
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QR

INDUSTRIAL TECHNOLOGY
DEVELOPMENT INSTITUTE

DOST — ITDI Digital
Transformation Initiative
on Provision of Technical
Services

Online
Payment =

i
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Blockchain ﬁ
o @ o @ oY

A kind of database that maintains
a continuously growing list of
ordered records, called blocks

Blockchain :3

Blockchain Structure

Consensus
€ «

Decentralized Records provides security by
distributing control across a network
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The Goal i}

Implementing Blockchain-
Enabled Digital Certificates
and a Verification Portal

The Business Process ﬁ

Services IS

‘Aﬁ

Customer ' Technical Accounting
Portal ﬁ System 1

v Cashiering
Digltallzed System

Certificate
BTr / BSP LBP LinkBiz ePayment
Remittance / — Portal ﬁ Portal

Collection
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The System Framework 23

Customer Portal (Web-based)

Technical Services
Information System
Framework

Secured Test
Certificate Storage

PEERTO PEERSTD NODE

:T F /\I—)R!(
00 \

{ )

- A

& curl/ . NV
Technical Services Information Syste J

PEERTO PEER MIS NODE

nline verificationportal |
N A i —

& curl//
A~ R

\

«—*\J W
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TsrNo ITDI-012023-MIC-0004
CustomerName ITDI - Food Processing Division

Datelssued 1/9/2023

The Verification Portal

Back to Table of Contents above

2026-05-11 18:53 Page 61 of 520



6" international DCC-Conference
2026-02-24 to 2026-02-26

002 Jens Schadur:
A web-based revision validation system for (digital) cali-
bration certificates

Presenting author: Jens Schiur [1]

Email: j.schueuer@elmtec.de

Additional authors: Nil

Institute:

[1] ELMTEC Ingenieurgesellschaft mbH, Kattreppeln 28, Kénigslutter am Elm, 38154, Ger-
many

Keywords: revision control, workflow, validation, database

Abstrac

A digital calibration certificate, once issued and signed by the laboratory, is a static docu-
ment. In case a revision of the calibration certificate is issued, the use of the withdrawn cali-
bration certificate is still possible as there is no feedback implemented.

In the DatiPilot funded project DCCilnd [1] a solution for a web-based database has been
developed and a demonstrator will be made available for free later in Q2/2026. A similar project
has been presented in [2] and was extended in some aspects to the presented database as
follows:

e each laboratory may implements a separate database so due to data privacy no infor-
mation must be given to an external provider. This bypasses and avoids potential is-
sues [3] with external web services or (metrology) clouds.

¢ the database contains only general information’s of the certificate: the certificate num-
ber, the unique universal identifier (UUID) of the certificate, the date of issue and a
string containing the hashed order number

e the UUID or the date of issue combined with the certificate number lead to the status of
the calibration certificate

e hashed order number is given back to enable reverse validation of the certificate

¢ in case of a revision the UUID of the new revision is added to the entry of the with-
drawn calibration certificate and a new entry for the new revision is created.

The main parts of the demonstrator are the web-database with software for the access, a
demonstrator for creations or modifications in the database and a demonstrator for the valita-
tion of the status of the calibration certificate as website and as a software API.

Digital calibration certificates (DCC) offer the advantage that the information for using this
database can be implemented in the calibration certificate, so that no external knowledge is
required from the user. A suggestion for a template to be written in the DCC also will be pre-
sented.

References:

[1] www.ptb.de (2025): Home-DCC 2 Industry, [https://www.ptb.de/dcc2ind/home/], last ac-
cessed: 20.01.2026

[2] Hall, Blair (2025): A service to authenticate documents issued by MSL, pp. 312 to 317,
in: "5th International DCC-Conference 2025-02-25 to 2025-02-27 Proceedings", Braun-
schweig, Germany, 2025. DOI: 10.7795/810.20250619[3];
www.dakks.de (2024): Amtliche Mitteilung: Keine Nutzungspflicht der Datenbank |AF-
CertSearch, [https ://www. dakks. de/ de/ aktuelle-meldung/ amtliche-mitteilung-keine-
nutzungspflicht-der-datenbank-iaf-certsearch.htmil], last accessed: 20.01.2026
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A web based
revision validation system
for (digital) calibration certificates

24. Febual'y zozs #ooz ELMTEC Ingenieurgesellschaft mbH

Kalibrierlabor
Jens Schiiiir

Outline

1. Introduction

2. web based system

3. Verification of the certificate
4. Summary
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Workflow of a calibration certificate DCC

Simplified!

Transfer
Release to
certificate customer

General workflow:
» Works for Paper / PDF / digital certificate
» Works for the initial issued certificate

ELMTEC

ngenieurgeselischaft mbH

Workflow of a calibration certificate DCC

Simplified!

Transfer

Release to
certificate customer

Does a revision reach the user?
» Maybe not.

ELMTEC

ingenieurgeselischaft mbH
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g!mllglow of a calibration certificate DCC
Transfer
Release to
certificate customer
&
¢
« \\<</
Does a revision reach the user? X° \C;O N
* Yes, if a database is available for the user ‘0*,\@?)'
and user enters certificate data on a website. N
g!:::-l!(:low of a calibration certificate DCC

Transfer
REEENS to
certificate customer
S
&\ C
© \\<</
Does a revision reach the user? $O \C;O o

* Yes, automated verification possible with a oY QU
digital calibration certificate.

ELMTEC

eeeeeeeeeeeeeeeeeeeeeeee
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:ﬁ:z! based system D C C

& Store in
web
database

Release
certificate

Data in the database: &
* |dentifier of the certificate Qe.
o N\ e
Certificate number 2P
Date of issue S
SHA-Hash of customers order no
Identifier of the newer certificate

Ingenieurgeselischaft mbH Nr.7

:ngilt)s based system D C C

A similar project has been presented in [lf] and was extended in

some aspects to the presented database as follows:

e each laboratory may implement a separate database so due
to data privacy no information must be given to an external
provider. This bypasses and avoids potential issues [2] b
nlot élsing external web services or external (metrology}g
clouds.

e the database contains only general information’s of the
certificate: the certificate number, the unique universal
identifier (UUID) of the certificate, the date of issue and a
string containing the hashed order number

e the UUID or the date of issue combined with the certificate
number lead to the status of the calibration certificate

e hashed order number is given back to enable reverse
validation of the certificate

e in case of a revision the UUID of the new revision is added
to the entry of the withdrawn calibration certificate and a
new entry for the new revision is created.

e Keep it simple: no blockchain, no complex elements

[1] Hall, Blair (2025): 4 service to authenticate documents issued by MSL, pp. 312 to 317, in: "Sth International DCC-Conference
2025-02-25 to 2025-02-27 Proceedings”, Braunschweig, Germany, 2025. DOI: 10.7795/810.20250619

[2]  www.dakks.de  (2024):  Amtliche  Mitteilung: ~ Keine N pflicht  der D bank IAF-CertSearch,
[https://www.dakks.de/de/aktuelle-meldung/amtliche-mitteilung-keine-nutzungspflicht-der-datenbank-iaf-certsearch.html], last
accessed: 20.02.2026

Ingenieurgeselischaft mbH 15.08.2026 Nr.8
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Data in the database

4444-4444-4444

.8.2.1d; UUID version 4

<dcc:identification refType="basic_certificateNumber">
<dcc:issuer>calibrationLaboratory</dcc:issuer>
<dcc:value>1234</dcc:value>
<dcc:name>
<dcc:content 1
<dcc:content
</dcc:name>
</dcc:identification>

en">Calibration certificate ID</d content>

<dcc:issueDate>YYYY-MM-DD</dcc:issueDate>
<!--ISO/IEC 17025 T3 35>

basic_orderNumber">

;="de">Auftrags Nr. des Kunden</dcc:content>
="en">Order no. of customer </dcc:content>

Ingenieurgeselischaft mbH 15.08.2026 Nr.9

Web based system

for Web-Verifikation

4444-4444-4444 /dcc:uniqueIdentifier>

.8.2.1d; UUID version 4 according to ISO/IEC 9834-8

<dcc:uniqueIdentifi

ssusr>calibrationLaboratory</dcc:issusr>
<dcc:value>1234</dcc:value>
<dcc:name>
<dcc:content 1
<dcc:content lai
</dcc:name>
</dcc:identification>

t>
content>

de">Kalibrierscheinnummer</dc
en">Calibration certificate ID</d

<dcc:issueDate>YYYY-MM:
<!--ISO0/IEC 17 7

<dcc:ide:
<dcc:

1=suex>customnr;/ dcc:issuer>
value>1234-56-78</dcc:value>

j="de">Auftrags Nr. des Kunden</dcc:content>
"en">Order no. of customer </dcc:content>

ntent

</dcc:identification>

Ingenieurgeselischaft mbH 15.08.2026 Nr.10
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Web based system

for the initial certificate

DCC

<uniqueldentifier>88888888-4444-4444-4444-ccccecceccece

<dcc:identification refType="basic_certificateNumber">

<dcc:value>1234
<dcc:issueDate>2026-01-02

<dcc:identification refT

e="basic_orderNumber">

<dcc:value>550b4a3deb4486b832690£fc487abfel48e91b50ebl5bcl6b8873805ece60c0ce986547615¢c86ba405¢ch’

ingenieurgeselischaft mbH

Web based system

for Web-Verifikation - data of a withdrawn certificate and the newer certificate!

DCC

<unigueldentificr-88888888-4444-4444-4444-ccceceecceeccee
<dcc:identification refType="basic_certificateNumber">
<dcc:value>1234

Data of a withdrawn certificate!
<dcc:issueDate>2026-01-02
<dcc:identification refType="basic_orderNumber">

<dcc:value>550b4a3deba4Bebs32
uniqueIdentifier revision> 4444

4444-444

690££c487abfe148e91b50ebl5bcl6b8873805ece60c0ce986547615c86bad05chT:

uniqueIdentifier 444-4444-4444

<dcc:identification refType="basic_certificateNumber">

Data of the newer certificate!
<dcc:value>1234
<dcc:issueDate>2026-01-23

<dcc:identification refType="basic_orderNumber">

<dcc:reportimendedsubstituted> <dcc :value>550b4a3debd
<dcc:typeOfChange>substituted
<dcc:replacedUniqueldentifier>}88888888-4444-4444-4444-cccceccececec)

7abfel48e91b50ebl5bcl6b8873805ece60c0cedB86547615c86bad05chT

ingenieurgeselischaft mbH

- _________________________________________]
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Trannsfer the certificate
Simplified!

Transfer

Release to
certificate customer

Q
E-Mail / Stick / API NA

ingenieurgeselischaft mbH Nr.13

Verification of the certificate

Simplified!

Transfer

Release to
certificate customer

Check the seal:

(8 Details zur Signatur von "ELMTEC

2 2 Version ibri :
Durchgefiihrte Prifungen i Kalibrierlaboratorium

+ Signatur der Datei (mathematische Prufung). Zentifikatsaussteller
- Datei ist nicht verandert. e
- Datei ist mit qualifiziertem Zertifkat gesiegelt

ELMTEC Ingenieurgesellschaft mbH
— Kattreppeln 28, 38154 Konigslutter an

+/ Zenifikat & Pfad (Signatur- und Gilligkeitpriiung). Details zum Zerfikat D-K-15099-01-00 | Giiltig seit: 03.06.2024

- Zerifikatund Pfad erfolgreich geprift
- Kettenmodell (SigG Profile) Land : DE
B Organisation : ELMTEC Ingenieurgesellschaft mbH
/ Zentifikatsstatus (OCSP  CRL). Name : ELMTEC Ingenieurgesellschaft mbH
- Zerifiatsstatus erfolareich oeoriift SRR + ReRigalncras e min
Organisationskennung : DT:DE-3957392625
Seriennummer : DAkkS00-DE-K0-15099-01-00
ingenieurgeselischaft mbH Nr. 14
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For PDF / XML-Files!

Possible seals for digital certificates DCC

Kalibrierschein / Calibration Certificate

loswst ([ DAKKS
o e o 52298 b -
s pcror g 1 O SO/RL LTSS XN by 150 caltration wherwsn, o—
m EU-Baumusterpriifbescheinigung UM ingunimargesetichoft man
@) Gectecomsmcrnsene sbonme gt erwenae e Prifergebnis
Femtoncopireaonn fr et Rt JVASGE e ‘Signatur erfolgreich geprift
O sm———— . - v - Dateiistnichtverandert
Priifergebnis Priifergebnis - Dateiist mit qualifiziertem Zertfikat gesieget
§ Signatur erfolgreich geprift Signatur erfolgreich geprift
v Detei .m.cm'&';..ae?l"’ v - Dateiistnicht verandert Signierte Daei:  449801-1 Revision 01pdf
- Datei ist mit qualifiziertem Zertifikat gesiegelt - D: Zeifik d ifzeitpy 20260122, 195425 UTC
Priffidokumentation: 4499011 pdf Verfikation pdf
Signierte Datei: EUB-Beispielel. Siegel-de sig Revision 01.pdf Signierte Datei: 26248 Revision 01pdf
Priifzeitpunkt 2026-01-22 193724 UTC Prifzeitpunkt 2026-01-24. 08:4002UTC Signaturinformationen
i EUB-Beispielel Siegel-de sigpdf Verfikation pdf C 42 pdf pdf Signierer Signaturzeitpunkt UTC
—— = B ELMTEC Ingenieurgeselischaft mbH  2026-01-21, 102227
Signaturinformationen Signaturinformationen
Signierer Signaturzeitpunkt UTC Signierer Signaturzeitpuni
§ P pnysikalisch-Technische Bundesanstalt  2024-07-02, 12:44:53 ) ELMTEC Ingenieurgeselischaft mbH  2026-01-20,00:7 | Detais aum Zersikat
Siegelyp
'elDAs-ELI-Vemrdnung Nr 9102014
Details zum Zerifikat Details zum Zertfikat
Zulassung
Siegeltyp Siegeltyp DAKKS accreditsd conformiy assessment body
Qualifiziertes elektronisches Siegel gemaR elDAS-EU-Verordnung Nr. 910/2014 ::glgféavmr;; ::?nt;nnuss%% Slael i e jeciac 2ok el L e
Zerifikatsbeschrankung(en) Atestaton by iy fined n clause 73 ofISOJEC
Nurfir den dienstichen Gebrauch () Details zur Signatur von "ELMTEC H' T o speciied o clause 51 of

ISO/IEC 17000, in particular the digital sealing of result reports (“statements of
conformity)

ELMTEC There is no need to use personal certificates — here used: Seal IL

ingenieurgeselischaft mbH — 32026 Nr. 15

Verification of the certificate

Simplified!

DCC

Transfer
Release to
certificate customer

Check for latest revision:

ELMTEC KALIBRIERUNG  GERATEVERKAUF  SERVICE  QUALITAT

ZERTIFIKATSPRUFUNG
VARIANTE 1: ZERTIFIKATSNUMMER UND AUSGABEDATUM

Zertifikatsnummer:

Ausgabedatum: 71w 1) =

VARIANTE 2: UUID DES ZERTIFIKATS

uuip:

Priten

ingenieurgeselischaft mbH Nr.16

2026-05-11 18:53 Page 70 of 520



6" international DCC-Conference
2026-02-24 to 2026-02-26

Revisioning and DCC validity DC C

Web-Verifikation - API

Write with passphrase only valid entry gives ,VALID" & HASH
Reading without passphrase invalid entry gives ,INVALID"
in case of replace find ,REPLACE"” and new UUID
EkMLgmch 15.03.2026 Nr.17
Verification of the certificate D C C
Ready to use the calibration data!
& Store in Transfer &
Release web to read web

certificate database customer database

Verified:
* Yes, unchanged digital calibration certificate,
* Yes, latest revision.

ELMTEC

Ingenieurgeselischaft mbH Nr.18
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‘ Summary

As presented

» Based on the workflow of a calibration certificate

* A web based revision validation system for (digital) calibration certificates
» Benefits for the user of the certificate, enables full power using a DCC

Next steps?

* Preparing all data as demonstrator

* Publishing the demonstrator

* See https://www.ptb.de/dcc2ind/home in Q2/Q3 2026

» Find the demonstrator for the implementation in your lab as download

More details about the project DCC2Ind:
» See talk #032, presented by Wiebke Heeren.

ingenieurgeselischaft mbH

Workflow of a calibration certificate
Simplified!

Transfer

Release to

6" international DCC-Conference
2026-02-24 to 2026-02-26

DCC
i

DATIpilot =/

#032 W. Heeren
DCC to Industry -
Processes in a Practical
Use-Case

DCC

certificate customer

General workflow:

» Works for Paper / PDF / digital certificate

« Works for the initial issued certificate

ingenieurgeselischaft mbH
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Workflow of a calibration certificate DCC

Simplified!

Transfer
Release to
certificate customer

Does a revision reach the user?
* Maybe not.

ELMTEC

ingenieurgeselischaft mbH Nr.4

Workflow of a calibration certificate DCC

Simplified!

Transfer
Release to
certificate customer
&
cﬁ\ C
© \\<</
Does a revision reach the user? N\ \C;O N
* Yes, if a database is available for the user ‘O*,\Q’If"
and user enters certificate data on a website. N\

ELMTEC

urgeselischaft mbH
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Workflow of a calibration certificate DCC

Simplified!

Transfer
Release to
certificate customer
X C
O‘@O\\%
Does a revision reach the user? AN
* Yes, automated verification possible with a ‘O*,\Q’?f)'
digital calibration certificate. N\
:ﬁ:ﬁgbased system DCC
Release
certificate
>
. \\
Data in the database: &L e
* Identifier of the certificate Qe. )
‘e %O O 6\
e Certificate number XD O
) 827 00
* Date of issue 6'8@
* SHA-Hash of customers order no
* |dentifier of the newer certificate
ELMTEC

nnnnnnnnnnnnnnnnnnnnnnnn

- |
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:ngilt)s based system D C C

A similar project has been presented in [1] and was extended in

some aspects to the presented database as follows:

e each laboratory may implement a separate database so due
to data privacy no information must be given to an external
provider. This bypasses and avoids potential issues [2] b
ni)t (lilsing external web services or external (metrology
clouds.

e the database contains only general information’s of the
certificate: the certificate number, the unique universal
identifier (UUID) of the certificate, the date of issue and a
string containing the hashed order number

e the UUID or the date of issue combined with the certificate
number lead to the status of the calibration certificate

e hashed order number is given back to enable reverse
validation of the certificate

e in case of a revision the UUID of the new revision is added
to the entry of the withdrawn calibration certificate and a
new entry for the new revision is created.

e Keep it simple: no blockchain, no complex elements

[1] Hall, Blair (2025): 4 service to authenticate documents issued by MSL, pp. 312 to 317, in: "Sth International DCC-Conference
2025-02-25 to 2025-02-27 Proceedings”, Braunschweig, Germany, 2025. DOI: 10.7795/810.20250619

[2]  www.dakks.de  (2024):  Amtliche  Mitteilung: ~ Keine N pflicht  der D bank IAF-CertSearch,
[https://www.dakks.de/de/aktuelle-meldung/amtliche-mitteilung-keine-nutzungspflicht-der-datenbank-iaf-certsearch.html], last
accessed: 20.02.2026

Ingenieurgeselischaft mbH 15.08.2026 Nr.8

e o Sy Stom DCC

4444-4444-4444 /dcc:uniqueIdentifier>
7 7.8.2.1d; UUID ve. 8

on 4 according to ISO/IEC

<dcc:identification refType="basic_certificateNumber">
<dcc:issusr>calibrationLaboratory</dcc:issuer>
<dcc:value>1234</dcc:value>
<dcc:name>
<dcc:content 1
<dc: ontent 1
</dcc:name>
</dcc:identification>

de">Kalibrierscheinnummer</dc
n'">Calibration certificate ID</

<dcc:issueDate>YYYY-MM-DD</
<!--ISO/IEC 17025:2017 7.8.

</dcc:identification>

Ingenieurgeselischaft mbH 15.08.2026 Nr.9
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DATIpilot =/

ELMTEC

genieurgesellschaft mbH
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003 Muhammed-Ali Demir:
An example of a DCC compatible sub schema

Presenting author: Muhammed-Ali Demir [1]

Email: muhammed.demir@ptb.de

Additional authors:

Oksana Baer [1], Oksana.baer@ptb.de

Ingo Busch [1], Ingo.busch@ptb.de

Johannes Ledig [1], johannes.ledig@ptb.de

Institute:

[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
Keywords: DCC, compatible sub schema, QM

Abstract

In the 5" DCC Conference in 2025 we explained which rules have to be followed in order
to generate a DCC sub schema, that would still be compatible with the DCC main schema.
Meanwhile quality management representatives of PTB had asked for a sub schema in order
to have a stricter schema covering also requirements from internal quality management pro-
cedures. This sub schema is dedicated to enable a more uniform appearance of the adminis-
trative data, including logos and statements. In this presentation we will give a practical exam-
ple for such a DCC sub schema.

Presentation #003 of Muhammed-Ali Demir
o P Physikalisch-Technische Bundesanstalt
X I I ;Braunschweig and Berlin

National Metrology Institute

An example of a compatible sub
schema

Reducing complexity with a sub schema

Oksana Baer, WG 1.24

Ingo Busch, 5.23
Muhammed-Ali Demir, WG 1.24
Johannes Ledig, WG 4.12
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6" international DCC-Conference
=~ P I B 2026-02-24 to 2026-02-26
) PTB Motivation

= Presentation at the 6" DCC Conference:
Compatible sub schemata of the DCC Schema

= Content: 9 rules that make it possible to create a DCC sub
schema compatible with the main DCC schema

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
2026-02-24 2 6th DCC Conference

M P1B Introduction

departments by end of 2025

» The PTB Template covers mainly Administrative
Data of DCCs in a first step

» During development of this template, there were
requirements that can be solved with a sub schema

» |n the following we will look exemplarily at7
requirements and propose a solution with a sub
schema compatible to the DCC main schema

» PTB has released an internal DCC Template for its ﬁ
)

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2026-02-24 3 6th DCC Conference
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PTB Obligatory statements

» Requirement: every DCC has to contain at least
one statement (1ISO 17025 7.8.2.1 1)

= Solution: dcc:statements has to be obligatory in
dcc:administrativeData

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
2026-02-24 4 6th DCC Conference

!PTB Obligatory statements

<xs:complexType name="administrativeDataType">

<xs:annotation>
<xs:documentation>
Contains all essential administrative information about the calibration.
The entries in this section are regulated and essentially identical for all DCCs.
</xs:documentation>
</xs:annotation>
<xs:all>
<xs:element name="dccSoftware" type="dcc:softwarelListType"/>
<xs:element name="refTypeDefinitions" type="dcc:refTypeDefinitionListType" minOccurs="0"/>
<xs:element name="coreData" type="dcc:coreDataType"/>
<xs:element name="items" type="dcc:itemListType"/>
<xs:element name="calibrationLaboratory" type="dcc:calibrationLaboratoryType"/>
<xs:element name="respPersons" type="dcc:respPersonListType"/>
<xs:element name="customer" type="dcc:contactType"/>
- <xs:element name="statements" type="dcc:statementListType" minOccurs="8"/> Main schema
+ <xs:element name="statements" type="dcc:statementListType"/>
</xs:all>
</xs:complexType>

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2026-02-24 5 6th DCC Conference
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!PTB Obligatory issue date

» Requirement: every DCC has to have an issue date
(ISO 17025 7.8.2.1 )

= Solution: dcc:issueDate has to be obligatory in atam's
dcc:coreData

Physikalisch-Technische Bund 1stalt ® Bral hweig and Berlin National Metrology Institute
2026-02-24 6 6th DCC Conference

.PTB Obligatory issue date

<xs:complexType name="coreDataType">
<xs:annotation>
<xs:documentation>
Metadata of the DCC, containing the unique identifier and other identifications.
</xs:documentation>

</xs:annotation>
<xs:sequence>

<xs:element name="countryCodeIS03166_1" type="dcc:stringIS03166Type"/>
<xs:element name="usedLangCodeIS0639_1" type="dcc:stringIS0639Type" maxOccurs="unbounded"/>
<xs:element name="mandatorylLangCodeIS0639_1" type="dcc:stringIS0639Type" maxOccurs="unbounded"/>

<xs:element name="uniqueldentifier" type="dcc:notEmptyStringType"/>

<xs:element name="identifications" type="dcc:identificationListType" minOccurs="8"/>

<xs:element name="receiptDate" type="xs:date" minOccurs="@"/>

<xs:element name="beginPerformanceDate" type="xs:date"/>

<xs:element name="endPerformanceDate" type="xs:date"/>

<xs:element performancelocation" type="dcc:performancelocationType"/>
g <xs:element issueDate" type="xs:date" minOccurs="8"/> Main schema
+ <xs:element issveDate" type="xs:date"/>

</xs:sequence>
</xs:complexType>

Physikalisch-Technische Bund 'stalt ® Bral hweig and Berlin National Metrology Institute
2026-02-24 7 6th DCC Conference
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!PTB No amended in dcc:typeOfChange

= Requirement: “amended” should not be useable in
dcc:typeOfChange (ISO 17025 7.8.8.2)

» Solution: remove enumeration from '
dcc:typeOfChange

National Metrology Institute

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin
6th DCC Conference

2026-02-24 8

PTB No amended in dcc:typeOfChange

<xs:complexType name="reportAmendedSubstitutedType">

<xs:annotation>
<xs:documentation>
Information about the replaced DCC and the reason for the replacement, used
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="typeOfChange">
<xs:simpleType>
<xs:restriction base="xs:string">
— <xs:enumeration value="amended"/>
<xs:enumeration value="substituted"/>

Main schema

</xs:restriction>
</xs:simpleType>

</xs:element>

<xs:element name="replacedUniqueIdentifier" type="dcc:notEmptyStringType"/>
</xs:sequence>
<xs:attribute name="id" type="xs:ID" use="optional"/>
<xs:attribute name="refId" type="xs:IDREFS" use="optional"/>
<xs:attribute name="refType" type="dcc:refTypesType" use="optional"/>

</xs:complexType>

National Metrology Institute

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin
6th DCC Conference

2026-02-24 9

e
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.PTB Obligatory description in item

= Requirement: obligatory description of items
(ISO 17025 7.8.2.1 q)

= Solution: dcc:description has to obligatory in
dcc:item

Physikalisch-Technische Bund 1stalt ® Bral hweig and Berlin National Metrology Institute
2026-02-24 10 6th DCC Conference

!PTB Obligatory description in item

<xs:complexType name="itemType">

<xs:annotation>
<xs:documentation>
Item that is calibrated in this DCC.
</xs:documentation>
</xs:annotation>
<Xs:sequence>
<xs:element name="name" type="dcc:textType"/>

<xs:element name="equipmentClass" type="dcc:equipmentClassType" minOccurs= max0ccurs="un
- <xs:element name="description" type="dcc:richContentType" minOccurs="8"/> Mam SChema
+ <xs:element name="description" type="dcc:richContentType"/>
<xs:element name="owner" type="dcc:contactType" minOccurs="0"/>
<xs:element name="installedSoftwares" type="dcc:softwarelListType" minOccurs="0"/>
<xs:element name="manufacturer" type="dcc:contactNotStrictType" minOccurs="0"/>
<xs:element name="model" type="dcc:notEmptyStringType" minOccurs="0"/>
<xs:element name="identifications" type="dcc:identificationListType"/>
<xs:element name="itemQuantities" type="dcc:itemQuantitylListType" minOccurs="8"/>
<xs:element name="subItems" type="dcc:itemListType" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="id" type="xs:ID" use="optional"/>
<xs:attribute name="refld" type="xs:IDREFS" use="optional"/>
<xs:attribute name="refType" type="dcc:refTypesType" use="optional"/>
</xs:complexType>

Physikalisch-Technische Bund 'stalt ® Bral hweig and Berlin National Metrology Institute
2026-02-24 1 6th DCC Conference
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!PTB Obligatory cryptElectronicSeal

» Requirement: Obligatory dcc:cryptElectronicSeal in
dcc:calibrationLaboratory (PTB DCCs are -
recommended to be sealed by PTB) E

» Solution: dcc:cryptElectronicSeal must be obligatory
in dcc:calibrationLaboratoryType

= A non-sealed DCC is inconsistent regarding the
sealed=true and sub-schema and thus clearly
identified as a draft, a PTB DCC that is not sealed
requires adopting template content

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
2026-02-24 12 6th DCC Conference

aPB Obligatory cryptElectronicSeal

<xs:complexType name="calibrationLaboratoryType">

<xs:annotation>

<xs:documentation>
mation about the calibration laboratory.
umentation>

ion>

brationLaboratoryCode" type="dcc:notEmptyStringType" minDccurs="0"/>
act® type="dcc:contactType"/>

element nam

<xs:element nam tElectronicSeal” type="xs:boolean" minOccurs="8"/> Ma|n SChema

<xs:element name="cryptElectronicSeal" type="xs:boolean"/>

<XS: lent name="cryptElectronicSignature" type="xs:boolean" minOccurs="8"/>

< ] name="cryptElectronicTimeStamp" type="xs:boolean" minOccurs="0"/>

<fxs: ce>

</xs:complexType>
Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2026-02-24 13 6th DCC Conference
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!PTB Obligatory eMail in contactType

= Requirement: obligatory eMail as contact

information ‘E

= Solution: dcc:eMail must be obligatory in
dcc:contact E

= Caution: applies to dcc:.customer, dcc.owner,
dcc:calibrationLaboratory and dcc:respAuthority

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
2026-02-24 14 6th DCC Conference

PTB Obligatory eMail in contactType

<xs:complexType name="contactType">

<Xs:sequence>
<xs:element name="name" type="dcc:textType"/>
= <xs:element name="eMail" type="dcc:notEmptyStringType" minOccurs="8"/> Main schema
+ <xs:element name="eMail" type="dcc:notEmptyStringType"/>
<xs:element name="phone" type="dcc:notEmptyStringType" minOccurs="0"/>
<xs:element name="fax" type="dcc:notEmptyStringType" minOccurs="0"/>
<xs:element name="1ink" type="xs:anyURI" minOccurs="0"/>
<xs:element name="location" type="dcc:locationType"/>
<xs:element name="descriptionData" type="dcc:byteDataType" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="id" type="xs:ID" use="optional"/>
<xs:attribute name="refId" type="xs:IDREFS" use="optional"/>
<xs:attribute name="refType" type="dcc:refTypesType" use="optional"/>
</xs:complexType>

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2026-02-24 15 6th DCC Conference
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IPIB Sequence in administrative data

» Requirement: fixed sequence in
dcc:administrativeData —
(increased usability and uniformity) gg

= Solution: change dcc:administrativeData from xs:all
to xs:sequence

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
2026-02-24 16 6th DCC Conference

!PTB Sequence in administrative data

<xs:conplexType name="administrativeDatalype">

<xs:annotation>
<xs:documentation>
Contains all essential administrative information about the calibration.
The entries in this section are regulated and essentially identical for all DCCs
</xs:documentation>
</xs:annotation>
<xs:all>
+ <xs:seguence>

Main schema

<xs:element name="dccSoftware" type="dcc:softwareListType"/>

<xs:element name="refTypeDefinitions" type="dcc:refTypeDefinitionListType" minOccurs="8"/>

<xs:element name="coreData" type="dcc:coreDataType"/>

<xs:element name="items" type="dcc:itemListType"/>

<xs:element name="calibrationLaboratory" type="dcc:calibrationLaboratoryType"/>

<xs:element name="respPersons" type="dcc:respPersonlListlype"/>

<xs:element name="customer" type="dcc:contacltType"/>

<xs:element name="statements" type="dcc:statementlistType"/>
- </xs:all> Main schema
+ </xs:sequence>

</ xs:complexType:

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
2026-02-24 17 6th DCC Conference
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!PTB Conclusions

= A DCC which fulfils the sub schema created in the
previous steps is automatically also valid regarding
the main DCC XML schema

* The resulting sub schema
L]

dec_vw3.3.0_SubPTB.xsd

» However the sub schemata is only one way, the
requirements can also be fulfilled with Schematron
validation

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
2026-02-24 18 6th DCC Conference

Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin

Bundesallee 100

38116 Braunschweig

Muhammed-Ali Demir

Phone: +49 531 592-1241

E-Mail: muhammed.demir@ptb.de
www.ptb.de

\ [}
9‘ From: 02/26
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" Appendix: How to use a local schema

= Save the sub schema on your harddisk e.g.: C:\temp

» Create a new DCC XML file or copy an existing DCC
XML file into the same directory

<dcc:digitalCalibrationCertificate
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:dcc="https://ptb.de/dcc"
xmlns:si="https://ptb.de/si"
xsi:schemalLocation="https://ptb.de/dcc https://ptb.de/dcc/v3.3.0/dcc.xsd"

+ xsi:schemaLocation="https://ptb.de/dcc file://C:/Temp/dcc_v3.3.0_SubPTB.xsd"
schemaVersion="3.3.0">

= Now you can validate the DCC XML against the sub

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
2026-02-24 20 6th DCC Conference
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004 Peter Blattner:
Swiss Quality Infrastructure: Digitalization of the Tracea-
bility

Author: Peter Blattner [1] peter.blattner@metas.ch

Additional Author(s):

Christian Muiller-Schall [2] christian.mueller-schoell@mt.com

Institute:

[1] METAS Metrology Institute CHE

[2] Mettler-Toledo International Inc.
Keywords: Traceability, ISO/IEC 17025, quality infrastructure

Abstract

Digital transformation increasingly affects the quality infrastructure and the way metrological
traceability is established, communicated, and trusted. However, stakeholders such as na-
tional metrology institutes, calibration and testing laboratories, accreditation bodies, and indus-
try often use different definitions of the term “traceability”. This can lead to misunderstandings
and inefficient processes. This contribution reports on a multi-stakeholder co-creation work-
shop organized by METAS on the digitalization of metrological traceability. It followed earlier
workshops related to the digitalization of the Swiss Quality Infrastructure [1]. The workshop
brought together representatives from metrology, accreditation, industry, and standardization
to jointly explore conceptually and practically different aspects of traceability. One key outcome
was the shared understanding that traceability is defined differently in standards such as ISO
9000 and the VIM which is referenced by ISO/IEC 17025, and that this plurality can cause
confusion in practice. Participants agreed that metrological traceability is not mainly a docu-
ment-based concept, but rather a functional relationship between input parameters and meas-
urement results. Furthermore, the definition of metrological traceability includes requirements
on documentation, and thus on the calibration and measurement processes themselves. In
this context, calibration certificates were recognized as partial carriers of traceability infor-
mation, but not as the sole element to constitute metrological traceability itself.

A second important outcome concerned trust models. Participants identified that digitaliza-
tion would need a shift from implicit trust, based on institutional frameworks, accreditation, and
human expertise, towards explicit and machine-actionable trust enabled by digital evidence
and verifiable claims. This shift would need a fundamental change in respect to assessing the
competence of people and systems. Digital capabilities such as structured data, persistent
identifiers, explicit linking, and governance mechanisms were challenging to understand for
non-experts but were seen as essential for scalable and reliable digital traceability.

The workshop also showed some interest in model-based approaches to metrological trace-
ability, exemplified by METAS UncLib [2], and articulated the expectation that National Metrol-
ogy Institutes should involve stakeholders in the development of digital traceability solutions.
In addition, it also became clear that the scaling factor at the top of the metrological pyramid
is very small and therefore the business model is not obvious, as the major pain point is not
directly the metrological traceability but rather everything surrounding it including the assess-
ment of people's competence. The results indicate that the digitalization of metrological trace-
ability is not only a technical task, but also a conceptual and socio-technical transformation
that requires shared understanding, new trust concepts, and participatory development within
the quality infrastructure.

References:
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Regulator
» State Secretariat for Economic Affairs SECO
Institutions
« METAS
* SNV, CES
* SAS Initiated by
Services INB NK 195
« METAS cert (Swiss mirror committee

 Testing Labs of ISO CASCO)

» Certification bodies

Enterprise
* Company 1, 2, 3,...

* Consumer Organizations
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* Media discontinuities — paper <+ PDF «<» manual re-entry between
LIMS/QMS/ERP

* Provenance & traceability — end-to-end lineage of who/what/when (incl.
instruments, versions, Sl units) is incomplete or inconsistent

&5 - Data comparability & consistency — heterogeneous methods/units/uncertainty
=9 budgets make results hard to compare across labs
()
=)
—©
</>

» Big-data handling — volume/velocity/variety/veracity challenges for high-
frequency or multi-site measurement data

+ Verifiability of claims — conformity claims and data origins are not easily
checkable by machines

* Machine-readable artifacts — certificates, test reports, standards, and methods
are PDFs; lack of structured, semantic data

+ Digital calibration processes & certificates — fragmented approaches; limited
adoption of fully digital, verifiable calibration/test certificates

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24

Major Outcomes from Workshop 1 and 2 O METAS
METTLER TOLEDO

Technological Needs

* QI Data Spaces

+ Digitalization of the calibration process/traceability, Digital Certificate
* |oT and Big Data

+ Smart Standard

Common ground

» Business Cases and Value Propositions

» Establishment of seed funding mechanisms for prototyping of digital QI tools
* Exchange and alignment with international initiatives

Blattner, Peter; De Feo, Oscar; Assi, Fabiano (2025): Swiss %ualily Infrastructure in 2026-02-24
Transition, in: IMEKO TC-6 M4DConf 2025, Benevento, Italy, September 3-5, 2025
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Workshop 3: Data Privacy by Design © METAS

METTLER TOLEDO
. D ts in the QI
Suppose your daughter or son would like to buy ! FETLS (D103 €]
alcohol in a shop. Does the seller need to know ’ “~
their date of birth? \m':: Calibration Certificate
r—_; =~ Certificate of Approval / Type-
- Approval Certificate
A "paper" document carries too much Certificate of Conformity (CoC)
information for the seller because it

includes details that are not relevant to Accreditation Scope Statement

the “transaction”. CMC Declaration (Calibration &
Measurement Capabilities)

Standards & Technical Report
Adigital ID allows for data privacy by andards & “echnical Feports

design.

Laws & Regulations (machine-
readable catalog)

Audit Report / Nonconformity
Record

Annual Assurance Report (e.g.,
lab or CAB)

Technical Records

Swiss Quality Infrastructure: Digitalization of the Traceability

@ METAS
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Workshop 4: Digital Traceability

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24
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traceability is a polysemy! METTLER TOLEDO

Metrological Traceability (ISO/IEC Guide 99 (VIM),
used by ISO/IEC 17025,...)

A property of a measurement result, not of an object,
‘ product, or information record.

ISO - Online Browsing Platform (OBP)

https://www.iso.org/obp/

- “Generic” Traceability (ISO 9000:2015, ...)
ability to trace the history, application or location of an object

“Information” Traceability (ISO 12176-4,ISO/IEC/IEEE 12207,...)
traceable relationships between information elements

-> 162 results for «traceability»

It is a source of confusion, particularly since most companies are more familiar
with the ISO 9000 definition than with the ISO/IEC Guide 99 (VIM).

2026-02-24

Swiss Quality Infrastructure: Digitalization of the Traceability

metrological traceability: functional relationship T METAS
METTLER TOLEDO

metrological traceability (ISO/IEC Guide 99:2007(en), 2.41)

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

measurement uncertainty (ISO/IEC Guide 99:2007(en), 2.26)

non-negative parameter characterizing the dispersion of the quantity values being attributed to
a measurand, based on the information used

The evaluation of measurement uncertainty requires typically a functional relationship
(“Measurement Functions”) between input quantities Yy, X1, X5, ... Xy and the output quantity Y

Swiss Quality Infrastructure: Digitalizz Y == f (X 1, X 2, eny X N ) 2026-02-24

e
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Maintaining metrological traceability © METAS
Primary Secondary Secondary

star!dar.d standard standard

realization time of calibration 7, time of use 7,

Yo £ uy, it uy, Y2t uy,

YO‘—.| > O

Y, = f(Y1, X201, X22, . Xon,, t = t2)
Yl = f(YO'XH:Xer "'XlNljt = tl) )

ISO/IEC 17025:2017 (6.5.1):
The laboratory shall establish and maintain
metrological traceability of its measurement results

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24

Functional relationships can be make © METAS
“machine-actionable” METTLER TOLEDO
METAS UncLib Objects (introduced in 2009)

<?xml version="1.0" encoding="utf-16"?>
<UncNumber xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema">

Metrological <Value>6</Value>
iR ———————» <Dependencies>
Traceability B i
<Input>
(3[J|[) <Id>C1-D8-58-4B-B5-C5-43-A0-BD-A1-66-CD-73-76-4C-06</Id>

<Description>r</Description>
<Distribution xsi:type="Normal">
<mu>3</mu>
<sigma>0.28</sigma>
o =i GUM Tree Calculator

</Distribution>

Jacobi 1, suemues y https://github.com/MSLNZ/GTC
<Jacobi>3.5</Jacobi> Blair Hall (2004)

</DependsOn>
DOI: 10.1142/9789812702647_0017

<Jacobi>1.5</Jacobi>
</DependsOn>
</Dependencies>

</UncNumber> Example: VNA Tools

https://www.metas.ch/unclib
https://github.com/metas-ch/metas-unclib-python-wrapper 2026-02-24
-> Presentation #025
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«Re_jec_t metrological traceability claims» (!5 : UMEAS
Exercise — in teams :
Assume you are a sceptical auditor.

Your task is to be creative and find reasons why you would reject a
traceability claim.

Each team
* Write down as many reasons to reject traceability as you can.
One reason per small sticker.

* For each reason add the consulted evidences (“data of issue of
the Calibration Certificate”) on a separate sticker (one for each)

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24

Reject metrological traceability claims

@ METAS
Feedbacks from the teams METTLER TOLEDO

Reference not traceable to Sl
Missing calibration certificate

, Training records of operator missing
No uncertainty statements

. N ) Used outside validated range
Conditions for calibration not suitable

Accreditation of service provider

No serial number / unique ID expired at time of calibration
. Subcontracting not declared P

Competence of organization not proved
No validated procedures
Process not correctly described

Functional relationship undocumented

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24
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Metrological traceability requires a process Yo' o

Input:
Calibration
Value of
Standard
(time = to)

Organization, Management System, org. Structure, Procedures

Competent personnel / organizations

I_l

Output:
Traceable

Technical Equipment
(including maintenance of the standard's value and the associated uncertainty)

Value of

2.39 (6.11) Standard

calibration (time = t;)
that, under d in a first

step, establishes a relation between the quantity
values with measurement uncertainties provided
by measurement standards and corresponding
indicati with i uncer-
tainties and, in a second step, uses this information
to establish a relation for obtaining a measurement
result from an indication

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24

Measurement
13

Evidences used to show traceability © METAS
METTLER TOLEDO

+ Calibrations Certificates
» Date
» Object . Major Pain Points
» Results incl. Uncertainty
» Conditions

» Technical Records
» Uncertainty budget ‘
* Raw data & evaluated data
» Instruments & calibration status (and related documents)
» Description Procedures
» Validation & Verifications

« Competence
+ Training records .
* Witnessing

* Risk analysis .

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24
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Follow-up exercise: Which digital capabilities ©MmEems
are necessary to relieve these pain points ? METTLER TOLEDO

1. Structured, machine-readable data

Persistent identifiers

Explicit linking between objects ; ‘
Explicit uncertainty representation N : J"
Machine-verifiable claims - \/’

Strong digital identity and integrity

Time-aware validity and lifecycle

‘Adobe Stock | #1703039:

Versioning and immutability

© ® N o o » W N

System-to-system access (APIs) “digitalization of competence”?
10. Selective disclosure (privacy by design) change of trust model

11. Governance and policy enforcement

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24

] © METAS
Conclusions METTLER TOLEDO

“traceability” is a polysemy -> to avoid confusion state “metrological
traceability” if applicable

» metrological traceability requires a process, not just a calibration value
(i.e. a calibration certificate is only a partial carrier)

functional relationships can be machine-actionable (METAS UncLib Objects,
GUM Tree Calculator,...)

Challenges: How to make other aspects of traceability machine-actionable
(“proof of competence”, ...)? What is the value proposition?

Swiss Quality Infrastructure: Digitalization of the Traceability 2026-02-24
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005 Praiya Thongluang:
Measurement Capability Modeling and SI-Compliant Unit
Representation for Digital Calibration Certificates

Presenting author: Praiya Thongluang [1]
Email: praiyat@nimt.or.th
Additional authors:
e Jariya Buajarern jariya@nimt.or.th
e Narin Chanthawong narin@nimt.or.th
e Technical contact: praiyat@nimt.or.th
Institute:
[1] National Institute of Metrology (Thailand)
Keywords: Digital Calibration Certificate (DCC), Calibration and Measurement Capabilities
(CMC), Accreditation Scope Database, S| Digital Framework

Abstract

The Digital Calibration Certificate (DCC) Web Portal of the National Institute of Metrology
(Thailand) (NIMT) originally supported automatic certificate type selection, DCC generation in
PDF/A-3 format, and XML schema and digital signature validation. However, measurement
capability was not explicitly represented in a structured, machine-interpretable manner. This
paper presents enhanced DCC architecture based on measurement capability modelling, con-
sistent with the concept of Calibration and Measurement Capabilities (CMC) used in accredi-
tation and mutual recognition frameworks. The main contribution is the design and implemen-
tation of a CMC Database and an associated Scope of Accreditation Database, derived from
authoritative accreditation body information. These databases provide a formal digital repre-
sentation of laboratory measurement capabilities, including measurement ranges, units, and
accreditation status, enabling consistent and capability-based classification of DCC types.
Three DCC generation scenarios demonstrate the approach: (1) calibration services accred-
ited by an ILAC MRA signatory accreditation body, represented by the Thai Industrial Stand-
ards Institute (TISI); (2) services covered under the CIPM Mutual Recognition Arrangement
(CIPM MRA); and (3) non-accredited calibration services. The scenarios show how DCC gen-
eration workflows adapt dynamically according to recognized measurement capability and in-
stitutional trust level. The measurement capability model focuses on scope modelling and Si-
compliant unit representation. Measurement scopes are expressed as intervalbased numerical
ranges defining the valid domain of a laboratory’s capability and enabling machine-readable
evaluation of calibration results. Scope information is digitally linked to accreditation data using
structured JSON representations. Unit representation follows the Sl Digital Framework pub-
lished by the BIPM, with S| prefixes, base units, and exponents treated as separate semantic
components to ensure unambiguous and standardized unit encoding. Overall, the proposed
framework advances DCC generation from document-centric digitalization toward capability-
driven digital metrology, strengthening interoperability, traceability, and digital trust in align-
ment with international DCC, CMC, and Sl digitalization initiatives.

References:

[1] Bureau International des Poids et Mesures (2025): Digital transformation and the SI Digi-
tal Framework, https://www.bipm.org/en/digital-transformation, last accessed:
25.01.2026.

[2] Chalk, S.J., Coppa, D.N., Flamenco, F., Forbes, A., Hall, B.D., Hanisch, R.J., Hosaka,
K., Hutzschenreuter, D., Park, J.S., White, R.M., 2021. International development of the
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Sl in FAIR digital data. Measurement: Sensors 18, 100293.
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NIMT's XML Schema

* Announcement NIMT DCC

eamsmart * Schema version 1.1 based on PTB
Administrative Data ‘ Results | Digital Signature |
T XML DCC wv.3.21 with some
- Performance Date Name . .
| Padtemoncs Locaton v sangre modification.
Unigue Identifier Hosuer Measurement . CanonicalizationM . . .
* enttcatons - J— Resul evos ® Publish Schema Repository in
- Receipt Date ModelType. and &ic. - a:um :3nammuenm
erence . .
. - Measuring SignatureVae ETDA website for reference in
Customer Caltration Laboratory Fasomens DO
o - Address ] Infuence Manitest Thailand.
:-:-I - Address Conditions Signature Property
- Furter (Ex. Customer ID) Service code - Date + Time
o .
Responsible Persans Statements " PN E I D A
o Name o Declaration
E-mail - Responsible Authority
Action (Role) Efc. -~
Electronic Transactions Development Agency

© 2026 National Institute of Metrology (Thailand)

DIGITAL
O

RECAP OU

GENERATOR VALIDATION

Administrative

x-ETDA

I [ a
3t
Measurement
results AH

Public user

S IA ()

Creator Creator » Public user
l l 9 amoumnas3ngumrivann
b cryptographic National nstitute of Metrology (Thalland)
signatures r
XML DCC with Soe. ASoa ‘Wj‘m:;": PDF certificate with

NIMT’s Schema NIMT’s XML DCC

L L

© 2026 National Institute of Metrology (Thailand)
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DCC WEB PORTAL
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DIGITAL

3 .;nrm.wudum.'.::r_wm»‘\ x o+ x © ﬂpmmrnl codeme 1) “k |+
Nene aston (02}
quecta () | day(d)
ronto (r) degree (*)
yocto (y) degree Celsius (°C)
zepto (7) electronvolt [ev)
Femto (f) aray Gy
pico (p) hectare (ha)
nano (n} henry (H)
o milligm) 7 hour o}
Joule )
il decl (d) P katal (xat)
deca (da) kehvin (K)
kilo (k) ‘:m‘ litre (L) ¢ m\‘
mega (M) Jumen (Im) - -
giga (G) i ()
Uniet s centiel v wameM) v | 2 LI T e | p— oa )
Unit*: | centi(c) v | metre(m) W 3 |
Unit*: | None v | second(s) w -1 [ Del
Unit: centimetre3.second-1 Symbol: cm®/s

[ra==a]
5
Unit Expreesion
 Default unit display from Caplist
database
* Design into 3 boxes
o prefix
° unit
° exponent
¢ Candisplay in term of symbol
(.
Sl Reference Point AP|®2 =
. hnus‘f{si—dluilal—ﬂ'ammﬂr orglapi Ticd

urls primaryName=S1%20REFERENCE%20POINT

S8 etmng constants
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Automating classify type of certificate
* This process relies the data from Caplist, KCDB, AB
database
* Importance data
> Measuring Value Range/ unit

o Uncertainty Range/ unit
o Uncertainty equation

o etc. o
< dvdoyaludo HG
a
() ettt i, (et 1
oeoicinion U
v 3 {]
“~CIPM MRA
==
mir: TYPE CLASSIFICATION
O St
~ N
Testcase 1-1 Testcase 1-2
Gauge block Gauge block
newservice code: 01-020201-002-01-1-1 newservice code: 01-020201-002-01-1-1
Caplist [E=— 1 —= o == Caplist [[E===1 —] = =)
dx ID: DX-0078
TISI S TISI “o |dx ID: DX-0078
KCDB CMC ID: APMP-L-TH-00000D3R-1 KCDE CMC ID: APMP-L-TH-00000D3R-1
el -l e I e e T | P e e [ | e
KCDB ] KCDB '( l ‘
Result: NIMT TISI KCDB Result: NIMT TISI KCDB
O O O fawn © 0 0 -
Nominal =100 mm 43.60 nm 4360 nm (E) frmuogduualufusas Nominal = 150 mm 43.60 nm 4360 nm Aopberitu.
Reference = 100 mm G MRS oA Reference = 150 mm wan Mool eslogy Program
Measuring = 100.000032 mm Measuring = 150.000032 mm o
T s
U =0.000045 mm U =0.000045 mm .
= - |
System decision: KCDB template System decision: NIMT template
Report uncertainty: Uncertainty = 0.000045 nm Report uncertainty: Uncertainty = 0.000045 nm
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Final Step:
The system generates the

Digital Calibration Certificate
(DcC) in PDF/A-3 format,
embedding the XML file as an
attachment. Both the PDF

() National Institute of Metrology (Thailand)
N g B e, B i

Certificate of Calibration

document and the XML file
are digitally signed to ensure

authenticity and integrity.

9
© 2026 National Institute of Metrology (Thoilond)
B Wo
DIGITRAL: | =
O s Caplist, Labstaff (Authorized), Administrative data, Department code, Group Code
PROCESS OUTPUT
INPUT
Login ) XML Generator g8 xmL *ETDA
o ss0 | n Data Test Result| | ) ——
B Appendix & XML validation | @ PoF/a-3 Digital Certificato
HR -AD
p4 € mammopiee
Group, Dep e validate
Role (]nd code Anonymous Digital Certificate
Certificate (DCC)

e i : :

KCDB TiISI  NIMT's Cap sheet

Measurement Range

Uncertainty range

Unit

Reported Uncertainty 10

Accreditation Logo © 2026 National Institute of Metrology (Thailand)
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An Initial Step Toward Digital Calibration Certificates
(DCC) in SNSU BSN Indonesia: Preliminary Develop-
ment of a DCC WebBased Application

Presenting author: Hayati Amalia [1]

Email of corresponding/ Presenting author: hayatiamaliahayati@gmail.com

Additional authors:

e Kelvin Sapta Dewantara [1], Muhammad Faturrachman [1],
¢ Rachelle Stephanie Rianto [2], Siti Maryama Ramadhini Afifah [2]

Institute:

[1] Laboratory of National Measurement Standards, National Standardization Agency of Indo-
nesia (SNSU BSN), KST BJ Habibie, Building Number 420, Setu, Tangerang Selatan,
15314, Indonesia

[2] Informatics Study Program, Multimedia Nusantara University, Scientia Garden, JI. Boule-
vard Gading Serpong, Tangerang, 15810, Indonesia.

Keywords: Digital Calibration Certificate, Web-based Application, XML, Digital SlI.

Abstract:

The calibration services of Laboratory of National Measurement Standards - National
Standardization Agency of Indonesia (SNSU BSN) have relied on PDF-based calibration cer-
tificates for more than five years. Although these certificates are digitally signed and distributed
through a customer portal, the underlying workflow remains largely manual. Calibration data
evaluation is performed using Microsoft Excel, followed by manual conversion to PDF, upload-
ing, and digital signing via the customer portal. This approach limits automation, machine read-
ability, interoperability, and long-term digital reuse of calibration data, which are key require-
ments for the adoption of Digital Calibration Certificates (DCC).

To address these challenges, SNSU BSN developed a dedicated web-based application
for generating DCCs, known as DiCCA (Digital Calibration Certificate Application). The appli-
cation is designed with a user-friendly interface to ensure accessibility for laboratory staff with-
out programming or XML expertise. As a pilot implementation, the electrical quantity domain
was selected, focusing on Digital Multimeter (DMM) calibration.

The system adopts a hybrid data input approach in which calibration result data are entered
through predefined Excel templates, while all other certificate information is captured using
structured digital forms. The Excel templates are designed to reflect the structure of calibration
result tables commonly used in laboratory workflows, allowing users to input measurement
values in a familiar spreadsheet environment without manual, item-by-item entry through the
application interface. Once uploaded, the templates are automatically processed by the system
to extract measurement values and associated units, which are then converted into an XML-
based DCC structure using digital Sl representations.

The structured digital forms are used to capture all remaining certificate information, includ-
ing instrument identification, calibration methods, calibration statements, reference standards,
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and administrative metadata. To enhance efficiency and consistency, the system provides a

pre-filled forms template feature that automatically populates recurring information when gen-

erating certificates for the same type of instrument. Users are therefore only required to update
instrument-specific details such as serial number, certificate number, and responsible person-
nel, etc.

The developed application enables laboratory staff to generate DCCs independently while
reducing manual steps. The current prototype also supports digital signatures embedded in a
QR code, providing an initial mechanism for certificate authenticity verification. However, this
digital signature functionality has not yet been integrated with Indonesia’s official electronic
signature providers (PSrE KOMDIGI). Although the system currently operates independently
from the existing customer portal and is limited to DMM calibration, the results demonstrate
the practical feasibility of transitioning from PDF-based certificates to DCCs and establish a
foundation for future expansion and system integration.

References:

[1] Digital Calibration Certificate (DCC) - Wiki, Digital Calibration Certificate - Wiki (n.d.).
https://wiki.dcc.ptb.de/en/home (accessed May 4, 2026).
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CURRENT WORKFLOW OF CERTIFICATE ISSUANCE

Customer request calibration - —— -
Generating page 1 of certificate
Page 1 certificate ' —_—————

AN

pmm—m———————

Page 2 onward
certificate

Final
Certificate

Director signs the final certificate

Customer downloads final
certificate

Customer request calibration

Generating page 1 of certificate
Page 1 certificate .

LKA

Combine

Director signs the final certificate Page 2 onward
certificate
Final
Certificate

Customer downloads final
certificate
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The application is designed with a user-friendly interface to
ensure accessibility for all staff without programming or XML
expertise

Perform calibration

DICCA

DCC WEB-BASED APPLICATION Conduct evaluation in Ms. Excell

dicca.bsn.go.id
Create Certificate (Page 2 onward)
® Logn  Abow (B in Ms. Excell

Welcome back!

Log i fo your accaunt

Convert to PDF manually

Page 2 onward
certificate

[————

Logout Dashboard About en (J©

Using XML Schema from PTB

Still not used for mass production

Limited to electrical quantities,
specifically DMM, covering all
parameters (voltage AC/DC, current
Select a laboratory AC/DC, resistance, & impedance).

® Logout Dashboard

a

Chemistry

Frecuiency Radiometry It can be used for:

Time & Photometry &

« Single parameter, single value

« Single parameter, multiple values

» Multiple parameters, multiple values |8
« Images and formula in latex
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BPB

HYBRID APPROACH

FOR DATA INPUT TO DCC WEB-APP

BN {5 @  Abow  Logo o (JB© 5 Weasurement Tmeline
4 Electrical
{2)
— Comtmen S  Descrpton of ClbratdMeared bt
pr— ospctt
et e s o
e o o rd e
(3 Sotwwre e
e —_—
ettt
el ramster b b L1
[y v——
e
B} — e s o s sch s
= [r— -]
o— [o—

digital forms

DIGITAL FORM

FOR DATA INPUT TO DCC WEB-APP

(BSND i @  About  Logout NI 3 Measurement Timeline
Measrment st te Meossement e dats
% Electrical
G) 6 G) 0 ()
P

iC

@® Description of CalibratedMeasured Object

M administrative data
ok . 01

Piease select T used nguoges.

‘Seloct tomgane object

(D Software Brandmanutachurer Type
C C M Measurement results
P— oo 02 . used method

Courtry o caration Cantrancn pce

e e ey arguige
+ +

vt vt e ramb e

o nanter
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DIGITAL FORM

FOR DATA INPUT TO DCC WEB-APP F Z

(BSND EEiwws @  About  Logout ev(B© v <dcc:digitalCalibrationCertificate xmlns:xsi="http://wiw.w3.org/2001/XMLSchema-
instance” xmlns:dcc="https://ptb.de/dcc” xmlns:si="https://ptb.de/si"
xsi:schemalocation="https://ptb.de/dcc https://ptb.de/dcc/v3.3.8/dcc.xsd”

<> Electrical schemaVersion="3.3.0">
v<dec:administrativeData>
v <dcc:decSoftware>

2 G) O
el v <dcc:software>
St coment Provon wedtornim:

<dcc:content>DiCCA</dcc: content>
</dcc:name>
<dcc:release>@.1</dcc:release>
</dcc:software>
© Sofware @ </dcc:dccSoftware>
» <dcc:refTypeDefinitions>

J—

/dec:refTypeDefinitions>
e v <dcc:coreData>
AR —a-=b  <dcc:countryCodeIS03166_1>ID</dcc: countryCodeIS03166_1>
T <dcc:usedLangCodeIS0639_1>id</dcc :usedLangCodeIS0639_1>
_  <dcciusedLangCodeIS0633_l>enc/dcc :usedLangCodeIS0639_1>
e <dcc yLangC _1>id</dcc: angC 1>
S i <dcc:uniqueldentifier>S.25-2104¢</dcc: uniqueldentifier>
v<dec:identifications>
v<dcc:identification refType="basic_orderNumber">
S <dcc:issuer>calibrationLaboratory</dcc:issuer>
e <dcc:value>I-25-10-004</dcc: value>
:name>
<dcc:content>Nomor Order</dcc:content>
</dcc:name>
</dcc:identification>
</dcc:identifications>
<dcc:begi 2025-11-84</dcc:begi

DIGITAL FORM e

FOR DATA INPUT TO DCC WEB-APP F

v<dcc:coreData>
<dcc:countryCodeIS03166_1>ID</dcc: countryCodeIS03166_1>

) Measurement Timeline angC _1>id</dec: angC 1>
.~ H angC _1>en</dcc :usedLangC _1>
Maasuroment start daln == e Moasroment o catn : angC _1>id</dec: yLangCodeTS0639_1>

<dcc:uniqueldentifier>S.25-2104</dec: uniqueldentifiers>
» <dcc:identifications>

</dcc:identifications>

1-04</dcc :beginPer
1-05¢/dcc :endPe
y</dec:p ocation>

~m———

P ocatior '
<dec: 2025-11-07</dcc:
</dcc:coreData>
v<dec:items>
v<deciitem>
¥ <dcc:name>
<decicontent lang="id">6.5 Digit Multimeter</dcc:content>
<dccicontent lang="en">6.5 Digit Multimeter</dcc:content>
</dcc:name>
¥ <dcc:manufacturer>
v <dcc:name>
<dce:content>Keysight</dec: content>
</dcc:name>
Instrumentidertiicaton </dcc:manufacturer>
<dcc:model >34465A¢/dec :model>
% v <dcc:identifications>
[nwm- . R e v<dec:identification refTypes"basic_serialNumber”>
SSmmmmeeeey  <dec:issuersmanufacturerc/dcc:issuer>
<dce:valuesMY57512359¢/dec :value>
= v <dcc:name>
<dec:content lang="id">-</dcc:content>
<dcc:content lang="en">-</dcc:content>
</dec:name>
</dcc:identification>
. </dcc:identifications>

2026-05-11 18:53 Page 109 of 520



PIB

DIGITAL FORM

PRE-FILLED FORMS TEMPLATE

@ Logout Dashboard About en (JP 0

Digtal Mutimeter using Fiko S730A

it Mtimader (g Fhike 5730

ot Gafbrator usng Fhube BE0SA
(D Software

DiCCA

« A feature that automatically populates recurring

information when generating certificates for the same

type of instrument

« Users are only required to update instrument-specific

details such as serial number, certificate number, and
responsible personnel, etc.

DIGITAL FORM

PRE-FILLED FORMS TEMPLATE

< m ) Stioancisast ®  Logout  Dashboard  About &N (JPw

IV 7 nasionat

Digital Mutimatse using Fuks S730A
Digial Mieser g Fhivn 57308
Mproduct Gabralr using Fluks BS0SA
(0 Software Blank

DIGCA a1

« A feature that automatically populates recurring

information when generating certificates for the same

type of instrument

» Users are only required to update instrument-specific
details such as serial number, certificate number, and
responsible personnel, etc.
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DIGITAL FORM

PRE-FILLED FORMS TEMPLATE

Dashboard Avout N (I 0

Dighal Mulimotor using Fiska ST30A

Digsd Mtiades eting Fhds 57908 v
Mproduct Gabralr using Fluks BS0SA

« A feature that automatically populates recurring
information when generating certificates for the same
type of instrument

« Users are only required to update instrument-specific
details such as serial number, certificate number, and
responsible personnel, etc.

e

DIGITAL FORM

PRE-FILLED FORMS TEMPLATE

< m )'E“?é‘.f-m: ®  Logout  Dashboard  About &N (JPw

Digital Mutimatse using Fuks S730A

Digial Mieser g Fhivn 57308
Mproduct Gabralr using Fluks BS0SA

« A feature that automatically populates recurring
information when generating certificates for the same
type of instrument

» Users are only required to update instrument-specific

details such as serial number, certificate number, and
responsible personnel, etc.
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Sartiumur kn i ks SHSLLASH

“The calivation rs5ul was Bcqured based on 1 Fucedurs of LME .03 or D VORSge, | ME 14 o DC curment, LME 5.05
for AC vokaga, | L ME 2,18 for hrough
SNSILLBSN

Categery
atner

() This method includes mathemalica notasion o formua

(O s memon s accompaniea by 3 gure

Metnod 2
Meinod 3

£3 Standards or Measuring Equipments

Equipment 1 .
Hama Serial number

Mutifuncton Callbaler 4a7nsos

Matfunction Calibater

Manufactures Tipe

Fuse st
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PRE-DEFINED
o EXCEL TEMPLAT

FOR DATA INPUT TO DCC WEB-

<<<<<<3i3aa

M Measurement results
01 « result - data

2323535y
gp2irrree
3828353533

i e | 4 |l CHALLENGE

Too many measurement points - manual
typing is not effective

|l SOLUTION
Uit mnum Calibration result template (MS Excel) +
[FilFaa] ok ada e yang doin upload to DCC system

Pieae eloct the sheet niame of the uploaded Excel

nput recurec

[l RULE OF EXCELL TEMPLATE

1. Any Excel file format may be used :it m
either be combined with the calibration

DC / DC Voltage evaluation Excel file or prepared as a
Titik Ukur Pemb Alat Koreksi Ketidakpastian separ ate Exc el file

Measurement . Instrument Reading Correction Uncertainty
omv -0,0008 mv 0,0001 mv 0,0015 2‘No merged ceII
20 mv 19,9996 mv -0,0004 mv 0,0016
50mv 50,0000 @V -0,0000 mwv  0,0017 3.The unit shall be placed in the column
100y, 200 pocio00 = ECjoecs =i __dgo0n directly next to the numerical value column
100 mv -20 mV -20,0010 mv 0,0008 mv 0,0015

100mv  -50mv 50,0014 @ 0,003 mv  0,0018 4.There shall be no intervening column
100 mV -100 mV -100,0020 mV 0,0021 mV 0,0020 . o
v o2v 0,200 0000V -0,000 0014V 0,000 0064 v between the data value and its unit

il P 020070100/ £0;0007 0122V 9:000°0074|y 5.No blank column is allowed between each
1,0v 1,000 0200V -0,000 0223V 0,000 0097V )
-0,2v -0,200 0000V 0,000 0004V 0,000 0065V data categories.
-0,5Vv -0,500 0100V 0,000 0107V 0,000 0077V . A
gy g s T R T 6.No blank rows are allowed within the table.
2,0v 2,000 100 V -0,000 102 V 0,000 060 V
50V 5,000 100 V -0,000 109 V 0,000 067 V
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v ¢dec:quantity>
v <dec:name>
«dec:content lan
<dec:content lani
</dcciname>
wesizreallistXMLList>
<siivalueXMLList>100 100 100 100 100 100 100 1 11111 12 10 18 1@
1le 12 lee 1@ 10e 100 100 lee 1020 loee 1000 1006 loee
1000</si:valueXMLList>
<si:unitXMLList>\milli\volt \millilwvolt \millivolt \milli\volt
\millilvolt \millilvolt \millilwolt \welt \wolt ‘volt ‘wolt ‘\volt
\volt \wvolt \volt \volt \volt \wvolt \volt \volt \volt ‘\volt \volt
\wolt \wolt \volt \volt \volt \volt \velt \wolt</si:unitXMLLists
</si:reallistXMLList>
¢</dcciquantity>
v<dcc:quantity refTypes"basic_nominalValue"s
¥ <dcc:name>
<dcc:content lan,

"id">Rentang</dcc:content>
en">Range</dcc:content>

">Titik Ukur</dcc:content>

4 <dec:content lang="en">Measurement Point</dcc:content>
1 </dee:name>
2 T DC / DC Volrage wesizreallistiMLList>
= A n " <si:valueXMLList>@ 20 50 180 -20 -5@ -160 ©.2 ©.5 1.8 -8.2 -0.5 -1.8

3 |Rentang Titik Ukur Pembacaan Alat Koreksi Ketidakpastian 2.8 5.8 10.8 -2.8 -5 -19 20 50 100 -28 -58 -100 200 508 1008 -200 |
4 |Range Measurement . Instrument Reading Correction Uncertainty -500 -10@@</si:valuexMLList>

100 mv 0 mv ~0,0008 ©0,0001 = 0,0015 ¢situnitxMLList>\milli\velt \millilvolt \millilvolt \millilvelt
Bl \millitvolt \millitvelt \millilvelt ‘wvelt \wolt ‘wolt \velt ‘wolt
6| 100mv 20 ov 19,9996 -0.0004 L 0.0016 \wolt twolt \wolt \volt \velt \wolt \velt \wolt \wolt \volt \welt
7 100 mv 50 mv 50,0000 -0,000% mv 0,0017 \wolt \volt \volt \wolt \volt \wvolt \wvolt \wolt</si:unitXMLList>

¢/si:reallistXMLList>

8 100wV 100 mV 100,0000 -0,0011 m 0,0020 </dee iquantitys
9 100 mv -20 mv -20,0010 0,0008 oV 0,0015 .

100 mv -50 mv -50,0014 0,0013 mv 0,0018 v<dce:quantity refType="basic_measuredvalue">

v <dcc:name>
100a¥| -100/a¥ -100,0020 0,0021 v 0,0020 <dcc:content lang="id">Pembacaan Alat</dcc:content>
1v 0,2V 0,200 -0,000 0014V 0,000 <dcc:content lang="en">Instrument Reading</dcc:content>
- <fdec:name>
iv 0,5v 0,500 0,000 0122V 0,000 v esiireallistiLLists
iv 1,0v 1,000 -0,000 0223V 0,000 <si:valueXMLList>-@.0008 19.9396 50.0000 102.0060 -20.0010 -50.8014
1v  -0,2v -0,200 0,000 0004 V 0,000 -100.0020 ©.2000000 0.5000100 1.0008200 -0.2000800 -0.5000100
-1.090026 2.900100 5.030100 19.900330 -2.800160 -5.000100 -10.0800300
v -0,5v -0,500 0,000 0107V 9,000 20.00000 50.00000 100.0800 -20.80000 -50.00000 -100.0800 200.0000
1v -1,0v -1,000 0,000 027 V 0,000 500.0000 1600.010 -200.0000 -500.0000 -1006.910</si:valueXMLList>
10V 2.0v 2,000 0,000 102 V 0,000 <sizunitiLList>\millitvalt \milli\volt \milli\volt \milli\volt
\millitvelt \milli\welt \milli\velt ‘\velt \wolt \velt \velt \volt
v 5,0V 5,000 -0,000 108 V 0,000 \wolt ‘wolt \wolt \volt \wolt \volt \velt \wolt \velt \volt \volt
\wvolt \wolt \wolt ‘wolt \volt \volt \velt \volt</si:unitXMLList>
</siireallistXMLList>
</dec:quantity>

BSND ffiome YKAN

Sertifikat Kalibrasi

Calibration Certificate
Cercme e 82812
Grder nuber 1280

Deskrips Otk yang DikaibeasDkskur
O rpten s g e & oot
Pu—— Prrs—
Tpeof mtrarant et

ek permbust dan toe Aghet 01
et entte

[

KST B Mot Gacng €2, Sea. Tangereng Solaan, B 1531,

L ___owo ] o oo
XML preview

]
o o et ot T

T

O Gruon Zus
P 708
Tangga pengesstan 7 Novomter

et e bt
s ke (cvask 3
[rieten)

s o pages g v
8 g

Dok 13 U sy ok sl (i i ook deng it d S Stz

4] Cukumer 248 St
g
e o e e

Yoo s Al ek e e e L

e e

v <ds:Signature xlnziGss hEip: 3
¥ <ds:SignedInfo>

<dz:CanonicalizationMethod Algorithn http://wa.w3.ong/TR/2091/REC-xml-cidn-

2001315°/>
g7 Algorithn"http://iewe.x3 5 1>
st ik Nt ot URI="">
] v cds:Transforms>
s <ds:Transforn Algorithas"htep: //wew.ud.org/1000/09/ xaldsighenveloped-
signature”/
</ds:Transforns>
Algorithm="http: 3. s

</ds:Referencer
</ds:Signedinfar

turevalue>
veds KeyValues
v <ds:RSAKeyValue>

</ds:

«/ds:Modulus>
<ds: Exponent > AQAB</ds : Exponent>
</ds:RSaKeyValue>
</ds:KeyValue>
</ds:KeyInfor
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RPIB

4 A | B | C D £ F 3 H ' | [ ol = ;i =
| g, ! =Mew @ 7y 38_525-2000pef x |+ coeate X
2 Rentang  Titik Ukur Pembacaan Alat_ Korekst Ketidakpastian Mook Edt Coent ESgn
3 Messuroment Point _Inseument Rocding _ Comection Unce :

4 20w 0w 9.9995 W 0,005 W 0000w | ® m
5| 200av 100 8v 99,9993 8 0,000 3 0,0019 8 y Attachments @ - EF
6 2v 0.2v 01999991V -0,0000001V 0,0000028V | 2 -
: 2v 1v 0,9999993V  -0,0000013V 0,0000078 V. Yran i
3 |Arus DC/_DC Cunent 0
10 Rentang  Titik Ukur Pembacaan Alat_ Korekst Ketidakpastian B
11 [Renge Conection Uncatsinty ]
12| 200 100 A 99,999 uA 0,001 1A 0,017 WA | a
1| 2om 100 100,0040 A -0,0043 mA 0,007 mA
" 2 1a 0,99989 & -0,00003 A 0,00024 & o
1 —
16 Tegangan AC /_AC Voltage :
17 Rentang Titik Ukur Frekuensi Pembacaan Alat  Koreksi Ketidakpastian
18 R Measurement Point_Froguency Insrumens Reeding _ Covrction Uncerainy e
9] 2008 EX3 e 15,996 3 ERTIT 00158 P .
| 20w 08y 50 1z 49,390 0,008av | 0,016 3 !
21| 100V 1000 v 5082 999,94V -0.05v 0,20v %
2| 1000V 1000V 1ame 999,89V 0,12v
z a
24| Arus AC/_AC Cument
25 Rentang  Titik Ukur Frekuensi Pembacaan Alat _ Koreksi v
% Mossuemens Point Comtion
2 wom 50 w0z 19,995 A 0,008 A c
B 20w 50 508z 49,992 1A 0,000 | &)
3| om 100 w4 w0nz 59,994 ma 0,080 m | 5
x| 200m 100 s 5082 99,991 A 0,097 m | @
3 2a 1a whs 0,9998 A 0,0007A |
2|  2a 1a 08 1,0000 A 90,0064 | 9,0010 A : ol % > Q
B
34 Resistansi/_Resstance !
35 [Rentang  Tirik Ukaur Pembacaan Alat_ Korekst Ketidakpastian |
% Mossusement Point_Insoument Reeding _Correction g
7 ) ) 0,99983 0 ©,00003 0 9,001 6
) 2x0 130 0,999997212  -0,0000040 X2  D0,0000088 12 '
3| 20 10 om0 00008 0,0000230 | D C C 0 F

= mens @ Py 38525200040 x [ 4 creste @ # signin - O X

e @ 5 8 O

(2}

Hame
€ 20.525-207000ml

(== 0]

&

a

o o
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= T
24 | Arus AC /_AC Curent :
25 Rentang _ Titik Ukur Frekuensi Pembacaan Alat _ Koreksi "Ketidakpastian
26 |Range Measurement Point __ Frequency Instrument Reading  Corvection | Uncertainty
27|  200A 50 pA 40 Hz 49,995 pA 0,008 WA | 0,048 pA
28| 200pA 50 WA 50 Hz 49,992 pA 0,010 pA | 0,043 pA
29| 200mA 100 mA 40 Hz 99,994 mA 0,080 mA | 0,058 mA
30| 200mA 100 mA 50 Bz 99,991 mA 0,097 mA | 0,055 mA
3 2A 1A 40 Bz 0,9998 A 0,0007A | 0,0036 A
3| 2A 1A 50 Hz 1,0000 A 0,0016 A ‘ 0,0010 A
Arus AC / AC Current
Rentang Titik Ukur Frekuensi Pembacaan Alat  Koreksi  Ketidakpastian
Range Mo Point  Freq I Reading  Correction Uncertainty
200 pA 50 pA 40Hz 49.995pA 0.008 pA 0.048pA
200pA 50 pA 50Hz 49.992pA 0.010pA 0.043pA
200mA 100mA 40Hz 99.994mA 0.080mA 0.058mA
200mA 100mA 50Hz 99.991mA 0.097mA 0.055mA
2a ia 40Hz 0.9998A 0.0007A 0.0036A
2a ia 50Hz 1.0000A 0.0016A 0.0010A

THANK YOU

WRAPPING UP AND
PARTING THOUGHTS

Back to Table of Contents above
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Application of digital calibration certificates for acoustic
calibrators

Presenting author: Akhmadbek Mukhammad Aminov [1]

Email: m.axmadbek@nim.uz

Additional authors: Nil

Institute:

[1] Acoustics, ultrasound and vibration laboratory; Measurement of radio engineering quanti-
ties and ionization radiation, non-destructive testing department Uzbek National Institute
of Metrology/ Farabi street 333 A and B, Tashkent, 100174, Uzbekistan

Keywords: DCC, acoustic calibrator, digital transformation

Abstract

Currently, digital transformation is rapidly developing in the field of metrology. At the same
time, the application of digital calibration certificates (DCC), which are an element of digital
transformation, in the branches of metrology is one of the pressing issues of today.

The purpose of this research is the application of digital calibration certificates for acoustic
calibrators.

In this research, a function for generating a digital calibration certificate is added to the semi-
automatic system which is developed for calibrating acoustic calibrators by the comparison
method according to the international standard IEC 60942. This function automatically gener-
ates digital calibration certificates for acoustic calibrators based on PTB’s DCC 3.0 schema.
Developed system successfully automates the data transfer from the measurement infor-
mation to the machine-readable format that encapsulates all necessary metrological traceabil-
ity information and measurement uncertainties specific to acoustic parameters. Research work
provides the popularization of digital calibration certificates in the field of acoustics in the inter-
national metrological community. It also develops the standardization and harmonization of
digital calibration certificates. It is analysed how beneficial this development would be for users
of acoustic calibrators.

Back to Table of Contents above
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Presentation #007 of Akhmadbek Mukhammad Aminov
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Application of digital calibration

certificates for acoustic calibrators

6t" INTERNATIONAL DCC CONFERENCE
FROM GOOD PRACTICE TO STANDARDIZATION: DCC FOR A RELIABLE FUTURE

Akhmadbek Mukhammad Aminov
‘UzNIM” Sl standard keeper of AUV laboratory

What purposes are acoustic calibrators used for?

Calibration of sound level

To ensure the reliability of
measurements periodically

Adjusting measurements
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Calibration methods ‘

Insert voltage method IEC 60942
Calibration

methods

I EC INTERNATIONAL
ELECTROTECHNICAL

® COMMISSION

Calibration methods ‘

Insert voltage method IEC 60942
Calibration

I EC INTERNATIONAL
ELECTROTECHNICAL

® COMMISSION
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Calibration process ‘

Semi-automatic calibration process

Request for calibration by online platform Starting process in the semi-automatic system

Perform measurement and enter

Enter required customer information
measurement data

Processing of measurement data and Calibration data may be used for the following
calculation of measurement uncertainty purposes:
- PDF Calibration Certificate;
- Database Saving;
- Digital Calibration Certificate

Acoustic calibrator calibration software ‘

Acoustic calibrator calibration software

Welcome to calibration software for acoustic calibrators

[ START CALIBRATION |

=] 0'ZBEKISTON

2L MILLIY METROLOGIYA
UzNIM INSTITUTI

Visual Studio
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!

o Acoustic calibrator calibration software

Select reference source Select standard microphone Starting point Ending point
Temperature °C °c
Reference sound pressure level 12372 d8 Calculate corrected value
Static pressure: hPa hPa
Corrected reference sound pressure levet dB Go to calculation of uncertainty page Relalive humidiy %RH %RH
Measurement output voltage for calculating transfer sensitivity Measurement for calculating DUT sound pressure level at the 1000 Hz 94 dB
output voltage output voltage frequency THD sound pressure level Corrected sound pressure level
1-measurement mv 1-measurement mv Hz % dB dB
2-measurement my  Mean output voltage. mv 2-measurement. mv Hz % N a8
‘ 3-measurement. mV  Transfer sensitivity. mV/Pa || 3-measurement mV Hz % dB dB
‘ 4-measurement mV 4-measurement. mv Hz % d8 a8
‘ §-measurement mv §-measurement mv Hz % d8 d8
‘ B
Measure output voltage and Measurement for calculating DUT sound pressure level al the 1000 Hz 114 dB
calculate transfer sensifivity oulput voltage frequency THD sound pressure level Corrected sound pressure level
1-measurement mv Hz % d8 a8
Measure output voltage and . H
calculate sound pressure level at the 1000 Hz 94 dB 2-measurement mv z % a8 a8
3-measurement mv Hz % dB dB
Measure output voltage and A ninsiament mv Hz % @B a8
calculate sound pressure level at the 1000 Hz 114 dB
§5-measurement mv Hz % dB dB

Acoustic calibrator calibration software

of Acoustic calibrator calibration software

Calcutabon of the measurement uncertanty and deviation Calculate
sound pressure level mean value of sound pressure level frequency mean value of THD mean value of
{.meesurement: 93,04 d8 93,03 d8 1000,00 Hz  frequency 0.00 % THD
2-measurement:  93.93 d8 Type A uncertainty 1000,00 Hz 1000,00 Hz 0.00 % 000
3measurement 9393 3 0,00 a8 100000 0,00 %
4measurement. 9393 dB Deviation Expanded uncertainty 1000,00 Hz 0.00 %
5-measurement. 93,93 8 g0 d8 013 d8 100000  Hz 0,00 %
Calculation of the measurement uncertanty and deviation Calculate
sound pressure level  mean value of sound pressure level frequency mean value of THD mean value of
{-measurement 11391 dB 11301 dB 1000,00 Hz  frequency 0.00 % THD
2.measurement: 113,91 d8 Type A uncertainty 1000,00 Hz 1000,00 Hz 0.00 % 000
' 3measurement 11391 a8 0,00 L] 100000 H 0,00 %
4-measurement: 11391 d8 Deviation Expanded uncertainty 100000 Hz 0,00 %
Smeasurement. 113,90 d8 0,09 d8 0,13 d8 100000  Hz %

0,00

Making protocol
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Acoustic calibrator calibration software

o Acoustic calibrator calibration software

Total information about customer and DUT

| Customer name

| Customer name in English
Customer address

| Customer address in English:

| Device under test model

6" international DCC-Conference
2026-02-24 to 2026-02-26

e

"0 'zbekiston millly metrologiya inshituti® DM

‘Uﬂ)ek National Institute of Metrology

‘Toshkenl shaxn, Olmazor tuman, Farobiy ko'chasi, 333 B
333 B, Faral et Amazar i, Tastkent fy

4231

| Device under test senal number (2103491 |

| Request number: i168980 |

Contract number: 201456

| Requestdate: ~ [2026-01-15 | Contract date: ~[2026-10-15 1
| Speciast [Mukhammad Aminov Akhmadbek Verifier Babajanov Akbar

Number of certificate

Matk of caibraton
\

Beginning date

\

Ending date

Get info

Save to database
Export to Excel
Save as pdf exported excel
Generate DCC fie

Come back main page

Close software

 Information about measurement

| Nominal value of sound pressure level: 94.00

Dewiation of

| Expanded measurement uncertanty: 0,13

| Nominal value of sound pressure leve! 114.00

| Deviation of measurement

| Expanded measurement uncertainty. 0,13

Information about inviromental conditions during the measurment

d8  Frequency W‘ Hz Temperature at the beginning measurement.  [21,83 0
0,07 d8  THD .00 | % T at the ending 2193 s
d8 Static pressure at the beginning measurement {969227 kPa
d8  Frequency: EQO—O—E Hz Static pressure at the ending measurement 1567922 kPa
-0,09 d8  THD: 0,00 % Relative humidity at the beginning measurement {49,27 %RH
dB Relative humidity at the ending measurement ]49‘38 %RH

Acoustic calibrator calibration software

!

| o Acoustic calibrator calibration software
|

Total information about customer and DUT

o "O'abekiston milly me fiut” DM | A e Save lo databa
| | Cuslomer name: zbekiston milly metrologiya institu \ @1-1251052025 } e lo database
| | Cust Englsh Uzbek National Institute of Metrok
ustomer name in Engl ‘ ational Institute of Metrology | e Export 1o Excel
|| Customer address ‘Toshkenl shaxn, Olmazor tumani, Farobiy ko'chasi, 333 B | ‘125/05 ‘
| | Save as pdf exported excel
Customer address in English ‘#333 B, Farabi street, Amazar district, Tashkent city I [2025-10 ‘
| = Generate DCC file
| | Device unde test model 231
| | Device under test serial number: 2103491 'Begmmng fole
| | Request number ‘165990 [ Contract number: 201456 j2e-10:16 }
| | Request date:  [20 | Confract date: 120251015 Ending dale Come back main page
! | Speciaist Mukhammad Aminov Akhmadbek | Verfier Babajanov Akbar (20251015
| S e Close software
| Getinfo \
|
I r about about conditions dunng the measurment
} Nominal value of sound pressure level 94.00 dB  Frequency: 1000,00 ‘ Hz T at the beginning 2183 °C
Deviation of measurement 10,07 d8  THD 0,00 % T at the ending 2193 *C
Expanded measurement uncertainty: 0,13 dB Static pressure at the beginning measurement: 969,22 ‘ kPa
Nominal value of sound pressure level: |114.00 d8  Frequency: 1000,00 ‘ Hz Static pressure at the ending measurement 969,22 ‘ kPa
| Deviation of measurement 10,09 ] d8 THD 0,00 ‘ % Relative humidity at the beginning measurement: 49,27 %RH
| | Expanded measurement uncertainty: 10,13 a8 Relative humidily al the ending measurement. 49,38 [ %RH
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Acoustic calibrator calibration software

uz.occ x + = ) H%
¢ ? G O OneDrive > Akhmadbek - Personal > Documents > UZ.DCC I
New N son View
) Home
PR Gallery UZ_DCC 202510291947 ) { Tayyor X
@ Ahmadbek - Pe

DCC XML file successfuly created!
| CAUsers\mdaxm\OneDrive\Documents\UZ_DCC\UZ_ DCC_20251029_
1947.xmi

W Desiacp # |

4 Downioads #

8 Documents # [ ox
Rrcues # — 1
© Music .
O videos  #

Telegram Desiac
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Screenshots

Complex algorithm solution
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e
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2xm] versio
igitalcalibrat r xm r hema-instanc
urn:ptb. de:dcc / na/v3/0CC. X urn:ptb. de:dcc:3

ifier>uz-125/05-2025</cCertificaterdentifier>
145 umber>

e
Requestpate>
titute of Me . c und and vibration laboratory, #333 A , Farobiy street
, Uzbel i bolim@nim. uz, webpage: www. nim. r3

hkent city Toshkent shaxri, olmazor tumani, Farobiy kochasi, 333 B</Customer>

onpes
erifier sabaE

pecialist>Mukhammad Aminov Akhmadbek</specialist>

alibrationprocedure>
ethodDescription>IEC 60942:2017 international standard and calibration procedure of acoustic calibrator odDescription>

raceability>Pistonphone 4 e 210 h metrological traceability to the National standard of sound pressure unit in air
BelGIM (calibration certificate No BY 01 N2 00002 N </Traceability>
alibrationprocedure>
Tibrationconditio
emperature unit >21. 8</Temperature>
ressure>
Humidity>

ame>Acoustic calibrator</Name>
Manufacturer>Briel&amp; Kjar</Manufacturer>

serialNumber>2103491</serialNumber>
</Device>
</calibration>

sure Jevel</Measuredquantity>
ominalvalue>

‘Additionalinfor
MeasurementResults>
pigitalcalibrationcertificate>

Application of DCC

Periodic microphone sensitivity checks to ensure
measurement reliability with DCC certificate

U Periodic microphone sensitivity checks to ensure measurement
reliability with DCC certificate

QO Integration of DCC with measurement systems eliminates the
human error factor

U When determining the microphone sensitivity, it is important to
determine the sound pressure level of the acoustic calibrator and
its value in the current environment, in which case, along with
the accuracy of measurements, the time expenditure is reduced.
The program can perform automatic calculations.
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Application of DCC ‘

System that automatically gives a conclusion through DCC

during the verification process @ CALIBRATION @@ VERIFICATION
— What'’s the Difference?
™ CALIBRATION
O The human factor does not affect the process; s R o .. SR
U Time is saved as it is not necessary to review the technical e penos At e s ks g
specifications provided by the standard or manufacturer during = Adjustment may happen, but = Confirms it s acceptable

it’s not always possible. for use.

each verification process;

QO The verification process prevents the consumption of millions of
tons of paper worldwide due to the fact that clients do not
provide paper certificates; -l

QO Also, large archive storage points are required for the permanent fs et e (CREl < e pinin a0t g
maintenance of paper certificates, which created the need for R ance alletad Vil e
large servers in pdf;

> ] &P Easy to remember:
. Calibration = @ Verification -
_ Know the error Confirm compliance

f\ o
A

E\Ead

Application of DCC ‘

Convenient for monitoring the drift of permanent acoustic
calibrators

QO Several years of data can be analyzed in a minute and converted
into a graph;

U In multi-frequency calibrators, errors in entering calibration
values at frequencies are prevented;

QO This will certainly create convenience for the user;

e
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THANK YOU FOR YOUR ATTENTION ‘

6" INTERNATIONAL Akhmadbek Mukhammad Aminov

DCC CONFERENCE ‘UzNIM” Sl standard keeper of AUV laboratory
FROM GOOD PRACTICE TO STANDARDIZATION m.axmadbek@nim.uz

DCC FOR A RELIABLE FUTURE m.d.axmadbek@gmail.com

February 24-26, 2026 +998 93 419 0528
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008 Inseok Yang:
From PDF Certificates to DCCs for Cold Chain Applica-
tions

Presenting author: Inseok Yang [1]

Email: iyang@kriss.re.kr

Additional authors: Nil

Institute:

[1] Division of Physical Metrology, Korea Research Institute of Standards and Science
(KRISS), 267 Gajeong-ro, Yuseong-Gu, 34113, South Korea

Keywords: Cold Chain, High-Volume Calibration, Machine-Readable Data, Calibration Auto-
mation, Measurement Traceability

Abstract

One of the main barriers to the adoption of Digital Calibration Certificates (DCCs) is con-
vincing accredited calibration laboratories - many of which perceive no serious shortcomings
in current practices - of the need for change. In the field of temperature metrology, however,
the limitations of conventional calibration certificates become apparent when large numbers of
instruments of the same model must be calibrated and managed. This presentation uses a
cold chain application as an example to demonstrate the clear advantages of DCCs over tra-
ditional PDF-based certificates.

Vaccines, biopharmaceuticals, and food products are highly temperature-sensitive and
therefore require continuous monitoring during storage and transportation. Such monitoring
typically involves hundreds to thousands of temperature sensors used in combination with data
loggers. These instruments are generally calibrated annually in large batches at calibration
laboratories. Although laboratories have optimized their calibration procedures to improve
throughput, the overall workflow and the format of certificate issuance have remained largely
unchanged.

Even when hundreds of identical thermometers are calibrated each day at the same tem-
perature points, measurement data are entered manually, and a separate PDF certificate is
generated for each unit using spreadsheet-based macros. This approach increases opera-
tional costs and introduces a significant risk of human error. In addition, calibration results are
frequently underutilized. Instead of exploiting the full measurement information, a simplified
screening process is applied, whereby instruments with correction values exceeding 1°C are
removed from service, regardless of their repeatability or long-term stability.

The combination of automated calibration and DCCs addresses these limitations by trans-
forming calibration results from static documents into structured, machine-readable data. Al
camerabased optical character recognition can reduce manual data entry, while data-oriented
management enhances traceability and enables long-term performance analysis. Calibration
data can also be centrally managed and linked to data loggers, allowing calibrated interpreta-
tion of measurement data without directly updating individual devices. Consequently, instru-
ments with relatively large correction values may remain in service, provided their performance
characteristics are stable.

In conclusion, traditional PDF-based certificates are inefficient in high-volume cold chain
environments. DCCs substantially enhance the usability and long-term value of calibration
data.

Back to Table of Contents above
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Presentation #008 of Inseok Yang

From PDF Certificates to DCCs
for Cold Chain Applications

Division of Physical Metrology
Korea Research Institute of Standards and Science (KRISS)

Inseok Yang
2026-02-24
6" International DCC Conference
Stapg sty
K R I § ,.,;‘l“mf“ '_'l Online, 24th — 26th February 2026

Need for DCCs: convincing customers of calibration

= Would customers want the transition from the traditional certificate to DCC?

Most customers are hesitant to change business routines, as calibration is a conservative
industry.

* Many are satisfied with their current PDF (paper) certificates.

* Accredited calibration laboratories are often reluctant to adopt new technologies, such as DCCs.

6" International DCC Conference
O I ZENOH 119 2
K R I § S ::;‘l“;-ft"‘-'_'lh Online, 24t — 26' February 2026
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Regulations on cold chain in biological products

Manufacturing and Sales Management Regulations for Biological Products

e 4 PEE TN O SR D i

AR S MR A Storage
automatic temperature logger
calibration of the logger

Transportation
automatic temperature logger
calibration of the logger

6" International DCC Conference
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K RI § S mf‘:..‘:._.,ﬂ..“..m. i% Online, 24th — 26 February 2026

Regulations on cold chain in biological products

= Manufacturing and Sales Management Regulations for Biological Products

» For storage and transportation of biological products, temperature loggers must remain active at
all times, continuously recording the current temperature.

* These loggers must be calibrated periodically. (some logistics companies operate more than
10 000 loggers)

6" International DCC Conference

ora g Eaporel 4
K RI § naiﬁmﬂmnm-ig Online, 24th — 26t February 2026
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Logistics companies and IT-system providers

DHL IMPLEMENTS SMART WAREHOUSE INITIATIVE
DIGITAL TWIN BAFETY Y FOR

6 KEY ELEMENTS OF DHL SMART WAREHOUSE INITIATIVE +

o /.\in"?.... \J o
‘ | %’é ? 0 o O

D1 Lnen man e ferebes iy mutin;
Tm e o 01w asrercuses s

7w v peers

From DHL press release IT-solution company for cold chain logistics
“Smart warehouse” in Asia Pacific

6t" International DCC Conference
SF2 I =7} 6 5
K RI § S e Online, 24t — 26t February 2026

A case study in the calibration of cold chain thermometers

= 4000 units of temperature loggers calibrated annually (all in December)
= 300 loggers are calibrated daily at three calibration points (5 °C, 10 °C, 15 °C)

= Loggers are grouped together as a batch of 30, and calibrated manually by an

operator.

0.1 °C resolution data logger
with external sensor

40 USD/unit
6t" International DCC Conference
o2 1 Lot 9l 6
K RI § S L B Online, 24t — 26t February 2026
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A case study in the calibration of cold chain thermometers

= As a result of the calibration, a traditional PDF certificate is issued.
* A VBA-based program is used to process the Excel date sheet into the PDF certificate.

* Occasionally, a large “correction”, such as AT = 9.9 °C, may indicate a typographical error by the lab
technician. This reading is then disregarded.

* The certificate mainly serves to meet regulatory requirements.

* The calibration results are used to identify “bad” thermometers (|AT| > 1 °C), for which no
calibration certificate is issued (effectively, it is a conformity assessment with a “simple decision
rule”)

* Corrections obtained during calibration, even when |AT| <1 °C, are NOT applied.

6" International DCC Conference
S g oaEzaan 7
K RI — S m-ﬁﬂmmﬂm—m iﬂ Online, 24th — 26 February 2026

How to improve from here - Automation

= Automation with OCR (optical character recognition) can simplify measurement
during calibration.
This reduces labor from human operators and minimizes input errors.
It also helps creating DCC certificates, making the process more efficient.

= |ndications from multiple thermometers can be read with a properly set ROI (region
of interest).
Use of LLM does not even require the setting of an ROI.

6" International DCC Conference
SR EFEAol gl 8
K R I § S r-r-f':--a-mf-l-vtw-r«uim- Online, 24t — 26t February 2026
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How to improve from here - DCC

= DCC can be easily issued without requiring (or at least minimizing) typing by the
human operator.
= The “correction” can be applied to each temperature logger.

Calibration lab Cold chain industry
L3 T R
PASS LAY
Calibration Calibration ° -
data certificate = B
1) PO

+03°C . A . —
FAIL @ {

+0.3°C e =
6t" International DCC Conference
PR EEajeteiagl 9
K RI § S il e . Online, 24t - 26t February 2026

Karea Research Institute of Standards and Science

+0.3°C

How to improve from here - DCC

* DCC can be easily issued without requiring (or at least minimizing) typing by the
human operator.
* The “correction” can be applied to each temperature logger.
* If not directly to the logger, it can be outside of the using in the central monitor.

Calibration lab Cold chain industry
Calibration Calib.r.ation +0.3°C
data certificate
oaec — T 1T 1T T F T T 1

— A _— i _— . A | _— . i s

030 -.-\ -.-\ -.:-\ -'-\ -.-\ -.-\ -.-\ -.~\ -.-\
T T =T =T =T =T = = =
6" International DCC Conference
O I ZENOH 119 10

K R I § S ::;‘l“m‘-,.?t"‘-'_'lh Online, 24t — 26t February 2026
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Who are the stakeholders?

Logger
manufacturer Regulation body:
calibration
(accreditation

bady)

System and
solution

Calibration
laboratory

Pharmaceutical

6" International DCC Conference

K R I § S %?E-?ﬂﬁ?i? " Online, 24th — 26t February 2026

Outlook

* In cold chain industry, using DCC can greatly improve the process with OCR and
automation.

= Multiple stakeholders play key roles in DCC expansion: logger manufacturers, system
providers, logistics, pharmaceuticals, regulatory bodies, and calibration labs.

= Automation reduces manual labor and errors, simplifying DCC issuance and applying
corrections.

= DCC adoption is ongoing, requiring continued collaboration among stakeholders.

6" International DCC Conference

S OF2 X Z= )0 12
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Inseok Yang
iyang@kriss.re.kr
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Development of a Machine-Readable Prototype Digital
Calibration Certificate for a True RMS Clamp Meter
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e Arun Ramprasath RT [1],
¢ Manish Kumar Tamrakar [1],
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Calibration Data, Laboratory Information Management System

Abstract

Digital Calibration Certificates (DCCs) represent a significant advancement in digital me-
trology by enabling secure, standardized, and machine-readable representation of calibration
data. It facilitates the automated data exchange and integration across calibration laboratories,
industrial facilities, and quality management systems. This study presents the development
and implementation of a DCC framework for the calibration of clamp meters used in AC current
measurements. Traditional calibration certificates are generally issued in paper or PDF formats
which requires manual interpretation and data entry. This increases the risk of transcription
errors and limits interoperability with asset management and automated compliance systems.
In contrast, in this paper the authors have transformed the calibration information into a stand-
ardized digital format, viz., XML, so that the data exchange between the laboratory information
management system and quality management system becomes seamless. The measurement
results, uncertainty components, instrument identification, calibration conditions, and validity
information are encoded into the DCC to ensure data integrity, authenticity, and long-term
traceability. The prototype DCC model can be downloaded from the QR code given here. To
view the certificate, please use the passcode as “abed”

Remark: A currently invalid QR code has been inserted here in the original document.

References:

[11 ‘Towards a New Generation of Digital Calibration Certificate: Analysis and Survey | Re-
quest PDF’, ResearchGate, doi: 10.1016/j.measurement.2021.109611.

[2] “GUM: Guide to the Expression of Uncertainty in Measurement.”
https://www.bipm.org/en/publications/guides/gum.html, last accessed 23. July. 2025.
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PROBLEM TO BE ADDRESSED AND RELEVANCE

Calibration certificates in digital formats for Clamp Meter for AC high voltage and current
metrology to be developed

BENEFICIARY STAKEHOLDERS

* Customers of NPLI
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PROBLEM & INDUSTRY RELEVANCE

Problem Statement (s)

> Development of DCC for AC high voltage and current metrological parameters. Parameters to be used: ratio
error and phase error.

Motivation & Industry Relevance
»The reports of calibrations are mostly manually PDF generated documents
»This is laborious, time-consuming, cumbersome and prone to human errors

»CSIR-NPL aims to develop certified framework for machine readable calibration information to assure
traceability to national measurement standards and further to Sl units.

>t can solve the issues of accessibility, reliability, security, traceability, data mismanagement etc., most
importantly it will allow the machines to communicate with each other (M2M) which will reduce the human
interventions.

»>Highly beneficial for various industries, particularly those who are from far lung or outside India.

»The proposed digital approach aligns with industry trends toward digitalization and automation, with benefits
like, reduced operational costs, easier compliance with standards, and improved system integration.

SOLUTION

e N —_— . 7~
Customers ,‘ Admin/ | .| Technical | Measurement
‘ i CFCT Group —| & Meta Data
& J N~ A S
/ —Z e
B
Sign Date of Calib. / \\
PDF Hash Sum/ Next date of Calib. Analysis of data |
Embed Human readable to /'
PDF/ Security /|
Algos/ QR scanner N /’ /
/ Digital \ Uncertainty 4'//
Certificate Budget Created
) e —
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‘ SCOPE — CLAMP METER (AC HV & CURRENT)

* Used to measure high electrical current safely and conveniently without
breaking the circuit or interrupting power.

* AC Current Measurement (A to kA)

* AC Voltage Measurement (V to kV)

* Frequency Dependency (50 Hz and extendable)
* Phase Angle Considerations

* Burden and loading Effects

OBJECTIVES OF DCC TECHNICAL DEVELOPMENT

* Unified digital certificate schema
* Parameter-specific measurement structure
* Integration with LIMS and asset systems
= ISO/IEC 17025 compliant data structure

* Secure digital signature & validation mechanism
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‘ SYSTEM ARCHITECTURE OVERVIEW

* Client Layer (Lab Software / Web Portal)
* APl Gateway (Authentication & Access Control)
* Certificate Management Service
* Measurement & Uncertainty Engine
* Traceability Database
* Digital Signature Service
* Central DCC Repository

CORE DCC DATA STRUCTURE

* Certificate Metadata (ID, Date, Revision)
* Laboratory Information

* Instrument Details (Model, Serial No., Range)

* Calibration Conditions

* Traceability Information

= Approval & Digital Signature

- _______________________________________|
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‘ PARAMETER -SPECIFIC MEASUREMENT SCHEMA  — AC CURR

* Set Current (A)

* Measured Current (A)

* Correction Value

* Expanded Uncertainty (k=2)
* Frequency (Hz)

* Phase Angle Error

* Resolution & Range

HIGH VOLTAGE MEASUREMENT CONSIDERATIONS

* Reference Voltage Standard

* Voltage Divider Ratio

* Insulation & Safety Compliance

= Temperature Influence on HV measurements
= Leakage and stray capacitance effects
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‘ UNCERTAINTY BUDGET — AC CURRENT & HV

* Type A (Repeatability)

* Reference Standard Uncertainty

* Resolution Contribution

* Frequency Influence (if any)

* Environmental Factors (Temp, Humidity)

* Combined & Expanded Uncertainty

API FRAMEWORK FOR DCC

* POST /dcc — Create Certificate

* POST /dcc/{id}/measurements — Add Data
* POST /dcc/{id}/uncertainty — Store Budget
* POST /dcc/{id}/sign — Digital Signature

* GET /dcc/{id}/export — JSON/PDF Output
* POST /dcc/validate — Verification
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‘ SECURITY & VALIDATION MECHANISM : FUTURE WORIg

* Role-based access control

* Encrypted data storage

* Hash-based digital signature

* Audit trail logging

* Certificate locking after approval
* Online verification portal

IMPLEMENTATION ROADMAP — NATIONAL LAB

»Phase 1: Electrical Parameter Pilot (Clamp Meter)
»Phase 2: Multi-parameter expansion

»Phase 3: Integration with accredited labs
»Phase 4: National DCC repository deployment

»Expected Impact: Faster processing, secure traceability, global
interoperability
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\ RESULTS

0 =12
fohQ AL 0y i

GOOD PRACTICES IDENTIFIED SO FAR

* Data integrity and security

* Standardisation

* Traceability

* Digital format

* User friendly access

* Version control

* Calibration reminder systems

* Compliance to legal and industry-specific requirements
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\ LESSONS LEARNT SO FAR

* Standardization is critical

* Data integrity non-negotiable

* Importance of traceability

* Stakeholder collaboration essential

* Training and awareness

* Reduced carbon foot-prints & reduced paper wastage

* Initial setup and transition to DCCs costly, long run cost-effective

Thank Youl!
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010  Sarita Singh:
Automation of Manual Balance for Mass Measurement
Data Acquisition employing LabVIEW

Presenting author: Sarita Singh [1]
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Additional authors:
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Abstract

The ongoing digital transformation of metrology, including the digitization of measurement
results, and of quality infrastructure (Ql) includes the automated, reliable, and structured ac-
quisition of measurement data at the instrument level, which is essential for supporting ma-
chine-actionable and interoperable workflows. Within the context of Digital Calibration Certifi-
cates (DCCs), the availability of high-quality, traceable, and structured measurement data is a
prerequisite for enabling FAIR (Findable, Accessible, Interoperable, and Reusable) data ex-
change across systems and organizations [1-3], Many laboratories continue to use cost-effec-
tive conventional weighing instruments alongside high-precision systems. In this context, an
effort has been made to automate the acquisition and logging of measurement data from man-
ual balances to a computer system.

This work presents the design and implementation of an automated instrument-level data
acquisition system for mass measurements, developed in LabVIEW and interfaced with a la-
boratory analytical balance through an RS-232 communication link. The program uses NI-VISA
to establish serial communication with defined parameters (9600 baud, 8-N-I, LF termination)
for data transfer. In the present implementation, the balance operates in a print-on- request
mode, transmitting measurement data only when the print command is activated. Each re-
ceived ASCII data string is processed in real time to extract the numerical mass value, which
is then converted to a floating-point format for subsequent processing. The measurement data
are dynamically accumulated in arrays and automatically time-stamped for structured logging,
with output stored in a Microsoft Excel (.xIs) file or exported in formats suitable for downstream
digital calibration workflows. The implemented architecture demonstrates the integration of
legacy RS-232 instruments into modern digital measurement systems and provides a practical
basis for interoperable data acquisition in line with emerging Digital Calibration Certificate and
Digital Quality Infrastructure requirements. By enabling direct digital capture of measurement
results at the instrument level, the system addresses common challenges in laboratory data
handling, particularly those associated with manual data transcription. This approach reduces
the risk of transcription errors, supports data integrity, and improves reproducibility in routine
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mass measurement processes. In addition, the system architecture can be designed for

straightforward export of data into other machine-readable formats, such as CSV or XML.

References
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“Digital Transformation in Metrology

+ A Digital Calibration Certificate (DCC) enables electronic storage, authenticated and
encrypted transmission, and uniform interpretation of calibration results.

* The digital transformation in metrology requires
« Automated, structured, and semantically defined measurement data
* Machine-readable and machine-actionable processing
* FAIR-compliant data exchange

* Integration of manual weighing instruments with digital logging systems helps improve
efficiency and ensures more consistent measurement data management.

ﬁ ] Measurement Data

:EER =R
— . =

Interoperable QI Systems

Digital calibration Certificate (DCC) ‘ Machine-Actionable Traceable FAIR Compliant

Fig 1. Digital Calibration Certificate (DCC) workflow from automated measurement data to interoperable,
FAIR-compliant systems.

- |
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Research Motivation

To develop a method for automated acquisition and structured logging of mass
measurement data from manual balances, enabling compatibility with DCC-
based workflows.

‘Automated Instrument-Level Data Acquisition

* An automated data acquisition system for mass measurements was
developed in LabVIEW, interfaced with an analytical balance via RS-232
communication.

* Serialcommunication is established using NI-VISA, configured with
» 9600 baud rate, 8 data bits, no parity, 1 stop bit (8-N-1), 0xOF termination.

* The balance operates in print-on-request mode, transmitting measurement
data only when triggered, enabling controlled data acquisition.

e
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Automated Instrument-Level Data Acquisition
Architecture

Extracted Mass Value
200.0068 g\S

4 | =
Floating Poirit Conversion i (_7_

0.2000068e+03 A
4 -] =g

10:20:32 200.0068 Q

Data Logging and Export

10:24:20 | 200.0059

10:29:46 200.0048

Laboratory Analytical Balance —
10:34:24 200.0054

LabVIEW Data Acquisition Program

Accumulated and Time-stamped Data

Fig 2. Automated Instrument-Level Data Acquisition for Mass Measurements: Designed in LabVIEW,
interfaced with a balance via RS232 using NI-VISA to capture time-stamp and export measurement data.

Integration of Balance with LabVIEW via RS-232

Communication

* Dual-range semi-micro analytical balance with * In LabVIEW, a OxOF termination character was
high resolution up to 0.01 mg (0.00001 g) and configured to mark the end of each serial data
scalable capacity up to 220 g. message, to read the complete measurement

* Equipped with RS-232 communication and print string.

function, enabling integration with external data
acquisition systems (e.g., LabVIEW).
biiz]
| = VISA Close
ACZET CY 285C Kol
Ana[yﬂca[ Balance VISA Configure Serial Port
(TFS
Model: CY 285C
Max: 80/220gm
Min: 10mg & 100.00106 g S gro
d:0.01/0.1 mg 000.00000 g S Tare
€:0.1/1mg 100.00106 g S net
Fig 3. ACZET CY 285C analytical balance displaying Fig 4. LabVIEW VISA serial read for weight
0.00000 g, with model specifications shown. data acquisition. 7
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PC with LabView and NI-VISA

¢ Incoming ASCII data are parsed in real time to
extract the numerical mass value and
converted to floating-point format.

« Data conditioning and validation are
performed using threshold comparison, and
averaging; and time-stamped for structured
logging.
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NI-VISA Serial Configuration & Data
Acquisition

0 9600 baud
0 8 data bits, no parity, 1 stop bit
0 0xOF termination

]

ASCII Parsing & Numeric Conversion

0 Extracts numeric mass value
O Converts string + floating-point (g)
O Rejects empty / invalid reads

1

Date-Series Visualization
(Waveform Chart)

]

O Updates on valid data

Data Conditioning & Validation > Q Retains historical

values

Q Threshold comparison
Q Averaging / median filtering

* Processed data is exported in machine- 0 Valid-data gating logic
readable formats (xls/XML), enabling
integration into Digital Calibration Certificate
(DCC) workflows. 0 Time-stamped records

0 Automatic logging to Excel (.xls)
U structured measurement table

Fig 5. LabVIEW-Based Real-Time Data Processing
and Logging Workflow 8

‘LabVIEW Data Acquisition Program Front Panel

LabVIEW Program for ACZET CY 285C ‘

Real Time Dgﬂ
ﬂndhlpm [ Weight (g) 100.00020 A’“’}E#-A
File Name for Measurement Data
Aic:\Users\Lenovo\Deskiop\New.xls |-
Select COM Termination Character
ficows | #F
Weight Threshold (g) O
A0
No of Samples.
Measurement Data. |
Date | Time | Measured Weight (g)|
:’j‘_FS-DZ-ZUZB 10:13 199.999900
r}o 10:14 100.000100
10:14 100.000100
10:14 100.000100
10:15 100.000000
10:15 100.000100
10:16 |99.999900
Fig 6. LabVIEW-Based Data Acquisition Interface for Automated Weighing and Logging 9
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Data Logging and Export

LabVIEW program for Mass LabVIEW program for
Measurement Values Logging + Environmental Conditions
based on Print Request Logging in Real Time

1 Date Time Weight (g) Time Temp. (°C) | RH (%) (mbar) Pl o e Massrement Ot
Pl 17022026 |10:44:00AM | 1000006 10:40:00AM | 2219 | 5263 995.4

3 10:44:00AM |__100.0007 10:4100AM | 2220 | 5263 995.4

3 10:45:00AM | _100.0006 10:42:00AM | 2201 5262 995.4

5 10:46:00AM | _100.0005 10:43:00AM | 2222 5261 995.4

6 10:46:00AM | 100.0005 10:44:00AM | 2224 | 5271 995.4

7 10:47:00AM | _100.0006 10:45:00AM | 2204 | 5273 995.4

8 10:48:00AM | _100.0006 10:46:00AM | 2224 | 5274 995.4

9 10:49:00AM | _100.0006 10:47:00AM | 2225 | 5263 995.3

10 10:50:00AM | _100.0006 10:48:00AM | 2225 | 5264 995.4

1 10:50:00AM | _100.0007 10:49:00AM | 2226 | 5259 995.4 ) ;

12| 10:51:00AM | 100.0007 10:50:00AM | 22.26 5252 995.4 Fig 7. LabVIEW block diagram for Excel

data logging with date-time stamp.

"Conclusion and Future Work

* The proposed approach provides a practical way for interfacing conventional laboratory
instruments with a host computer thus integrating into digital workflow.

* The data logging process is fully automated, eliminating the need for human intervention.

* The scope for future work is the integration of the generated xls data into the standardized
DCC schema for uncertainty budget calculation and official Digital Calibration Certificate.

* The program currently uses an RS-232 interface; it can be extended to support GPIB, USB or
other interfaces to enhance compatibility with more instruments.

* Further enhancement can include host-controlled communication, allowing LabVIEW to
send print commands and acquire measurements on demand.
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Abstract

The ongoing digital transformation of the quality infrastructure requires a fundamental shift
from paper-based calibration documents to machine-readable, interoperable, and verifiable
digital representations [1]. Although Digital Calibration Certificates (DCC) provide a standard-
ized container for calibration results, reliable digital verification of metrological traceability
throughout the entire calibration chain remains a significant challenge.

The aim of this work is to develop and describe the architecture of a web portal designed to
automate the collection, storage, and provision of access to the results of metrological activities
in machine-readable formats. The object of the study is the process of metrological data man-
agement, while the subject is the methods for designing a specialized web-based resource to
ensure transparency and metrological traceability in a digital environment.

The software implementation of the system is based on a relational data model in which
metrological traceability is represented as a directed acyclic graph. In this graph, nodes corre-
spond to reference standards and measuring instruments, while edges represent documented
calibration events. This approach enables the correct description of both linear and branched
calibration chains, which are characteristic of complex measurement systems, such as those
used in gas metering applications.

The system architecture is implemented as a client—server web portal integrated with a re-
lational database, providing centralized data storage, access control, and automated pro-
cessing of calibration data. To enable automated traceability verification, a depth-first search
algorithm implemented using recursive SQL queries is applied. This allows the system to in-
stantly reconstruct a continuous calibration chain from a customer’s working instrument to na-
tional measurement standards.

A key advantage of the proposed approach is the integration of traceability verification di-
rectly into the web portal. For end users, traceability is not only verified but also visualized in
an intuitive graphical form, enhancing transparency and confidence in calibration results. The
system maintains a complete calibration history for each instrument, supports version control,
and prevents inconsistent or unauthorized modifications.

The developed solution was implemented and tested at the SE “IVANO-
FRANKIVSKSTANDARTMETROLOGY”, with a focus on instruments for gas volume and flow
measurement. It enables automated traceability verification and supports the transition from
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best practices to a standardized, interoperable digital quality infrastructure, providing a robust
foundation for future workflows based on DCC.
References:

[1] Eichstadt, Sascha (2021): Metrology for the digital age, in: Measurement: Sensors, vo-
lume 18, https://doi.org/10.1016/j.measen.2021.100232
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\ 4
lBaHO—mpaHKiBCbK STATE ENTERPRISE ,,IVANO-FRANKIVSK SCIENTIFIC AND
@TAHAA PT PRODUCTION CENTER FOR STANDARTIZATION,
! METROLOGY AND CERTIFICATION”
METpOAOrif

| | Scientific
metrological
center

|
i !

|

5

Scientific
institution

The enterprise is
determined to be
critically important for
the functioning of the

economy and ensuring
the livelihood of the

| population in a special
period

The enterprise is
included in the list of
state-owned objects of
strategic importance
for the economy and
security of the state

Motivation: Why Digital Traceability? @"?HA&ﬁaKmA%i:T

MEeTpPOAOrifa
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Metrology in digital transformation @L'F"A‘*ﬁeﬁ"i"i‘:.r

METpOoAOria

{:} Digital Quality Infrastructure (DQI)
@ Data as a trusted asset

Digital transformation in metrology, often referred to as Metrology for Digital Transformation,

requires rethinking how measurement data are generated, exchanged, and verified. Digital Quality

Infrastructure provides the framework in which trust is established not by paper documents,

but by verifiable digital data. 4

IBaHO-®paHKiBCbK

Digital Calibration Certificates 0CC) €C TAHAAPT

MEeTpPOAOrifa

Enabling Automated Processing with Structured, Machine-Readable Data.

KEY FEATURES THE DCC ADVANTAGE
Machine-readable
format
Data is easily interpretable by software
for automation.
B
) (M Structured data (XML) Traditional PDF Digital Calibration
e Certificate Certificate (DCC)
Syt . Static, Manual, Dynamic, Automated,
Organized in a standardized, Human-Readable Machine-Readable

hierarchical format.

I Unlike PDFs, DCCs provide structured,
@ L " Measurement results machine-readable data that include not only
(1 @ + uncertainty results, but aiso uncertainty information

and metadata required for automated
processing, enabling seamless integration
into digital workflows.

Includes complete measurement data
and associated uncertainty information.
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@ IBaHO-PpaHKiBCbK
Functional diagram of the application TAHAAPT

MeTpoAoria
Step 1 X g
The user chooses the method of data ?
entry
Manual Import
input from excel
Step 2
—__ ABC|
Entering insufficient information,
depending on the selected data filling
method. Insert missing data
Step 3 ‘ y
> { - =] X /,\
Filling the certificate template with the o
data entered by the user of the software —
Merging process  Template database
Step 4 e
Creation of a .txt protocol that contains all E
the entered information
Creating .txt protocol
Uploading the certificate to the ¥ - POF Generation of a certificate
cloud. (Not available in current according to the type
version) Cloud database Digital calibration selected by the user
certificates 8
A 5 |BaHO-PpaHKiBCbK
Problem: Traceability Is More Than One Certificate @ TAHAAPT
MEeTpPOAOrifa
* Traceability # last calibration Py S
; o i Not Enough!
e Hidden calibration steps g
* No end-to-end visibility
IR e
Reference Lab C
Your Instrument
Traceability is a chain of calibrations, often and hidden. 3
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Metrological Traceability Chain

Continuous Calibration Hierarchy Flow

The Apex of Accuracy:
The ultimate reference for measurement units
at the national level.

Secondary Calibration Tiers:
Intermediate standards that bridge national
benchmarks to industrial applications.

TRACEABILITY LEVELS & DATAROLES |
TRACEABILITY LEVEL ENTITYTYPE DATA ROLE
Primary National The absolute "Anchor
| Standard | of Confidence” |
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CTAHRAPT

MeTpoAoria

Digital Infrastructure & Verification

National
Primary m""“"’ Digital Calibration Certificate (DCC) Centralized Web Portal
Machine-Readable XML Format The Digital Trust Anchor
Replaces paper with XML-based data for A secure platform for storage,
d ERP system i { visualization, and integrity verification
Calibration
Event

Level 1-N | Reference 4 Digital Calibration

Certificate (DCC)

Calibration
[ Level 1-N C ity | Event
L | Standards | propagation nodes | #:f",‘;’,‘,fe
[ Level 0 industrial | End-point t il ificati
\ L .a;; A Do o DC Automated Traceability Verification
Recursive DAG Analysis [~
< Algorithms automaticall

End-User Application Level: Level 0 c:li?culate uncertainty y % e ©:>@

Final instruments used in production, propagation across the entire

requiring verified links to primary standards. calibration chain.

Industrial Measuring
Instrument
10
— 5 < IBaHO-PpaHKiBCbK
Traceability chain modeling @TAH AAPT
MEeTpPOAOrifa
[Device A] [Standard B] [National Standard]
Traditional linear model
Gas meter calibration chain diagram
Time
Gas flow Reference Reference Reference pulse
standard J Lthermostat J [ pressure gauge] [meads:vrg;ment J &ulse countef J [ generator J

L

4

) (7

[ Thermometer J [Pressure gauge]

Time
R:fse::&ceer measurement Pulse counter
& device

R A

J

11
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CTAHAAPT

METpOoAOria
Calibration Standards |
calibration_id: number
device_id: number
¥ ¥
| i
I I
A &
: Pevice Calibration
id ‘gumber id: number
name: varchar2(128) :
serial_number: number datg_crgated. ate
= device id: number
owner: id :
responsible_person: number
| |
| |
A A
Owner Calibration
id: number id: number
First_ name: varchar2(128) First_name: varchar2(128)
last_name: varchar2(129) last_name: varchar2(128)
12

CTAHRAPT

Application interface

MEeTpPOAOrifa
© Wednesday, 18th Febn
Ivano-Frankivskstandardmetrology © i3a9
FTA Register My Actions
. Manufacturers Change © A + Added ervice Verification for RS/2001-2 LA - 2898401
P — P
Ovmers hange Add
» FTARegister s QA + Added FTA RSI20012
FTA Change © Add + Added 927585
+
Customers Change © Add
+ Nob
G FTA Categories Change © Add +
Metrological services Change © Add + Added Manufacturer LLC "Samoaz”
User name: + Added Owner INDIVIDUALS
Supervisors Change © Add
andril barchuk + Added ZVT UPLG-2500 No. 1901
Regions Change © Add
Password
Certificates/Altestations Change
Types of FTAs Change © Add
m XLSX templates for results files Change  © Add

Login and password Main menu interface

input fields

13

2026-05-11 18:53 Page 160 of 520



6" international DCC-Conference
2026-02-24 to 2026-02-26

Application interface @ LieHA&ﬁTKmACbi:T

a Home - FTARegister ~ Melrological services — Add Metrological service
@ Add FTZ | Administration - Google Chrome - o X
A Home
Service type: Veriscation v om T X = =
> FTAReqister < 1  to_field=id& popup=1 3
Date of event 18022026 Toosy @ a
—_ - — “
s The FTAunder BK-G4T No 3719583 v 70
FTA investigation: Serial number. 3719583
Oiomers Standards/FTAs used » Universal stand for testing gas metats Nc Type of FTZ. e - s0
FTA Categories °
Metrological services Year of manufacture: 2008
Si 8 Responsible person. Choose a responsible person v
upervisors ponsible p per Accuracy dlass 15
Regions
Senvice customer JSCLVIVGAZ" v /0
Certificates/Attestations
Types of FTAs Result Suttable v FTZ owner. SE "IVANO-FRANKIVSKSTANDAF v / ©
XLSX templates for results fies
Reason for unsuitabilty. Manutacturer of FTZ Elstersro v /0
Characteristics of the FTZ
Characteristic Vaive Remove?
Gas meters - Standard size v o4t Remove
Gas meters - Minimum flowrate | | 0,04 Remove
Gas meters - Maximum flow rate  v| | § Remove
Certificates/Attestations
Certificate/Attestation:
Document number. 044N-20126
Document type: Certficate v
Date of issue’ 18.02.2026 o
£nd date: 18.02.2034 o
Wno published: Barchuk Andriy Mykhaovych v

Measuring instruments data entry interface

14

Application interface @ l'li'aHA&ﬁ?KIKbKPT

MEeTpPOAOrifa

MOME  ABOUTUS  BRANCHEL MEWS ERWCES SCENTFCACIVIY  COWIACTS

ELECTRONIC REGISTER OF FREE TRADE ZONES

REFERENCE INFORMATION SUPERVISOR LOGIN

o 80 s, enle he FTA seril rumer o carsicate sumer in 6 Sppropnste fom.

SEARCH FOR A CERTIFICATE/INVALIDITY CERTIFICATE/INVALIDITY CERTIFICATE

enter e the o

Search box interface

15
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Application interface @ Li?HA&ﬁ?KmACbi:T

MeTpoAoria
T o e
3719583
E3
SEARCH RESULTS
Type of FTZ. Gas meters.
Name BK.G4T
Factory number 3719583
Year of manufacture 2008
Maamum consumpbon 6 m/year
Minimum consumption  0.04 m3/year
Standard sce GaT
Owmner SE “IVANO-FRANKIVSKSTANDARTMETROLOGY"
Producer Bisters 1o
Verification
Date of event Feb. 18,2026
The unit that performed  Test laboratory Center for scentific assurance of gas flow SE "IVANO-|
Result Sultable
Document type Certificate
Document number 044P-2026
Vaid untit Feb 18 2034
Appiied standards
Name of the standard  Universal gas meter testing stand
Information on measuring instruments provided to the user
16

CONCLUSIONS CTAUDAPT

MEeTpPOAOrifa

Implemented Web System

ﬁ SHECH

Scalable Digital Traceability Web Portal
Architecture is Feasible Enables Trust

Calibration Data Migrated to Verified Digital Certificates
Relational Database

Digital Metrological Traceability Achieved

Next Steps
Integration & Interoperability

(55259

National Registers Cross-Border Interoperability
17
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CTAHRAPT

METpOoAOria

Thank you for your
attention!

18

QRr: https://free-gr.com/link/XyY GdARFHsminrPsQ
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012 Mauricio Sachica:
Process Automation in Metrology: A Use Case for En-
hanced Accuracy and Efficiency

Presenting author: Mauricio Sachica [1]

E-mail address: msachica@inm.gov.co

Additional authors:
e M. Sachica [1],
e N. Vargas [1],
o F. Rubiano [1]

Institute:

[1] Instituto Nacional de Metrologia de Colombia, Avenida Carrera 50 No. 26 — 55 Interior 2
CAN, Bogota, Colombia

Keywords: Process automation, Electrical metrology, Characterization of measurement
standards, Data processing, Interoperability

Abstract

The Direct and Alternating Current Laboratory of the National Metrology Institute of Colom-
bia has developed software tools in multiple programming languages to automate data acqui-
sition, processing, and analysis. This automation enabled process optimization, the mainte-
nance of measurement standards, and the characterization and prediction of values.

A major advantage of most electrical measurement systems is their ease of automation
through various communication interfaces. This is particularly important given the large volume
of data involved in calibration and measurement processes. Thus, in a routine calibration pro-
cess, an application controls the equipment within the measurement system and automatically
acquires measurement data, while an application records the environmental conditions. The
generated data files are subsequently processed using an application or spreadsheet that re-
quires reference standard values. These values are obtained from an application that predicts
the reference values and their associated measurement uncertainty by analysing instrument
behaviour based on information reported in calibration certificates and stored in a laboratory
database [1].

Accordingly, the laboratory has developed a set of applications as part of the ongoing evo-
lution of its automation systems, enabling the use of multiple communication protocols and
programming languages. These applications are used together in an interoperable manner
within measurement and calibration processes. The next step is to further optimize the auto-
mation systems in order to reduce manual tasks, improve interoperability, and generate Digital
Calibration Certificates (DCCs). These DCCs will also populate the laboratory database, which
is used to predict values, characterize measurement standards, perform intermediate checks,
determine calibration intervals, and support other metrological activities. This approach ena-
bles the laboratory to maximize the use of non-redundant information and ensure reliable
measurement results.

Thanks to automation, large volumes of data can be collected and used to characterize the
behaviour of measurement standards, thereby enabling the reduction of measurement uncer-
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tainty through improved knowledge and statistical analysis [1]. Automation not only optimizes
processes but also improves measurement accuracy, making it a key asset in metrology.
References:
[1] Mauricio Sachica, Alexander Martinez (2021): Prediction of measurement standard val-
ues to improve uncertainty, under well-defined drift conditions, in: Measurement: Sensors, Vol-
ume 18.
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Digitally Linking BIPM Service and Smart KCDB Data
Acquisition to NMCC Calibration Services Platform
based on Fast API

Presenting author: Saad Bin Qoud [1]
E-mail address: s.qoud@saso.gov.sa
Additional authors:
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Abstract

The establishment and preservation of robust digital traceability to the International System
of Units (SI) have become a foundational requirement in modern metrology, driven by increas-
ing automation, data integration, and regulatory expectations for transparency and reproduci-
bility. In this context, the National Metrology Institute (NMI) face insistent challenges in main-
taining a consistent, verifiable, and up-to-date linkage between locally issued calibration cer-
tificates and internationally recognized reference data.

This paper introduces a novel software architecture that automates and digitizes the critical
traceability pathway between the services of NMCC -SASO and the authoritative international
reference data maintained by the Bureau International des Poids et Mesures (BIPM). The pro-
posed solution is implemented as a RESTful middleware layer developed using the FastAPI
framework, designed to interface programmatically with BIPM digital services, including the
Key Comparison Database (KCDB). Through this interface, the system enables automated
retrieval and synchronization of Service categories classification, SI Units, Quantities, Prefixes,
Constants, Decisions, Certified Calibration and Measurement Capability (CMC) entries, refer-
ence values from key comparisons (KCs), and associated technical guidance documentation.
By embedding live, authoritative international metrology data directly within the NMCC labora-
tory management environment, the platform enables automated validation of locally issued
calibration certificates against the most current Sl realizations and comparison outcomes. This
approach eliminates reliance on manual data searches, substantially reduces the risk of tran-
scription and interpretation errors, and ensures that each calibration certificate is accompanied
by a transparent and auditable digital extraction linking it directly to the KCDB. The paper de-
tails the system architecture, including data flow design, API security and key management
strategies, and mechanisms for ensuring data integrity and availability. A case study from an
operational electrical standards laboratory is presented to demonstrate the system’s effective-
ness in streamlining compliance workflows, enhancing traceability assurance, and supporting
sustained conformity with international metrological requirements. The proposed architecture
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provides a scalable and extensible framework for advancing digital S| traceability across na-
tional calibration infrastructures.
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Additional authors: Nil

Keywords: Digitalization, Metrology, Digital Metrology

Abstract

This presentation will highlight the main features of the upcoming new PTB website “Digital
Metrology”, which will be accessible publicly in the next months.

The website will display all currently ready and planned digital certificates of PTB as well as
many helpful tools and utilities to simplify the application of digital certificates. Furthermore
there will be basic information about the Digitalisation of Metrology in general as well as the
digitalisation of PTB itself.

After an overview of the structure of the website and some highlights, a discussion with the
participants will hopefully generate new insights about expectations and needs from users out-
side of PTB and Germany.

References:
[1] URL tbd

e
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Presentation #014 of Alexander Knaak

Digital Certificates D-SI Semantics TraCIM Utilities News Digitalisation@PTB

Alex Knaak

Short presentation of the new website MET- igital Metrology

Suche nach... J&s

Digital Certificates D-SI Semantics TraCIM Ut s News Digitalisation@PTB

Digital Metrolg

DMET-Website

UX * Many roads lead to Rome
English * Keepitsimple

Landing Page

Bidirectional

Maturity of projects
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Digital Certificates

Welcome to the Digital Metrology (DMET) website!

Here you will find information about PTB's digital certificates, as well as related utilities
and tools.

Your feedback is important - please let us know if any information is missing or difficult to
find.

In such cases, please send us a short message to our emall address @ dmet@ptb.de.
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Digital Certificates D-SI Semantics TraCIM Utilities News Digitalisation@PTB

Welcome to the Digital Metrology (DMET) website!

Here you will find information about PTB's digital certificates, as well as related utilities
and tools.

Your feedback is important - please let us know if any information is missing or difficult to
find.

In such cases, please send us a short message to our email address @ dmei@ptb.de.

Suche nach... E H

D-SI Semantics TraCIM Utilities News Digitalisation@PTB @

Digital Calibration Certificates (DCCs) - Introduction and Overview
DCCs - sorted by metrological areas
DCCs - sorted by alphabetical order

Digital Certificate of Conformity (DCOC)

Specification

Digital Calibration Requests (DCRs)

Digital Test Reports (DTR) / Digital Test Certificates (DTCs)
Digital Verification Certificates (DVCs)

Digital Reference Material Certificates (DRMCs)

(DMET) website!
CoRe - Common Report Model
The DX Schema
ificates, as well as related utilities
and tools.

Your feedback is important - please let us know if any information is missing or difficult to
find.

In such cases, please send us a short message to our email address @ dmet@ptb.de.
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Digital Calibration Certificates (DCCs) - Introduction and Overview

DCCs - sorted by metrological areas

DCCs - sorted by alphabetical order

Digital Certificate of Conformity (DCOC)
Specification

Digital Calibration Requests (DCRs)

Digital Test Reports (DTR) / Digital Test Certificates (DTCs)

Digital Verification Certificates (DVCs)

Digital Reference Material Certificates (DRMCs)

(DMET) website!
CoRe - Common Report Model

Th Schel
e DX ma ificates, as well as related utilities

and tools.

Your feedback is important - please let us know if any information is missing or difficult to
find.

In such cases, please send us a short message to our email address @ dmet@ptb.de.

IGTEINELTEIEEY D-SI - Semantics  TraCIM  Utilities News  Digitalisation@PTB
Digital Calibration Certificates (DCCs) - Introduction and Overview

DCCs - sorted by metrological areas

[ DCCs - sorted by alphabetical order

Digital Certificate of Conformity (DCOC)

Specification
Digital Calibration Requests (DCRs)
Digital Test Reports (DTR) / Digital Test Certificates (DTCs)
Digital Verification Certificates (DVCs)
Digital Reference Material Certificates (DRMCs)
(DMET) website!

CoRe - Common Report Model

The DX Schema

ificates, as well as related utilities

and tools.

Your feedback is important - please let us know if any information is missing or difficult to
find.

In such cases, please send us a short message to our email address @ dmet@ptb.de.
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Digital » Digital Certi » Digital Cali

Digital Calibration Certificates
(DCCs)

-> sorted by alphabetical order

Digital Metrology » Digital Certificates » Digital Cali

Digital Calibration Certificates
(DCCs)

-> sorted by alphabetical order

DCC for Measurand XXX

Documentation: (no entries)

- |
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Digital Metrology » Digital Cerifi » Digital Calibration Certificates (DCCs) - Introduction and Overview

Digital Calibration Certificates
(DCCs)

-> sorted by alphabetical order

DCC for Measurand XXX
Documentation: (no entries)
XML: (no entries)

Gitlab: (no entries)

contact: (no entries)

DCCs currently under development for:

+ Acceleration si dial /
« Acceleration shock / StoRbeschl,

Contact: @ Thomas Bruns (PTB) / +49 531 592 1700

DIGTEIROCNAEIEEE D-SI Semantics TraCIM - Utilities News  Digitalisation@PTB

Digital Metrology

DCC for d Measurement

Documentation: (no entries)
XML: (no entries)
GITLAB: (no entries)

Result reports for calit of broadband i)

Contact: @ Heiko Fiser (PTB) / +49 531 592 2540

DCC for Flow Cytometry

Documentation: (in progress, to be published in June 2026)
XML: (no entries)

Gitlab: (no entries)

contact: @ Martin Hussels | (PTB) / +49 30 3481 7628
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DCC for Flow Cytometry

Documentation: (in progress, to be published in June 2026)
XML: (no entries)

Gitlab: (no entries)

contact: @ Martin Hussels| (PTB) / +49 30 3481 7628

DCC for Flow ities (Strdi

D ion: A Flow Quantities {(german

XML: @ XML 1 /| J< XML 2 (Human readable / PDF)
Gitlab: (no entries)

contact: @ Thomas Krah | (DKD) / +49 531 592 8020

DCCs currently under development for:
* Force transducer / Kraftaufnehmer

Contact: @ Thomas Bruns| (PTB) / +49 531 592 1700

Please send questions and remarks to the following mail-address:

dmet@ptb.de

- |
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P03 James Fedchak:
Challenges in Creating DCCs

Presenting author: James Fedchak [1]
E-mail address: james.fedchak@nist.gov
Additional authors:
e WeiRen [1]
Institute:
[1] National Institute of Standards and Technology: Physical Measurement Laboratory, 100
Keywords: DCC, calibration certificate generation, semantics, taxonomy.

Abstract

NIST was founded in 1901 and presently offers between 400 and 500 calibration services.
Many have evolved organically over time; consequently, there are now a wide variety of cali-
bration report (certificate) formats, data formats, and data repositories with formats and loca-
tions unique to various services. Report data and metadata come from several sources: an
ecommerce system that contains customer metadata, the technical personnel performing the
calibration, data and metadata contained in repositories local to the service, and data acquisi-
tion and analysis applications specific to the service. The digital transformation of such a large
array of services and data sources with little to no harmonization of data and information for-
mats among them is a daunting task. Nevertheless, we defined a goal to be able to generate
a digital calibration report upon customer request. This task has several key elements: first we
are developing an application to collect the calibration data and metadata and map it into a
calibration report data model. The elements of that data model can then be mapped into a
digital calibration certificate (DCC) [1], saved to a common repository, and used to generate a
human readable report. We have now undertaken the project of creating a report generation
application to accomplish these tasks. However, we have encountered many challenges in
creating a DCC for NIST’s services. For example, proper semantics and syntax for the uniquely
identifying measurands for the plethora of quantities and measurands reported by NIST’s ser-
vices is a challenge. Creating an application flexible enough to handle the variety of human
readable reports and data formats is another. And, after creating a DCC, can it be machine
readable and interpretable by the applications of external customers? We will discuss these
challenges and possible solutions in our evolving project to transform our measurement ser-
vices.

References:
[1] https://www.ptb.de/dcc/DCC.xsd, version 3.3.0, last accessed: 01.01.2026
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Presentation #P03 of James Fedchak

Challenges in Creating DCCs

James Fedchak & Wei Ren

Physical Measurement Laboratory
National Institute of Standards and Technology
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U.S. DEPARTMENT OF COMMERCE February 2026

DCC and Digital Transformation

We will discuss our efforts to produce digital
calibration reports (certificates) for NIST customers

* Little demand for DCC or other digital products
* However, US Industries and organizations want NIST’s
involvement, guidance, and leadership

Present efforts focus on:

* Develop ability to produce DCC for
stakeholders

* Increase internal efficiency

* Developtools for stakeholders to use DCCs and
other digital products
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NIST History Timeline

Q’\,EB RA T/'v

EST, 1901

1836 1901 1988  Present

Office of Weights National Bureau  NBS Renamed
and Measures of Standards (NBS) ~ to NIST

Founded Founded I G

13

* NIST became the national standards laboratory for the USin 1901
* More than 100 years of measurement services
* Services have organically evolved over time

Digital Calibration Reports

Landscape of Technical Challenges
¢ NIST has between 400 - 500 services

* Everyreport seems to be a different format
* NIST reports contain a lot of educational
material
* Often contain data history
* Report metadata & data comes from various
sources
* Customer metadata is collected through our e-
commerce system
* Other data & metadata comes from calibration
operators or other databases
* Localdatabases with unique formats
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| Example of NIST Calibration Report

| Pages 1 and 2

* Report Metadata

* Calibration data

* Datafrom previous report

Pages 3 and 4

* Condition of items

e Description of methods

* Description of analysis

* Description of uncertainty
budget

* Traceability Statement

Pages 5 and 6

] * Description of uncertainty
] budget continued

* Additional comments

Pages 7 and 8

* References

e Tables and graphs of historic
calibration data

e Signatures

Plan to create NIST DCC

* Phase 1 - Report Generation

* Develop aninternal Calibration Report Generation App
* Produces human readable and DCCs

* Phase 2 — Data Model and Repository

* Develop a comprehensive data model to support a data repository for the
structured storage of measurement results, human-readable reports, and
digital certificates.

* Phase 3 —Tools for External Stakeholders

* Develop a Web App for external users to download digital certificates,
browse history values and help to make decision about which
measurement services best suit customer needs.

- |
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LaTeX has many advantages

We developed a calibration report
template in LaTeX

The application produces reports in a
common template

Report elements are now easy to
identify

Contains 17025 required elements

Allows complex formatting
* Different style files
LaTeX templates are robust
Can beincorporated into a digital
report
Al tools make conversion to LaTeX easy

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY

Report of Calibration
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An LLM helps convert to LaTeX

This LLM helps convert to LaTeX
Little or no editing is needed!

Lama-4-Mavarick-176-128E-instruct-FP8
Uncertainty

Vision of Cal Report Generation App
* Human readable reports

* Digital reports

* Places data in repository

Present version (in test stage)

e Pulls customer metadata from e-commerce
system and other data bases

* Pulls required elements from a report
template

* Allows user entry and editing

* Allows the importation of data into tables
from various sources

* Allows importation of images.

2026-05-11 18:53

Uama-4-Maverick-176-128E-Instruct-FP8
Uncertainty

Calibration Report Gensrator

*
®

Config fie Software Version
\; [320

K C\Digital NIST\datavini fes\SRG_Report Test L.ini

B

o] READ CONFIG

Tab Sclection > B Net

WRITE CONFIG

@

i

RESET

LOOKUP ORDERS
IN SALES FORCE
Repe 1o

Supercedes? . Supercedure Date | YV/MM/DD n;‘

N GENERATE

& S

Statement

ExIT

g
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Vision of Cal Report Generation App
* Human readable reports

* Digital reports

* Places data in repository

Present version (in test stage)

e Pulls customer metadata from e-commerce
system and other data bases

» ®

i =]
& ]
(& ]

; i LOOKUP ORDERS

IN SALES FORCE

=N GENERATE
REPORT

Config Fle Software Version
C:\Digital NIST\datalini fles\SRG_Report Test 1ni ® 320

gcog

Tab Selection > Cust Info/Cal. Sermce/Cel. — & preios | [ Nea
Customer/Company Name NIST Caibration Service

[NisT Title

Spinning Rotor Gages, below 0.1 Pa, Nitrogen Ges Customer
Pointis) of Contact Centreler
acob Ricker
Service IDI/SKUS)

Division/Department

Pressure and Vacuum

Street®  Street Name

i Bureau Dime

Gty

Gathersburg

Additional Address Information

Phase 1: Report Generation Application

Vision of Cal Report Generation App
* Human readable reports

* Digital reports

* Places data in repository

Present version (in test stage)

* Allows user entry and editing

2026-05-11 18:53

7 Calibration Report Generator

» ®

l I READ CONFIG

WRITE CONFIG

bl

LOOKUP ORDERS

IN SALES FORCE
(=% GENERATE
@B  ReroRT

EXIT

:

Config File Software Version
hc Digital NIST\data\imi files\ SRG_Report Test 1.ini 53 320
Tab Selection > Uncertainty Analysis »  Next

@ Previous

Uncertainty Anaiysis - Description
| A pressure measurement made with this gauge will have a relative standard uncertainty of
|U_tP.\text{user}} =2(u_{\sigma}*2 + (u_T/2)42 + u_{\text{RD}*2 +u_A"2 +u_{\text{LTS}}A2|~{1/2}.

$S

|where
|\begin{itemize}

\item Su_{\sigma}$ = relative standard uncertainty of S\sigma$ at the time of calibration

\item Su_TS = relative standard uncertainty of the user's temperature value

\item Su_{\text(RD}}$ = relative standard uncertainty of the residual drag measured by the user

\item Su_AS =Type A relative standard uncertainty of the measurement reproducibility

\item Su_{\text{LTS}$ = relative standard uncertainty due to changes of S\sigma$ after calibration
|\end{itemize}

For each contribution, the standard uncertainty toan . The expanded
| uncertainty SU_PS corresponds to a coverage factor Sk = 25, which means that if the user measures 3 value $P_(\
|text(user}} = P_{\text{SRG}}/\sigmas, the true pressure has a $95 \%S probability of lying within the interval $p_{\

text(SRG}(1 \pm U_P)$. More detail about the component uncertainties is given below. See Ref. (4] for amore
general discussion of calculating uncertainty.

{Su_f\sigmal$ s the total standard uncertainty of $\sigma$ at the time of calibration. The value of Su_{\sigmal$ is given
|on the first page of this report.

|Su_T$ is the relative standard uncertainty of the temperature of the user's vacuum chamber. The following example
illustrates the sienificance of this component: Suopose that the user enters into the controller a value that is in error
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Generated Report

Application produces report
in a standards format

Element for the DCC can be
easily identified.

.. |

\
e 48 . . 3
® F5e » Q ,(
- 024 c’\&\

. [Wearousing thedco schoma 5.50 |

Some challenges include:
¢ Semantics for measurands
* Representation of units

- ____________________________________________]
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Challenge — measurement data

Step Gauge
Gauge Block asured Length
Serial Nominal |}~ Deviati Deviatii ded ded Thermal (mm)
Number Size from from Uncertainty | Uncertainty | Coefficient
N Nominal Nominal ~ 0 0.000 000
(inches) (microil nm) (microinch) (nm) (ppm/deg.C) 1 20.000 829
3xx1 0.050000 3.1 79 16 40 115 2 39.998 598
29%x 0.062500 18 46 16 40 115 3 59.999 421
xx43 0.078125 0.6 16 16 40 115 4 80.016 336
XXX 0.093750 2.2 55 16 40 1.5 5 100.016 330
6 120.006 139
: 5
Zerodur Standard 7 140.006 568
Nominal Length Serial No. MeasuredTength Expanded Unvegtainty
1066.8 mm XXXXXXX 1069.061 581 mm +0.000 324 Center to center length
Pair
Ball Step Gauge CaB 7.4002
. o e— 1y
Serial # | ball # 3 4 5 6 7 8 AD 11.97934
8 x [\ 0| 84.978172[ 171.520669| 347.529320| 434.913054 519.931994| Sphere | Diameter (mm) X (mm) Y (mm)
[IIEE D 0] -0.0957902] -0.1773314] 0.1774144] 0.0947762 0| A 3.99808 0.00000 -60.57738
z |/ 0] 0.0809282 -0.0510297| 0.1516302] -0.0531777 0] B 3.99817 51.93053 | ———=36-77392]
[ 3.99756 54.78614 25.70726
D 3.99793 33.46687 47.65531
E 3.99846 -15.34780 52.61138
F 3.99790 -30.60699 48.35448

Metrology refType Database - PTB

Metrology refType Database
<dceidata>
<deo:list>
adec i quantity =
<siireallistxMLList>
<siilabel¥NLList=Oxxx Ixxx 2xxx lxxx</si:labelKMLList=

<siivalueXNLList=8.0858006 ©.061560 B, 878125 ©.093756</si:valueXMLList= renype
<situnit¥MLList=\inch</si:unit¥MLList=
<fsiireallistiMLList> — refType

</dec:quantity=

<t quant ity FEETS e S SN -
<siireallistrNLList=
<siilabelXMLList=Hxxx 3xxx 2xxx lxxs</siilabelXMLLists refType s
<siivalueXMLList=-3.1 1.6 ©.6 2,2</siivalusXMLList=
ssitunit¥MLList=\microdinch</si unitXNLList>
<5i:expandedUnckMLLL st=
<siiuncertaintyXNLList=1.6 1.6 1.6 1.6=/si:uncertaintykNLlists
<si:coverageFacterkMLList=2</si:coverapeFactorkMLList=
<si:coverageProbabil ityXNLList=0.95</si: coverageProbabil ityXHLList> BibBographic note
</si expandedUnckMLListe
</si:ireallist¥MLList=
</dec:quantity= More specific terms

Definition note

Historcal note

< daanily ESFTYpE LNt LingarThernalExp ans lanCasFristont - a, -
<siireallistkMLList= 3

<si:labelXNLList=Hxor 3xxx Drxx lxxxs/si:labelXMLList= 8 >
<sitvalueXNLList=11.5 11.5 11.5 11.5%/si:valueXNLList= & >
<si:unit¥MLList=\micre\degreecelsiushtothel-11</si unitxMlList= mhca gl >
«fsireallistxnLLists A >
<fdco:guantitys L

<fdee Lists & >
<fdceidatas & >
s>

https://digilab.ptb.de/dkd/refType/vocab/index.php
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Measurand Taxonomy - M|

<dee:list»
<dec:quantity refType=*HEESUEeEngEEEnGEn" >

<dccinama> mii- Approved Taxons
<dccicontent lang='"en'=Center to center distance AB</dccicontents= taxonomy A

</dccinama= G

<si:real>

<si:label>AB=/si:label>
<siivalue=7. 67826</si:value= "
csiiunit>\milliv\metres</si unit> ecnisson o Tt
<si:expandedincs "
=si:uncertainty=8.000068=/si:uncertainty>
<siicoverageFactor»2</si:coverageFactors
<siicoverageProbability=0.05</5i:coverageProbability>
</si:expandedinc>
«/sdireal=
<dccimeasurementfetalatax
<dcc:metabata=
<dcec:datar
<dee:iguantity refType:* NeaSuFelengEUStAFEPEIREY " >

Center to center length

=sireal> Pair
<siivalue8, B8AE0</si:value>
<siiunit=ynilli\metre</siiunit= AB 7.67826
<fsi:real= AC 10.43656
<fdcciquantity= AD 10.96934

<deciguantity refTypes " IEESUEEUERGERREREPEIRED " -

<si:real= 3 <
° B Sphere Diameter (mm) X (mm) Y (mm) Z (mm)

isiivaluera gelsec/siivatuer A 3.99998 0.00000 -60.45678 -0.14998

“siiunitinillivnetre=/siunits B 3.99967 51.93053 -30.76692 0.06198

(,dc;;i;:::;: c 3.99856 53.43614 28.70726 -0.26439

</dceidatas D 3.99893 33.46327 48.75531 -0.01995

<fdeeinetabata E 3.99896 -15.34432 52.49038 -2.01542

<fdce:measurenentMetabata F 3.99799 -20.79699 43.35448 1.13460

d H tit .
“fdeeiquantity https://github.com/NCSLI-MIl/measurand-

“ydee: st taxonomy/blob/main/MeasurandTaxonomyCatalog.xml

Representation of units

* This is a challenge we have not yet addressed

Sl and non-Sl units are used in reports
e Can be defined in DCC schema

Sl units link to definitions in Sl-reference point
Possibly use D-SI
* https://gitlab1.ptb.de/d-ptb/d-si/xsd-d-si

- |
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Phase 2

Calibration
Storefont

MeasurementMetaData

MeasurementResult

Lab Work

* We wantto produce DCC upon request and give stakeholders digital access to their
data
* We are developing an application and repository model to facilitate this
* Presently, harmonized semantics formeaureands is required
* We will need to develop tools for external users to access DCCs and their data

Start using application with a small
number of services

Test Phase 1 Application

Implement phase 2
(repository)

Develop phase 3
(external user tools)

Improve app

- _______________________________________]
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Summary: what was not discussed

Challenges not discussed are related to infrastructure and culture
* Getting resources for development and implementation
* Getting calibration folks to adopt the new template and application
¢ Some services have their own automatic report generation which works well.
How do we ingrate the new application?
* How do we fold historic databases into a common model?

Start using application with a small
number of services

Test Phase 1 Application

Implement phase 2
(repository)

Develop phase 3
(external user tools)

Improve app

Jim Fedchak John Quintavalle Wei Ren Catherine Cooksey

Many thanks to the calibration digital
transformation team

QEBRAT,

' NATIONAL INSTITUTE OF
N lsr STANDARDS AND TECHNOLOGY
” o U.S.DEPARTMENT OF COMMERCE
25 yEp®
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P04 Christian Sander:
Digital accreditation symbol: machine - readable,

fraud - proof, and verifiable - benefits and experiences
for the DCC

Presenting author: Christian Sander [1],

E-mail address: csander@testotis.de

Additional authors: Nil

Institute:

[1] Testo Industrial Services GmbH, Gewerbestralie 3, Kirchzarten, 79199, Germany

Keywords: Digital Quality Infrastructure, Digital Accreditation Symbol, Trusted Digital Attesta-
tions, Electronic Seal (eIDAS), Digital Calibration Certificate (DCC)

Abstract

The increasing digitalization of quality infrastructures and conformity assessment processes
is transforming how accredited calibration laboratories create, secure, and communicate con-
formity statements. As industrial ecosystems adopt fully automated workflows, digital product
passports, and machine-readable documentation, the need for trustworthy and technically ver-
ifiable digital attestations has become essential. This presentation introduces the concept, mo-
tivation, and practical experiences associated with the Digital Accreditation Symbol as im-
plemented by the German Accreditation Body (DAKkS), and its integration into digital calibra-
tion certificates (DCCs) and other electronic conformity assessments.

The digital accreditation symbol acts as the machine-readable, tamper-evident counterpart
to the traditional visual accreditation mark used in conformity assessments. Based on a quali-
fied electronic seal—issued according to the EU eIDAS Regulation (EU No. 910/2014)—the
system links the legal entity, accreditation number, accreditation activity, and issuing accredi-
tation body into a cryptographically protected trust anchor. This ensures that digital conformity
statements can be verified globally and in real time, independent of document format (PDF or
XML), software environment, or data exchange platform.

The presentation outlines the technical architecture underlying the digital seal, the issuance
and verification mechanisms, and the interoperability enabled through widely used validation
services such as the EU DSS (Digital Signature Service) platform. Practical demonstrations
illustrate how authenticity and integrity can be automatically validated in both PDF calibration
certificates and XML-based DCCs, including detection of even minor modifications.

Finally, the presentation highlights the value for calibration laboratories and their customers:
global real-time validation of accreditation status, strengthened protection against manipula-
tion, the ability to replace legacy signature methods, and the acceleration of fully machine-
driven processes. By enabling secure digital evidence chains, the DAKKS digital accreditation
symbol forms a cornerstone for future-ready digital conformity assessment and supports the
international deployment of digital calibration certificates.

Back to Table of Contents above
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Presentation #P04 of Christian Sander

DR-ING. CHRISTIAN SANDER Be sure. t&

6TH INTERNATIONAL DCC CONFERENCE

Digital accreditation symbol:

machine-readable, fraud proof, and
verifiable — benefits and experiences for

the DCC

Your speaker

» Dr.-Ing Christian Sander
» csander@testotis.de

» www.testotis.de

www.testotis.de

Be sure. [{zi:11
2016 — Doctorate in MEMS technology at the University of Freib

2017 — Product engineer at TDK-Micronas in Freiburg

2018 — Metrology manager at Testo Industrial Services

2021 — Laboratory manager at Testo Industrial Services

Since 2023 — Head of Innovation at Testo Industrial Services
Since 2020 — Chair of the DKD Technical Committee for Length

Since 2020 — Member of the German Accreditation Advisory Board in
the field of metrology

31.03.2026

Testo Industrial Services 2

2026-05-11 18:53
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Be sure.

» DIGITAL QUALITY INFRASTRUCTURE AND
DIGITAL SERVICES

» TECHNICAL AND LEGAL BASIS OF THE
DIGITAL ACCREDITATION SYMBOL

» FAKE-PROOF AND AUTHENTIC

» IMPLEMENTATION AND APPLICATION

» ADDED VALUE FOR ACCREDITED BODIES
AND THEIR CUSTOMERS

Testo Industrial Services 3

Quality Infrastructure

Luniaiceu saiety and health
Decreased environmental impact

Consumers and the general public

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

- ______________________________________]
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Digital quality infrastructure Be sure.

» Quality statements, such as calibrations by accredited bodies, are required in
international trade as evidence that products and services are compliant

* Secure trust in conformity assessment
° Chains of evidence are becoming increasingly digital (e.g., DPP)

» Industry and conformity assessment bodies are increasingly working in a digital
interconnected and automated framework

* Digital attestations of conformity, such as DCC, are being introduced

» The digital space poses risks for the reliability and recognition of conformity
statements

* Trustworthy digital proof of accreditation

31.03.2026 Testo Industrial Services 5

Kaltrer- und Priftabos fir elehische. mechansche, Gmersicnsle, thermodynamische
anaiyische und Durchuss-Mesegraden

b 203 et sty AR SRS AT AT 33 o et ik

iicate daiod 23.07.2024

Kalibrierschein / Calibration Certificate

erstellt durch das Kalibrierlaboratorium
Issued by the calibration laboratory

Apweictung Duia

Testo Industrial Services GmbH
79199 Kirchzarten

Gogenstand tosto 1751

Hrsielar TESTO SE & Co. KGaA
Morusaciu

e 0572 1754
5o

FabrikatiSorien Nr 40305659 105
Seéol rarw

Equipment Nr. 11500417
rumoar

Deutsche
Akkreditierungsstelle
D-K-15070-01-00

(( DAKKS

Datum dar Kalbeierung 2072004

Datum dor Rokalibriorung 23072028

S
S e
Batum
o
B @?&A_ S
o ‘Sancer Verena Hug
T — p— O — G, e o o s
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Digital quality infrastructure Be sure.

» Quality statements, such as calibrations by accredited bodies, are required in
international trade as evidence that products and services are compliant

¢ Secure trust in conformity assessment
¢ Chains of evidence are becoming increasingly digital (e.g., DPP)

» Industry and conformity assessment bodies are increasingly working in a digital
interconnected and automated framework

¢ Digital attestations of conformity, such as DCC, are being introduced

» The digital space poses risks for the reliability mutual recognition of conformity
statements

* Trustworthy digital proof of accreditation

» Introduction of a digital accreditation symbol

° Ql-Digital with cooperation of DAkkS and BAM (Federal Institute for
Materials and Testing) and many more

31.03.2026 Testo Industrial Services 7

Goal of the digital accreditation symbol Be sure.

. Enable technically
Protection of .
e secure, machine-
accreditation statements .
. . readable confirmation of
in the digital space .
. conformity

o S
Application in all sectors . AB — | Supporting digital
and accreditation — transformation
activities Q -

. Easy to use, cost-
Enabling a secure global . ’
diggital chain o? effective, globally

traceability scalable

31.03.2026 Testo Industrial Services 8
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Technical and legal requirements

» Machine-readable counterpart to the existing “pictorial” DAkkS
accreditation symbol, which can be technically verified worldwide in real

" (( DAKKS
Deutsche
» The legal basis is the eIDAS Regulation (EU) No. 910/2014 — legal Akkreditierungsstelle
framework for electronic signatures, electronic seals, and electronic time D-K-15070-01-00
stamps

» Technical basis is electronic seal — digital company stamp with additional
accreditation information

* Name of the legal entity (authenticity)
* Intactness of document (integrity)
° Unique accreditation number
o e.g., DAkkS00-DE-K0-15070-01-00
° Reference to accreditation body, country, and accreditation activity

31.03.2026 Testo Industrial Services 9

Requirements for Applying a Digital Seal under eIDAS Be sure-@

» Qualified Certificate
* qualified certificate from a Qualified Trust Service Provider (QTSP)
* granted EU-wide legal presumption of integrity and correctness
* Contains public-key

» Qualified Electronic Seal Creation Device

* Secure private-key storage (a digital safe for
cryptographic keys)
* Creation of legally recognized qualified seals

» Compliant workflow for seal application

° generated seal (signed hash + certificate metadata)
is attached to or embedded in the electronic document

* Service is often provided by third-party providers

31.03.2026 Testo Industrial Services 10
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Laboratory
digital report Be sure. @

(document)

Generating a
unique checksum

N2

Checksum
(Laboratory)

-

Electronic Sealing
(encrypted checksum)

31.03.2026

Laboratory Transport ‘
digital report Be sure. {izi1e

(document)
= > — =

Generating a digital report
unique checksum (dOCU ment)

N2

Checksum

(Laboratory)

R =
C Electronic seal

(encrypted
checksum)

Electronic Sealing
(encrypted checksum)

31.03.2026

e —
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Laboratory Transport Customer

digital report Be sure. G
(document) N\
1w el
Generating a digital report Generate a unique
unique checksum (document) checksum
Checksum Checksum = ?
(Laboratory) 1\
Decrypt checksum
[~ Gy — .
Electronic seal m
) ) encrypted
Electronic Sealing (h E/p ' Electronic signature
(encrypted checksum) checksum) (encrypted checksum)
13

31.03.2026 Testo Industrial Services

Signatur is
Fake-proof and authentic — pdf calibration certificate valid:

» Adobe Acrobat Gegerstand Transmaer mt Anzege PO Ouen Katrecson coumacto oo Accreditation
Irteenalonsle Envetensysiem (S1) De . q
S == ——— e | DS et & valid at the time
lidierungsstatus Elupeds b domaton b Mcadiais f li
R e i of sealing
iftist GU i ial Seni Sarien sth s S ke
LD L ist GULTIG von Testo Industrial Services GmbH). Gogeretan. Das Libranm got
- Das Dokument wurde nach dem Unterschreiben nicht mehr geandert. .
- Die Identitat des Unterzeichners ist giiltig. Zertifikatdaten:
Name Wert 2]
B Version 3
B Unterschriftsalgorithmus RSASSA-PSS
= Antragsteller serialNumber=DAkkS00-DE-K0-15070-01-00, 2.5.4.97=DT-DE-1
= Aussteller 2.5.4.97=NTRDE-HRB74346, cn=D-TRUST CA5-22-2 2022, 0=.
L ‘ ‘ [ Seriennummer 68 E8 8C 4A 96 1B 0A4F FB BC 0C B8 BCECE6 B1
[ Gultigkeit beginntam 2025/01/20 14:42:39 +02'00°
%= ETE @ Galtigkeit endet am 2027/01/24 14:42:39 +02'00° ]
oisifid Ao IR S T - S
Konformititsaussage Pass serialNumber=DAkkS00-DE-K0-15070-01-00
S_o Y cuciomey) 2.5.4.97=DT.DE-1144693809
Weitere Informationen auf Seite 4 |=Kirchzarten
e e cn=Testo Industrial Services GmbH
0=Testo Industrial Services GmbH
‘slenden Kaibrerabomsbrums. c=DE
Datum Tefer aos Frogi
Date Head of e calbration lsborstcry Aoovo
D Chishan Sander Tama

Testo Industrial Services GmbH byt NN e K

31.03.2026 Testo Industrial Services

2026-05-11 18:53 Page 196 of 520



6" international DCC-Conference

2026-02-24 to 2026-02-26

Signatur is

Fake-proof and authentic — pdf calibration certificate valid:
» DSS Demonstration WebApp

Qualification:

Qualification Details:

Signature format:
Indication:

Certificate Chain:

On claimed time:

Signature SIGNATURE_Testo-Industrial-Services-GmbH_302ataleOtldmli
<Certificate I

AdESeal-QC &

PAdES-BASELINE-B

)
% Testo Industrial ¢
S D-TRUST CA5-22-
S D-TRUST Root CA

2025-07-3107:14:38 (

Accreditation
valid at the time
CERTIFICATE_Testo-Industrial-Services-GmbH 20250120-1242">
<SubjectDistinguishedName Format="CANONICAL">2.5.4.5=#131944416b6b533030
<SubjectDistinguishedName Format="RFC2253">2.5.4.5=#131944416b6b5330302d
<IssuerDistinguishedName Format="CANONICAL">2.5.4.97=#130e4e€545244452d48
<IssuerDistinguishedName Format="RFC2253">2.5.4.97=#130e4e545244452d4852
<SerialNumber>139447169879495309250663697157632878257</SerialNumber>

<SubjectSerialNumber>DAkkS@0-DE-K@-15070-01-00</SubjectSerialNumber>

<CommonName>Testo Industrial Services GmbH</CommonName>
<Locality>Kirchzarten</Locality>

<CountryName>DE</CountryName>
<OrganizationIdentifier>DT:DE-1144693809</0OrganizationIdentifier>
<OrganizationName>Testo Industrial Services GmbH</OrganizationName>

Best signature time: 2025-09-14 13:40:18 (UTC) &

Signatures status: 1valid signatures, out of 1
Document name: T254564_mit_sig.pdf
31.03.2026 Testo Industrial Services 15

Be sure.

Fake-proof and authentic — pdf calibration certificate
» DSS Demonstration WebApp

Signature SIGNATURE_Testo-Industrial-Services-GmbH_20250730-0917 Iy

Signatur is not
valid!

Qualification: Not AdES but QC @

Qualification Details:

XAdES-BASELINE-B

TOTAL_FAILED i x]

The reference data object is not intact!

Signature format:
Indication:

Sub indication:

AdES Validation Details:

Document Information

% Testo Industrial Services GmbH
S D-TRUST CA5-22-22022 B8 © D-Trust Gn
S D-TRUST Root CA 52022

Certificate Chain:

Signatures status:

On claimed time: 2025-07-3009:17:53 (UTC) Document name: DCC_turbine_IMEKO-2025_sig_neu_changed.xml
Best signature time: 2025-09-14 14:04:03 (UTC) @
Maximum validity time: N/A @ L

31.03.2026 Testo Industrial Services 16
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Implementation and application of digital Be Sure-®
accreditation symbol

» Application process has been running since April 2024 for all CABs at DAkkS

» Process duration approx. three months - Receipt of certificate and private-key

» Costs for certificate: approx. 500 € /year
>

Works with all formats commonly used in conformity assessment (PDF, XML, etc.) > eAttestation

» Sealing process
° By proprietary software in own IT development
» Compliant WF / security and updates is personal responsibility !!
° By third-party providers
o Compliant WF guaranteed / monthly updates guaranteed

* Typical Costs
o 10.000 sealing/year: 1.200 €/year (0,12 €/seal)
> 100.000 sealing/year: 12.000 €/year (0,05 €/seal)
> 1.000.000 sealing/year: 18.000 €/year (0,018 €/seal)

31.03.2026 Testo Industrial Services 17

Added value for accredited bodies and their customers Be sure. @

Acceleration of customer

Protection of processes (purely
accreditation statements mechanical processes)->
in the digital space Time savings/cost savings

Real-time global
validation of
accreditation statements
by third parties

Previous signatures can
be replaced

Global validation of the
authenticity and integrity
of eAttestation in real
time

Automated application
(e.g., via LIMS, ERP,
etc)

Enabling secure chains
of evidence worldwide

31.03.2026 Testo Industrial Services 18
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Be sure. %

SIEMENS

™\ Boehringer
|HII Ingelheim

Meeting 24.10.2024 Ingelheim Meeting 15.01.2025 Gerlingen

31.03.2026 Testo Industrial Services

Ihr Referent Be sure. @

Thank you for your attention

Dr.-Ing Christian Sander
Kontaktdaten:
csander@testotis.de

+49 7661 90901-8166

www.testotis.de

31.03.2026 Testo Industrial Services 20
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P05 Gisa Foyer:
A challenge to test interoperability of DCCs for weights

Presenting author: Gisa Foyer, [1]
E-mail address: gisa.foyer@ptb.de
Additional authors:

o Julian Haller [2] julian.haller@sartorius.com

e Christian Muller-Schdll [3] christian.mueller-schoell@mt.com

e Stuart Davidson [4] sd@npl.co.uk
Institute:
[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
[2] Sartorius Lab Instruments GmbH & Co. KG, Goettingen, Germany
[3] Mettler-Toledo Int. Inc., Greifensee, Switzerland.
[4] National Physical Laboratory, Teddington, United Kingdom.
Keywords: digital calibration certificate, interoperability, mass, weights

Abstract

The digital calibration certificate (DCC) was established for various reasons, one of them is
to achieve interoperability of calibration certificates between laboratories. As a basis for the
use of the DCC for weights, the Technical Committee on Mass and Weighing Instruments of
the German Calibration Service (DKD) started working towards this aim in 2020. The result is
an extensive expert report on how to write mass DCCs for weights, weight sets and mass
standards [1], The logical consequence, after discussing rules for mass DCCs, was to validate
XML files against those rules and also test the interoperability. For this purpose, the DCC mass
Interoperability Challenge started in the beginning of 2025 [2],

The challenge was addressed to international mass calibration laboratories including
mostly, but not solely, national metrology institutes. Three scenarios for mass calibrations with
different complexities were created by listing the relevant data in an unstructured way. The
laboratories were then asked to “translate” these into DCC format while considering all pub-
lished rules and publications. Overall, seven laboratories participated with one or more exam-
ple files. These were first tested against the expert report rules using Schematron and then
evaluated against expected results to calculate an overall “interoperability score”.

The immediate result of the challenge was a list of questions and comments for the DCC
Wiki, the DKD refType database and for the Expert report DKD-E 7-2 [1], These are very val-
uable as they identify errors in descriptions, existing contrary information and included sug-
gestions for improving the documents to be more helpful for users.

The evaluation of the XML files revealed a wide range of possibilities to solve the given
challenge. The overall “interoperability score” was 56 % for the single weight scenario meaning
56% of the interoperability relevant information such as serial number of weights and the con-
ventional mass result were findable and correct (i.e. in accordance with the data given in the
scenario description). The reasons for the remaining 44 % were caused mostly by typograph-
ical errors in the refType attributes or in measurement units, but also by (human) misinterpre-
tation of the given scenarios which cannot be assigned to interoperability. With higher com-
plexity of the scenarios the interoperability score got smaller. However, it can be pointed out
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PR

that most of these errors are 1) easily correctable and 2) detectable with a Schematron valida-

tion.

DCC

Expert Report
DKD-E 7-2

Basic properties:

- Machine-readable
- General structure
- Flexible

Community specific:
- Structural rules

- ldentification rules
- Application rules

?

O

Full interoperability:
DCCs from all
calibration labs can
be handled the same

way

Figure 1. Assumption of full interoperability when adhering to the DCC schema and community specific rules

References:

[11 G. Foyer, M. Hafner, J. Haller, C. Muller-Schdll, S. Osang, and A. Scheibner, (2024):
“Expert report DKD-E 7-2 Instructions on how to use the DCC schema to create a digital
calibration certificate for weights and weight sets, Edition 01/2024, Revision 7,”
https://oar.ptb.de/resources/show/10.7795/550.20240119B

[2] J. Haller and G. Foyer (2025), “Interoperability of DCCs for weights and weighing instru-
ments through standardization f in IMEKO TC-6 International Conference on Metrology
and Digital Transformation - M4DConf 2025,
https://www.imeko.org/publications/tc6-2025/IMEKO-TC6-2025-009.pdf

Back to Table of Contents above

Presentation #P05 of Gisa Foyer

A challenge to test a
interoperability of
DCCs for weights

Gisa Foyer, Julian Haller, Christian Muller-Schall, Stuart Davidson
6! International DCC Conference

2026-05-11 18:53 Page 201 of 520


https://oar.ptb.de/resources/show/10.7795/550.20240119B
https://www.imeko.org/publications/tc6-2025/IMEKO-TC6-2025-009.pdf

6" international DCC-Conference
2026-02-24 to 2026-02-26

aPIB

DCC Mass — Achieving Interoperability

bt

o

[temperature =2 1=1-] Ifloence |
(s T 0
DCC
Expert Report
DKD-E 7-2

-

Basic properties:

- Machine-readable
- General structure
- Flexible

Community specific:
- Structural rules

- ldentification rules
- Application rules

Full interoperability:

DCCs from all
calibration labs can
be handled the same
way

Assessing interoperability of mass DCCs through comparison of
test DCCs issued by different parties

DCC Conference 2026

DCC for mass/weights

» DKD expert report published in April 2022
* Focus: weights
* Instruction on how to fill the DCC template
» Mostly applicable for mass standards as well

* https://doi.org/10.7795/550.20220419B
(English version)

DCC Conference 2026
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o

reflD: item1

| norm: OIML R111-1:2004 |

temperature airDensity

name: Temperatur | | name: Luftdichte

Rules
Identification of
weights
serialNo
value: 12sfr; name: serial No | renype
R | id & refld
identifications
marking Typical influence
value: *; name: Markierung COI’]diﬁOﬂS

mass

ID: item2

identifications

Nominal value

data measurementValue

marking

value: +; name: Markierung

refType —

nominalValue

sizreal:
si:real: si:value: 1.99999
si:value: 2 si:unit: \kilogram

si:unit: \kilogram si:uncertainty: 0.0003

DCC Conference 2026

What happened next...

o

Expert group active again from September 2022 to January 2024

Physikalisch-

description

name: Case

description:
in transport
container

name: 1 kg silicon sphere

Manufacturer

Technische
Bundesanstalt

identifications

basic_serialNo
issuer: manufacturer
value: SiQPkg_02_a
name: serial no.

mass_material
issuer: manufacturer
value: natural silicon
name: material

mass_shape

issuer: manufacturer
value: sphere

name: form

nominalValue

rounded or approximate value of a characterizing quantity of a measuring instrument or measuring system that provides guidance for its appropriate use

PREFIX: mass_

NOTE 1: VIM 4.6 ,nominal quantity value"

NOTE 2: nominal value can be a means of identification and part of a result
ELEMENT©: | dccidentification in deciitem

ELEMENT 2: dcc:quantity

DKD expert report revised in January 2024

* Focus: mass standards
* Includes sections on volume and density
* https://doi.org/10.7795/550.202401198B

(English version)

DCC Conference 2026
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What about interoperability? %o

Object of calibration: Object of calibration:

1kg 1kg

2kg 2kg

End date of calibration: 2019-06-28 End date of calibration: 2021-06-02
Issue date of calibration certificate: 2019-07-03 Issue date of calibration certificate:
Nominal value (dcc:itemQuantity) Nominal value (dcc:itemQuantity)
Nominal mass 1 ‘kilogram Same req uest for 2 Nominal value (dcc:result)
Nominal mass 2 \kilogram XML-files

= Not interoperable,
because refTypes have
been changed

Nominal value (dcc:result)
Nominal value 2 \kilogram

Nominal value 1 ‘\kilogram

Expert report 2024 Expert report 2022
DOI: 10.7795/550.202401198 DOI: 10.7795/550.202204198

DCC Conference 2026

How we test interoperability o

<dcc:items> <xs:element name="item*“
<dcc:item> type="dcc:itemType“
maxOccurs="unbounded"/>

</dcc:item>

</dcc:items> => XML must have at least one

item
=> All elements must be closed in = Item must be of itemType

the correct order

<sch:assert role="error" test="@id"> Standardised name of item
Id is missing Additional identification
</sch:assert> Something we missed

=>» Item must have an id

DCC Conference 2026
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o

Expert
report

What do we need?

1. Examples for testing (Phase 1)
=>» Create scenarios

Timeframe and information

1.

Finished in
February/March 2025

DCC_mass - Interoperability Challenge: Scenario 1

=> 3(.5) scenarios

Aiter s

. Value Uke2)

Topic Single OIML weight
Number (for XML-filename) Scenario1
Difficulty easy

Reference examples O Mass set

(can be used and altered) & Single mass

Wire | 100 mg +0.001 mg_|0.006 me

General information

* Fillone dec:identification with mass_orderNo: Scenario1

« Calibration laboratory: Please provide the real data for your laboratory

Challenge contents

o Single weight F2

* Nominalvalue: 1kg

wob_|508-0.06 ™ GoImE

e Conventional mass: 1kg+2.3mg(U=1.3mg)

* Tolerance assessment against MPE acc. to OIML R111

DCC_mass Interoperability Challenge

DCC Conference 2026

o

Expert
report

What do we need?

1. Examples for testing (Phase 1)
=>» Create scenarios

2. Means to test interoperability
(Phase 2)
=>» Create example XMLs
=> Create XSLT and Schematron
file to validate rules from the
expert report

3. Check if it works (Phase 3)
=>» Test XSLT and Schematron
and discuss results

Timeframe and information

1.

Finished in
February/March 2025
=>» 3 scenarios

Finished in August 2025

Started in September
2025 - ongoing

DCC Conference 2026
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Overview of the results %0

Several DCC examples from 6 participants for the scenarios
laboratories =>» 23 examples for 3.5 scenario
=> 4 different examples => 3 examples as “references”
=> Partly integrated as scenario 0

Question list with more than 30 Result at first glance

questions/comments => “typical” mistakes (unit error,

=> Typos and misleading information misspelled refType, missing
as wells as content questions information, ...)

=>» In the expert report, DCCWiki and =>» Recurring questions (shape of
refType database weights, interventions, ...)

DCC Conference 2026

o

Analysis with Schematron (scenario 1) o
Many small No interventions

a mistakes in this scenario!
o# Sl-units refType

No. Overall Errors Warnings Information | (error) (warning) | |Interwv.

1 6 2 4 0 0 3 0

4 3 1 1 1 1 1 0

s (13)Cs 71D 0 6 7D o0

SN—" e ——

12 2 1 1 0 0 1 0

15 3 2 0 1 2 0 0

19 1 0 0 0 0 0 0

28 4 3 1 0 2 1 0

31 10 5 5 0 0 3 0

DCC Conference 2026
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Analysis with Schematron (scenario 3) o
a Sl-units refType
Q No. Overall Errors Warnings Information (error) (warning) Interv.
a 3 28 24 4 0 0 3 0
7 23 23— 33 3
Looks worse
than it is! 11 (9m (83 2) 0 81 208 0
14 0 0 4 6
" 18 36 3 7 26 2 7 0
ere are
more errors in 22 43 ( 15) 28 0 0 28 ( 15)
interventions ~—~ ~
30 4 3 1 0 2 1 0

DCC Conference 2026

Quantification of interoperability e
% For each information piece:

a g 2 Score=100 % IF same as expected; 0 % OTHERWISE

a 2 Average interoperability score = 79 % for scenario1

order number Scw\snel
calibration start

Issue date

OIML class (set)

customer Test Customer
calibration end
ser

ofasing! well on the "set” level?

To be claritied: Should the serial number in case of a single weight be given as well on the “set” level?

t \kilogram
marking F1 Was not explicitly given

hape Cylind y of wai neaded
unit \ilogram\metrelt “brackets and blanks in unit” (wrong in examples)
conventional mass 1.0000023| N
unit \kilogram o
ep. MU 0,0000013)
measurement error 0,0000023 -
unit \kilogram
ep. MU 0,0000013 -
lower toler; 0,999984|
unit \kilogram

upper tolerance 1,000016|

it \kilogram

conformi ty pass

1% e 50% 2% 5% 39% 83%

DCC Conference 2026
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Quantification of interoperability (manual corrections) %0

% Correction of obvious mistakes that have nothing to do with
interoperability: score reaches 82 %

ight class in case of a sing| 5 well on the “set” level?

n one
serial number (set)
OIML class (piece)
nominal value

To be clarified: Should the serial number in case of a single weight be given as well on the "set” level?

Was not explicitly given
y ht shapes needed
it (wrong in examples)

“brackets and blanks

Not

One participant used \

One participant used \mg instead of \miligram
exp. MU

lower tolerance
unit

upper tolerance
unit

contormity

DCC Conference 2026

. o
Correction of examples Lo
a_ 2= \Why? To prove that you can “detect’/’forecast” interoperability

a# %2 \What?
%o General structure issues
% D-SI units
% Correct and/or add essential refTypes
%= Results: errors over all examples reduced from 476 to 45
Before corrections After corrections
Sl-units refType Sl-units refType
No. Errors Warnings (error) (warning) | No. Errors Warnings (error) (warning)
3 24 4 0 3 3 1 47 0 47
11 183 208 181 208 11 2 208 0 208
Reduction of errors Also: detecting new errors

DCC Conference 2026
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o

Correction of examples e
a % Results: errors over all examples reduced from 476 to 45
Q % Results: interoperability score raised from 79 % to 85 %
[~ ilit ~ | Participant1 | ~|Participant2 |~ |Participant3 | |Participant4 || Partici ~ | Participant6 |~ |Participant7 |~ |Overall
order number scenariol
calibration start 45694
issue date 45695
OIML class (set) 0
customer Test Customer
calibration end 45694
serial number (set) 0 -
OIMLclass (piece)  F2
nominal value 1
unit \kilogram
marking F1
shape Cylinder
unit \kilogram\metre\{
conventional mass 1,0000023
unit \kilogram
exp. MU 0,0000013
measurement error 0,0000023 ---
unit \kilogram e
exp. MU 0,0000013 ---
lower tolerance 0,999984|
unit \kilogram
upper tolerance 1,000016
unit \kilogram
conformity pass
1% 46% 67% 29% 75% 50% 88%
DCC Conference 2026

a % Summary
g % Challenge to draft DCCs to test interoperability
a % Development of tools to test interoperability
%= Check for open topics

% More detailed analysis still needed
%= Define more error cases e.g. refType, ...
% Correct examples for each case

% Check results again to test whether better
schematron results give better interoperability
(several iterations necessary)

% Refine analysis
% Some more discussions

DCC Conference 2026
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i /
METTLER ~ TOLEDO

@ METAS
Thanks to all the participants

© PQ

RETEEFHAR

National Institute of f Metrolo gy,China

https://www.imeko.org/publications/tc6-2025/IMEKO-TC6-2025-
009.pdf
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015 Bin Wang:
Research and Application of Digital Reference Material
Certificate System by NIM

Presenting author: Bin. Wang [1]

Email: wangbin@nim.ac.cn

Additional authors:
e Xiaohua. Lu [1]

Institute:

[1] National Institute of Metrology, No. 18, Bei San Huan Dong Lu, Beijing 100029, China

Keywords: Digital Reference Material Certificate, Information system, Research and Applica-
tion

Abstract

Reference material (RM) certificates are indispensable for proper use of reference materi-
als, playing an important role in guiding users to store and use reference materials correctly.
However, limitations have been found in paper certificates of reference materials, such as
waiting long for their preparation, high risk of loss, and lack of security measures.

NIM has actively carried out the research on digital certificates of reference materials to
explore more efficient technologies. NIM has studied bar codes for management of reference
materials and has established a digital reference material certificate system with authority con-
trol, electronic seal, time stamp and other encryption mechanisms involved.

Based on the varieties and batches of reference materials, the coding rules for two-dimen-
sional codes of reference materials are formulated and employed to uniquely manage each
unit of reference materials. A complete process of certificate template making, review and re-
lease has been designed as part of the manufacturing process for reference materials. Using
the interface development function of major social media platforms, the method of generating
and previewing documents by scanning the QR code on the label of a reference material with
a mobile phone is designed. Users may view and download all digital certificates generated by
their scanning through the special certificate management website page. The system has been
implemented and is currently in use.

In October 2020, NIM started the pilot project of the digital reference material certificate
system. Up to December 23, 2025, it had provided more than 2400 reference materials and
more than 901,000 copies of electronic documents for more than 90,000 users. The digital
certificate system not only improves the efficiency of document query and use, but also greatly
reduces the cost for document production and transportation. Through the user information
provided by the end-users, the reference material producers may obtain the specific applica-
tion fields of reference materials more accurately, establishing a more convenient communi-
cation channel between the reference material producers and users.

References:
[1] 1ISO 33401 (2024) Reference materials — Contents of certificates, labels and accom-
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panying documentation

[2] ISO 17034 (2016) General requirements for the competence of reference material pro-
ducers

[3] ISO/IEC 17025 (2017) General requirements for the competence of testing and calibration
laboratories
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1.Background

2.Research Content and Progress

Background
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- mp Certified Reference Materials in China
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By the end of 2025, there are more than 19440
certified reference materials in China.

- ) Technical requirements for reference material certificates

ISO 33401 (2024) Reference materials — Contents of certificates, labels
and accompanying documentation

reference material certificate

* document containing the essential information for the use of a CRM,
confirming that the necessary procedures have been carried out to
ensure the validity and metrological traceability of the stated
property values

RM document

» document containing all the information that is essential for using any
RM
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- » Disadvantages of paper certificates

1. Low production efficiency 4. Easily damaged
2. Single anti-counterfeiting measures 5. Small amount of information
3. Easy to lose 6. Easy to be tampered with

y

2 Research Content and Progress
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- B Main research content

The digital transformation of reference material
quality management

Digital reference material certificate

» The digital transformation of reference material quality management
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- B Main research content

Establish norms

Barcode encoding Certificate and label Certificate management,
rules template storage, and issuance process
—

Barcode generation and management

The barcode links the digital certificate to the physical item

—

Certificate generation, encryption, and storage

i,‘{;:,‘ﬂ’é{.?:,, Time stamp cloud storage backup

Certificate issuance and acquisition

. Social media and
Reading tools Access control T

|¢

B Main research content

Barcode encoding rules

- Type code sequence S
P q code
o 1> 11 10 9 8 7 6 5 4 3 2 1
index
2

EEl: o : &8 1 8 o0 0 0 0 1 X

File format

<RMCertificate>

<RMCode>GBW08608</RMCode>

<RMDescription>trace elements in water</RMDescription>
<BatchNo>21011</BatchNo>
<CertificationDate>2021/10/11</CertificationDate>
<PeriodOfvalidity>2022/10/10</PeriodOfValidity>
<Producer>National Institute of Metrology, China</ Producer >

</RMCertificate>
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- B Main research content

¥

Electropic seal

File transf

Internal
web server

qr Ry

System
relationship

Database server Internal Audit of [documents
database server

Web server
(mobile)

3

Rus Receiving Transportation

Packaging

- B Main research content

User Obtain information
authentica such as serial number,
tion and name, storage
log in conditions, etc

Fill in user

registration i i
egistratio information

Generate
certificate

Preview,print
and download

Receive email
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s ([

Function [ template ]Ejnlineedtion][ Upload ][ Review ]

[ Archive ][ Release ][ Check ][Verification]
Data e
Device

- B Main research content

Main Function

Electronic document system for RM

|
v v v v

User authentication module Document template making, Document query module Document management
review and release module module
T e [ —————— |
User registration I Makin QR code scannin ! Query by code and
: 1 ™ € . | deseription of RM
| |
Ligii | Uploading Outline information query | | Query by document
| 1 gencration ime
| I
Password management | L Review Preview and print of | Multidimensional statistics
| document 1
| I
I Release !
[ I
| |
e S s e N S S U — =)
v 3 v
Electronic seal Time stamp User information
loading

2026-05-11 18:53 Page 219 of 520



6" international DCC-Conference
l‘! 4 P I B 2026-02-24 to 2026-02-26

- B Current progress

The certificates of 2512 types of

labeled items have been digitized, with
a digitization rate of 100% . Over

User 931,000 digital certificates were

IELED [ API provided to more than 92,000 users.

ment ) / %

Role
II'III'IigEII'IEﬂ't #"“r; )\r& & P\:c ‘e._&

\ Ak

LS R ]

Time statistics

Certificate
Revocation

Certificate inquiry

[
Ea:: ! ...J
i
L] | | Il I I
e

areRa Eazan =R eoEsng mxiang =aEsng

® Fiiom @ memE O miomE

- ) Current progress

The digital certificate of the subject matter is
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Each unit of reference material has a
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Abstract

Reference materials (RMs) serve as anchors of measurement reliability in analytical labor-
atories, yet their documentation currently remains trapped in static PDF formats creating a
critical bottleneck for Industry 4.0 automation. While digitization has advanced for calibration
through the Digital Calibration Certificate (DCC), RM certificates still require manual data entry,
a time-consuming and error-prone process incompatible with modern quality infrastructure.
This paper introduces the Digital Reference Material Document (DRMD), a standardized XML
schema that transforms RM certificates into machine-interpretable assets aligned with
ISO 33401.

Developed by BAM (German Federal Institute for Materials Research and Testing) within
the QI- Digital initiative, the DRMD schema encodes essential metrological data through six
structured containers: administrative metadata, material descriptions, property measurements
with uncertainties, statements (e.g. on intended use and storage), comments, and digital sig-
natures. By integrating the Digital System of Units (D-SI) and limiting document types to "ref-
erenceMaterialCertificate" or "productinformationSheet," the schema ensures semantic in-
teroperability within federated data spaces like Quality-X and GAIA-X. Digital trust mechanisms
including PKI infrastructure, DAkkS’s digital accreditation symbol, and W3C verifiable creden-
tials guarantee authenticity and data integrity throughout the document lifecycle.

To accelerate digitization of legacy certificates, we developed an Al-powered DRMD Gen-
erator leveraging state-of-the-art Vision Language Models (VLMs). This pipeline employs doc-
ument layout analysis and LLM-based entity recognition to extract complex tabular data and
relationships from PDFs, outputting validated XML through a human-in-the-loop workflow. Ini-
tial deployment on BAM's 400+ reference materials demonstrates high accuracy in extracting
certified property values and metadata, enabling rapid integration into COMAR, the BAM-
hosted international RM database.

DRMDs enable laboratories to automatically load RM information into analytical instru-
ments, eliminating manual transcription while maintaining backward compatibility through dual
PDF- XML export. Through international collaborations, and integration with Asset Administra-
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tion Shells (AAS), the DRMD initiative will establish a cornerstone of digital quality infrastruc-
ture, enabling FAIR (Findable, Accessible, Interoperable, Reusable) metrological data for
global Industry 4.0-compatible quality assurance systems.
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THE DIGITAL REFERENCE MATERIAL DOCUMENT (DRMD):
TRANSFORMING STATIC CERTIFICATES INTO MACHINE-
INTERPRETABLE QUALITY INFRASTRUCTURE
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25.02.2026 Digital Reference Material Document (DRMD) 1

Agenda @.ﬂ < BAM

Introduction: QI-Digital Initiative

Context: Reference Materials as Anchors of Measurement

Problem & Solution: From Static PDFs to Machine-Interpretable Certificates
Technical Framework: The Six DRMD Schema Containers
Demonstration: Al Powered DRMD Generator

Summary: How the AI Digitization Works

Outlook: The Future Landscape of Digital Reference Materials

25.02.2026 Digital Reference Material Document (DRMD) 2
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®
INTRODUCTION: QI-DIGITAL INITIATIVE 1| 2 BAM

Ensuring quality smarter. With a digital quality infrastructure.

OUR VISION AND MISSION CO-OPERATING ORGANISATIONS
The Vision: Establishing a modern, efficient Digital Quality ; BAM  ((pawis DIN DKE PTB

Infrastructure (QI) that supports global value networks and
the Green Transformation.

irediterungsstclle

Metrology  Accreditation Standardization Standardization Metrology
The Mission: Rethinking practice and regulation to ensure & Materials
sustainability, resilience, and competitiveness for a modern Research
global quality infrastructure.

BAM is driving the development of a DIGITAL ECOSYSTEM for QI

PILOT PROJECTS
Digital Ql-Tools Modern Methods & Processes Digital Ecosystem With real-world test and

R&D environments

* SMART Standards * Data-/Al-driven Testing & * Standardized Data Sharing and

« Digital Calibration Certificate (DCC) Inspection Methods Management Reliable Hydrogen
* Digital Conformity Certificate * Remote Monitorings * Embedded in industrial digital Technology

* Dig. Reference Material Certificate * Predictive Maintenance ecosystems Additive

* Digital Accreditation Symbol * Remote Calibration * Integrating digital trust anchors Manufacturing
25.02.2026 Digital Reference Material Document (DRMD) 3

< BAM

[ 4
CONTEXT: Q1
REFERENCE MATERIALS AS ANCHORS OF MEASUREMENT

WHAT ARE REFERENCE MATERIALS? BAM AS A RM PRODUCER

s -t "". — ' >100 Years of Experience
- k100+ in RM production.

ISO 17034 Accredited
producer

- é 400+ Specialized Products
available via the BAM webshop.

» Anchors of Reliability: They serve as anchors

of measurement reliability in analytical laboratories. Hosting COMAR
The premier international database for
» Calibration Essentials: Crucial for calibration reference materials.

and ensuring global comparability of test results

25.02.2026 Digital Reference Material Document (DRMD) 4

e
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[ ]
PROBLEM & SOLUTION: Q] \ ; BAM
FROM STATIC PDFs TO MACHINE-INTERPRETABLE CERTIFICATES

PROBLEM SOLUTION

Schema: DCC-based XML schema for
ISO/IEC 17034 certificates, incorporating

Locked Data: Static PDFs block
—a automated workflows.

ISO 33401 content requirements.

Inefficiency: Manual entry slows

|

€
€

Digital Trust: W3C credentials for Secure

inaccuracies. and verifiable eAttestations (e.g., DAKkKS)

B
'k Error Risks: Manual entry leads to @

2

n
industrial processes. a integration.
1
| AI-Powered Generator: Converts PDFs

_\'/0 System Gap: Legacy files do not
0.\' support digital QI.

]

=
m Global Units: Seamless Digital SI
UL

]

to machine-readable data.

25.02.2026 Digital Reference Material Document (DRMD) 5
[ ]

TECHNICAL FRAMEWORK: Q1 < BAM
THE SIX DRMD SCHEMA CONTAINERS

..OADMINISTRATIVE DATA gﬁ MATERIALS |;_r€‘!_;3\| MATERIAL PROPERTIES
- Core Data: Unique Identifier, « Material List: Name, Description, + Properties: Name, Procedures

Document Title (Cert/Sheet), Validity. Material Class (ID, Reference). (Method, Norm), Results (Value, Unit,

Producer: Name, Contact, Electronic + Quantities: Minimum Sample Size, Uncertainty - SI aligned).

Seals. i Item Quantities. + Measurement Metadata.

Responsible Persons Roles, - Identifiers. -+ 'isCertified' attribute.

Signatures.

E% STATEMENTS wCOMM ENTS & DOCUMENTS EZB DIGITAL SIGNATURE
Intended Use, Storage Info, Handling & « Comments: Supporting notes and XMLDSig elements ('ds:SignatureType ')
Use Instructions, Metrological supplemental metrological data. for cryptographic signatures,
Traceability, Health & Safety, Legal « Documents: Ability to embed or link guaranteeing authenticity and integrity.
Notice, Certification Report Reference, external files (e.g., original PDF
Additional Statements. certificate)

25.02.2026 Digital Reference Material Document (DRMD) 6
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DEMONSTRATION: G\.‘i | 2 BAM

AI-POWERED DRMD GENERATOR

25.02.2026 Digital Reference Material Document (DRMD) 7

SUMMARY: Q‘i \ < BAM

HOW THE AI DIGITIZATION WORKS

KEY CAPABILITIES

Som— Visual AI Intelligence: Unlike
old text scanners, the AI "sees"
page layout like a human to place
data accurately while capturing its
actual meaning and context.

Legacy PDF Vision Language Human - in - the - Validated DRMD / Verified Reliability: Achieves 95
Certificates Model Loop Validation XML ( } — 100% accuracy even on messy

or complex certificate layouts.

Unstructured & non- Natively capture Split-screen for Machine-ready data;
machine-readable spatial layout and integrity and auto- single-click
document context highlight its source on integration. Ready-to-Use Data:
the PDF &l Automatically fixes units (D-SI)
°‘° and chemical identifiers (CAS)
o so the data is ready for your lab
software.
25.02.2026 Digital Reference Material Document (DRMD) 8
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OUTLOOK: G\.‘i | 2 BAM

THE FUTURE LANDSCAPE OF DIGITAL REFERENCE MATERIALS

4 N\
ENABLING FAIR DATA & INDUSTRY 4.0 INTEROPERABILITY
e v
Loy o= {(:):} Lo
Foundation for FAIR Enables automated loading of RM Establishes a cornerstone for a
metrological data in federated information into analytical globally compatible digital quality
\_ data spaces. instruments. infrastructure. )
4 N\
STRATEGIC COLLABORATION & NEXT STEPS
7{ ' $5 Eﬁ‘@

International Alignment: Digital Twins: Asset Scaling Up: Digitizing pdf
Harmonization with Administration Shell (AAS) certificates and integrating into
major stakeholders integration for manufacturing. databases such as COMAR.

. J
25.02.2026 Digital Reference Material Document (DRMD) 9

The Digital Reference Material Document (DRMD): ®
Transforming Static Certificates into Machine- @.1 ‘ ; BAM
Interpretable Quality Infrastructure

=1 The Problem: Static PDFs create data silos, causing

EQ manual errors and blocking Industry 4.0 automation.

. 3¢ . The Breakthrough: Al-powered VLM generator achieves
; °95-100% accuracy in converting PDF RM certificates into
JI% machine-interpretable XML.

{é:} The Impact: Enables direct integration into lab software
§=~ of analytical instruments, ensuring FAIR data globally.

Arumilli Punith Durga Prasad, M. Eng.
Research Associate - Digital Twins and Al
punith-durga-prasad.arumilli@bam.de =4 Call for Contributions: We are seeking your

expertise for the upcoming modelling of the DRMD

submodel for the Asset Administration Shell (AAS). Let’s
build the future of Digital Twins together.

25.02.2026 Digital Reference Material Document (DRMD) 10

Back to Table of Contents above

2026-05-11 18:53 Page 227 of 520



=z PIB oot cs 0 smeca
017 David Balslev-Harder:

DCX in Practice: Workflow and Generation of Digital Cal-
ibration Requests

Presenting author: David Balslev-Harder [1]

Email: dbh@dfm.dk

Additional authors:
e Sgren Kynde [1] srk@dfm.dk

Institute:

[1] Danish Fundamental Metrology — Danish National Metrology Institute (DFM), Kogle Allé,
DK-2970 Hgrsholm, Denmark

Keywords: DCC, DCR, cross-cutting, process-flow, standardisation

Abstract

The Digital Calibration Exchange (DCX) framework provides an emerging foundation for
structuring calibration-related information in a machine-readable and domain-independent
manner. In this contribution, we present practical experiences with applying DCX concepts to
support the full workflow leading to a Digital Calibration Request (DCR).

We describe a generic process flow that starts from an informal calibration need and pro-
gresses toward a structured DCR. The workflow includes identifying relevant measurands, de-
fining calibration points, uncertainties, and conditions, and preparing query expressions that
formally describe the requested results. While the implementation details differ between do-
mains, our experience suggests that the underlying approach is largely transferable across
metrology fields such as mass, temperature, pressure, and others.

Particular attention is given to the preparation of queries within the DCX framework. We
observe that many query structures show strong similarities across domains, even when the
specific physical quantities differ. This observation may indicate that a shared conceptual basis
for queries is feasible and could support harmonized digital requests without removing neces-
sary domain-specific flexibility.

The presentation also reflects on the requirements and foundations needed for standard-
ized DCRs and, by extension, Digital Calibration Certificates (DCCs). Rather than proposing a
finalized or authoritative solution, we outline practical prerequisites such as consistent termi-
nology, clear semantics, and alignment between request and result structures.

The aim of this contribution is to share lessons learned from early implementations, highlight

MANUFACTURING INDUSTRY

_

CALIBRATION
. DATA added

Data approved

Data analyzed for o A
& digitally signed

equipment release

Figure 1. lllustration of the full DCX process flow, from generation of DCR and xpath-querries, to calibration lab conversion
of received DCR into DCC and finally application of prepared xpath-querries to extract calibration data into client data-base.

both benefits and limitations, and invite discussion within the DCC community on how DCX-
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based workflows and standardized DCRs might gradually support more efficient, transparent,
and interoperable digital calibration processes.

References:

[1] 5 minute video introduction to DCX: https://www.youtube.com/watch?v=AmXMWAHjakw
[2] Webpage (2025): https://github.com/TC-IM-1448/DCC-Tables
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Result1_P1
True mean
value
(Pa)
-9.97
20,00
49,95

Object Repeat- Uncertainty | Measurement
b Hysterese | ity of reading | uncertainty
(Pa) (Pa) (Pa) (Pa) (Pa)
-10,57 0,00 020 01 + 0,40
19,40 0,00 0,00 0,1 0,38
43,50 0,10 0,00 01 0,39

Result Table
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0,00 0.20
0,00 0,00
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scope="
quantity=
unit="Pa"
datatype:<
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quantity=
unit="Pa"
datatype:<
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(Pa) (Pa) (Pa) (Pa)
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20,00 0,00 0,00 3 +0,38
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tableId=" " me rementConfigRef=" " numRow: " numCols=
">Calibration of equipment ID@15970</ >

Result Table

flaciwi sl panAK
-——

">Target value</

10

" unit="
ue mean valu

" unit="
">0Object mean value</

>
quantity=" " unit="Pa" scope="

Result Table

facimi € DANAK
——

Results : tableld=‘calRes0’
measurementConfig="‘conf1’

“targetValue’ ‘value’ ‘value’ ‘value’
‘reference’ ‘reference’ ‘indication’ ‘bias’
‘4-14.2|gauge ‘4-14.2|gauge ‘4-14.2|gauge €4-14.2|gauge
pressure|Pa’ pressure|Pa’ pressure|Pa’ pressure|Pa’
Pa’ ‘Pa’ ‘Pa’ ‘Pa’

01pnt-10
02pnt20
03pnt50
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Xpath’sfor measurementdata

Results : tableld=‘calRes0’
measurementfonfig="“confl’

‘reference’ ‘indication’ ‘bias’
‘4-14.2|gauge | “4-14.2|gauge | 4-14.2|gauge
pressure|Pa’ | pressure|Pa’ | pressure|Pa’
‘Pa’ ‘Pa’ ‘Pa’

<dcx:value> <dcx:value> <dcx:value>

01pnt-10

02pnt20 20.00

03pnt50  49.95

Xpath’sfor measurementdata

Results : tableld=‘calRes0’
measurementfonfig="“confl’

‘reference’ “indication’ ‘bias’
‘4-14.2|gauge | ‘4-14.2|gauge | ‘4-14.2|gauge
pressure|Pa’ | pressure|Pa’ | pressure|Pa’
[@ - ‘Pa’ Gle)® ‘Pa’
[@ =
(@ <dcx:value> <dcx:value> <dcx:value>
/dex:
/H@idx="2"]
/text()

0lpnt-10 -9.97
02pnt20  €20.00>
03pnt50  49.95
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Uncertainty>

‘bias’
‘4-14.2|gauge
pressure|Pa’
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<dcx:expanded
Uncertainty>




Xpath’sfor measurementdata

Results : tableld=‘calRes0’
measurementfonfig="“confl’

‘reference’ ‘indication’ ‘bias’
‘4-14.2|gauge | “4-14.2|gauge | 4-14.2|gauge
pressure|Pa’ | pressure|Pa’ | pressure|Pa’
‘Pa’ ‘Pa’ ‘Pa’

<dcx:value> <dcx:value> <dcx:value>

0lpnt-10 -9.97
02pnt20 20.00

03pnt50

Xpath’sfor measurementdata

Results : tableld=‘calRes0’
measurementfonfig="“confl’

‘reference’ “indication’ ‘bias’

‘A “..|gauge | ‘4-14.2|gauge | ‘4-14.2]|gauge

pressure|Pa’ | pressure|Pa’ | pressure|Pa’
[@ = ‘Pa’ ‘Pa’ “Pa’

@ - <drveunte-: <dcx:value> <dcx:value>
[@

/dex:
[H@idx="3"]
/text()

0lpnt-10 -9.97
02pnt20 20.00

03pnt50  49.95

2026-05-11 18:53 Page 234 of 520

6" international DCC-Conference
P I B 2026-02-24 to 2026-02-26

‘bias’
‘4-14.2|gauge
pressure|Pa’
“pa’

<dcx:expanded
Uncertainty>

‘bias’
‘4-14.2|gauge
pressure|Pa’
pa’

<dcx:expanded
Uncertainty>




6" international DCC-Conference
P I B 2026-02-24 to 2026-02-26

Xpath’sfor measurementdata

Results : tableld=‘calRes0’
measurementfonfig="“confl’

‘reference’ ‘indicatior’ ‘bias’ ‘bias’
‘4-14.2|eans~ | “4-14.2|gauge | “4-14.2|gauge | ‘4-14.2|gauge
viessure|Pa’ | pressurelpa2 pressure|Pa’ pressure|Pa’
‘Pa’ Pa’ ‘Pa’ ‘Pa’

<dcx:value> edrvens . <dcx:value> <dcx:expanded
Uncertainty>
0lpnt-10 -9.97
02pnt20  20.00

03pnt50  49.95

Xpath’sfor measurementdata

Results : tableld=‘calRes0’
measurementfonfig="“confl’

‘reference’ “indication’ ‘bias’ ‘bias’
‘4-14.2|gauge | “4-14 2= c | 4-14.2|gauge | ‘4-14.2|gauge
nnn~ cira’ | pressure|Pa’ | pressuralpa? pressure|Pa’
‘Pa | ‘P2z ‘ ‘Pa’ ‘Pa’

<dcx:value> |<dcx:va1ue> ¢drvenmss <dcx:expanded
Uncertainty>

0lpnt-10 -9.97

02pnt20 20.00

03pnt50  49.95
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Meas Calibrat | Internal
Config ed ref

items
Descripti

Request on

Internal Set of iteml  confl
ref weights,
1D: 030
Set of 6 Satorius F1 030 iteml Set of
weights of weights,
nominal D: 028
weight 20 kg o
o i X Results
Set'o 6 Satorius F1 028 item2 measurementConfig="*conf2’
weights of
nominal ‘value’ ‘value’ ‘expandedUncertainty’
weight 10
g ke ‘indication’ ‘bias’ ‘bias’
‘4-1|mass|kg’ | “4-1|mass|kg’ ‘4-1|mass|kg’

‘kg’ ‘mg’ ‘mg’

\
Weight_nol
Weight_no2 20

Weight_no3 20
Weight_no4 20

Weight_no5 20
| Weight_no6 20

Meas Calibrat | Setting refs | Internal Method

Config ed ref reerence
items

Descripti

Certificate on

Internal Set of iteml settingl confl methl
ref weights, setting2
ID: 030
Setof 6 Satorius  F1 030 iteml Set of setting3
weights of weights, meth2
nominal ID: 028
weight 20 kg Results
Setof 6 Satorius ~ F1 028 item2 measurementConfig=*conf1’
weights of
nominal ‘value’ ‘value’ ‘expandedUncertainty’
weight 10 kg ‘indication’ ‘bias’ ‘bias’
‘4-1|mass|kg’ | ‘4-1|mass|kg’ ‘4-1|mass|kg’
) o

kg’ ‘mg mg

Settings Parameter Value Internal ref

Weight_nol
Weight_no2 53

Description

Shape: MASS_shape CYLINDRICAL settingl
cylindrical

Weight_no3
Weight_no4

Material:
Steel

MASS_materi
al

setting2

Weight_no5 20 -23 53
Weight_no6

Shape: With
knob

MASS_shape Setting3
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Meas Config | Calibrated
items

Setting refs Internal ref

Description

Certificate g

settingl

Internal weights, ID: setting2
ref 030
Set of setting3
Setof 6 Satorius F1 030 iteml weights, ID:
weights of 028
nominal
weight 20 kg S
i . Results
Set'of6 Satorius F1 028 item2 measurementConfig=*conf2’
weights of
nominal ” 5 p 5 ” - "
weight 10 kg \./alt.Je . ve.xlue e).(pandedUncer‘talnty
“indication’ ‘bias’ ‘bias’
‘4-1|mass|kg’ | “4-1|mass|kg’ ‘4-1|mass|kg’

Settings Parameter Value Internal ref ‘kg’ ‘mg’ ‘mg’

Description ~ Weight_nol

Shape: MASS_shape CYLINDRICAL settingl Weight_no2 10 -12 27
cylindrical |

~ Weight_no3 10 -30 27
Material: MASS_materi  STEEL setting2 Weight_no4 10 -4 27
Steel al t

~ Weight_no5 10 8 26

Shape: With
knob

MASS_shape KNOB Setting3
Weight_no6 10 -10 26

Relation to refTypes

https://digilab.ptb.de/dkd/refType/vocab/index.php?tema=18&/reftype

Metrology Database

refType

~ recType

refType s

More specific terms
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Relation to refTypes

. e Special dataType for use in a column of a measurementResult
acceptancelimitLower

acceptanceLimitUpper scope="
adjustment quantity="
ambient unit="
appendix datatype:<
calibratedinterval Data inside this element must be numbers
calibrationMark

calibrationMedium

calibrationMethod
calibrationMethodDeviation
certificateNumber

conformity

Relation to refTypes

. . Special dataType for use in a column of a measurementResult
acceptancelimitLower

acceptanceLimitUpper scope="
adjustment quantity="
ambient unit="
appendix datatype:<
calibratedinterval Data inside this element must be numbers
calibrationMark

calibrationMedium

calibrationMethod
calibrationMethodDeviation
certificateNumber

conformity
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acceptancelimitLower
acceptanceLimitUpper
adjustment

ambient

appendix
calibratedinterval
calibrationMark
calibrationMedium
calibrationMethod
calibrationMethodDeviation
certificateNumber
conformity

Relation to refTypes

acceptancelLimitLower
acceptanceLimitUpper
adjustment

ambient

appendix
calibratedinterval
calibrationMark
calibrationMedium
calibrationMethod
calibrationMethodDeviation
certificateNumber
conformity

6" international DCC-Conference
2026-02-24 to 2026-02-26

Special dataType for use in a column of a measurementResult

scope="
quantity="
unit="
datatype:<

Data inside this element must be selected from the list:
pass

conditionalPass

noFail

noPass

Special scope indicating that the result is not directly related to the
calibration.

scope= "

quantity="

unit="°C"

datatype:<
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Relation to refTypes

B Unique element dcx:accredittionLabld in the unique
acceptancelimitLower dcx:accreditation section of the certificate

acceptanceLimitUpper < imageRefs=" >
. lang="en">Accreditation</
adjustment value="255">
X lang="en">CAL Reg nr.</
ambient S
i value=" >
appendlx lang="en">Accreditation body</
>

calibratedinterval
calibrationMark
calibrationMedium
calibrationMethod
calibrationMethodDeviation
certificateNumber
conformity

Relation to refTypes

Unique element dcx:operationalStatus within a referenced

acceptancelLimitLower X
dcx:measurementConfig

acceptanceLimitUpper . den
adjustment < >itemi</

< >
ambient S

</ >

appendix <
calibratedinterval </dek
calibrationMark

: . : as found
calibrationMedium S FRbsETA
calibrationMethod after maintanence and adjustment
calibrationMethodDeviation
certificateNumber

conformity

as found

Possible values are:
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acceptancelimitLower
acceptanceLimitUpper
adjustment

ambient

appendix
calibratedinterval
calibrationMark
calibrationMedium
calibrationMethod
calibrationMethodDeviation
certificateNumber
conformity

Relation to refTypes

acceptancelLimitLower
acceptanceLimitUpper
adjustment

ambient

appendix
calibratedinterval
calibrationMark
calibrationMedium
calibrationMethod
calibrationMethodDeviation
certificateNumber
conformity

6" international DCC-Conference
2026-02-24 to 2026-02-26

Element dcx:statement of category method that can later be
referenced

< id=" " category=" ">
< lang="en">Method</ >
< lang="en">The masses of the weights have been determined by
weighing in air. The weighing in air including data analysis is performed
according to ..
</ >
< >0IML D28, Conventional value of the result of
weighing in air, (2004).</ >
</ >

Possible values for the attribute category are:
general accreditation

attention accreditationException

method decisionRule

equipment norm

exception traceability

comment clientRequirement
externalProvider

Element dcx:statement of category method that can later be
referenced

< id=" " category=" ">

< lang="en">Method</ >

< lang="en">Measurements referring to this statement could
not be performed with the usual procedure due to..

</ >

</ >

Possible values for the attribute category are:

general accreditation

attention accreditationException

method decisionRule

equipment norm

exception traceability

comment clientRequirement
externalProvider

2026-05-11 18:53
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Relation to refTypes (further examples)

refType Implementation (or surgested implemenataion) in DCX-schema
methodMeasurementUncertainty 1. Statement of category method
metrologicallyTraceableToSI 2.  Statement of category traceability
nominalValue . Not used (nominal value is the same as indication of material
measure)
orderNumber

Unique element in certificate

quantity

pressure

recalibrationDate ] ) N )
Unique element in certificate (not implemented)

Special quantity?

referenceAirPressure

referenceTemperature . )
Special quantity?

scope
?

@ o &y @S N

referenceValue
resultScope
revision . ) . ]
. Unique element in certificate (not implemented)
serialNumber

Unique element for each calibration item

datatype (targetValue)

setPointValue

Conclusion

* The dcx-schema defines a language for tagging calibration data

* The schema confines the digital calibration document (request or
certificate) thereby helping the user to obey the gramar and
vocabulary of the language

* The basic vocabulary for common concepts is simple and very similar
accross calibration areas

* The gramar is flexible enough to accomodate for advanced concepts
pointed out by specialists in the DKD-working groups of various
different calibration areas
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)
Get started today —

D Issues 11 Pullrequests () Actions [F] Projects Security Insights

available on github:

https://github.com/TC-IM-1448/DCC-Tables

main - Go to file <> Code ~

@ DavidBalslevHarderDFM
dex.xsd - Schema file for DCX. & Earples a

I docs/
ioDCCGuiTool.py - for interfacing with Excel. ° v1.0.0

9 DCC_UI_blankxlsx

dccQueryGui.py — for data querying into Excel. POTemchon Released
™ DeR in Feb. 2025

DCChelpfunctions.py — used for validation Y READMEmd

SKH_10112_2_ Mapping.x

Examples: Folder with DCC examples First release of DCX

dec-envyml

dcc-env.yml— Anaconda/Python environment file ‘ g Packages

doosd
Contributors 2

Y ioDecGuiTool.py

9 DavidBalslevHarderDFM

@ -

mini_DCCxmi

Page 2 of 3

Ghbject Repeat- Uncertainty | Measurement
mean Hysterese o Error " ;
Tiean ability of reading | uncertainty
(Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
-9,97 -10,57 0,00 0.20 -0,60 0.1 % 0,40
20,00 19,40 | 0,00 0,00 -0,60 0,1 +0,38
49,95 3 49,50 | -0,10 0,00 -0,45 0,1 0,39
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Page 2 of 3

Hysterase | Repeat- Sinke Uncertainty | Measurement
b ability of reading | uncertainty
(Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
-10,57 0,00 0.20 -0.60 0.1 040 |
_19.40 0,00 0,00 -0,60 0,1 0,38 |
49,50 -0,10 0,00 -0,45 0,1 039 |

Xpath’sfor measurementdata
ilacHA sk DANAK
s

Page 2 of 3

Uncertainty | Measurement
of reading | uncertainty

True mean
Error

(Pa) (Pa) (Pa) (Pa)
-9.97 -0,60 0.1 040 |
0,00 0,00 -0,60 0,1 +038 |

|

? 200 —
49,50 0,10 OO0 0,45 0,1 £0,39

49,95
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e s DANAK
a—

Certificate no.- Page 2 of 3

True mean Repeat-
e ——— uncectainty
value
(Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
-9,97 -10,57 0,00 0,20 -0,60 0,1 | + 0,40 |
20,01 5 ) -0,60 0,1 £038 |
49,95 49,50 0,00 D |

Xpath’sfor measurementdata
ilacHA sk DANAK
s

Page 2 of 3

Ghbject Repeat- Uncertainty | Measurement
mean Hysterese g Error " Py
Tiean ability of reading | uncertainty
(Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
o9z | -1057 0,00 0.20 -0,60 0.1 1040 |
C_ 20,00 19,40 0,00 0,00 -0,60 0,1 £038 |
3585 | 49,50 -0,10 0,00 -0,45 0,1 £039 |
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/F[@1ch="1"]/text() =>-9.97

Results : tableld=‘calRes0’
measurementConfig="‘confl’

‘targetValue’ ‘value’ ‘value’ ‘value’
‘reference’ ‘reference’ ‘indication’ ‘bias’
‘4-14.2|gauge ‘4-14.2|gauge ‘4-14.2|gauge ‘4-14.2|gauge
pressure|Pa’ pressure|Pa’ pressure|Pa’ pressure|Pa’
‘Pa’ ‘Pa’ ‘Pa’ ‘Pa’

01 pnt -10(Pa)
02 pnt 20 (Pa)

03 pnt 50 (Pa)

Back to Table of Contents above
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018  Martin Gsterlund:

Comparing the DCC with the DCX: Advantages, disad-

vantages and the tools developed
Presenting author: Martin @sterlund [1]
Email: mard@dti.dk
Additional authors: Nil
Institute:

[1] Danish Technological Institute, Kongsvang Allé 29, 8000 Aarhus C, Denmark
Keywords: DCC, DCX, Tools

Abstract

The DCC project was started almost 10 years ago. In that time, calibration laboratories and
metrology institutes all over the world have followed its development with keen interest, with
the hopes of an internationally accepted standardized format.

The work with DCC has led to the development of the DCX (Digital Calibration Exchange)
by the Danish National Metrology Institute DFM. The DCX format attempts to combine the
DCC with the DCR (Digital Calibration Request) into a single format, where the act of creating
a DCC corresponds to filling out the received DCR. Additionally, the tabular structure of the
DCX allows for a simpler format, which comes at a cost of the customizability and freedom of
the DCC tree structure.

In this presentation, we will be showing the main differences between the DCC and the
DCX, namely the differences in how measurement data and results are presented. We will be
discussing the main advantages and disadvantages of the respective formats.

We will also be presenting the tools we have developed at DTl to work with DCC and DCX.
These tools are designed to help users visualize and build DCC and DCX, to gain a better
understanding of the formats.

Back to Table of Contents above

Presentation #018 of Martin Jsterlund

DANISH
L TECHNOLOGICAL
INSTITUTE

Working with
DCX

Lessons learned and
tools developed
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Agenda

Getting started with DCX

Machine readability and human readability

- Structure

Developing for the different formats

Learnings and challenges in working with DCX

Tools developed

DCC and DCX interpreter

- DCX Generation tool

@ Acknowledgement: This study was supported by a grant from Danish Technological Institutes
Danish Agency for Higher performance contract 2025-2028, 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.

Danish Technological Institute

Getting started with the DCX

» Where did we start? XLS Schema x L S lb

XML Example _Q
. 1

Documentation "D—

L

Danish Technological Institute
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Machine readability and human readability

DCC DCX
Tree structure Tabular structure

Good for organizing complex data Well structured
Designed with a lot of options in More rigid
mind

Complex Simpler

Developing tools for each format

Good naming convention Good naming convention
Deep data structure Shallow data structure
Lots of options More rigid

->Demands a lot of software —~Easier to build tools for
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Learnings and challenges in working with DCX

DCX - DCR and DCC combined
documentldentifier: "customerDCR" documentldentifier: "laboratoryDCC"

- =

N N
L] L]
DCX - DCR DCX - DCC
10 10 10,02 9,91 Some comment
20 20 19,96 20,21
-— D -—
L J L J
L] L]
DCX - DCR DCX - DCC

Danish Technological Institute

Learnings and challenges in working with DCX

» Reviewing how you save data
- Data you save vs data in the format

- Saving in the right format

Internal Database @ E’ DCX Format

manufacturer manufacturer
i | modelName
equipment: model equipment
productType lotNumber:
productClass'

address—"Kongsvang Allé 29, 8000 Aarhus C"

Parser:

address—"8000 Aarhus C, Kongsvang Allé 29"

Danish Technological Institute
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Tools developed

Vaslg fil | Der er ingen fil valge <o

* DCC showcase tool HEEEEE RS

Administrativt data

» DCX showcase tool

Klient

+ DCX generator F—

AN 1) Kllent oversknft2 (3] Tafu] ny Klient averskrift 6

Indhold *

DCC (Digital Calibration Certificate)

e = : DCX (Digital Calibration Exchange)
Calibration certificate
. Pippettes
eramelt
Measuring results
[rosam——— =
P ma o o E o1 . cobaes 20211125

DCC Showcase tool

+ Updated to support DCC V3.3.0

DCC (Digital Calibration Certificate)

occo o 4 remwst n DCC, Vo e o undec udiing 20
occi*

e ——— Srome | [[Dowioad cisems

Aboue Catbeation condiions

DCCVersion: 330 mmersion depth i wate bt 017

Company name: Kalbrierfima Gt Amsent ondrion tempratire

Callbation date: 1570-0-13 -1970-08-13 temperature min: 293 k

Callbration location: Mus e 1 OE Musterstadt (00300) temper 9

Callrted by; Michaela usterfau: Michsel Mustermann

Cusomer: Kunde bt

Cusomer 0 Cstomer D1, 1024418

nsrumens ype: Temperature sansor

Measuring results
Search Choose 1sanis Choose 2nd axis
Reference =

05208 3300 xe32 an oom 06

min 99a71 man 10006 o0 m

nzsy ey pres 21 0107 s

sz 250160 sz 016 o009 B

saase 20004 55207 n992 o084 55

Danish Technological Institute

- |
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DCX Showcase tool

* New feature! DCX Showcase tool

Calibration certificate

Pippettes
Type:cencate

Meta Data

Version: 1.0.0 Channel 1

Equipment rel

3987
0.00001 g, calibrated: 20211125,

dard

Danish Technological Institute

DCX Generator

* New feature: DCX Generator tool

Valg | Der eringen filvalge

[ l Toel I.H.,w,,,,,]

* Get started with generating DCX

» Use examples to get a solid base
+ Still Work-in-Progress - Some features have yet
— ‘ to be implemented
" Try it now!
e fo— : https://apps.teknol

ogisk.dk/public/logi
n/?redirectTo=%2Fd
igital-
kalibrering%2F

Danish Technological Institute
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Contact

* Question or feedback regarding the tools? Want to collaborate on DCX?

- Contact us

Martin @sterlund
Specialist
mard@dti.dk
+45 72202739

Danish Technological Institute

Danish Technological Institute

Back to Table of Contents above
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DCX from DCR to DCC: Digital Results and
Round-Robin Evaluations

Presenting author: David Balslev-Harder [1]

Email: dbh@dfm.dk

Additional authors:
e Sogren Kynde [1] srk@dfm.dk

Institute:

[1] Danish Fundamental Metrology — Danish National Metrology Institute (DFM), Kogle Allé,
DK-2970 Hgrsholm, Denmark

Keywords: Nil

Abstract

Building on structured Digital Calibration Requests (DCRs), similarly structured Digital Cal-
ibration Certificates (DCCs) offer the possibility of using calibration results directly in digital and
automated processes. In this contribution, we share experiences with converting DCX-based
DCRs into DCCs and applying the resulting method in implementation evaluations.

We describe a workflow in which a DCR serves as a common digital reference for multiple
calibration laboratories. In a small round-robin exercise, three laboratories independently im-
plemented their own DCCs based on the same received DCR and an equivalent traditional
paper certificate. This setup allowed a comparison between laboratories’ digital interpretations
while maintaining established calibration practices.

A key aspect of the work is the reuse of DCX query expressions throughout the process.
Queries defined at the request stage were applied to the resulting DCCs to extract and process
calibration results in a consistent manner. This approach supported partial automation of data
handling and helped reduce manual interpretation when comparing results across laboratories.

The contribution does not aim to demonstrate a fully automated or standardized solution.
Instead, it focuses on practical insights gained from the round-robin activity, including differ-
ences in implementation, interpretation challenges, and areas where additional guidance or
harmonization may be beneficial.

DCC1 DCC2 DCC3 Agree
Xpathl Vall Vall Vall
DCR . . Xpath? Val2z Val2 Valz
disseminated by Tna-‘kn(:_hogzlsl‘
Novo Nordisk nstitute Xpath3 wval3 wval3 wval3z X

v

FORCE
Technology

DFM generates
XPATH mapping
relevant for
extraction.

Figure 2. Process for the 2025 DCX round-robin, implementation comparison.

Overall, this presentation seeks to illustrate how DCX concepts can link DCRs, DCCs, and
round-robin evaluations in a coherent digital workflow. By sharing early experiences rather
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than definitive answers, we hope to contribute constructively to the ongoing discussion on the
role of digital certificates and structured queries in future calibration and comparison activities.
References:

[1] 5 minute video introduction to DCX: https://www.youtube.com/watch?v=AmXMWAHjakw
[2] Webpage (2025): https://github.com/TC-IM-1448/DCC-Tables

Back to Table of Contents above

Presentation #019 of David Balslev-Harder

DIGITAL

CALIBRATION
o22® EXCHANGE

]

DCX from DCR to DCC: Digital RQSUItS and DFM’s incentive for DCC:
Rou nd-RObin Evaluations To support creation of FAIR DCC formats that

are globally recognized/standardized, in
order to support quality and efficiency in
production companies, through automation.

6'" International DCC Conference (online)

February, 25 2026
By David Balslev-Harder & Sagren A. R. Kynde

Develop simple user interface software tools
that can accept and modify DCC, DCR and
Templates regardless of origin.

' DCX schema provide extensive structural
m D F M A data validation based on stringent rules
Danish National Metrology Institute ‘ n

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

O Sign in

DCX = DCC-Tables ,

= 5 Pull requests Projects Security Insights
available on github:

main Go to file <> Code ~ About
https://github.com/TC-IM-1448/DCC-Tables

@ DavidBalslevHarderDFM o

dcx.xsd - Schema file for DCX.

v1.0.0

Released
dccQueryGui.py — for data querying into Excel. = Y in Feb. 2025

DCRxml

DCChelpfunctions.py — used for validation READMEmd

ioDCCGuiTool.py - for interfacing with Excel.

) SKH_10112_2_ Mapping.x...

Examples: Folder with DCC examples First release of DCX

c-env.yml

dcc-env.yml — Anaconda/Python environment file e Packages

Contributors 2

9 DavidBalslevHarderDFM

. srkdfm
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PDF-A/3u generation based on
methods available from the
github of METAS.

YouTube 4
series y .3

DIGITAL
CALIBRATION
ess’ EXCHANGE

&t @ Hod [Qoem Ko L Oowad o
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Process for Pilot study of DCX v1.0.0

1. Client map their data-base information needs to DCR format.
Prepare XPath mapping for extraction of data from DCC to client DB.

Certificates will be generated by several Service Providers to test if they
return DCC’s with equivalent content, structure and formats.

DCC1 DCC2 DCC3 Agree
Xpathl Vall Wall Vall «
e . Xpathz Val2  Valz  Vvalz
[ETT . Xpath3 wval3 val3 val3 ¥
s

DCR
disseminated by
Movo Nordisk

FORCE
Technology

DFM generates
XPATH mapping
relevant for
extraction.

Investigated 3 calibration scenarios

DK-DCX-RR-25-01 DK-DCX-RR-25-02 DK-DCX-RR-25-03
Pressure Ring gauge geometry Humidity

.

LIETR

T it
CRRFE Tl i — RN P

- |
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CALIBRATION
DATA added

Data approved

Data analyzed for ’ y
. validate validate & digitally signed

equipment release

MANUFACTURING INDUSTRY

62’\”) %

validate
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File Edit Selection

R-25-02-Tl.omi 6

<?xml version="1.9"?>
<dcx:digitalCalibrationExchange

x:
<dex:title value="request:digitalCalibrationCer
</dex:title>

<dcx:administrativeDatas -
</dcx:administrativeDatay

<dcx:statementList>

</dex:statementlist>

<dcx:equipmentList>

</dex:equipmentListy
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<decx:measurementResultlist>
</dcx:measurementResultlist>

</dcx:digitalCalibrationExchange>

B Connect Gt Gragh @ Ln1BS.Coll TebSued UTFE QRS (Jxwi @ 0O
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File  Edit - 2 master

<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"”
schemaversion="1.0.0"
xsi:schemalLocation="https://dfm.dk dcx.xsd">
<dex:title value="request:digitalCalibrationCertificat
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
</dcx:coreData>
<dcx:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dex:client>
<decx:clientBillingInfo>
</dex:clientBillingInfo>
<dcx:certificateReturnInfo>
</dc ertificateReturnInfo>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentLlist>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultlist>
</dcx:measurementResultList>
</dcx:digitalCalibrationExchange)|

lBoot O @7 A0 B Comect Gt Gragh @ Ln 185, Col 34 _Tab Size:
Edit Selection 2 master
5-02-Themi 6

<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx

ttps://dfm.dk ../dcx.xsd">
<dcx:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
<dcx:uniqueDocumentIdentifier value="140008766598-20251818T131208"/>
<dcx:clientTaskIdentifier value="140080766598"/>
<dcx:devicesForMeasurement value="ID815970"/>
<dcx:issueDate value="2025-10-10"/>
<dcx:performanceLocation value="inField"/>
</dcx: coreData>
<dex:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dex:client>
<dex:clientBillingInfo>
</dex:clientBillingInfo>
<dcx:certificateReturnInfo>
</dcx:certificateReturnInfo>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglList>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultlist>
</dcx:digitalCalibrationExchanges|
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<?xml version="1.0"?>
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"

<dex:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
<dcx:uniqueDocumentIdentifier value="140008766598-20251810T131208% >
<dcx:clientTaskIdentifier value="140080766553"/ s
<dcx:devicesForMeasurement valu 1D815970"/>
<dcx:issueDate value="2025-10-18"/>
<dex:performancelocation value="inField"/>
</dcx:coreData>
<dex:documentAuthorization>
</dcx:documentAuthorization>
<decx:client>
</dex:client>
<dex:clientBillingInfo>

/dcx:digitalCalibrationExchange/dcx:administrativeData/dcx:coreData/dcx:uniqueDocumentldentifier/ @value
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultlist>

</dex:digitalCalibrationExchanges|

®7 A0 B Comnect Gt Graph G Ln 185, Col 34 _Tab Sze:4
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<?xml versi
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"
xmlns:xsi="htt /v . w3.0rg/2001/XMLSchema-instance”
schemaversion= e.e"
xsi:schemalLocation="https://dfm.dk ../dcx.xsd">
<dcx:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
<decx:uniqueDocumentIdentifier values"140900766598-20251010T131208"/>
<dcx:clientTaskIdentifier valug="1400€0766598"/5
<dcx:devicesForMeasurement valug=tIDAlso7zacfy
<dcx:issueDate value="2025-10-10"/>
<dcx:performanceLocation value="inField"/>
</dcx:coreData>
<dex:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dex:client>
<dex:clientBillingInfo>

woBw N e
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/dcx:digitalCalibrationExchange/dcx:administrativeData/dcx:coreData/dcx:clientTaskldentifier/ @value
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglList>
</dcx:measurementConfiglist>
<dcx:measurementResultlist>
</dcx:measurementResultlist>

</dcx:digitalCalibrationExchanges|
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<?xml version="1.0"?>
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"

<dex:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
<dcx:uniqueDocumentIdentifier value="140008766598-202516187131208"/>
<dcx:clientTaskIdentifier value="1400€0766598"/>
<dcx:devicesForMeasurement value="ID@15970"/>
<dcx:issueDate valile="2025-10-10"/5
<dcx:performanceLocation Valte="inField"/>
</dcx:coreData>
<dex:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dex:client>
<dex:clientBillingInfo>

/dcx:digitalCalibrationExchange/dcx:administrativeData/dcx:coreData/dcx:issueDate/@value
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultlist>

</dex:digitalCalibrationExchanges|

®7 A0 B Comnect Gt Graph G Ln 185, Col 34 _Tab Sze:4
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<?xml versi
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"
xmlns:xsi="htt /v . w3.0rg/2001/XMLSchema-instance”
schemaversion= e.e"
xsi:schemalLocation="https://dfm.dk ../dcx.xsd">
<dcx:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
<dex:uniqueDocumentIdentifier value="140000766598-20251010T131208"/>
<dcx:clientTaskIdentifier value="140080766598"/>
<dcx:devicesForMeasurement value="ID815970"/>
<dcx:issueDate value="2025-10-10"/>
<dcx:performancelLocation val@e="inField"/>
</dcx:coreData>
<dex:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dex:client>
<dex:clientBillingInfo>

woBw N e
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/dcx:digitalCalibrationExchange/dcx:administrativeData/dcx:coreData/dcx:performancelocation/@value
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglList>
</dcx:measurementConfiglist>
<dcx:measurementResultlist>
</dcx:measurementResultlist>

</dcx:digitalCalibrationExchanges|
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<?xml version="1.0"?>
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"

schemaversion=
xsi:schemalocatio
<decx:title value="request:digitalCalibrationCer
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
</dcx:coreData>
<dcx:documentAuthorization>
<dcx:authorizingPerson>
<dcx:heading lang="en">Authorizing Person</dcx:heading>
<dcx:name value={Heidi Foldal'y>
</dcx:authorizingPerson’s
</dcx:documentAuthorization>
<dex:client>
</dcx:client>
<dex:client8illingInfo>
</dex:clientBillingInfo>

<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultlist>
</dcx:digitalCalibrationExchange>

® 740 B Connect Ga Gragh @ Ln185.Col34 TabSwed UTF8 CUF (] XML

Description

Calibration certifi Cusonitear =Name )
e Cusomter - contact - email /e ex:client, 8 ()
e Branoum? Provider Name / doxservic jox: ()
3400 Himersa Document Authorizer /e dc .
\ Applicability code / doxace
pressure gauge Accreditation Body
Accreditation Nr / bld/@val
1D no of equipment igitalCali i ()
Date of Calibration / ]
Inspection LOT order Jdex:digi i hange/dc i ‘dox:coreData/dex:client’ @value
Certificate No /dex:digitalCalibrati istrati X cuni ifi

Place of calibration: At catic performanceLocation cdi i i . I
Coibrated by:

Temperature 2045°C, humidiy 42425%RH

"::""= Xpath's to the administrative data are unique and static
Which ensures that the data is findable.

Eesee——
-— @ @aa a»
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1 <?xml version="1.0"?>

2 <dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"

3 xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"”
4 schemaversion="1.6.0"
5
6
8

xsi:schemalLocation="https://dfm.dk dcx.xsd">
<dex:title value="request:digitalCalibrationCertificat
</dex:title>
9 <dcx:administrativeData>
1e <dcx:heading lang="en">Administrative data</dcx:heading>
1 <dcx:coreData>
7 </dcx:coreData>
<dcx:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
<dcx:heading lang="en">Customer</dcx:heading>
<dcx:name>Novo Nordisk A/S</dcx:name>
<dcx:address>
<dcx:street>Brennum Park</dcx:street>
<dcx:streetNo>24A</dex: streetNo>
<dcx:postalCode>3480¢</dcx:postalCode>
<dex: city>Hillergd</dex: city>
<dcx: country>DK</dcx: country>
</dcx:address>
<dcx: contactInfo>
<dcx:email>hefo@novonordisk.com</dcx:email>
</dex:contactInfo>

<dcx:clientBillingInfo>
</dcx:clientBillingInfo>
<dcx:certificateReturnInfo>
</dex:certificateReturnInfo>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dcx:equipmentlist>
<dcx:measurementConfiglist>

AW WwWwWwWww
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<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx

ttps://dfm.dk ../dcx.xsd">
<dcx:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
</dcx:coreData>
<dcx:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dcx:client>
<dcx:clientBillingInfo>
<dex:heading lang="en">Billing address</dcx:heading>
<dcx:name> Novo Nordisk A/S </dcx:name>
<dcx:address>
<dcx: postOfficeBox>10808¢/dcx : postOfficeBox>
<dcx:postalCode>2880</dcx:postalCode>
<dcx:city>Bagsvard</dex:city>
<dex: country>DK</dex: country>
</dcx:address>
</dex:clientBillingInfo>
<dcx:certificateReturnInfo>
</decx:certificateReturnInfo>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
96 > <dcx:measurementConfiglist>
103 </dcx:measurementConfiglist>
104 <dcx:measurementResultList>
184 </dcx:measurementResultlist>
185 </dcx:digitalCalibrationExchange>
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<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"”
schemaversion="1.0.0"
xsi:schemalLocation="https://dfm.dk dcx.xsd">
<dex:title value="request:digitalCalibrationCertificat
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
</dcx:coreData>
<dcx:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dex:client>
<decx:clientBillingInfo>
</dex:clientBillingInfo>
<dcx:certificateReturnInfo>
<dcx:heading lang="en">Certificate return info</dcx:heading>
<dcx:name>Novo Nordisk A/S</dcx:name>
<dcx:contactInfo>
<dcx:attPerson>HEFO</dcx:attPerson>
<dcx:email>hefo@novonordisk.com</dcx:email>
<dcx:phone>30798862</dcx: phone>
</dcx:contactInfo>
</dcx:certificateReturnInfo>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultlist>
</dcx:digitalCalibrationExchanges|

®7 A0 [ Connect Ga Gragh @ Ln 185, Col 34 _Tab Size:

Selection X master

<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx

ttps://dfm.dk ../dcx.xsd">
<dcx:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
</dcx:coreData>
<dcx:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dcx:client>
<dcx:clientBillingInfo>
</dex:clientBillingInfo>
<decx:certificateReturnInfo>
</dcx:certificateReturnInfo>
</dcx:administrativeData>
<dcx:statementlList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentlist>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultlist>
</dcx:digitalCalibrationExchange]

dot O @740 B Comect Ga Graph G Ln185,Col 34 TabSmed UTF-8 CRIF (3 XML

2026-05-11 18:53

Page 265 of 520



6" international DCC-Conference
2026-02-24 to 2026-02-26

File Edit Selection - 2 master

2510107135228 - Copyoml 1 8 & DK

<?xml version="1.8"?>
<dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance™
schemaVersio 1.8.8"
xsi:schemaLocation="https://dfm.dk ../dcx.xsd">
<dex:title value="request:digitalCalibrationCertificat:
</dex:title>
<dcx:administrativeData>
</dcx:administrativeData>
<dcx;statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dex:equipmentListy
<dcx:measurementConfiglists
</dcx:measurementConfiglist>
<decx:measurementResultlist>
</dcx:measurementResultlist>
ddcx:digitalcalibratmnExchange>|

B Connect G Graph & Ln185.Col34 TabSaed UTIE OUF (XML @ O
Edit Selection 2 master
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<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx

ttps://dfm.dk ../dcx.xsd">
<dcx:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
</decx:administrativeData>
<dcx:statementList>
<dcx:heading lang="en">Statements</dcx:heading>
<dcx:statement id="statement1"
category="clientRequirement">
<dcx:heading lang="en">ISO 17025¢</dcx:heading>
<dcx:body lang="en">Calibration must be performed accriedated according
to ISO 17825¢/dcx:body>
</dex:statement>
<dcx:statement id="statement2"
category="clientRequirement">
<dex:heading lan, en">DK-DCX-RR-25-81¢</dcx :heading>
<dcx:body lang="en">This is a request for testing DCC capabilities as
part of round robin DK-DCX-RR-25-81.</dcx:body>
</dcx:statement>
</dcx:statementlist>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultlist>
</dcx:digitalCalibrationExchange>
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<?xml version="1.8"?>
<dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
schemaVersio 1.8.8"
xsi:schemaLocation="https://dfm.dk ../dcx.xsd">
<dex:title value="request:digitalCalibrationCertificat:
</dex:title>
<dcx:administrativeData>
</dcx:administrativeData>
<dcx:statementlist>
</dcx:statementlist>

<dcx:equipmentList>
</dex:equipmentListy
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<decx:measurementResultlist>
</dcx:measurementResultlist>
ddcx:digitalcalibratmnExchange>|

@7 /50 Connect Gz Grph & Ln185.Col34 TabSaed UTIE OUF (XML @ O
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<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx

ttps://dfm.dk ../dcx.xsd">
<dcx:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
</decx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
<dcx:heading lang="en">Used equipment</dcx:heading>
<dcx:equipment category="deviceForMeasurement"
id="1D@15970">
<dcx:heading lang="en">Trykfgler</dcx:heading>
<dcx:manufacturer>FISCHER</dcx:manufacturer>
<dcx:modelName>DE49</dcx: mode1Name>
<dcx:serialNumber/>
<dex:clientId>IDR1597@</dex:clientId>
</dex:equipment>
<dex: columnHeadings>
<dcx:column name="manufacturer">
<dcx:heading lang="en">Manufacturer</dcx:heading>
</dcx:column>
<dcx:column name="modelName">
<dcx:heading lang="en">Product name</dcx:heading>
</dcx:column>
<dcx:column name="clientId">
<dcx:heading lang="en">Novo Nordisk ID</dcx:heading>
</dex:column>
<dcx:column name="serialNumber™>
<dcx:heading lang="en">Serial Number</dcx:heading>
</dcx:column>
</dex: columnHeadings>
</dcx:equipmentlist>
<dcx:measurementConfiglist>
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<?xml version="1.8"?>
<dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance™
schemaVersio 1.8.8"
xsi:schemaLocation="https://dfm.dk ../dcx.xsd">
<dex:title value="request:digitalCalibrationCertificat:
</dex:title>
<dcx:administrativeData>
</dcx:administrativeData>
<dcx;statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dex:equipmentListy
<dcx:measurementConfiglists
</dcx:measurementConfiglist>
<decx:measurementResultlist>
</dcx:measurementResultlist>
ddcx:digitalcalibratmnExchange>|

B Connect G Graph & Ln185.Col34 TabSaed UTIE OUF (XML @ O
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<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx

ttps://dfm.dk ../dcx.xsd">
<dcx:title value="request:digitalCalibrationCertificate">
</dex:title>
<dcx:administrativeData>
</decx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
<dcx:heading lang="en">Measuring Systems Under Calibration</dcx:heading>
<dcx:measurementConfig id="configl">
<dex:heading lang="en">Trykfeler</dcx:heading>
<dcx:devForMeasRefs>ID@15970</dcx : devForteasRefs>
<dcx:operationalStatus>as found</dcx:operationalStatus>
</dcx:measurementConfig>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultlist>
</dcx:digitalCalibrationExchange>
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<?xml version="1.8"?>
<dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
schemaVersio 1.8.8"
xsi:schemaLocation="https://dfm.dk ../dcx.xsd">
<dex:title value="request:digitalCalibrationCertificat:
</dex:title>
<dcx:administrativeData>
</dcx:administrativeData>
<dcx;statementList>
</dcx:statementlist>
<dcx:equipmentList>
</dex:equipmentListy
<dcx:measurementConfiglists
</dcx:measurementConfiglist>
<decx:measurementResultlist>
</dcx:measurementResultlist>
ddcx:digitalcalibratmnExchange>|

3 TbSaed U oW (dxML @ O
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RR-25-02-TLami 6 % DCR_140000766598-202510107135229 - Copyxml 1 @ CAL14D0D0766598- 2025101071 352200

<?xml version="1.@"%>
<dcx:digitalCalibrationExchange xmlns:dex="https://dfm.dk” xmlns:xsi="http://uww.w3.org/2801/XMLSchema-instance” s
<dex:title value="request:digitalCalibrationCertificate”>-
</dex:titles>
<dcx:administrativeData> -
</dex:administrativeDatar
<dex: statementlist>
</dcx:statementList>
<dex:equipmentlist>
«/dex:equipmentListy
<dcx:measurementConfiglists
</dex:measurementConfiglists
<dex:measurementResultListy
</dcx:measurementResultList>
</dex:digitalCalibrationExchanges

® &A1 Comest Gt Graph n96.Col32_TabSze:d _UTF-2 _CRLF
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<?xml version="1.8"?>
<dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk" xmlns:xsi="http://wwi.W3.0rg/2081/XMLSchema-instance” §
b4 <dex:ti value="request:digitalCalibrationCertificate”>
<fdex:title>
<dex:administrativeData>
</dcx:administrativeData>
<dex:statementListy
</dex:statementList>
<dex: equipmentList
</dex:equipmentlist>
<dcx:measurementConfiglist>
</dcx :measurementConfiglists
<dex:measurementResultlisty
<decx:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRow
</dex:calibrationResult>
</dex:measurementResultListy
152  </dcx:digitalCalibrationExchanges|

@8 /1B Conness Git Graph &) Ln152.Col34 TabSzed UTF-8 CALF
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<?xml version="1.e"?>
<dcx:digitalCalibrationExchange xmlns:dc Jdfm.dk* xmlns:xsi="http://www.w3.org/2601/XMLSchema-instance” s¢
<dex:title value="request:digitalCalibrationCertificate">
</dex:titles
istrativeData>
<fdex:administrativeData>
<dex: statementList>
</dex:statementlist>
<dex:equipmentListy
</dcx:equipmentlist>
<dcx:measurementConfiglisty
</dcx :measurementConfiglists
<dex:measurementResultlisty
<dex:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRow
<dcx:heading lang="en">Calibration of equipment ID@1597@</dcx:heading>
<dcx: indexFollowMeasurementSequence value="true"/>
<dcx:column dataCategoryRef=' quantity scope="-" unit="1">
</dex: columny
<dex:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</decx: column>
<dcx:column dataCategoryRef: quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication">
</dcx: column>
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</dex: column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" u
</dex: column>
<dex:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" un
</decx: column>
<dex:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias"s -
</dcx:columns
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" u Pa
</dex: column>
</dex:calibrationResult>
</dcx:measurementResultList>
</dcx:digitalCalibrationExchange>

scope="bias"»
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Result 1_P1
True mean| Object Repeat- Uncertainty | Measurement
mean Hysterese . Error ! "
value ere ability of reading | uncertainty
(Pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
9,97 10,57 0.00 0,20 -0.60 0.1 +0.40
20,00 19,40 0,00 0,00 0,60 0,1 +0,38
49,95 -0,10 0,00 0.1 0,39

Xpath’s for measurement data

ilacws S DANAK
[

Certificate nc.:- Page 2 of 3

[@
[@

[@ npatt Result 1_P1
(s -
Object "
True mean Repeat- Uncertainty | Measurement

/dex: [ value :"::: Hysterese | ity Eirar of reading | uncertainty
/H@idx="1" [ (P (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)

-9.97 3 -10,57 0.00 0.20 0,60 0.1 +0,40
/text() 20,00 19,40 0,00 0,00 -0,60 0.1 40,38

49,95 -0,10 0,00 +0,39

- |
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flacHRA 2 DANAK
)

Certificate nc.:- Page 2 of 3

Result 1_P1
True mean| Ovject Repeat- Uncertainty | Measurement
[ mean Hysterese . Error ! "
value ere ability of reading | uncertainty
™ (pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
[saz | 1057 0.00 0,20 -0.60 0.1 +0.40
20,00 19,40 0,00 0,00 -0,60 0,1 +0,38
[~ | 4.5 -0,10 0,00 -0,45 0.1 0,39

Xpath’s for measurement data
lacwEA S DANAK
[

Page 2 of 3

(@ «“ " __
[@ : "
[@

True mean| Ovject Repeat- Uncertainty | Measurement
. [ mean Hysterese . Error . .
/dex: value s ability of reading | uncertainty
SF@idx="3" " pa) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
9,97 10,57 0.00 0.20 -0.60 01 0,40
/text() 20,00 19,40 0,00 0,00 -0,60 0,1 +0,38
19,9¢ -0,10 0,00 +0,39
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Page 2 of 3

Uiject Repeat- Uncertainty | Measurement
mean Hysterese - Error ! "
o ability of reading | uncertainty
(Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
-10,57 0.00 0,20 -0.60 0.1 + 0,40
19,40 0,00 0,00 0,60 0,1 +0,38
49,50 0,10 0,00 0,45 0,1 20,39

Xpath’s for measurement data
lacwEA S DANAK
[

Page 2 of 3

[@
[@
(@

/dex:
* (Pa) (Pa) (Pa) (Pa)
/ [@ -9,97 -10,57 0,00 -0,60 0.1 + 0,40

/text() i 0,00 0,00 0,60 0.1 0,38
49,95 49,50 -0,10 T 0,45 0,1 0,39

True mean Uncertainty | Measurement

Eirar of reading | uncertainty
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Xpath’s for measurement data

lacwrs 7 DANAK
[ )

Certificate no. Page 2 of 3

True mean| O Repeat- Measurement
va’ﬁg uncertainty
(Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
-9.97 -10,57 0,00 0,20 -0,60 0.1 + 0,40
20, oY 0 0,60 0,1 038 |
49,95 43,50 -0.10 0,00 EES : +0,39 D |

Sekection View Go Run ¢

2-Tixmd 6 DER_140000766506-20251010T135229

<?xml version="1.e"?>
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk" xmlns:xsi="http://www.w3.0rg/2081/XMLSchema-instance” sg
> <dex:title value="request:digitalCalibrationCertificate">
</dex:titles
<dcx:administrativeData>
<fdex:administrativeData>
<dex:statementList>
</dex:statementlist>
<dex:equipmentListy
</dex:equipmentList>
<dcx:measurementConfiglisty
</dcx :measurementConfiglist>
<dex:measurementResultlisty
<decx:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRows="3" numCols="8">
<dcx:heading lang="en">Calibration of equipment ID@1597@</dcx:heading>
<dcx: indexFollowMeasurementSequence va true"/>
<dcx:column dataCategoryRef: "
</dex: column>
<dex:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</decx: column>
<dex:column dataCategoryRef="-" guantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication">
</dcx: column>
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</dex: column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" “Pa" scope="bias">
</dex: column>
<dex:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" " scope="bias">
</dex: column>
<dex:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" "Pa" scope="bias"> -
</dcx:columns
<dcx:column dataCategoryRef="value” quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias"»
</dex: column>
</dex:calibrationResult>
</dcx:measurementResultList>
</dcx:digitalCalibrationExchange>

quantity scope="-" unit="1">

@8 A1 B Connect  Git Graph 1 Ln152.Col34  TabSie:4
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2510107135229 - Copyaml 1 ®

<?xml version="1.0"?>
v <dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance” s¢
<dex:title value="request:digitalCalibrationCertificate”>
</dex:title>
<dcx:administrativeData>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dex:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultlist>
<dcx:calibrationResult tablel calRes@" measurementConfigRef="configl" numRow:
<dcx:heading lang="en">Calibration of equipment ID@15970</dcx:heading>
<dcx: indexFollowMeasurementSequence value="true"/>
<dcx:column dataCategoryRefs quantitys=' scope="-" unit="1">
<dcx:heading lang="en">Customer Tags</dcx:heading>
<dcx:rowTag>
<dcx: row 1">01 Object read -18 (Pa)</dcx:row>
<dex:row i 2">02 Object read 2@ (Pa)</dcx:row>
<dcx:row idx="3">@3 Object read 5@ (Pa)</dcx:row>
</dcx:rowTag>
</dcx: column>
<dcx:column dataCategoryRef: quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</dcx: column>

<dex:column dataCategoryRef=! quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication">
</dcx: column>

<dex:column dataCategoryRef= quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</dcx: column>

<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
</dex: column>

<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
</dcx:column>

<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa” unit="Pa" scope="bias">
</dex: column>

<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa"

®8 A 1B Connoct Git Graph @ Ln152.Col34 TabSaeid

Sekection View Go Run ¢

T 6 % DCR_140000766598-20251010T13522 - Copyml 1 @ ¢ (1766586- 2025101071 35220

<?xml version="1.e"?>

« «dex:digitalCalibrationExchange xmlns:dc Jdfm.dk* xmlns:xsi="http://www.w3.org/2601/XMLSchema-instance” s¢
<dex:title value="request:digitalCalibrationCertificate">
</dex:titles

istrativeData>

<fdex:administrativeData>
<dcx:statementList>
</dex:statementlist>
<dex:equipmentListy
</dcx:equipmentlist>
<dcx:measurementConfiglisty

</dcx :measurementConfiglists
<dex:measurementResultlisty
<dex:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRow
<dcx:heading lang="en">Calibration of equipment ID@1597@</dcx:heading>
<dcx: indexFollowMeasurementSequence value="true"/>
<dcx:column dataCategoryRef=' quantity scope="-" unit="1">
</dex: column>
<dex:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
<dcx:heading lang="en">Target value</dcx:heading>
<dcx:targetValue>
<dex:row idx="1">-1@</dex: rows
<dex:row idx="2">20¢/dcx:row>
<dexirow idx="3">5@</dcx:irow>
</dcx:targetValue>
</dex: column>
<dex:column dataCategoryRef quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication"»
</decx: column>
<dex:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</dcx:columns
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" “Pa" scope="bias"> -
</dex: column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa” unit="pa"
</dex: column>
<dex:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" scope="bias"> -
</dcx: column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" u "Pa" scope="bias">

@8 A1 B Connect Git Graph E . b Sz 4 UTF-8CRLF () ML
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Cusomter - Name

Cusomter - contact - email
Laboratory Name

Calibration Laboratory code No
Provider Name

Document Authorizer
Applicability code
Accreditation Body
Accreditation Nr

1D no of equipment
Date of Calibration
Inspection LOT order
Certificate No
performancelocation

“01 Object read -10 (Pa)"

"02 Object read 20 (Pa)"

03 Object read 50 (Pa)"”
Uncertinaty for 1 cal. Pt.
Uncertinaty for 1 cal. Pt.
Uncertinaty for 1 cal. Pt.
Reading of the standard 1 cal. Pt.
Reading of the standard 1 cal. Pt.
Reading of the standard 1 cal. Pt.

Error of the UUT

Uncertinaty for 1 cal. Pt.
Uncertinaty for 1 cal. Pt.
Uncertinaty for 1 cal. Pt.

Reading of the DUT/UUT 1 cal. Pt.
Reading of the DUT/UUT 1 cal. Pt
Reading of the DUT/UUT 1 cal. Pt.

6" international DCC-Conference

2026-02-24 to 2026-02-26

File Edit Selecion View Go Run - € Q. master

RR-25-02-Tlximi § & DCR_140000766598-20251010T135229 - Copyxmi 1 ® & DCR_140003766505-20251010T135:

1 «<?xml version="1.8"?>

2 «dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk" xmlns:xsi="http://wwW.u3.0rg/2001/XMLSchema-instance” ¢
3> i T "request:digitalCalibrationCertificate”>
6

<fdex:title>
<dex:administrativeData>
54 </dex:administrativeData>
> <dex:statementList>
</dex:statementList>
<dex: equipmentList
</dex:equipmentlist>
<dcx:measurementConfiglist>
</dcx :measurementConfiglists
<dex:measurementResultlisty
<decx:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRows="3" numCols="8">
<dcx:heading lang="en">Calibration of equipment ID@1597@</dcx:heading>
<dcx: indexFollowMeasurementSequence value="true"/>
<dcx:column dataCategoryRef=' i scope="-" unit="1">
</dex: column>
<dex:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</decx: column>
<dex:column dataCategoryRef="-" guantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication">
</decx:columny
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</dex:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias"s -
</dex: column>
<dex:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" " scope="bias"> -
</dex: column>
<dex:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" "Pa" scope="bias"»
</dex: column>
<dex:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|pPa” i scope="bias">
</decx: column>
</dcx:icalibrationResult>
</dex:measurementResultListy
</dex:digitalCalibrationExchange>

@8 /1B Conness Git Graph 2.Col 34 TabSize:d _UTF-8

xpath

ationExchange/d istrativeData/dex: JientTaskldentifier/@value
/dexdigitalCalibrationExchange/dex:admi rativeData/docdient/dcx:name/text()
Jdex:digitalCalibrationExchange/dex:administrativeData/d ex:client/dex.contactinfo/dcx:email/text()
Jdex:digitalCalibrationExchange/dex:administrativeData/dox:serviceProvider/dex:name/text()
/dex:digitalCalibrationExchange/dex:administrativeData/dox:accreditation/dox:acereditationLabld/ @value
/dex:digitalCalibrationExchange/dex:administrativeData/dex:serviceProvider /dex:name/text()

dex:digitalCalibrationExchange rativeData/d smentAuth h @value
/dex:digitalCalibrationExchange/dex:administrativeData/dex:accreditation/dex:accreditationApplicability/ @
/dex:digitalCalibrationExchange/dex:administrativeData/dox:accreditation/dex-accreditationBody/ @value

fe i CalibrationExchangi nistrativeData/dex: i i abld/@vzlue
dox:digitalCalibrationExchange/d JipmentList/d ipment/docclientld/text()

JdexdigitalCalibrationExchange/dex:admi rativeData/doccoreData/dox:endPerformanceDate/ @value
/dex:digitalCalibration Exchange/dex:administrativeData/dox:coreData/dox:clientTaskidentifier/@value
/dex:digitalCalibrationExchange/dox:administrativeData/dox:coreData/dex:uniqueDocumentldentifier/ @value
/dex:digitalCalibrationExchange/dex:administrativeData/dex:coreData/dex:performancelocation/@value
*//*[text(}="01 Object read -10 {Pa)"]/ @idx

"02 Object read 20 (Pa)")/@idx

"03 Object read 50 (Pa)")/@idx

*//*|@measurementConfigRef="configl"]| @tableld="calRes0"]/* |@scope="reference"][@quantity="4-14.2 | gauge pressure| Pa"][@unit="Pa"]/dcx:targetValue/*[@idx="1"]/text()
*//*[@measurementConfigRef="configl")[@tableld="calRes0"]/*[@scope="reference"][@quantity="4-14.2 | gauge pressure| Pa"][@unit="Pa"]/dcx:targetValue/* [@idx="2"]/text()
*//*[@measurementCanfigRef="configl"][@tableld="calRes0"]/*|@scope="reference"|| @quantity="4-14.2 | gauge pressure|Pa" ][ @unit="Pa"]/dcx:targetValue/*[@idx="3"] /text()

*//*[@measurementConfigRef="configl"][@tableld="calRes0"]/*|@scope="indication"][@quantity="4-14.2 |gauge pressure|Pa"][@un
*/[*|@measurementConfigRef="configl"][@table| alRes0"]/*[@scope="indication" ][ @quantity="4-14.2 |gauge pressure|Pa"][@un
*//*[@measurementConfigef="configl"][@table/d="calRes0"]/*[ pe="indication"][@q ity="4-14.2 |gauge pressure|Pa"][@un
*//*|@measurementConfigRef="configl"][@table/d="calRes0"]/*[@scope="indication"][@gquantity="4-14.2 | gauge pressure| Pa"][@unit="Pa"]/dcx:value/*[@idx="1"]/text()
*//*[@measurementConfigRef="configl"][@tableld="calRes0"]/*[@scope="indication"][@quantity="4-14.2 | gauge pressure| Pa"][@unit="Pa"]/dcx:value/* [ @idx="2"]/text()
*//*[@measurementConfigRef="configl"][@tableld="calRes0"]/*[@scope="indication"] [@quantity="4-14.2 | gauge pressure| Pa"][@unit="Pa"]/dcx:value/* [ @idx="3"]/text()
*//*[@measurementConfigRef="configl"][@tableld="calRes0"]/*|@scope="bias"][ @quantity="4-14.2 | gauge pressure|Pa"][@unit="Pa"]/dcx:value/* [@idx="1"]/text()

*/[*|@measurementConfigRef="configl"][ @table|d="calRes0"|/*|@scope="bias"][ @quantity="4-14.2 | gauge pressure|Pa"]|[@unit=""Pa"]/dex:value/*[@idx="2"] ftext(}

*//*[@measurementConfigRef="configl"][@table/d="calRes0"]/*[; pe="hias"][@gq; ity="4-14.2 | gauge pressure|Pa"][@unit="Pa"]/dcx:value/*[@idx="3"]/text()

*//*|@measurementConfigRef="configl"][@table|d="calRes0"]/*[@scope="hias"][ @dataCategoryRef="value"][@quantity="4-14.2 |gauge pressure| Pa"][@unit
*//*|@measurementConfigRef="configl"][@table|
*//*[@measurementConfigRef="configl"][ @table|d="calRes0"]/*|@scope="bias"][@dataCategoryRef="value"] [@quantity="

Pa"|/dex:value/*[@idx="1"]/text(}
Pa"|/dex:value/* [ @idx="2"]/text{}
“'Pa"]/dex:value/* [ @idx="3"]/text(}

2026-05-11 18:53
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"Pa"]/dex:expandedUnc
alRes0"]/*[@scope="bias"][ @dataCategoryRef="value"][@quantity="4-14.2 | gauge pressure|Pa"|[@unit="Pa"] /dcx:expandedUnc
4-14.2 | gauge pressure|Pa"][@unit="Pa"]/dcx:expandedUnc
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® DCR_140000766598-202510101135220 xml 2 DCC_presswexml 2 ® B DE-DCX

<?xml versiol

nge xmlns:dcx="https://dfm.dk” xmlns:xsi="http://www.n3.0rg/2001/ XM Schena-instance”
digitalCalibrationCertificate"s

<fdex:title>
<decx:administrativeData>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultlist> -
</dcx:measurementResultList>
<dcx:embeddedFileList>
</dcx:embeddedFileList>
</dex:digitalCalibrationExchange>

¥ Jgdoc O @Az B comeat GtGoph @ In3Col62 TbSized UIFS CRIF (JxvL 8 0
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Selection View Go Run - Q. master
DCR_140000766508-20251010T135229.xm| 2
<?xml version="1.8"2>

«dox:digitalcalibrationExchange xmlns:dex="https://dfm.dk" xnlns:xsi="http://wwu.w3.org/20@1/XM schena-instance” s
digitalCalibrationCertificate”>

</dcx:titler
<decx:administrativeData> -
</decx:administrativeData>
<dcx:statementlList>
</dcx:statementList>
<dex:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultlist> -
</dcx:measurementResultList>
<dcx:embeddedFileList>
</dcx:embeddedFileList>
</dex:digitalCalibrationExchange>

¥ Jadoc O @wA2 B Comect GitGraph @ Ln3,Col 52 (29 selected) lab Size: 4 UTF-8  CRLF

) File Edit Selection View Go Run

DCC_pressurexml 2 ®

<?xml version="1.0"?>
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" si
<dcx:title value="digitalCalibrationCertificate”>
</dcx:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
<dcx:uniqueDocumentIdentifier value="140000766598-20251010T131208"/>
<dcx:clientTaskIdentifier value="140000766598"/>
<dcx:devicesForMeasurement value="ID@1597@"/>
<dcx:issueDate value="2025-10-10"/>
<dcx:performanceLocation value="inField"/>
</dcx:coreData>
<dcx:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dcx:client>
<dcx:clientBillingInfo>
</dcx:clientBillingInfo>
<dcx:certificateReturnInfo>
</dcx:certificateReturnInfo>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultList>
</dcx:digitalCalibrationExchange>

WWNNR B R R R
AR ONEWRNR

oo wuvwvbs
FAR IR AV v

0
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DCR_140000766598-202510107135229. DCC_pressurexml 2 ®

<?xml version="1.0"?>
igitalCalibrationExchange xmlns:dcx="https://dfm.dk" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" s:
digitalCalibrationCertificate”>

</dex:title>
<dcx:administrativeData>
<dcx:heading lang="en">Administrative data</dcx:heading>
<dcx:coreData>
<dcx:uniqueDocumentIdentifier value="DK-DCX-RR-@1-DFM"/>
<dcx:clientTaskIdentifier value="140000766598"/>
<dcx:devicesForMeasurement value="ID@15970"/>
<dcx:issueDate value="2025-10-10"/>
<dcx:performanceLocation value="inField"/>
</dcx:coreData>
<dcx:documentAuthorization>
</dcx:documentAuthorization>
<dcx:client>
</dcx:client>
<dcx:clientBillingInfo>
</dcx:clientBillingInfo>
<dcx:certificateReturnInfo>
</dex:certificateReturnInfo>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
</dcx:measurementResultList>
</dcx:digitalCalibrationExchange>

®70A82 B comect GitGraph @ In9.Col 66 (16 selected) TbSwze:d UTF8 CRIF (Jxmi &8 0

Edit Selection View Go Run

DCR_140000766598-202510101135220.xm| 2

<?xml version="1.0"?>
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk" xmlns:xsi="http://www.w3.org/20@1/XMLSchema-instance” s
> <dcx:title value="digitalCalibrationCertificate">
</dcx:title>
<dcx:administrativeData>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
<dcx:heading lang="en">Results</dcx:heading>
<dcx:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRows="3" numCols="7">
<dcx:heading lang="en">Calibration of equipment ID@15970</dcx:heading>
<dcx:indexFollowMeasurementSequence value="true"/>
quantity="-" scope="-

<dcx:column dataCategoryRef="-
</dcx:column>
<dcx:column dataCategoryRef="-
</dex:column>
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</dcx:column>
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication">
<dcx:heading lang="en">Indication of DUT</dcx:heading>
<d(x:valu64
</dcx:value>
</dcx:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
</dex:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
</dcx:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="-
</dex:column>
</dcx:calibrationResult>
® 70 A2 B Comect GitGraph @ 1n240.Col28 BbSzed UIFS CRF (It & 0

unit="1">

quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">

scope="reference">

- |
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140000766598-202510107135229 x|

<?xml version="1.0"?>
<dex:digitalCalibrationExchange xmlns:dcx="https://dfm.dk” xmlns:xsi="http://www.w3.org/2@01/XMLSchema-instance” s
> <dex:title value="digitalCalibrationCertificate">
</dcx:title>
<dcx:administrativeData>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementlList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
<dcx:heading lang="en">Results</dcx:heading>
<dcx:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRows=
<dcx:heading lang="en">Calibration of equipment ID@15978</dcx:heading>
<dcx:indexFollowMeasurementSequence valu true"/>
<dcx:column dataCategoryRef="-" gquantity: scope="-
</dcx:column>
<dcx:column dataCategoryRef= quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
</dcx:column>
<dcx:column dataCategoryRef="-" quantity="4-14,2|gauge pressure|Pa” unit="Pa" scope="reference">
</decx:column>
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication">
<dcx:heading lang="en">Indication of DUT</dcx:heading>
<dcx:value>.
<dcx:row idx="1">-18.57</dcx:row>
<dcx:row idx="2">19.40</dcx: row>
<dcx:row idx="3">49.508</dcx:row>
</dcx:value>
</dcx:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
</dex:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
</dcx:column>

numCols="7">

unit="1">

®70A2 B Comect GitGaph @ Ln 240, Col 28 (118 selected) Tab Size: 4 UTF-8

Selection View Go Run

CR_140000766508-20251010T135229 x| 2

<?xml version="1.8"7>
< igit i i nge xmlns:dc " xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance” sg
cx:title value="digitalCalibrationCertificate">
<fdex:title>
<decx:administrativeData>

</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultlist>
<dcx:heading lang="en">Results</dcx:heading>
<dcx:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRows=

numCols="7">
¢dcx:heading lang="en">Calibration of equipment ID@15978</dcx:heading>
<dex:indexFollowMeasurementSequence value="true"/>
<dcx:column dataCategoryRef="-" quantity= scope="
<fdcx:column>
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">
< fdex:column>
¢<dex:column dataCategoryRef= quantity="4-14.2|gauge pressure|Pa” unit="Pa" scope="reference">
<fdcx:column>
<dex:column dataCategoryRef= quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication">
<fdcx:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" i Pa" scope="bias">
<dcx:heading lang="en">Instrumental bias</dcx:heading>
<dcx:value>
</dex:value>
</dex:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
<fdcx:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit: scope="reference">
¢/dex:column>
</dex:calibrationResult>

@70A2 [ Comect GtGraph ol 28 TbSized UTFE CRF (lxmL 8 0

unit="1">
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Edit Selection View Go Run

DCR_140000766598-20251010T135229 xm 2

<?xml version="1.0"?>
<dcx:digitalCalibrationExchange xmlns:dcx="https://dfm.dk" xmlns:xsi="http://www.w3.org/2601/XMLSchema-instance" s
> <dex:title value="digitalCalibrationCertificate">
</dcx:title>
<dcx:administrativeData>
</dcx:administrativeData>
<dcx:statementList>
</dcx:statementList>
<dcx:equipmentList>
</dcx:equipmentList>
<dcx:measurementConfiglist>
</dcx:measurementConfiglist>
<dcx:measurementResultList>
<dcx:heading lang="en">Results</dcx:heading>
<dcx:calibrationResult tableId="calRes@" measurementConfigRef="configl" numRows="3" numCols="7">
<dcx:heading lang="en">Calibration of equipment ID@15978</dcx:heading>
<dcx:indexFollowMeasurementSequence value="true"/>
<dcx:column dataCategoryRef=' quantity= scope=" unit="1">
</dcx:column>
<dcx:column dataCategoryRef=
</dcx:column>
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa” unit="Pa" scope="reference">
</dcx:column>
<dcx:column dataCategoryRef="-" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="indication">
</decx:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
<dcx:heading lang="en">Instrumental bias</dcx:heading>
<dex:values]
<dcx:row idx="1">-0.608</dcx:row>
<dcx:row idx="2">-0.60</dcx: row>
<dcx:row idx="3">-0.45¢/dcx:row>
</dcx:value>
</dex:column>
<dcx:column dataCategoryRef="value" quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="bias">
</dcx:column>

quantity="4-14.2|gauge pressure|Pa" unit="Pa" scope="reference">

®70A2 B Comect GitGaph @ Ln 248, Col 28 (17 selected) _Tab Sze: 4 UTF-8 CRLF

INDUSTRY
INTERNET

XPath AN

uery »
Mappings ,'
/path/to/element ——p»

Gl
o i ~—
Data analyzed for
equipment release

)

validate
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DCR Round Robin testcase

2025-October-10 2025-November-7

3 DCR’s were generated and Deadline for returning
sent to DFM, FORCE and T, DCC’s for all 3 DCR’s
along with the 3 corresponding

PDF certificates and an Three weeks
instruction note. DFM, FORCE and Tl each

generated their 3 DCC's.
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cartiricate no. N Page 1.0f 3

o stz E/

Calibration certificate

Object:

Date of calibration:
Catibratea by:
Enviranment: Temperature 20454, bumiity 42225%AH

Mass. Uncertainty:

Traceabilty:

6" international DCC-Conference

2026-02-24 to 2026-02-26

Page 20f

Hac-MrRA ¢

certinicata no /(I Page 301 3

Notes Pressure

Friday, 10 October 2025 332

Use own logo
Use own acc. ne.
Use a different cert. no.

DFM: DK-DCX-RR-25-01-DFM
FORCE: DK-DCX-RR-25-01-FORCE
Teknologisk: DK-DCX-RR-25-01-TI
Customer: Use DCR info

Object: Use DCR info

Date of calibration 2025-10-28
Calibrated by: Use of calibrated by
Measurement Uncertainty: Use own text
Traceability: Use on text

Graph: Optional / Use on graph
Required data

1D no

Calibration date

Inspection LOT order

Certificate no

For each calibration points
Indication UUT

Indication working standard
Calibration uncertainty

DCX supporting software

Mapping tool for building XPath queries and to fully automate extraction of data based on the Xpaths

Page 283 of 520
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DK-DCX-RR-25-01
Pressure

Description
Cusomter - Name

Provider Name
Document Autharizer
Applicability code
Accreditation Body
Accreditation Nr

1D no of equipment
Date of Calibration
Inspection LOT order
Certificate No
performanceLocation
“01 Object read -10 (Pa)”
“02 Object read 20 (Pa)"
“03 Object read 50 (Pa)"
10"

FORCE Technology : 2
Certificate number was not =
updated.

Renamed the rowTags and
hindering mapping of data
through these.

In this case mapping to the
target values was the robust
choice.

DTI:

email: Software error has
subsequently been fixed.
Number of significant digits is
not validated by the schema.

Uncertinaty for 1.cal. Pt.
Uncertinaty for 1.cal. Pt.
Uncertinaty for 1 cal. Pt.

Error of the UUT
Error of the UUT
Error of the UUT
Uncertinaty for 1 cal. Pt.
Uncertinaty for 1 cal. Pt.
Uncertinaty for 1 cal. Pt.

® 9 om

PR | ISR
u:‘ K. &%)

e

B e o 8

LWE T
oakd T

I RS
[ i ——

i=
L3
B
A

ERAR RO

Cusomter - contact - emai

Reading of the standard 1 cal. Pt.
Reading of the standard 1 cal. Pt.
Reading of the standard 1 cal. Pt.
Reading of the DUT/UUT 1 cal. Pt.
Reading of the DUT/UUT 1 cal. Pt.
Reading of the DUT/UUT 1 cal. Pt.

DCR - Novo Nordisk A/S
Novo Nordisk A/S
hefo@novenordisk.com
na.

Heidi Foldal

n.a

n.a.

na.

1D015970

na

140000766598
140000766598-202510107131208
inField

1

e W

3

01 Object read -10 (Pa)
02 Object read 20 (Pa)
03 Object read 50 (Pa)
-10

20

DESCRIPTION. 2 gauge i calibrated in 3 sections A,B.C.pl Iy in
20%,50%,80% of intemal depeh, with the text facing upwards see figure below.In each level the
diametcr is measured inboth 0180 %nd 90 270 Grieniation. see figuse below

Resuls of Calibearion

A g R R

6" international DCC-Conference
2026-02-24 to 2026-02-26

DCC- DFM A/S DCC - FORCE Technology

Novo Nordisk A/S Novo Nordisk /5
disk.com i ordisk.com

DFMA/S FORCE Technology

Saren Kynde Andreas Lyndrup Jensen

wholly wholly

DANAK DANAK

255 3

1D015570 1D015970

2025-10-28 2025-10-28

140000766598 140000766598

DK-DCX-RR-25-01-DFM
inField
1

oW

3

01 Object read -10 {Pa)
02 Object read 20 (Pa)
03 Object read 50 (Pa)

A6 R 3 L A T D A

T T ARARPRAN, FARANNEET,
Mo TN o anes b parl ol ket g of e bt
2. KUHINRRRCAFLARHR. RN LY. £HRENR

1 MRIERARRNY, ECRARRN

R RBAA LD AL WA E

! o "y M -
= | WRAWEN T c A
A 2y e \— P4
iy | e o oo |t £ 100L11008)
{ 270*
%
B2 Ring No._| Mewswemeee o,
¢ A
ESIECH | B
| C
8t n o U=08pm (k=2)
B H M { F OO i SLRE A LA
= A |

140000766598-20251010T131208 DK-DCX-RR-25-01-T!

ERROR not Found
ERROR not Found
ERROR not Found

1

2

3

01 Objekt aflst 10 (Pa)
02 Objekt aflzest 20 (Pa)
03 Objekt aflzst 50 (Pa)
-10
20

50
-10.57
19.40
49.50
-10.57

DCe-om
Novo Nordisk A/S

Danish Technological Institute
Martin @sterlund

wholly

DANAK

200

1D015970

2025-10-28

140000766598

inField
1

W W

01 Object read -10 (Pa)
02 Object read 20 (Pa)
03 Object read 50 (Pa)

Notes - Ring Gauge

Friday

Use own logo
Use own acc. no.

Use cert. no.

10 October 202

14.26

DFM: DK-DCX-RR-25-02-DFM
FORCE: DK-DCX-RR-25-02-FORCE
Teknologisk: DK-DCX-RR-25-02-T|

Customer: Use DCR info
Object: Use DCR info

Period (Received date): 2025-10-21

Date of calibration 2025-10-28

Calibrated by: Use own employee

Signatory: Use own employee

Measurement Uncertainty text: Use own text

Traceability: Use on text

Graph: Optional / Use on graph

Required data
ID no
Calibration date

Inspection LOT order

Certificate no

For each calibration points

Indication UUT: 2.17 mm

<--2.17 mm added to no

Indication working standard

Calibration uncertainty

2026-05-11 18:53
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Description
Cusomter - Name
Cusomter - contact - email
Laboratory Name

DK-DCX-RR-25-02
Ring gauge
geometry

DTI:

rowTag was altered by
removing “ “ in the tag.

In this case mapping was done
on idx - number.

The reference and indication
data was interchanged —
human error.

Document Autharizer
Applicability code
Accreditation Body
Accreditation Nr

1D no of equipment
Date of Calibration

FORCE Technology :

rowTags was altered by
removing UUT.

In this case mapping was done
on idx - number.

Unit was changed on half of
the data - ERROR not Found

alibration

ertificate JIFCMRA WDAN“

Certificate No. D

Customer:
Company: teren Neacish A% Centifeeedater 225012
Adtis Beverain P . '

0 Hileed Boges, 3
eestor: N Skaarivg Ponuier: WA
Equipment I0: Tag o Equipment Type:
Vess30 Wh Hrgra Smart Sensan

—— 20050603
n Caltroton sart date. 20250610
o RO
Prds
Envronmant:
[— aone Bel ity oy
Tempenatue. w25 Sarom Prestuse: 011 hen
Refarence squpment - Casoration:
Description Trcasbility: €l
- DA et
ke S027A Do 2540
ik Aygregen 2 A

Auher: Approved by:

Fage1 /3

Calibration Laboratory code No

IDCR - Novo Nordisk AfS
Nowa Nordisk A/$
HEFO@novanardisk.com
na

na

Heldi Foldal

na

na

1363138

na.

140000785854
14D000785854-20251010T141146
atProvider

O s w e

01 UUT reading at Diameter A 0°-180"
02 UUT reading at Diameter B 0°-180°
03 UUT reading at Diameter C 0°-180°
04 UUT reading at Diameter A 50°-270°
05 UUT reading at Diameter B 507270
06 UUT reading at Diameter C 907270
2.1702

21701

21703

21702

21701

21703

217

217

217

217

217

217

-0.0002

-0.0001

-0.0003

-0.0002

-0.0001

-0.0003

0.0008

0.0008

0.0008

0.0008

0.0008

0.0008

Notes - Hygro smart sensor

DEC - DFM A/S

Nowa Nardisk A/S
HEFO@novanardisk.com
DFM A/S

255

Sgren AR. Kynde
wholly

DANAK

255

1363138

2025-10-28
140000785854
DK-DCX-RR-25-02-DFM
atPravider

1

o n e W

01 UUT reading at Diameter A 0°-180"
02 UUT reading at Diameter B 0°-180°
03 UUT reading at Diameter C 0°-180°
04 UUT reading at Diameter A 30°-270°
05 UUT reading at Diameter B 90°-270°
06 UUT reading at Diameter C 907-270°
21702

21701

21703

2.1702

21701

21703

217

217

Calibration &
Certificate s DAN%
centificate No ARED
fes—
Emors
At TueVave:  odcoted Ener e Uncertaint:
paine ] W s Heate] -
e € " W = " T
m = 100 1as3 263 1 503
= = s sz 155 14 29
w0 = o 18 am h 234
< won < < c c -
a -s rom an wm ar oaon
2 = 22008 a7 i an e
5 = 3540 =3 s an o
- Paramotar A= 15000 | 8- Q0. °C
Farmeat 4~ 1000 3. 03, %
ceturiation he e iges s oo o e e Ucertanty: :

6" international DCC-Conference
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occ-om
Navo Nardisk AfS

DCC- FORCE Technology
Novo Nordisk A/S
HEFO@navonordisk.com

FORCE Technalogy Danish Technological Institute

9 200
Andreas Lyndrup lensen Martin @sterlund
wholly wholly

DANAK DANAK

Ll 200

1363138 1363138
2025-10-09 2025-10-28
140000785854 140000785854
140000785854-20251010T141146. DK-DCX-RR-25-02-T1
atProvider atProvider

1 1

Tuesday, 14 October 2025 10.46

Use own logo
Use own acc. no.

Use cert. no.

DFM: DK-DCX-RR-25-03-DFM
FORCE: DK-DCX-RR-25-03-FORCE
Teknologisk: DK-DCX-RR-25-03-T|

Customer: Use DCR info

Object: Use DCR info

Period (Received date): 2025-10-21

Date of calibration 2025-10-28

Calibrated by: Use own employee

Signatory: Use own employee

Measurement Uncertainty text: Use own text
Traceability: Use on text

Graph: Optional / Use on graph

Required data

ID no

Calibration date
Inspection LOT order
Certificate no

For each calibration points
Indication UUT

Indication working standard
Calibration uncertainty

2026-05-11 18:53
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DK-DCX-RR-25-03
Humidity

DFM:

Minor human error on data entry.

DTI:

Minor human error on data entry.

FORCE Technology :
Certificate number was not
updated.

Minor human error on data entry.

DCR - Nova Nordisk A/S

DEC- DFMA/S

6" international DCC-Conference
2026-02-24 to 2026-02-26

DCC - FORCE Technology

Learnings from the Round Robin

oka Hordisk AfS Moo Nordisk A5 Movo Nordisk A5
na. DA AfS FORCE Technolagy
na 55 b
ieidi Feldl Soren Kynde Andreas Lyndrup lensen
na. wholly whally
DanaK DANA
na 55 9
1505570 505820 1635520
na. 202510-28 20750630
Lac000783877 18 110000793877
00T HOISIOTIAON  DEDCCARISOIDRM  L400GOSIETI-0BSIOIOTIASONL
atPravider atprovider athiowder
1 1 1
z 2 3
5 3 3
1 1 1
z 2 2
3 ) 3
01 Indicated [ 01 Indlcated (] 01 nclcated ]
02 Indicated I 02 Indicated (] Q2 ndicated [}
03 Indicated i 03 Indlcated 1] 03 indlcated [
10 0 1
as 5 5
& ® 0
n n 2
n n 2
z z 2
5 00 100
50 50
=0 00
68 1361
155 1635
7915 716
36 a8
155 155
084 084
14 14
14 14
- 14 18
04 Indicated |I] 04 Indicated (1] 04 Indicated 1]
05 Indicated 1] 05 Indlcated (] 05 ndlcated [
06 Indicated 1 06 Indicated () 0 dicated I
45 45 a5
o - 1
s 5 5
5 5 3
n n 2
5 ) )
- 7991 7001
22,009 22000
35008 35049
s n
nw 22
130 3530
P 02
05 0261
03 0251
a7 017
o7 017
017 07

pee- onl
Nowo Nordisk AfS

Danish Technalogical Instltute

1 Indicated
@ indicsted [}
@3 indlicated i

14
0d Indicated [T}
a5 ndicated I
GG ndicated I

1. V Process for requesting and extracting of data was over all successful.

2. + Challenges experienced:
a. Not clear to laboratories that client’s rowTag was not to be changed.

a.  Onclient side this resulted in inability to locate the corresponding row.

b. One laboratory did not change dcx:uniqueDocumentldentity, for certificate number

c. One laboratory changed units in a certificate from mm = um,
i.e. data could not be found by xpath.

2026-05-11 18:53
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Data analyzed for

i r
equipment release s

Conclusion & Outlook

DCR Round Robins are a good process for:
Gaining more experience
Strengthen the process e.g. generation: DCR and Xpath's

Test scalability: Increase number of areas, providers and clients
areas: more geometry, mass-balances, weights, flow, temperature, humidity,
multimeter

DCX improvements:
a. Strengthening of schema validated internal IDREF pointers (ready for release)

b. Add attribute, describing action for an element :
@inDCC: ‘edit’, ‘readOnly’ or ‘delete’

c. Develop DCR <> DCC comparator
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m

[TTTT]
CALIBRATION
DATA added

Data analyzed for
equipment release

Data approved
validate validate & digitally signed

2nd DCR Round Robin
Running first half of 2026

(Expanding participants and certificate types, but single DCR provider)

3rd DCR Round Robing
Running second half of 2026

(Expanding participants and DCR providers)

If interested write to

srk@dfm.dk | dbh@dfm.dk

- ____________________________________________|
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Timeline

Geometry, temp/humidity, pressure, flow, multimeter, balance, weight piece, geometry no. 2

Feb Mar Apr May Jun
Activity 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 Responsible

Update the Shema DFM
Prepare DCR NN, TI

Introduction workshop A | DFM

partners

Evaluate the result - DFM

Present outcome A DFM
- - 10-Jun-2026

Update the Shema DFM
v

DCC
conference

Danish collaboration partners:
Novo Nordisk: Heidi Foldal, Aykurt Altintas, Jan Laursen, Johan Schroll-Flaischer
FORCE Technology: Ahmed Khan Leghari, Andreas Lyndrup Jensen, ...

Teknologisk Institut: Jonas Vind, Peter Friis @stergaard, Jan Nielsen, ...

Contact: David Balslev-Harder (dbh@dfm.dk)
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Day 2 2026-02-25 Wednesday
Parallel Session “DCC Tools and Development |”
Session Chair: James Fedchak

020 Lisa Busser:
Importing a DCC with the help of Globally Unique Iden-
tifers

Presenting author: Lisa Busser [1]
Email: lisa.busser@maro.de
Additional authors:
¢ Robert Matzinger [1] robert.matzinger@maro.de,
e M. Busser [1]
Institute:
[1] MARO Elektronik, Silvanerweg 6, Brezenheim, 55559, Germany
Keywords: Import, GUID, Automatization, Interoperability

Abstract

This presentation will focus primarily on the import of DCCs with the aim of further increas-
ing the degree of automation.

Therefore, this presentation uses a brief demonstration in ScalesNet, a software for mass
calibration, to show how the use of Globally Unique ldentifiers (GUIDs) has significantly in-
creased the efficiency and the degree of automation of the data import. To demonstrate the
use case of GUIDs and the potential to further increase the degree of automation, thereby
enabling faster data processing and reducing human interaction two different installations will
be used for simulating the calibration laboratory and the customer to whom the DCC is send.
The goal is to show a minimalistic easy-to-understand example within an existing application
to demonstrate the benefits of GUIDs from the user's perspective.

Furthermore, the technical aspect is examined. It will be shown how the GUIDs were em-
bedded into the existing XML-schema and what local management of the GUIDs is necessary
to enable the decentralized chaining of database entries between different installations and
even different software products to improve the interoperability whose positive effects were
already shown in the initial demonstration. This approach does not explicitly concern the spe-
cific measured values, but rather the exchange and import of all other types of data that are
also part of the DCC. In other words, the types of data for which text or numbers were entered
manually into the local database at some point which applies not only to administrative details
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such as customer names or addresses, but also to descriptions of individual test objects, such
as their design or material.
The examples and demonstration are tailored to mass metrology, as ScalesNet is a soft-

ware for calibrating mass, but the approach and handling of GUIDs is analogous for all other
types of DCCs.

Presentation #020 of Lisa Busser

MARO

I Elektronik

— IMPORTING A DCC
WITH THE HELP OF
GLOBALLY UNIQUE IDENTIFIERS

Lisa Busser, MARO Elektronik

tronik

Why IS |mport|ng so difficult

BSB20EB6-1B27-4E26-83E9-775FBFD24A5A 1"

Customer
Existing Database

Shape A
Shape B
Shape C

Dcc

Dce
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lektronik

— Why is importing so difficult

“edcc:identification refType="mass shape" id="xBSB20EB6-1B27-4E26-83E9-775FEFD24A5A 1">

pce I [(dcc:izﬂuermuflctmxx/dcc:iasuez}
= <dcc:valu¢>Shape Adfcgivalue/>
I(/dcc:iden[1fina[10n>

bee <dcc:va]ue@

Customer

I~ Shape A

\

<decivalue.

<dcc:value Cc:ivalue/>

bpce

— Shape A
— Shape A
| — Shape A
Shape B

iy iy

 Proces:

(@ Print report
() Print all associated test weight cal. records

v @ 1000g/1(19.02.2026)
> I History (1)
v @ status 1
> | version 1

Partial name of document

(7] Delete declaration of conformity

oot bl

DEMO IMPORT WITH

v -8 1000g/2(19.02.2026)
> 1l History (1)
v @ status 1
> | Version 1
> & Documents created (0)
> &l DcC-Conf-6-a DCC_CONF
> &l Demo Maro
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= Callibration Certificate with attached

r o
//

Attached DCC

Mitghed im | Mombor

Deutschen Kalbrierdienst DKD [ |
Kalibrierschein Kalibrierzeichen m
c ertcate Cai

o

2x 1000
2x1000g

Matner Gewichte GmbH
Mohenhardtsweller Str. 4

Kiasse E2, siohe Seito 2
Ciass E2, see page 2

DCC-Conf6-01

— IMPORT DCC

Receiver side

roata seungs rep

ScalesNet-M

PKP-Documents Weight Calibration

Import DCC

ne: |0127_DCC-Conf-6-01_POF Zentifikste (pof)

- _______________________________________|
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— IMPORT DATA

Certificate is new

0127_DCCConf601_ dee
Caibration results

DCC-Conf-6-01 [FA
—
AsL

2 AsF 10000
AsL

INomnd vale  [Marking ISh!pe |Mdaial MCP |U[MCP) ldolaMEP NP IU[MPI |delaMP
Knob * Special Steel 1 +017214319 +1.11657575 | +0.
1. +017214319 1kg 1. +1.11657575 | +0.!
Knob * Special Steel 0. +0.17277188 -0. ka 20kg +1.11208737
0. +017277188 -0 kg +1.11208737

ﬂ Import Digital Calibration Certificate (DCC) (Administration) - u} X |
Conterts of the dighl caibiation certiicate
FRepottt 0127 Datum 19.02.2026 [e |
Object 2x10009 Speciicatior: OMLR111, Class:E2,  Method: ABBA

Already got an DCC from this lab containing these
Data.
Match in receiver-database is already done.

& Inpottierer

Legend:

[T e
koonn.

unknown

Open ducumer

— IMPORT DATA

-
[ import Digital Calibration Certificate (DCC)  (Administration) - 0o x
Corterts of the cighal calibration certicate
Repotti 0127 Daum 19.02.2028 [ ~|
Otject 2u1000g Speciication: OML AT, Class: EZ. Method: ABBA, v
Certicate s new
(M27_DCC Conl 601 dec |
Caibeation results
DCC-Conf6-01 |FL nal value \, |Marking Matesial MCP |u|MI:P] ]deIeMEF' MP |U[MP] |duhMF
1 1000g Ko * Speci 01721413 91 kg 100000042500 kg +1.11857575 | +0.0000004243 ifg
AsL 1.00000041300 kg 017214319 0.0000004191 kg 1.00000042500 kg +1.11657575 |+0.00000042¢3fg E2 |
B nsF 100g ke - 1727188 ka 4111208737 | -0.0000005788 g ! [@ SerialNo
AsL (i 017277188 kg +1.11208737 |-0.0000005798 k3 294112
T Dwner |
New Datapoints for receiver.
Match in Database must be done manually once [
at first sight.
Legend:
i Importisien _m (@ Save document Open documen
wnknown
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i
-
—_— . :
Import: connecting entries
o e DCC from sender : ’
w2t e -

Cericate is new
[ Material selection fist

o x
(127_DCC-Conf6-01_.dee

Calbsion re: i Select 2 matenisl
sults conneCtmg | Assignments
DCC-Conf-6-01 [FIL ‘Nﬂmnd vale  [Markng |Shm M MCP , Iumm ‘am MP ‘Us:s Method | Tempeiatwe o
[ asF 10009 o . g +111657575 +0.0000004249 kg E2 293853k -
™ - g +1 11657575 +0 0000004243 kg E2 293853K @ Customer
L E AsF 1000 g -m = Special Stesl 0933399 g +1 11208737 00000005788 kg E2 =29mzk g SerialNo
—
AsL - 0.999959 Database Of g +1.11208737 | -0.000000578B kg E2 294112k ® vorin
receiver 7 Dwner
- 18 Appls solection to all masses in this set.
_L@"d v Ok || 7 Heb X Concel
£ Cloce & Impattieren nezsces @t Save documen... Doen document
unkrown
MAFIDI
I
Import: 2 DCC
|}
From same lab to same customer
8 import Digital Caiibration Certficate (DCC) (Administration) - o x |
Contents of the digital catvation centicate ‘
Repote 0128 Datum 19022026 [ge ‘
Object 1000 g Specificabione OIML A1, Class: F1.  Method ABBA ‘
Certificate is new
0128_101-02-25_ dec ‘
Cafbeation resuls Assgrects |
101-02-26 |FA Nominal vake [Markng ASap Mateiial |u|w?1 |a=tnMcP MP |U[MP) |w.>4? |f}us IMuhnﬂ Temperatire |Hm| ™ ‘
1 10005 K6h 1 SpecllSisel 0 Neag72090 kg 017276256 00000002762 kg 099939972960 kg 111215502 -0 0000002704 kg F1 29288K 530
asl B 9he39972320 kg 4017276256 00000002762 kg | 0.99999972960 kg +1.11215502 0.0000002704 kg ¥1 FECTRCTIN L
— [ SeialNo
& Vendo
+ Shape and Material already known. ? Ower ;

+ Connection has been done during
last import

i
| Bk e o B Save &
Y unknown
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MARO,

Benefits of using GUIDs

- Reduce duplications in Database
- Reduce human Interaction
- Higher grade of automatization

- Decentralised architecture
- No central observer needed
- No website for registration needed

- No central resources or maintenance required

Everyone can generate them

— Whatis a GUID

- Globally Unigue Identifier or Universally Unique Identifier

UUIDv4: 128 bit [122 Bit are random
[ ] sIt's more likely for e meteor to hit the

- 2122 = 5.3 x 1036 possibilities computer running the program, blowing
it up, than for a UUID to collide. So if you
- unique assignment want 100% fail proof program you

should solve the meteor defence
problem before you start digging into
handling UUID collisions”

‘Stackoverflow, gbtimmen, Jul,18 2018
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MARO,

— XML schema (example: shape)

Administrativ Data

ltems

©® @ Atribules
o @ Constraints for Attribute ,id" in DGC
e + Must begin with a letter
Type xs1DREFS| + Must be unique within one DCC

refType
©
Type decrefypesType
[ identificationType |

name

Type dectexiType
—_—

MARO,

— Modify GUIDs to fit into schema

<dcc:identification refType="mass_shape"

id="xF64656DA-5638-4A30-B910-9875309835BD_3">

0

Insert prefix “x Suffix:

+/ id must begin with letter + Counting multiple use of same ID “_X"
+ “af” = as found
+ “al’ = as left
«/ id must be unique
* ID can be used with different suffixes for
multiple occurrences of same information
e.g. same shape of multiple weights
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</dcc:coreData>
<dcc:items>
<dcc:name>
</dcc:name>

<dcc:equipmentClass id="x3E32B73E-33B1-4F16-A053-F38BFAAF97EF">
— - </dcc:equipmentClass>
GUIDS In use <dcc:description>
</dcc:description>
<dcc:manufacturer id="x1F024F95-9D3E-4404-AE7B-3E79785308D7">
</dcc:manufacturer>
<dcc:identifications>
<dcc:identification id="xF7203FE5-2EAA-4554-827F-C9AA77175BF4"
</dcc:identification>
</dcc:identifications>
<dcc:item id="x3349891E-FE2E-4247-892E-A6E9E6A7A92C" >
</dcc:item>
</dcc:items>
<dcc:calibrationLaboratory>
</dcc:calibrationLaboratory>

<dcc:respPersons>
</dcc:respPersons>
<dcc:customer id="x374CA195-CBA6-4354-ADBD-9BFAED6E4SEF">
</dcc:customer>
<dcc:statements>
</dcc:statements>
</dcc:administrativeData>
<dcc:measurementResults>
<dcc:measurementResult id="x0962395B-DCAE-4CBA-9CEF-6269FE9E7211af"
refld="x3349891E-FE2E-4247-892E-AGE9E6ATA92C" >
<dcc:name>
</dcc:name>
<dcc:usedMethods>
<dcc:usedMethod id="x417833AC-9376-41E5-AD73-6181E935A8FF_1">

</dcc:usedMethod>
"o
Elektronik

—  Local management of GUIDs

Shape A Own_Guid_Shape A Other_GUID_Shape_A_01, Other GUID_Shape A 02,
Other_GUID_Shape_A_03, Other_GUID_Shape_A 04,

Shape B Own_Guid_Shape_B Other_GUID_Shape_B_01, Other_GUID_Shape_B_02,
Other_GUID_Shape B 03, ...

Shape C Own_Guid_Shape C Other_GUID_Shape_C_01, Other_GUID_Shape_C 02,
Other_GUID_Shape_C_03, Other_GUID_Shape_C_04,
Other_GUID_Shape_C_05, Other_GUID_Shape _C_086,
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—

Elro’r ¢ar Dolect . 3

1edet
' 10" I.N’:“"
p———— L e

Paeantylir € Hcinf STHRTE eblus

outIOOK - Further improving import and

export of DCC

- Possible security vulnerabilities
when importing data into the
database (e.g. SQL-Injection)

Contact

Lisa Busser

lisa.busser@maro.de

9

X

"& +49 671 83999-15
|:| https://www.maro.de/

Back to Table of Contents above
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021  Moritz Jordan:
Semantics of Digital Calibration Certificates: The DCCS
and SIS Ontologies

Presenting author: Moritz Jordan [1]
E-mail address: moritz.jordan@ptb.de
Additional authors:
e Giacomo Lanza giacomo.lanza@ptb.de [1]
Institute:
[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
Keywords: Digital Calibration Certificate, Digital Sl, Interoperability, Semantics

Abstract

This presentation provides an update on recent advancements in the development of the
DCCS Ontology (Digital Calibration Certificate Semantics) and the SIS Ontology (SI Seman-
tics, D-SI Ontology), two complementary semantic frameworks for digital metrology grounded
in ISO/IEC 17025 and in the International Vocabulary of Metrology (VIM).

We report on the latest developments in the SIS Ontology, including its embedding and
practical application within the Metadata4lng Ontology, which demonstrates growing interest
in shared Si-based measurement semantics. In parallel, we present the current state of the
DCCS Ontology and its evolving support for interoperable Digital Calibration Certificates, cov-
ering certificate structure, metadata, stakeholders, instruments, and provenance.

The presentation also situates these developments with respect to related efforts such as
the Ontology for Measurement Terminology (OMT) [1], clarifying differences in scope and de-
sign. Finally, we highlight how DCCS and SIS integrate with each other and align with estab-
lished ontologies such as QUDT, the S| Reference Point, the Organization Ontology (ORG),
the Provenance Ontology (PROV-0O) and, Schema.org, and provide information on how to ac-
cess and reuse both ontologies.

References:

[11 Wang S, Du M, Liu Z, Luo Y, Xiong X. Design and Implementation of an Ontology for
Measurement Terminology in Digital Calibration Certificates. Sensors (Basel). 2024 Jun
19;24(12):3989. doi: 10.3390/s24123989. PMID: 38931773; PMCID: PMC11207306.
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Semantics of Digital Calibration
Certificates
The DCCS and SIS Ontologies
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From Structured Documents to Semantic Knowledge

= XML - structured documents
= Ontology = explicit semantics
= Enables reasoning & validation & interoperability

= Foundation for FAIR Digital Calibration Certificates

Q & & &

Moritz Jordan, Giacomo Lanza, PTB

19.03.2026

What is an Ont°|°gy? based on a slide by Maximilian Gruber, PTB

instanceOl

Philosoph ~“ i -
phy | g ‘Sﬁgll)antlc RDE
- Onto~logy = study of being
What types of entities exist? Triples: OWL
g How do they relate to one another? subject+predicate+object
. Domeln Object Property fence :
'T"‘ e Classes L
- " - |
» o - knowledge representation
I represent concepts and relations 11111
' |

capture it in a formal way

PerformanceDate D
CalCert2026-02-25
beginPerformanceDate [ * " Datatype Property TTTTTT
endPerformanceDate ok

19.03.2026

Moritz Jordan, Giacomo Lanza, PTB
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i SIS :

| (—sis:hasUncertaintyDecIaration—l |

H sis:QuantityValue sis:MeasurementUncertainty
f—é—sis:hasouantityly;@ .............. comente

SIRP v

i sirp:QuantityKind sirp:MeasurementUnit

E sirp:hasUnit=—>

MQUDT T e——
L _| qudtQuantityKind | quat: | qudt:Unit K

T applicableUnit '

Alternative Use of QUDT:Unit !PTB

# QuantityValue for 1 kilogram
:massValuel a sis:Real ;
s|is:hasQuantityType quantityKind:Mass ; |
sis:hasUnitldentifier "\kilogram” ;

s:hasMeasurementUnit unit:KiloGM ; l—
sis:thasValue "1.0™*xsd:double .

guantitykind:Mass a qudt:QuantityKind; unit:KiloGM a qudt:Unit ;
qudt:applicableUnit unit:KiloGM ; |—|__‘_ qudt:siExactMatch si-unit:kilogram ;
qudt:siExactMiatch si-quantity:MASS Leiudt:hasQuantityKind quantitykind:Mass;
qudt:symbol "m” . qudt:symbol "m” .

/" Enables uncomplicated reasoning

19.03.2026 6 Moritz Jordan, Giacomo Lanza, PTB

- ___________________________________________|
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Applications of SIS: Metadatading

* Semantic description of —implomeniod-br> Tool
<«—implomente—

research data and of the \ ]
whole data generation 7
process veriable

( isa P! has symbol
has variable description

Method

s a—\

Text variable

Boolean variable

has boolean value

has string value

mdi: Numerical variable =
sis: Quantity numerical value

has numerical value*

sis:Measurement uncertainty sis: Covariance matrix

has uncertainty value(s)***

v
I SIRP i -

. sirp: Quantity Kind . sirp: Measurement Unit ,: N has number of significant digits has coverage factor ili—'és—h

- { i < o

1 i has coverage probabilty sis: Covariance element
L | has verbose name has statistical distribution

has column index

has unit identifier**

has row index

| qudt: Quantity Kind

qudt: Unit

Ut has numerical value

has unitidentifier

i
'
'
1
'
|
i
'
'
1
H has time stamp
I
I
'
'
1
'
'
'
1
1
'
'

19.03.2026 7 Moritz Jordan, Giacomo Lanza, PTB

sc:ServiceCategory

CalibrationProcess CalibrationCertificate

has isReportOf
has

PerformanceDate

ReportedMeasurementResult AdministrativeData

Performancelocation

has

CoreData
StakeholderParticipation

countryCode

mandatoryLanguageCode
usedLanguageCode

CalibrationObjectParticipation

uniqueldentifier

PersonParticipation
< reports

19.03.2026 8 Moritz Jordan, Giacomo Lanza, PTB
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BEPIB kcps service Category

CLASSIFICATION OF SERVICES

Version: 1.0 (8. ozt updst: 20250210

hasServiceCat
CalibrationProcess o R Metralagy Area: ALL KCOB ~
_ KCDB Service Categories

# Example Calibration Process

Acoustics, Ultrasound and Vibration

AUV

Electricity and Magnetism
EM

Length
n

# Measurement Result Mass and Related Quantities
:measurementResult1 a dccs:MeasurementResult ; ™
dccs:hasResultData :massValuel .

Photometry and Radiometry

# Quantity Value (real number) PR

‘ma: ic-Rogl -

hasQuantityType quantities:MASS ; Ih Thermometry
sis:nasvalue "1.0 " Xsd.qouple ; f
sis:hasUnit “\kilogram” .

19.03.2026 9 Moritz Jordan, Giacomo Lanza, PTB

isInRealList

E I
1 ' 1
1 1 : |
1 1 1 1
1 1 1 |
: \ 4 1 1 |
. N ! " ! . "
1 sis:RealList 1 QuantityValueTable N sis:ReallnList :
1 1 1 I
: : tableDimension ! ]
1 I
1 1 . .
1 1 1 |
1 1 1 I
1 ' . A
1 . 1
1 ea hasTableColumn— -hasMeas‘hrememPoint :
1 1 1 hasDataValue |
1 1 1 1
: TableColumn : ! MeasurementPoint 1
1 |
1 1 1 |
1 ' . A
1 1 1 I
1 1 1 |
1 1 1 |
1 5 1 1 1
' s a " . hasIndexValue ;
1 1 1 I
1 1 1 |
1 1 ' A
1 DataColumn 1 1 1
1 1 1 |
1 1 1 |
1 1 1 |
1 1 1 1
. 1 e et e e e e e P et 1
19.03.2026 10 Moritz Jordan, Giacomo Lanza, PTB
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-PTB Tables Example: Volt-Meter AC Calibration

Current
(mA)

Frequency | Voltage

1000 1.9

-

hasTableColumn hasTableColumn
Frequency [IndexColumn] Voltage [IndexColumn] Current [DataColumn]
[RealList] [RealList] [RealList]

50 Hz [ReallnList]

50 Hz [ReallnList]
1000 Hz [ReallnList]

1000 Hz [ReallnList]

QuantityValueTable

tableDimension = 2

hasTableColum

2V [ReallnList] 2.1 mA [ReallinList]

10 V [ReallnList] 10.5 mA [RealinList]
2V [ReallnList] 1.9 mA [ReallnList]

10 V [ReallnList] 9.2 mA [ReallinList]

based on an example by Vanessa Stehr, PTB

hasDataValue

Value

MeasurementPoint4

19.03.2026

Related Work: OMT Ontology

https:/si-digital-
framework. uantities

[ hutp://si-digital-
framework.org/SUprefixes/

5

&
&=
SI Reference Point

GUM

( http://si-digital- ]

| | L 7ﬁun\ework.:)rysl ‘units/

J ‘fomtzounllnityKind -/ omt:Quantity Value|

JIF1001

|}omt:\’nluc1 [oml':l’mﬁx, [ omt:Unit ]

MeasurementPoint1 MeasurementPoint2 MeasurementPoint3
i1

Wang, S., Du, M., Liu, Z., Luo, Y.,

& Xiong, X. (2024). Design and
Implementation of an Ontology for
Measurement Terminology in Digital
Calibration Certificates. Sensors
(Basel, Switzerland), 24(12), 3989.
https://doi.org/10.3390/s24123989

19.03.2026

12

Moritz Jordan, Giacomo Lanza, PTB

EEPIB

H sensors

fibey
Article
Design and Implementation of an Ontology for Measurement
Terminology in Digital Calibration Certificates

Shuaizhe Wang 127, Mingxin Du %, Zilong Liu 27, Yugi Luo * and Xingchuang Xiong '+

Nassonal Institus of Metwology, Beifieg 100029, Ching; wangshusishefisi sc.cn (S W)
Wazhbien o M ZL |
? Key Laboratury of Metrology Dighalizati ™
Buijng 100029, Chi
3 The Cullege of Infoemation Eeginecsing, China Jiang University, Hangzhou 310016, Chisa:
i 3 duen (Y1)

Refulat

* Cormespundence: siongschnim acen

Abstract: Digital Calibration Cortificates (IX.Cs) are a key focus in metrology dightalization, noces-
sitating that they satisfy the criteria y and Current DCCs
are machine-readable, but they are still missing the essential semantic information. required far
machine understandability. This shortfall s particularty notable in the lack of a dedicated semantic
ontology for measurement teminologies. This paper propases a domals antology for messurement
terminologies named the OMT (Ontology for Measurement Terminalogy), using 3 foundation of
Vocabulary of Metralogy (VIM), the Guide to
the Expression of Uncertainty in Measurement (GUM), and JIFI00L. It also incorparates insights from
maodels sach as the S1 Reference Point, the Simple Knowledge Organization Systerm (SKOS), and the
DCC Schema. The uided by Stanford p Method, ensuring 2 5 i

Bevelopraent process taikred 1o te nevds of metrological semantics. Through semant expression
capabisity verification and SPARQL query validations, tre OMT has been confirmed o passess

essential v and features. It has b
version 3.2.1 of DCCs across on di This et
et method for ensuring that DCCs are machine readable and capable of interoperating within digital

ot g Moz SAVORMmEn, thereby advancing the research in metrolegy digitization.

Lo, X Xharg, X Deign ard
trpiemenssrion o an Omabigy bor

Mt Turminsbegy b Digia
Colbration Catificaton. Sesecrs 304

Keyweeds: di
mesrology digitalization

tology: foc

I reference paint;

1 Intraduction
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Comparison DCCS/SIS vs OMT

Direct representation of XML DCC(easy mapping)
Alignment with Metrology Standards(VIM, GUM, SIRP)
Integrated provenance information

Single measurement result values

Complex measurement result tables

Extensive uncertainty representation

Measurement model representation

KCDB Service Categories

Physikalisch-Technische Bund: stalt m Bral ig and Berlin National Metrology Institute
19.03.2026 13 Moritz Jordan, Giacomo Lanza, PTB

Usage Scenarios -PTB

» Machine-understandable DCCs

Cross-laboratory interoperability

Automated consistency checking

Semantic search across calibration repositories
Knowledge graph for metrology asset management
Traceability chain representation

Interlink calibration data with broader semantic ecosystems

Physikalisch-Technische Bund 'stalt ® Bral ig and Berlin National Metrology Institute
19.03.2026 14 Moritz Jordan, Giacomo Lanza, PTB
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How to access the ontologies? !PTB

SIS Ontology DCCS Ontology
i’fZ'f‘f.j:gLE]

o rii.'“’

z*?i‘z @
S

IRI IRI
https://ptb.de/sis/ https://ptb.de/dccs/
Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
19.03.2026 15 Moritz Jordan, Giacomo Lanza, PTB
About

Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin
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38116 Braunschweig

Moritz Jordan
Telefon: +49 531 592-1245
E-Mail: moritz.jordan@ptb.de

Giacomo Lanza
Telefon: +49 531 592-8132
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022 Jaime Gonzalez-Gomez:
dccQuantities: A Python library for the Automated Evalu-
ation and Uncertainty Propagation of Digital Calibration
Certificates

Presenting author: Jaime Gonzalez-Gomez [1]

Email: jaime.gonzalez-gomez@ptb.de

Additional authors: nil

Institute:

[1] Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
Keywords: DCC tables, quantities, D-SI units, uncertainty propagation

Abstract

The Digital Calibration Certificate (DCC) provides a standardized XML schema for the ex-
change of structured calibration data. While the DCC format ensures machine-readability, the
complexity of its nested structures — particularly regarding tabulated measurement results,
like in analogue formats — presents significant integration challenges for developers for me-
trology software. The DCC data follows Physikalisch-Technische Bundesanstalt (PTB) policies
for a good practice to store tabulated measurements with uncertainties [1][2], which will be
briefly introduced in this contribution to define the bases and need for additional libraries.

As example for the latter, we present dccQuantities. This open-source Python library is de-
signed to bridge the gap between the DCC data and functional metrological algorithms. By
transforming static XML data into a dynamic object-oriented structure, dccQuantities simplifies
data access and understanding while maintaining strict adherence to the DCC schema. A key
feature of the framework is the seamless integration of the Metas UncLib package [3], The
target is to allow access and subsequent calibration results through mathematical means, au-
tomatically carrying over the uncertainty propagation associated with the measurements.

The utility of dccQuantities is demonstrated through practical use cases, included reading
DCC measurement data and generating calibration results. This contribution also outlines the
library's documentation, intended to enable developers to use the library.

References:

[1] DCC - Wiki (2026): Tables in the DCC, [https://wiki.dcc.ptb.de/en/tables], last accessed:
08.01.2026

[2] Hutzschenreuter, D., et al. (2020): SmartCom Digital System of Units (D-SI) Guide for
the use of the metadata-format used in metrology for the easy-to-use, safe, harmonised
and unambiguous digital transfer of metrological data - Second Edition

[3] Wollensack, M. (2021): Introduction to Metas UncLib [https://www.metas.ch/dam/me-
tas/en/data/fachbereiche/hochfrequenz/unclib/metas_unclib_intr o_3_fullprint-e.pdf]
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Presentation #022 of Jaime Gonzalez-Gomez

Physikalisch-Technische Bundesanstalt
Braunschweig and Berlin
National Metrology Institute

dccQuantities: A Python library for the Automated
Evaluation and Uncertainty Propagation of Digital
Calibration Certificates

6th DCC Conference

Jaime Gonzalez-Gomez, Benedikt
Seeger, Vanessa Stehr, PTB, 1.73 .

DCC data in XML files

= DCC provides a standardized XML schema
= Calibration data is stored in tables.
= Tables are composed by:.

= Index Quantities: independent input to the experiment.

» Value Quantities: measured result, dependent to index
quantities.

= Other metadata

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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DCC Tables and Quantities .PTB

Index Quantities Value Quantities
Ubertragungskoeffizient
Frequenz Beschleunigungs-
amplitude Betrag Phasenverschiebung

fin Hz 4in m/s? Sqa in pC/(m/s?) A in 1°

10 5 0,1301 -0,02

12,5 5 0,1302 -0,03

16 5 0,1302 -0,02

20 10 0,1302 -0,02

25 10 0,1302 -0,01

31,5 10 0,1302 -0,01

40 10 0,1302 -0,02

50 50 0,1302 -0,01

63 50 0,1301 0,00

80 50 0,1301 0,01

100 50 0,1301 -0,01

125 50 0,1301 -0,01

160 50 0,1301 0,00

Physikalisch-Technische Bund 1stalt ® Bral hweig and Berlin National Metrology Institute

DCC Tables and Quantities .PTB

Cdcc:list refType="basic_1IndexTable™» \
[(dcc:quantity refType="basic_tableIndex@”> ]
Frequenz )——— > Name [(dcc:quantity) I
[(dcc:quantity) ]
N —_ :
(fBH‘Z\ Label (SymbO') [(dcc:quantlty) ]
/12,5 \ [(dcc:quantity) ]
[ 16 | Unit
/ gg \\ <dcc:measurementMetabatas __(dcc quantity>
315 Values and
ST int
50 uncertainties «dec:quantity)
| gg ] <dec: influenceConditions <dl:l: quarrtlty)
\ 100 / (dcc quantity>
\\123 / \\ <dcc: quarrtlty)
DCC v3.3.0
Physikalisch-Technische Bund 'stalt ® Bral hweig and Berlin National Metrology Institute
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Where lies the problem?

Long Table representation

Transfer
Frequency Acceleration Coefficient
f (Hertz) @ (m/s?) s pC
qa (m)
10.0 5.0 0.13017
12.5 5.0 0.13017
16.0 5.0 0.13016
20.0 10.0 0.13016
25.0 10.0 0.13017
31.5 10.0 0.13017
Physikalisch-Technische Bund stalt m Bral hweig and Berlin National Metrology Institute
5

Where lies the problem?
R Long Table representation

<dcc:name><dcc:content lang="de">Ladungsiibertragungskoeffizenten </dcc:content><dcc:content lang="en">Charge transfer
coefficents</dcc:content></dcc:name>
vantity refType="vib_frequency vib_neminalFrequency" ind 0"><dcc:name><dcc:content lang="en">Frequency</dcc:content><dcc:content
1 de">Frequenz</dcc:content><dcc:name><si:reallistXMLList ><si:valueXMLList>10.0 12.5 16.0 20.0 25.0 31.5 40.0 50.0 63.0 80.0 1.0e+02
1.25e+02 1.6e+02 2.0e+02 2.5e+02 .. </si:valueXMLList><si:unitXMLList>\hertz</si:unitXMLList></si:reallistXMLList></dcc:quantity>
<dcc:quantity refType="vib_nominalAccelerationAmplitude vib_accelerationAmplitude "><dcc:name><dcc:content lang="en">Acceleration
Amplitude</dcc:content><dcc:content lang="de">Beschleunigungsamplitude </dcc:content></dcc:iname><si:reallistXMLList > <si:valueXMLList>5.0
5.0 5.0 10.0 10.0 10.0 10.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0 .. </si:valueXMLList><si:unitXMLList>\metre\second\tothe{-
2}</si:unitXMLList> </si:realListXMLList ></dcc:quantity>
<dcc:quantity refType="vib_magnitudeTransferCoefCharge "><dcc:name><dcc:content lang="en">Charge transfer coefficient
magnitude</d ontent> <dcc:content lang="de">L i izent Betrag</dcc:content></dcc:name><si:reallListXMLList>
<si:valueXMLList>0.13017 0.13017 0.13016 0.13016 0.13017 0.13017 0.13017 0.13016 0.13013 0.13013 0.13012 0.13012 0.13012 0.13012 0.13014
.</si:valueXMLList> <si:unitXMLList>\pico\coulomb\per\metre\second\tothe {-2}</si:unitXMLList>
<si:expandedUncXMLList ><si:uncertaintyXMLList>0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026 0.00026
0.00026 0.00026 0.00026 0.00026 ..</si:uncertaintyXMLList> <si:coverageFactorXMLList>2.0</si:coverageFactorXMLList >
<si:coverageProbabilityXMLList >0.95</si:coverageProbabilityXMLList > </si:expandedUncXMLList> </si:realListXMLList>
<dcc:relativelncertainty> <decc:relativeUncertaintyXmlList > <si:valueXMLList>0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 0.0020
0.0020 0.0020 0.0020 0.0020 0.0020 0.0020 ..</si:valueXMLList> <si:unitXMLList>\one</si:unitXMLList> </dcc:relativeUncertaintyXmlList >
</dcc:relativeUncertainty> </dcc:quantity>
<dcc:quantity refT "vib_phase"> <dcc:name> <dcc:content lang="en">Phase delay</dcc:content> <dcc:content
lang="de">Phasenverzégerung</dcc:content> </dcciname> <si:reallListXMLList> <si:valueXMLList>-0.0003 -0.0004 -0.0004 -0.0003 -0.0001 -0.0002
-0.0003 -0.0001 0.0000 0.0002 -0.0002 -0.0002 -0.0000 -0.0000 0.0001 ..</si:valueXMLList> <si:unitXMLList>\radian</si:unitXMILList>
<si:expandedUncXMLList > <si:uncertaintyXMLList>0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
0.0035 0.0035 ..</si:uncertaintyXMLList> <si:coverageFactorXMLList >2.0</si:coverageFactorXMLList >
<si:coverageProbabilityXMLList >0.95</si:coverageProbabilityXMLList > </si:expandedUncXMLList > </si:realListXMLList> </dcc:quantity>
<dcc:quantity refType="vib_phase"> <dcc:name> <dcc:content lang="en">Phase delay W Distribution given </dcc:content> <dcc:content
lang="de">Phasenverzégerung</dcc:content> </dcciname> <si:reallistXMLList> <si:valueXMLList>-0.0003 -0.0004 -0.0004 -0.0003 -0.0001 -0.0002
-0.0003 -0.0001 0.0000 0.0002 -0.0002 -0.0002 -0.0000 -0.0000 0.0001 ..</si:valueXMLList> <si:unitXMLList>\radian</si:unitXMLList>
<si:expandedUncXMLList > <si:uncertaintyXMLList>0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
0.0035 0.0035 ..</si:uncertaintyXMLList> <si:coverageFactorXMLList >2.0</si:coverageFactorXMLList >
<si:coverageProbabilityXMLList >0.95</si:coverageProbabilityXMLList > <si:distributionXMLList>normal</si:distributionXMLList>

</si:expandedUncXMIList > </si:reallistXMLList> </dcc:quantity> DCCv3.4.0
</dcc:list>
Physikalisch-Technische Bund 'stalt ® Bral hweig and Berlin National Metrology Institute
6
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EEPIB

Leave it to the software!

Physikalisch-Technische Bund stalt m Bral ig and Berlin National Metrology Institute

EEPIB

dccQuantities — Python library

Already released at PyPI

dccQuantities 2.0.0

o

pip install dccQuantities @

https://pypi.org/project/dccQuantities/

Physikalisch-Technische Bund 'stalt ® Bral ig and Berlin National Metrology Institute
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dccQuantities — Python library !PTB

dccQuantities 2.0.0

pip install dccQuantities @

v’ Extract tables directly from XML files
v Create tables from existing data

v Apply math operation over Quantities
v Automatic D-SI unit handling*

v Automatic uncertainty propagation**

v Export table objects as XML strings

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute

dccQuantities — Quantity serialization !PTB

from dcc_quantities import DccQuantityType
d = DccQuantityType.from_single_quantity_value(
name="Distance”, value=2.5, uncertainty=0.05, unit="\\metre”
)
t = DccQuantityType.from_single_quantity_value(
name="Time”, value=0.45, uncertainty=0.015, unit="\\second”
)
v=d/t
v.set_label("V")
vset_name("Velocity", "en")
print(v)

Velocity 'V': [6.5655555555555555 + 0.21596118129056666] \metre\per\second

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
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dccQuantities — Table initialization !PTB

from dcc_quantities import DccFlatTable, DccLongTable

index_quantities = {0: g_idx0, 1: g_idx1, ..., N: g_idxN}
value_quantities = [q_val0, g_vall, ..., g_valM]

Are the value quantities defined N
Yes ) ) °
through all inputs for each index
guantity?
flat_table = DccFlatTable( long_table = DccLongTable(
index_quantities, value_quantities, ... index_quantities, value_quantities, ...

) )

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute

dccQuantities — Read an XML file !PTB

<dcc:list tableDimension="1">

<dcc:name><dcc:content lang="de">L tiber koeffizenten</dcc:content><dcc:content lang="en">Charge transfer
coefficents</dcc:content></dcc:name>

<dcc:quantity refType="vib_frequency vib_nominalFrequency" index="0"><dcc:name><dcc:content
lang="en">Frequency</dcc:content><dcc:content lang="de">Frequenz</dcc:content><dcc:name><si:reallistXMLList><si:valuexXMLList>10.0 12.5
16.0 20.0 25.0 31.5 40.0 50.0 63.0 80.0 1.0e+02 1.25e+02 1.6e+02 2.0e+02 2.5e+02
.</si:valueXMLList><si:unitXMLList>\hertz</si:unitXMLList></si:realLlistXMLList></dcc:quantity>

from dcc_quantities import extract_dcc_elements, DccQuantityTable

xml_tables = extract_dcc_elements(xml_file_path)
table = DccQuantityTable.from_dcc_data(xml_tables[0])

print(“Loaded table of type: ”, type(table))

Loaded table of type: DcclLongTable

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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dccQuantities — Export as XML !PTB

from dcc_quantities import extract_dcc_elements, DccQuantityTable

table: DccQuantityTable
table_xml_str = table.export_as_xml_structure()

print(table_xml_str)

<dcc:list id="Ufa0553d7-866c-49b9-815b-335b3afaa038" refType="basic_1IndexTable">
<dcc:name>
<dcc:content lang="de">Ladungsubertragungskoeffizenten</dcc:content>
<dcc:content lang="en">Charge transfer coefficents</dcc:content>
</dcc:name>
<dcc:quantity id="U929b2584-5989-45ed-b956-59adcae4e233" refType="vib_frequency vib_nominalFrequency
basic_tablelndex0" index="0">
<dcc:name>

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute

User documentation !PTB

#  Home

& Home dccQuantities

About DCC Quantities

dccQuantities is a Python library designed for users of PTB’s Digital Calibration Certificates (DCC).

Digital 51 (D-51) Units X
The goal of the library is to allow parsing, serializing and manipulating the data defined in XML

formatted files.

About DCC Quantities

A DCC Quantity is a structure that contains information about data, with one or more values and
their uncertainties, all sharing the same unit.

Example: Representation of a single value quantity.

name: “Ueignt’

Example: Representation of a quantity with multiple values

P decQuantities
(PTB GitLab)

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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Upcoming features

SQL-like Quantity Access

table: DccQuantityTable

sliced_table = table.get_sliced_table(
(“Frequency” < 50) “&&” (“Frequency” > 10)

)

Still not released!

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute

User requested feature: Math module !PTB

from dcc_quantities import DccQuantityType, dcc_math

angle = DccQuantityType(..., unit="\\radian”)
factor = dcc_math.sin(angle)

guantity = DccQuantityType(..., unit="\\one”)
res = dcc_math.log10(quantity)

All math functions are explained in the documentation

Physikalisch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
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PTB-box:

dccQuantities jupyter example PTB working group 1.73

Contact

Jaime Gonzalez Gomez
jaime.gonzalez-
gomez@ptb.de

Benedikt Seeger
benedikt.seeger@ptb.de

https:/gitiab1.ptb.de/digitaldynamicmeas Vanessa Stehr

urement/dcc-and-dsi/dccQuantities .
https:/gitlab1.ptb.de/digitaldynamic vanessa.stehr@ptb.de

measurement/dcc-and-dsi/dsiUnits

Physikalisch-Technische Bundesanstalt m Braunschweig and Berlin National Metrology Institute
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Jan Loewe:
dcclib - A Python Library for Automated DCC Processing

Presenting author: Jan Loewe [1]

Email: jan.loewe@ptb.de

Additional authors:
e Justin Jagieniak, justin.jagieniak@ptb.de [1]

Institute:

[1] Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, Braunschweig, 38116,
Germany

Keywords: dcclib, python, tools, automation, formulae

Abstract

The Digital Calibration Certificate (DCC) is an XML-based, machine-readable format for the
standardised exchange of calibration results. Dedicated software tools are needed for the cre-
ation, validation, processing and evaluation of DCC content for use in automated and interop-
erable workflows.

This work continues and extends dcclib, a consolidated and modular Python library that
unifies core DCC functionalities which were previously distributed across various tools, dcclib
was first presented at the IMEKO TC-6 M4DConf on Digitalization [1], Its functionality is ex-
posed through a public interface, a command line interface and a REST API so it can be inte-
grated into scripts, CI/CD pipelines, and remote services across diverse environments. This
architecture is shown in the component diagram in figure 1.

dcclib provides a standardised software interface for essential operations such as structural
and content validation, attachment extraction, format conversion, digital signature handling,
and DCC transformation into human-readable representations. Furthermore, it provides capa-
bilities for the automated parsing and evaluation of formulae within DCCs. Content MathML [2]
formulae are parsed into SymPy functions [3] and evaluated with quantities directly from the
DCC. Uncertainty propagation and unit handling are ensured by the dccQuantities library [4],
which itself is based on METAS UncLib [5],

Quality assurance is addressed through unit, integration and end-to-end tests, which are
implemented with Pytest and executed within GitLab CVCD pipelines to ensure correct behav-
iour across modules and interfaces. Distribution via the Python Package Index (PyPl), con-
tainer images and standalone executables enables deployment in a wide range of environ-
ments.

L.

] .nT;';}fLL_’_‘ ]
CLI Python library 3{ ] REST-API
——{— ] — X M "
s‘.:II'E oLt L) ,f ';ﬂ;.‘l::t HTTP
———0 — 0
g £] %)
Script Python programs Client

Figure 1. Component diagram showing the library and its interfaces
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Current tooling

Introduction

GEMIMEG-Tool | \ XSD Validator

\

Base functionality in

/ File Viewer
Schematron I automated processes
Validator across a broad range of \
\ programming languages \
Tree Viewer /
Formula Tool Editor

Tooling needed to streamline DCC

processing and creation

- ____________________________________________]
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Introduction

T

Consolidation S . Optimization and
) " Creation of suitable R
of base functionality into a standardization of
T Interfaces )
software library interfaces

| Objectives !PTB

N
o)
S

.
& -
-
H -
H -

Quality assurance
with unit, integration and Open-source release
end-to-end tests

Architecture and

APls

' 6™ INTERNATIONAL DCC CONFERENCE
9 FEBRUARY 24-26, 2026
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| Choosing a programming language

PIB

Widely used in general and in the data
science field

Widely used in calibration laboratories

g t h O n ™ Used in most of the existing tooling

Modules

Validation
against the XSD and with Schematron

D C C Conversion

into other formats like JSON

18010911 19110911 61091110 €9118190 .
10100101 10101010 10101010 11618181 Extraction
21011160 10018011 19112011 1861118
90110100 10109101 19191010 10101010 of attachments and formulae
18910011 10110011 91001110 Gadoloo
10160101 19101910 191913

101166811 01001110 601
le18181@ 10191916 186
0181110 ee11e1ee 181
ile1elele 1ee1ee1l 181
2g1181e0 10182101 1810

Transformation
into human-readable formats

Signature

verification and signing

- ___________________________________________]
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e REST-API
/
/
1
"’ arace
‘ public
Written in Python dcclib ertace n Python
as well Python library scripts
t ]
\
1 < i'::::‘i:ace
\
\ H
\
- cul

(command line interface) stderr

Overview of artifacts

PIB

Docker Image

Package
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=
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-
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|

S /
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~ 7 /
/
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’
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~
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Containerization

RE

—— ¢
o
e

Dependencies

python3.13 Published in the GitLab Published on DockerHub

container registry soon

debian-slim

Installation of the Package via pip

[jloewe@En251017] /tmp/cli [@ v3.13.12(.venv)]
Installation for use as a library | ) pip install “dcclib"

[jloewe@n251017] /tmp/cli [ v3.13.12(.venv)]
Installation as a CLI tool ) pip install "dcclib[cli]"

[iloewe@n251017] /tmp/cli [@ v3.13.12(.venv)]
) dcclib --help
Usage: dcclib [OPTIONS] COMMAND [ARGS]...

Options:
-v, --version Show the version and exit.
-h, --help Show this message and exit.
Commands:
convert Convert DCC XML files to JSON.
extract Extract information like formulae and files from a DCC XML file.

signature Signs and verifies DCC XML files.
transform Transform an XML file with stylesheets.
validate Validate an DCC XML file against the DCC schema and schematron.

- |
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Validation with Schematron

Practical Use-Cases

[iloewe@n251017] /tmp [@ v3.13.12(.venv)]
} dcclib validate schematron -s dcc.sch invalid_schematron.xml

ERROR: Schematron validation ended with 1 error(s), O warning(s) and 8 information messagef

et el e ——————— e, ————————— R
| | Role | Test | Text
e SEEEEE R RnEE T B e e L -
| 0 | error | $bDate le $eDate | The beginning date of the calibration must be earlier thag
o L L L LR P T
(END)

Use-Case

Performing semantic validations on DCCs e. g.
for testing interoperability

* Custom Schematron can be supplied
* More output formats like CSV, JSON and
JUnit reports planned for the future

- ___________________________________________]
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Validation in CI/CD Pipelines

Use-Case

Performing automated validation for
good practice examples

* Automatically executed as a GitLab
Pipeline for every change

* Accidental errors can be deteced and
fixed faster

validate_examples:
image:
name: registry.gitlabl.ptb.de/d-ptb/dcc/dcclib/cli
entrypoint: [""]

script:
- for file in *.xml; do
echo "Validating $file";
declib validate xsd $file;

done
Creating Human-Readables from the CLI PTB
ece Use-Case
[jloewe@n251017] /tmp
) declib transform xslt valid.xml custom.xsl | bat Human-Readables need to be created after
J— creating the DCC in other software solutions
Size: -
1 <IDOCTYPE HTML> * Support for XSLT v3.0 using SaxonC
A IO + No external dependencies needed,
4 <hl>Test XSLT</h1> everything is packaged in the CLI
5 <p>XSLT Version = 3.0</p>
[ <p>XSLT Vendor = Saxonica</p>
7 <p>XSLT Vendor URL = http://www.saxonica.com/</p>
O Ay Output can be piped into other software or files
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Algorithm

Formula Evaluation

1. Parsing of the DCC

Identification of the MathML formulae

Conversion of MathML into SymPy expressions

Resolution of the quantity references and creation of dccQuantities objects
Qutput of the formulae for the user

Flexible evaluation with the resolved quantities or user-defined inputs

N o o WM

Automatic uncertainty propagation using dccQuantities based on METAS UncLib

- _______________________________________]
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Conversion of MathML into SymPy expressions

<ml:math id="formula_82">

<ml:declare type="fn">
<ml:ci>R</ml:ci> R(T)
<ml:lambda>
<ml:bvar><ml:ci xref="T">T</ml:ci></ml:bvar>
<ml:apply>
I<m1:L1mes/>
<ml:ci xref="R8">RB</ml:ci>
<ml:apply>
<ml:plus/>
<ml:cn type="real">1</ml:cn>
ML appLly
<ml:times/>
<ml:ici xref="A">A</ml:ci>|———— * MathMLis parsed into SymPy expressions
<ml:ci>T</ml:ci>

< /ml -apply> * Bound variables are detected (T in this case)
<ml:apply> * Unbound variables are detected (A and B in
<ml:times/>
<ml:ci xref="B">B</ml:ci> this Case)
<ml:apply>

<ml:power/>
<ml:ci>T</ml:ci>
<ml:cn>2</ml:cn>
</ml:apply>
</ml:apply>
</ml:apply>
</ml:apply>
</ml:lambda>
</ml:declare>
</ml:math>

Resolution of References

PIB

<ml:math id="formula_B2">

<ml:declare type="fn">
<ml:ci>R</ml:ci> R(T) = Ro(l + AT + BTZ)
<ml:lambda>
<ml:bvar><ml:ci xref="T">T</ml:ci></ml:bvar>
<ml:apply>
<ml:times/>

<ml:ci [xref="R"}

<dcc:quantity id="R@">
<si:real>

<si:label>R@</si:label>

<si:value>100.0225</si:value>

<si:unit>\ohm</si:unit>

<gi:expandedUnc>
<si:uncertainty>0.805</si:uncertainty>
<si:coverageFactor>2</si:coverageFactor>
<si:coverageProbability>0.95</si:coverageProbability>

RO</ml:ci>

ccn type="real">1</mLT
<ml:apply>

<ml:times/>

<ml:ci xref="A">A</ml:ci>

<ml:ci>T</ml:ci> </si:expandedUnc>
</ml:apply> </si:real>
<ml:apply> </dcc:quantity>
<ml:times/> . .
niiel xref=TBiBe/niiels * References to quantities in the DCC are detected
<ml:apply> . . N
<ml:power /> (T, Ry A and B using xref references in this
<ml:ci>T</ml:ci>
<ml:cn=2</ml:cn> example)
A * Other ways to reference quantities are under
</ml:apply> active discussion
</ml:appl o .
</l lambdas * dccQuantities is used to process quantities
</ml:declare>
</ml:math>

- __________________________________________]
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Variable Substitution and Evaluation !PTB

Formula Evaluation

[eoe

[jloewe@n251017] /tmp [ @ v3.13.12(.venv)]

) declib extract formulae valid_formula.xml -v T=100
Variable: T = 100 A

* Qutput of the formula and the detected

[, ) - L variables
RO*(A*T + B*T**2 + 1 Variable T is explicitly set to 100 - .
T BTz ) L Calculation of the formula with the user-
Variables: T, RO, A, B defined input

Bound variables: T
¢ Currently the CLI does not support

¥ariables from DCC XHL: uncertainties, but it will in the near future

T =0.0, 25.0, 50.0, 75.0, 100.0

RO = 100.0225 ¢ Formula evaluation is under heavy

A = 0.0039155 development and not stable for production
B = -0.0000006469 use yet

Results:

1138.5392643225

Summary

6™ INTERNATIONAL DCC CONFERENCE
] FEBRUARY 24-26, 2026
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‘ Current State

Basic functionality needed to work with Usable via a Python library,
DCCs consolidated into modules REST APl and CLI

Open-source software under the LGPLv3

Architecture open for future extensions )
license

‘ Look into the Future PTB

BTG T productlgn—ready Support for new output formats in the CLI
easy to use formula evaluation
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Further information

Source code on Gitlab Packages on PyPI

https://gitlabl.ptb.de/d-ptb/dcc/dcclib https: i.org/project/dcclib
c U S
; 0 U C 2 U
-
DO 0 ave d
|
U - U
d oe e@pip.de
- ¥ Phone: +49 92 1018
i '_5"‘! glienia
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024  Srijith Bangaru Thirumalairaj:
A Framework for a Hybrid Digital Calibration Certificate
Architecture at CSIR-NPL India

Presenting author: Srijith Bangaru Thirumalairaj [1]

Email: srijith.nplindia@csir.res.in

Additional authors:
e Girija Moona [1] girijamoona1@gmail.com

Institute:

[1] Electrical & Electronics Metrology, CSIR-National Physical Laboratory, Dr KS Krishnan
Marg, Delhi, 110012, India

Keywords: Digital Calibration Certificate (DCC), Hybrid architecture, Metrological traceability,
Measurement uncertainty, Digital Quality Infrastructure

Abstract

The global transition toward digitalization of the quality infrastructure has accelerated the
need for machine-readable, interoperable, and legally reliable calibration data. Digital Calibra-
tion Certificates (DCCs) represent a key enabler in this transformation by replacing conven-
tional PDF-based certificates with structured, standardized digital data capable of supporting
automated validation, data exchange, and long-term traceability. This contribution presents a
structured framework for the adoption of DCCs at a National Metrology Institute (NMI), with
specific reference to the ongoing digital modernization efforts at CSIR-National Physical La-
boratory (CSIR-NPL), India.

The proposed framework addresses the complete digital lifecycle of calibration data, start-
ing from measurement result acquisition and uncertainty evaluation to the generation, valida-
tion, storage, and dissemination of DCCs. Emphasis is placed on aligning DCC content with
existing metrological requirements, including Sl traceability, measurement uncertainty report-
ing, and compliance with ISO/IEC 17025. The framework is designed to be compatible with
emerging international initiatives such as the Sl Digital Framework and the D-SI model pro-
moted by leading NMls.

A modular architecture is proposed, wherein measurement data are captured in structured
formats and mapped to a DCC schema using machine-readable representations such as XML
or JSON. Schema validation, digital signatures, and metadata enrichment are incorporated to
ensure authenticity, integrity, and long-term usability of the certificates. The approach enables
seamless integration with laboratory information management systems (LIMS), calibration
management software, and national quality infrastructure platforms, facilitating automation and
reducing manual intervention.

The abstract further discusses practical challenges relevant to NMls in developing econo-
mies, including legacy data migration, interoperability with industrial stakeholders, legal ac-
ceptance of digital certificates, and capacity building. Strategies for phased implementation
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and pilot studies are outlined, highlighting how DCC adoption can improve efficiency, trans-
parency, and international comparability of calibration services.
This work aims to contribute to the broader discussion on transitioning from good practice
to standardized digital calibration services. By sharing the CSIR-NPL perspective, the paper

seeks to support harmonized DCC adoption across NMls and calibration laboratories,
strengthening global metrological traceability in an increasingly digital ecosystem.

Back to Table of Contents above
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“| Global Digital Transformation in
Metrology

* Metrology is undergoing structural digital evolution
— Shift from PDF certificates to structured digital data
— Demand for interoperability and automation
— Automated traceability validation

Integration into Digital Quality Infrastructure (DQI)

“| Limitations of Conventional
Calibration Certificates

* Traditional PDF certificates are human-readable but not
machine-processable

— Manual transcription errors

— Limited automation capability

— Traceability verification requires manual review
— Limited integration with digital systems
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Il whyDCC at the NMI Level?

* National Metrology Institutes must lead digital transition
— Custodians of Sl traceability
— Responsibility for uncertainty integrity
— International comparability requirements
— Foundation for downstream calibration ecosystem

“| Institutional Objective at CSIR-
NPL

* Develop a structured roadmap for DCC adoption
— Preserve Sl traceability and ISO/IEC 17025 compliance
— Align with Digital Sl initiatives
— Enable interoperability with NMIs and industry
— Adopt phased, risk-managed modernization
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“l Hybrid Architecture Philosophy

* Coexistence of legacy and digital systems
— Parallel PDF and DCC issuance
— Gradual integration with LIMS
— Minimizing disruption to accredited workflows
— Scalable long-term transition model

“l Layered Institutional Architecture

* Three-Layer Model
— Layer 1 — Measurement & Data Acquisition
— Layer 2 — Digital Structuring & Processing
— Layer 3 — Trust, Security & Dissemination

- |
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“| Layer 1 — Measurement & Data
Acquisition

* Physical measurement infrastructure
— Calibration benches and primary standards
— Sensors and environmental monitoring
— Data acquisition systems
— Raw measurement data capture

“| Layer 2 — Digital Structuring &
Processing

* Core digital transformation layer
— Standardized data formatting
— Component-wise uncertainty evaluation
— DCC schema mapping (XML / JSON)
— Schema and logical validation mechanisms
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“| Layer 3 — Trust, Security &
Dissemination

* Ensuring authenticity and interoperability
— PKl-based digital signature
— Integrity hash and trusted time stamping
— Secure repository management
— Interoperability interfaces (NMI / Accreditation / Industry)

“l End-to-End Conceptual Workflow

. Struct d ) . .
Measurement Data Uncertainty ructire Validation & Digital Secure

. L . Serialization : . . o
Execution Acquisition Evaluation (XML/ISON) Logical Checks Signature Dissemination
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“l Implementation Challenges

* Transition involves institutional considerations
— Legacy data migration
— LIMS interoperability constraints
— Legal recognition of digital certificates
— Capacity building and stakeholder readiness

“l Phased Institutional Roadmap

* Structured deployment strategy
— Internal validation and stakeholder consultation
— Prototype schema development
— Pilot implementation in selected domains
— Gradual scaling and harmonization
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“l Strategic Impact for CSIR-NPL

* Long-term institutional benefits
— Improved transparency and efficiency
— Reduced manual handling risks
— Enhanced international comparability
— Strengthened role in global DCC harmonization
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THANK YOU QUESTIONS &
DISCUSSION
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025 Louis Wyss:
A Robust Data Pipeline for Raw Measurement Pro-
cessing and Uncertainty Propagation using METAS Un-
cLib

Presenting author: Louis Wyss [1]
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Additional authors:

Nicolas Mischler: [1] nicolas.mischler@metas.ch
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Institute:

[1]federal Institute of Metrology METAS, Lindenweg 50, 3003 Bern-Wabern, Switzerland
Keywords: UncLib, Traceability, Data Pipeline, Data Management

Abstract

The global transition toward a digital Quality Infrastructure (Ql) depends not only on the
standardization of Digital Calibration Certificates (DCC) but also on the reliability and automa-
tion of the data generation processes that feed them. As metrology institutes and laboratories
move away from manual workflows, there is a critical need for software solutions that ensure
machine-readable data is processed with rigorous metrological traceability. This work presents
a comprehensive data pipeline designed to automate the lifecycle of measurement data—from
raw acquisition to standardized storage—serving as a foundational engine for various digital
products.

Our developed pipeline addresses the challenge of handling complex raw measurement
data by establishing a streamlined, automated workflow. The system first ingests and parses
raw measurement files, normalizing diverse input formats into a consistent internal structure.
A defining feature of this architecture is the integration of METAS UncLib1, a Python library
developed by the Federal Institute of Metrology (METAS) for automated uncertainty propaga-
tion. By utilizing multivariate uncertainty propagation objects rather than simple float values,
the pipeline ensures that measurement uncertainties are calculated in strict accordance with
the Guide to the Expression of Uncertainty in Measurement (GUM). Metrological traceability is
integrated directly into the pipeline through METAS UncLib objects. These objects ensure that
sensitivity coefficients and correlations are handled automatically.

Final processed results, including their associated uncertainty components, are persisted
in a structured file storage system optimized for retrieval and interoperability. This architecture
not only secures the integrity of the measurement data but also provides a data source that
adheres to FAIR (Findable, Accessible, Interoperable, Reusable) principles. By decoupling
data processing from certificate generation, our project demonstrates a scalable pathway for
laboratories to modernize their operations, ensuring that the digital future of metrology is built
upon accurate, transparent, and mathematically rigorous data.

References:
[1] M. Zeier, J. Hoffmann and M. Wollensack (2012): Metas. UncLib.a measurement uncer-
tainty! calculator for advanced problems, in: Metrologia, Volume 49, Page 809
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Presentation #025 of Louis Wyss

A Robust Data Pipeline for Raw Measurement Processing
and Uncertainty Propagation using METAS UncLib

N. Mischler, L. Wyss, P. Blattner,
25.02.2026

* Motivation
+ Laboratory Data Management Framework

* METAS UnclLib
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Motivation © METAS

ISO/IEC

. . Data driven
User4,56... | UnclLib Objects CEN/ customer PTB DCC
@ (|.e. VNA TOOIS) CENELEC SeNice1, 2’ 3

Standard x

Intermediate metadata /data layer (Middleware)
- > Labor Data Management Framework
> = e

~500 Data Sources
(measurement setups, etc)

Laboratory Data Management Framework O METAS

Raw Measurement File Drop
taieiy

User Level / = S e Input Sources
"

24 i v
Others - REST-Api

' | DCC - Calibration Certificates
.1y outputTargets ... _____ ] - w— Test Reports Measurement Reports

25.02.2026
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Laboratory Data Management Framework SEIMIEIRS
Architecture Backbone: Decoupled, Traceable, Scalable

Laboratory Data Management Framework W METAS
UncLib Integrated into the Production Pipeline
Taput Ikt tucy O s A ‘ T B i) S C I M oo il e

Laboratory Data Management Framework

25.02.2026
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Laboratory Data Management Framework L
Persist, Trace, Reuse: Operationalizing Metrological Traceability

Laboratory Data Management Framework eI

FAIR, Traceable, and Ready for DCC Interoperability

uuuuu

Laboratory Data Management Framewor rk
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Metrological Traceability through UncLib? UMETAS

METAS UnclLib is a C# software library
» Provides Wrapper for Python and Matlab, freely available (https://www.metas.ch/unclib )

* Handles complex-valued and multivariate quantities

» Uses objected-oriented programming and overloads operators
* Integrated with numpy in Python

 Offers three different propagation modes
« LinProp: Linear uncertainty propagation
« DistProp: Higher order uncertainty propagation
* MCProp: Monte Carlo Propagation

25.02.2026

1 M. Zeier et al. (2012), Metas.UncLib - A i for

Implementation of METAS UncLib O METAS

Define measurement model and uncertainties

Y In(D) T Psg
%" ", L' Ts P
Component Source Distribution | Standard Uncertainty
Measurement scale | Rectangular | 0.0006 cm
Optical Pathlength, L Variability Normal 0.004 em
Divergence Rectangular | 0.115em
Piessiive, P 50115411‘_(-:\]ilu‘n| ion | Normal 0.015kPa
Cell Difference Rectangular | 0.018kPa
Temperature, T Sensor calibration | Normal 0.05 l\.,
' Gradient over cells | Rectangular | 0.115 K
Sealer, S Resolution Rectangular | 0.5
Transmittance, D Repeatability Normal 1.0-107"
Absorption coefficient, a, Conventional value | Normal 0.943609

25.02.2026
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Implementation of METAS UnclLib O METAS

Define uncertainty objects in Python

* An uncertainty object has a distribution with value and
uncertainty,
description and an ID

+ unc_object = ufloatfromdistribution(distribution(value, uncertainty),
description, id)

+ Distribution defines how the uncertainty object is distributed
(normal, rectangular, trapez etc.)

« Each input parameter has an unique /D which allows
traceability

+ description is a human readable string

25.02.2026

Implementation of METAS UncLib O METAS
Calculate uncertainty

+ Beacuse UncLib overloads the operates and is compatible with numpy, calculations can be done simply as

(u_11_geo * u_cal + u divl) + (u_l2 geo * u_cal + u_div2)
INC_ OPTICA ENGTH)) * (P_S / T_S)

LPHA},\nO 1 UNC_OPTICAL_LENGTH},\r

+ And the output is

Alpha: 3e4.39 * 0.94,
Optical Length: 179.
K-Factor: 6
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Implementation of METAS UnclLib O METAS

Save uncertainty objects

« METAS UncLib offers two different methods to save
uncertainty objects

+ Save as binary
+ Save as XML-File

+ Stores all dependencies and sensitivties
+ Allows traceability

» Correlations are seemlessly propagated through complex
systems

+ Can be loaded and used for further calculations
» Can be part of a certificate -> added value for costumers!
» Already implemented for VNA Tools since many years

Conclusion © METAS

* The new Laboratory Data Management Framework allows high degree of automation,
respecting the FAIR principles.

+ It allows high flexibility in respect to the output (including PTB DCC, PDF/A3, APlIs,...)

* METAS UnclLib is a software library that allows metrological traceability offering machine-
readable objects pass to the customer

25.02.2026
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Thank you

Nicolas Mischler
Louis Wyss
Peter Blattner

META Schweizerische Eidgenossenschaft
Confédération suisse
Ihre Referenz. Confederazione Svizzera

Confederaziun svizra

Eidgendssisches Institut fir Metrologie METAS
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talization: APl-based DCC Integration, XSLT Visualiza-
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Additional authors:

Rodrigo Ventura rvventura@inmetro.gov.br [1]

Institute:
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Grapas,50, CEP 25250-020, Duque de Caxias, Brasil

Keywords: Digital Transformation, Digital Calibration Certificate, Automation, Database, Me-
trology 4.0

Abstract

Digital transformation in metrology is evolving from simple document dematerialization to-
ward the creation of truly machine-readable Digital Calibration Certificates (DCCs). This paper
presents recent advancements at the National Institute of Metrology, Quality and Technology
(Inmetro) in implementing a robust ecosystem for the generation, visualization, and processing
of DCCs within electrical metrology laboratories.

The methodology focuses on the development of a Python-based Application Programming
Interface (API) that streamlines the creation of DCCs in XML format, in full compliance with the
schema proposed by PTB. One of the primary challenges addressed is the inherent complexity
of the XML schema for laboratories accustomed to analog processes. To bridge this gap, a
simplified JSON structure was developed to map directly to the data fields of conventional
certificates. This allows for data input via both JSON and Excel spreadsheets, making the
process accessible to laboratory staff with basic IT skills while maintaining technical rigor.

A key contribution of this framework is the development of a custom DCC viewer using
Extensible Stylesheet Language Transformations (XSLT). This tool addresses the need for
human readability by rendering the complex XML data into a visual format that closely mirrors
the official calibration certificate templates used by Inmetro. This ensures that, while the data
is machine-optimized, it remains intuitive and verifiable for human end-users and quality man-
agers, facilitating the transition from paper-based systems.

Furthermore, the study details the practical implementation of embedding the DCC XML
within a PDF/A-3 file, providing a hybrid solution that combines familiar digital signatures with
machine-readability. The effectiveness of the framework was validated through a pilot project
involving Inmetro’s LAMPE and LACEL laboratories. By utilizing tools such as NI Lab VIEW to
extract data from DCCs and automatically update reference databases, a fully automated cal-
ibration workflow was demonstrated. The results indicate that the use of DCCs eliminates man-
ual transcription errors and significantly reduces processing time for certificates with extensive
data points.

The study concludes that the combination of modular APIs and standardized visualization
tools is essential for global interoperability. This framework serves as a scalable model for

2026-05-11 18:53 Page 352 of 520


mailto:gmgeronymo@inmetro.gov.br
mailto:rvventura@inmetro.gov.br

6" international DCC-Conference

‘i,!.! PTB 2026-02-24 to 2026-02-26

National Metrology Institutes transitioning into the Metrology 4.0 era, ensuring that digital cer-

tificates are both technologically advanced and practically accessible.

References:

[11 Geronymo, G.; Ventura, R. (2025): Recent advances in Inmetro's Digital Calibration Cer-
tificates (DCCs) implementation. XVI Congresso Intemcional de Metrologia Eletrica (Se-
metro).

[2] Geronymo, G. (2023): Enhancing Digital Calibration Certificate (DCC) Workflow: Python-

based DCC Tools Development and Implementation. XV Congresso Intemacional de

Metrologia Eletrica (Semetro).
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G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 1/17

Work Focus

Framework Architecture

Human-Readable Delivery

A Pilot and Results

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework
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This presentation focuses on implementation details and practical .S I g [_j
- . 4 XML,
results, assuming prior familiarity with DCC concepts. What is @ R
i s

new since our previous report:

ancrad

m Consolidated Flask-based service architecture (Docker
deployment)

m Expanded data model for multiple quantities and
multi-index tables

m XSLT-based DCC visualization workflow integrated in the
web app

m PDF/A-3 attachment pipeline with SHA256 integrity
artifact

m Pilot-grade end-to-end integration in Inmetro laboratories
(LAMPE and LACEL)

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 3/17

Technical contributions in this version

Main objective

Deliver an operational end-to-end framework for generation, visualization, validation, delivery, and
downstream use of DCCs.

m Route /dcc/generate: JSON to DCC XML (schemaVersion 3.2.0)

m Route /dcc/upload_xls: Excel workbook to JSON to DCC XML

m Route /dcc/visualizar_dcc: XML to HTML via XSLT template

m Route /dcc/pdf_attach: XML embedding in PDF/A-3 plus SHA256SUM. txt

m Route /dcc/validate_xml: XML schema validation with automatic XSD import/include loading

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework
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Implementation architecture and deployed stack

m Open-source implementation:
https://github.com/gmgeronymo/dcc_tools

m Current production-oriented stack: Python Flask microservice
m Deployment model: Docker Compose (default service on port
9099)
m Core libraries: 1xml, pandas/openpyxl, pikepdf
m Data input routes:
m JSON for system-to-system automation
m Excel for operator-assisted laboratory workflows
m QOutput: PTB DCC XML + optional
visualization/validation/attachment services

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 5 /17

Implemented AP| workflow and endpoints
JSON @ —b‘_,

Measurement Data /declgenerate Measurement Data ideclupload_xls

/dcc/generate, /dcc/upload_xls, /dcc/pdf_attach, /dec/visualizar_dcc, /dcc/validate_xml

Gerar DCC a partir de arquivo JSON Gerar DCC a partir de planilha Excel

Exemplo de arquivo JSON Exemplo de planilha Excel
Arquivo JSON: Planilha Excel:
Choose File | No file chosen Chaase Fila | No file chosen
I
G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 6 /17
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Administrative blocks mirror Inmetro certificate metadata fields

mensurando supports multiple quantities with independent units and labels

]
L]
m indices supports variable-dimensional indexing per quantity (range, voltage, frequency, ...)
m resultados stores value/uncertainty/coverage factor with quantity linkage

]

Relative uncertainty mode (ppm) is converted to absolute uncertainty in generation stage

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 7/17

Input JSON example used by the API
{

"mensurando": [

{"label":"acdc", "name":"AC-DC transfer difference",
"col_name":"delta_u","unit":"\\micro\\volt\\volt\\tothe{-1}",
"unc_relativa":false}

] E]
"indices": [
{"mensurando":"acdc","label": "range","unit": "\\volt"},
{"mensurando":"acdc","label": "frequency", "unit":"\\kilo\\hertz"}
] 2
"resultados": [
{"mensurando":"acdc", "range":"0.022","frequency":"0.01",
"value":"-280", "unc":"44" ,"k":"2.13"}
1
}
This structure is shared by /dcc/generate and /dcc/upload_xls.

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 8 /17
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Corresponding generated DCC XML (excerpt)

<dcc:iresult>
<dcciname><dcc:content lang="pt">AC-DC transfer difference</dcc:content></dcc:name>
<dcc:data>
<dcc:list>
<dcc:quantity>...<si:valueXMLList>0.022</si:valueXMLList>
<si:unitXMLList>\volt</si:unitXMLList></dcc:quantity>
<dcc:quantity>...<si:valueXMLList>-280</si:valueXMLList>
<si:unitXMLList>\micro\velt\volt\tothe{-1}</si:unitXMLList>
<si:uncertaintyXMLList>44</si:uncertaintyXMLList>
<si:coverageFactorXMLList>2.13</si:coverageFactorXMLList>
</dceciquantity>
</dcc:list>
</dcc:data>
</dcc:result>

Generated by /dcc/generate from the previous JSON structure.

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 9/17

XSLT visualization pipeline (new module)

a

Implemented at route /dcc/visualizar_dcc

Certificado de Calibragdo

Transformation engine uses 1xml.etree.XSLT

Current template path:
static/examples/xslt/hr_template.xsl

m Output is HTML rendered from the same DCC XML

payload
m Improves verification without duplicating certificate data
sources
G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 10 /17
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F4

Certificado de Calibragdo

INFETRO

Nimern do Corttade

Métoda de Medigia

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 11 /17

PDF/A-3 attachment module: implementation details

Incluir DCC no PDF do Certificado / \
de Calibragao XML
o B

Arquivo XML: bce
Choose File | No file chosen
PDF/A-3
Arquivo PDF: pdf /dcclpdf_attach with DGC
Chaose File | No file chosan attached

Human Readable
e EERNGLT /
m Implemented at route /dcc/pdf_attach
m XML attached as EmbeddedFile with AFRelationship=Alternative

m Names tree updated for attachment navigation in common PDF readers
m Additional attached file: SHA256SUM. txt for integrity verification

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 12 /17
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Attachment accessibility in standard PDF readers

Todas as ferramentas  Editar  Converler  Assinar elefronicamente Localizar texto ou ferramentas Q o B 8 &8 m
u % Anexos & E
Home . @
@ Servigo Piblico Federal - -~ =] CC_DIMCI_0436_2025.m
Mot 00 Oocsohan s, LSS, S Shvis WOIC) 7 s o
2 Instiuto Nacional de Metrologia, Qualdads e Tecnologia (Inmetro) =
INMETRO CIPM MRA o
N a
1
%

a Certificado de Calibragdo

DIMCI 0496/2025
Nimero do Certificado

Cliente
Nome: Inmetro/Dimci/Diele/Lampe 1
Enderego: Av. Nossa Senhora das Gragas, 50 — Xerém — Duque de Caxias — RJ - CEP: 25250020

Identificacdo do Item

Ttem: Resistor Padrio

Fabricante: Inmetro Modelo/Tipa: RST-AC ¥
Niimero de Série: 14 Cadigo de Identificaciao: TR 486 &4

Operational behavior verified in common readers while preserving machine extraction of XML

G M Geronymo & RV F Ventura (Inmetro) Inmetro DCC Framework 2026 13 /17

Pilot deployment: LAMPE and LACEL laboratories

PostgreSQL database
AC-DC Transfer @
Measurement System
Idcci/generate XML
Calibration Certificate DcC
L 5 Structured Data

.‘
DC Resistance ‘ s :

Measurement System

SYS-LAMPE @ pdf
> @ e

PDF/A-3

Idcc/pdf_attach with DCC

AC Resistance attached

Measurement System
Environmental Conditions PDF Calibration Certificate
Measurement System

SYS-LAMPE / LACEL databases — JSON — APl — DCC XML — PDF/A-3 with attachment

G M Geronymo & RV F Ventura (Inmetro) Inmetro DCC Framework
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Automated DCC processing in LabVIEW

Clv!\ulsi#n velage 300

t genrors and mates

Vorage and Curent i
Raterances and REAs e
b

Dataosce

R — Ric
Cateaton Oua Rtersnces and Roauts
Dadatass

Catbration sysem
o ALC s

DCC Reader VI extracts calibration data and updates
reference databases automatically.

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework

Observed impact and open technical points

Operational gains in the pilot

Elimination of manual data transcription from certificates
Reduced risk of transcription errors in high-point calibrations

Faster update cycle for reference data in automation systems

Stable interoperability between generation and LabVIEW processing workflow

Open points under active development

m Harmonized refType strategy and ontology/PID alignment
m Progressive adoption of multilingual fields and richer semantic tagging
m Expansion of validated integrations across additional laboratory stacks

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 16 /17
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Thank you for your attention

G M Geronymo — gmgeronymo@inmetro.gov.br
R V F Ventura — rvventura@inmetro.gov.br

6th International DCC Conference

G M Geronymo & R V F Ventura (Inmetro) Inmetro DCC Framework 2026 17 /17

Back to Table of Contents above

2026-05-11 18:53 Page 361 of 520



- 6" international DCC-Conference
‘i P | B 2026-02-24 to 2026-02-26

Day 3 2026-02-26 Thursday
Plenary Session
Session Chair: Hector Laiz

P06 Sami Koskinen:
Live demonstration: how DCC is created by the vendor
and utilized by the end user

Presenting author: Sami Koskinen [1]

Email: sami.koskinen@beamex.com

Additional authors: Nil

Institute:

[1] Beamex Oy Ab, Ristiruonraitti 10, 68600 Pietarsaari, FINLAND
Keywords: Automation, DCC creation, DCC delivery, DCC import

Abstract

Digital Calibration Certificates (DCC) are reshaping the calibration landscape by enabling
secure, structured, and machine-readable data exchange across the entire calibration chain.
While the concept of DCC is rapidly gaining traction, industry stakeholders still ask a practical
question: How can the DCC actually be used in practice? This presentation answers that ques-
tion through a live end-to-end demonstration.

The first part of the demonstration shows an example how a calibration service provider or
an instrument manufacturer can generate a DCC using modem calibration tools and software
infrastructure. The demonstration walks through the process from the initial calibration execu-
tion at a production facility, through guided calibration execution, to the automatic creation of
a DCC. The audience will see how structured, validated data flows seamlessly from reference
standards and process instruments into the digital certificate.

The second part of the demonstration focuses on the end user’s perspective. Participants
will observe how a DCC is imported, interpreted, and utilized in the end user's on-premises
calibration management system. This includes how end users can access key metadata, verify
traceability, assess measurement results, and store calibration results securely as a part of the
asset lifecycle management. The session highlights how structured digital data dramatically
improves searchability, compliance management, and integration with broader digital ecosys-
tems.

Back to Table of Contents above

Presentation #P06 of Sami Koskinen

Mr. Sami Koskinen presented a live demonstration.

Back to Table of Contents above
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Anjali Sharma:
Assessing Feasibility of KCDB API-Driven Service Clas-

sification for NMI Service Catalogues: A Use Case from
NPL India for Digital Calibration Requests

Presenting author: Anjali Sharma [1]

Email: anjali.nplindia@csir.res.in

Additional authors: Nil

Institute:

[1] Digital Transformation Working Group, CSIR-National Physical Laboratory, Dr K S Krish-
nan Marg, New Delhi, 110060, India.

Keywords: KCDB API, service classification, NMI service catalogue, Digital Calibration Re-
quest, Calibration Workflow Automation

Abstract

The digital transformation of calibration services requires not just the digitalization of certif-
icates and workflows, but also a well-structured and interoperable representation of the cali-
bration services themselves. In practice, service catalogues at National Metrology Institutes
(NMils) are frequently maintained as local lists with descriptions intended for customers to read
[1], This may lead to inconsistencies in how services are understood, limited interoperability,
and a significant reliance on human evaluation of customer requests [2],

This talk presents a service classification method evaluated as a practical use case to de-
termine whether internationally defined services in the BIPM KCDB API [3] can serve as a
basis for developing or aligning NMlI-level service catalogues. Using NPL India as a case study,
service definitions were extracted from the KCDB API and converted into service categories
[4], which were then mapped to NPL India’s specific calibration services, enabling a customer-
facing Digital Calibration Request workflow.

The key contribution of this research is the development and assessment of KCDB API
service descriptions [3] as reusable digital components for NMI service catalogues. The imple-
mentation revealed challenges in mapping, such as discrepancies in the level of detail between
KCDB capability descriptors and customer-oriented service definitions, the management of
laboratory specific constraints (e.g., ranges and turnaround times), semantic ambiguities in
service naming, and the need for additional metadata to automate feasibility assessments.

This work is on-going; the mapping results are being refined and will undergo validation by
domain experts and metrologists at NPL India before operational adoption. Our findings offer
preliminary evidence that KCDB API-driven service classification can facilitate scalable har-
monization and automation at the NMI level, while also identifying critical gaps for enabling a
reliable end-to-end process.

References:

[1] Webpage (2026): Calibration & Testing - CSIR-NPL (Centre for Calibration & Testing -
CFCT), https://www.nplindia.org/index.php/commercial-services/calibration-testing/, last
accessed: 29.01.2026

[2] Webpage (n.d.): CSIR-NPL Centre for Calibration & Testing (CFCT) ‘Calibration & Tes-
ting — NPL’. Accessed: Apr. 29, 2026. [Online]. Available:
https://www.nplindia.in/index.php/commercial-services/calibration-testing/
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Assessing Feasibility of KCDB API-Driven
Service Classification for NMI Service
Catalogues: A Use Case from NPL India for
Digital Calibration Requests

Dr. Anjali Sharma

Sr Principal Scientist & Assoc. Prof. AcSIR
Anjali.nplindia@csir.res.in

Introduction

Transactional viewpoint: producers and consumers of data ==

°

A producer will not know the requirements of
(possibly many) consumers of data.

Consumers may need data for different J:ﬁff;’:&?; b it
purposes.

Customers
-
b
i v

Industries

ACC'BdIlGd

Calibration ensures measurement reliability Lahoratories
and traceability. -_—= .

NMis =

6th International DCC Conference , 26 February 2026, NPLI
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Why?

Heterogeneous data formats

What?

APMP-DXFG

A unified, machine-
readable and
interoperable format for

EURAMET
TC-IM 1448,
PTB-DKD

Heterogeneous calibration
schema formats, semantics,
languages, laws & regulations,

data formats etc. FoRUMMD calibration certificates.
Manual errors and inefficiencies T:;:::::.c Traceable measurement
Lack of interoperability across data

platforms Stakeholders Semantics & data
Difficulties in traceability and Modelling

standardization

NMIs can Push but Pull from stakeholders is critical for DCC to be a success

6th International DCC Conference , 26 February 2026, NPL

How?

* How this PUSH-PULL may be achieved?
* Showecase direct benefits

* Build trust by providing increased document security and better turnaround
time.

* Incremental Approach: Provide bundle measurement data with the certificate
on request.

* Solution should not require lot of changes at the receiving end
* Give them a business model which shows how its helpful

* Support interoperability and digital transformation in metrology. Use BIPM SIDF and
explore its feasability

6th International DCC Conference , 26 February 2026, NPLI 4
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Request Submission through

Structured Interface

Calibration process is executed &

: MIDDLEWARE
relevant data is recorded. TO CONVERT
INTO PDF-A3
USB, GPIB, LabView, MATLAB, VB, ExcelSheet, In-House
etc Instrument Specific Software, etc

Software, etc

Starver Data logging

Calibration

PROCEED AS PREVIOUSLY DONE

6th International DCC Conference, 26 February 2026, NPLI

Digitizing the NPLI Service Catalogue

Challenges in

the Current Why?

System

Data Analysis

6" international DCC-Conference
2026-02-24 to 2026-02-26

DCC generated in machine-

readable PDF/A-3 format.

MIDDLEWARE
TO CONVERT
INTO XML/JSON

Administrative Data

Admin+ Measurement

DCC Generation Workflow

S

Primary Goal

Accessibility: Current services
are locked in PDF lists, making

Need for standardized,

S e ) structured storage of
'lcthglffliiulltﬂforsceuritic:;nersaic‘;ftl)nd calibration Create a digital backend that
- g gory administrative data standardizes, and stores
calibration  certificates in a

-
Manual Triage: High reliance
_on human evaluation to route

Interoperability ’

scalable database.

customer requests to the e O =
correct metrology division E= ™ B
\ ) = =
# Improve operational P
( efficiency at NPL e =
| Unstructure (oo — 1 E
d R e e et b i
S
Camtraian Cuarges G101 Amasshens Seisced Mevaiier =
——
] =
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Challenges to Address

* Legacy systems: No structured information
NMI service catalogues are operational and

customer-facing
g . . . 1. Retrieve

* Resources may be limited so incremental adoption is

often required &

o g " ’ 5. Validate

* KCDB provides internationally structured service

taxonomy —
Can we utilize the BIPM KCDB Service category APIs for
automation and interoperability of identification of

¥ ; 4. Make data

measurand through these metadata information? (

6th International DCC Conference , 26 February 2026, NPLI

System Architecture Overview

/ MODEL-VIEW-CONTROLLER (MVC) APPROACH \ / \

OPEN-SOURCE TECHNOLOGIES USED

¢+ Model: Defines data structures and business % %
logic. ** ReactJS v18.3.1 ** Python v3.11.7

< View: Presents user interface via Flask. % Flask v3.0.3 +* Pandas v2.1.4

«+ Controller: Manages communication

between model and view. %+ PostgreSQLV16.3  ** Miktex v24.4 (Windows)

\ A

|:5| pandas

6th International DCC Conference , 26 February 2026, NPLI
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The SI Digital Framework - Core services layer
Metadata models and digital references for:

*Units of measurement
*The S| Reference Point

*Types of quantities
eQuantities metadata model
*KCDB service categories metadata model
eNuclides metadata model

*Metrological traceability
*Resolver for KCDB CMCs

https://si-digital-framework.org/S|

Objective of the Study

Evaluate
Harmonize NPL feasibility of

service . using KCDB
catalogue service

classification

Methodology Overview

Yy TN Yy N
Service decomposition | (
into structured attributes .
* Convert textual services MU It|-IeVEI
into structured service ma in
objects Extract KCDB pRing
Analyze NPL » Identify quantity service strategy
. domain, measurand,
service range,requirements CIaSSiﬁcatiOn through
catalogue * Extract operational . Expert
constraints like service via API . .
delivery time, on- validation (TO
site/off-site, normal or
tatkal{urgent), charges, be dOnE)
| taxes, etc J )
- / L / o _/ L /

6th International DCC Conference , 26 February 2026, NPL
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Digitizing the NPLI Service Catalogue

CALIBRATION

Acoustics

TESTING
* Created a harmonised digital eService catalogue

for NPL Calibration & Testing services using 45
DC Metrloay Pdf files from NPL India website (Calibration
Energy materials Charges: 26 PDFs+ Testing Charge: 19 PDFs)

Methodology Followed

In House BND © WebsiteParser

Chemicals

Force

Length

Optical radiation
Gas Metrology

Temperature

. © Scrape PDFs from NPL website
Magnetic Metrology o Categorize by service area

AC high voltage
© Output: Raw PDF files

AC power Microwave Metrology

Atmospheric science J'C)ulpuls raw files

Capacitance

Photovoltaic Devices @ DataCleaner

DC current © Manual/automated Excel extraction

o Harmonize parameter names/units
© Validate structure
© Output: Cleaned Excel files

DC high voltage

Defibrillator

Fluid flow Time and Frequency

Uploads structured data

{ @® oatabeeo |

| o PostgreSQL via pgAdmin |

6th International DCC Conference , 26 February 2026, NPLI

Challenges faced in digitizing the NPLI Service Catalogue

Inconsistent & different PDF format (different terminologies, merged cells, line breaks,
referencing separate sheets, missing or unclear column names, etc).

Identified common data fields. Standardized column names and data types. Cleaned multi-line
text and handled missing values.

Ongite Calibration charges
- T L
2 b e Equipment name e
L I 1 l
' |,nu...mh b ] ‘ ! ‘
[reren
2 | Colori e R i st
g e by
pus— il
s 2w cosern|
ol g
[——
4 5w e
y WPL
[y [r—— ™
Tt g v
1 | woncengn e e Do
sprin) time skt
e by
Y | Lo i ) ™
- [l Y
3 | Coe Termpemae ™) o
[ro— v
. ™ i
Py o
+ | Techalog Chrges 00 | S——
[rm———
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Parameter

Item Type / Group

Item Name

HARMONIZATION
OF
PARAMETERS

Alias Name

Range

No. of Points for Calibration / Procedure No.
Calibration Parameters (for metrology-specific cases)

Limitation / Condition

W 0N OO N A W N R

Sample Requirements (if any)

[
o

Charges per Item Rs.
Additional Charges Rs.

e
N =

Description for Additional Charges

(=Y
w

Remarks, if any

=y
»

EDC (Normal, Tatkal) (where applicable)

[y
wv

Revised Charges as per CSIR Guidelines (where applicable)

The harmonized parameters list has been shared with
CFCT department

6th International DCC Conference , 26 February 6, NPLI

SYSTEM ARCHITECTURE

1. Website Parser 3. Database Layer (PostgreSQL via pgAdmin)

Technology Used: Python (requests, BeautifulSoup) Schema Design:

Purpose: Automates scraping and downloading of calibration/test Tables: service, service_tarrifs, department_service mapping, Parameters,ranges,
files (typically PDFs) from nplindia.org. type of service, registration/admin_details, client_instrument_details,
digital_calibration_request

Output: Raw PDF files stored in a structured local folder hierarchy,

: . Key Features:
categorized by service area. ey

Foreign key relationships

Timestamped entries for robust auditing

ISO/IEC 17025-compliant schema design
Tools Used: pgAdmin for schema visualization and management; SQL scripts for DDL
Output: Structured, and queryable storage of service catalogue

2. Data Cleaner [ Preprocessor 4, Storage & Retrieval System I

Technology Used: Python (pandas, openpyxl), manual Purpose:
transformation via Excel Provides efficient access to stored calibration data
Purpose: Enables advanced search (e.g., by case number, customer, parameter)

Extracts tabular data from PDFs (converted to Excel). Supports auditing and reporting

Standardizes units, headers, and parameter names for Features:

consistency. Query tools for inspection and verification

Resolves formatting issues and harmonizes Enables integration with front-end portals or APIs

missing/inconsistent values. Preserves data integrity for long-term use
Output: Cleaned .xlsx files with a harmonized schema, ready for Output: Reliable access to historical service requests for stakeholders.

database insertion.
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Prassura-Fiald Sansitivity

Warking Gondensor Micraphons Free-Fisld SEIIIII'N'Hyj

Diffuse-Fleld Sensitivity

\—(mnam Condensor mmm)—(annlun Calibration {IEC ewst—z-wsel]

| Single/Dual Laval
Sound Level Sum)—(swnﬂ Level Calibrator / Piston Phone

| /—(ml Calibration (Electrical & Acoustic) - 18:15675+1(2005), MBTE-2{EHD§J)

[ (ﬁ:rdﬁw‘hh’um—l} (Swnd Lﬂvmlhhhrj (Pnrtm\ Calibration (Electrical ﬂnly}j

|
Industrial Type Spat Calibration
Noise: MWJ—(FMIIIHQ Electrical Much\ne]—(sound Power Level - ls-mgse—mw)

Accoloratian (Working Accalorometar)

Velocity (Warking Accelarometar/Velocity Sensor)

/| vibratien Sensor
/

!
§ (Working ]

\ / \ (anmlum Calibratian (Standard Acceleromatar - SO 18063-11, Mathod z])

Single Level Vibration Calibrator
Vibration Source
\ Multi Level Vibration Calibrator
|

\—(ann Messuremant Velacity (Vibration umnj
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NPL Department

v 9 npl_department

ar 7 department_code ; department_name 7 parent_department_id ; level ;
+ [ columns(9) R e e Gl el ) L friegey
. 55 1 Physical Metrology [ufl] 1
f department_id

29 1.01 Mass Metrology 55 2
B depanment‘COde 39 1.02 Length, Dimension and Nanometrology 55 2
ﬁ department_name 28 1.03 Temperature & Humidity Metrology 55 2
f head_of_department 18 104 Optical Radiation Metrology 55 2
ﬁ email 40 1.05 Force & Hardness Metrology Section 55 2
ﬁ is_active 27 1.06 Pressure, Vacuum & Ultrasonic Metrology Section 55 2
ﬁ created_at 45 1.07 Acoustics and Vibration Metrology 55 2
- = 42 1.08 Fluid Flow Metrology 55 2

[l parent_department_id -
43 1.08b Fluid Flow Metrology (Gas Flow) 42 3
ﬂ level 21 1.08¢c Fluid Flow Metrology (Water Flow) 42 3
12 56 2 Electrical Metrology [null] 1
13 17 201 LF, HF Impedance and DC Metrology 56 2

6th International DCC Conference , 26 February 2026, NPLI
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NPL Service Catalogue

v £ npl_service S RBvBOvi & & ~ Showing rows: 110 565 4' PageNo: 1 ofl 14 4« » »
v & Columns(8) senvice, senvice type |, parameter tem - item.type , fem.name  dlissname Al
— [PK] inte text text text text text |
ﬁ senvice id 1 1 Calibration AC Power / Energy 1/3-Phase Reference Po..  1/3-Phase Power & Energy Met..  1/3-Phase Reference P...
ﬁ service_type 2 2 Calibration Form Instrument Formtester Formtester/Roundness ...
ﬁ parameter item 3 3 Calibration Magnetic Flux Dens.. ~ Magnetic Field Indicator ~ Magnetic Field Indicator Residual Magnetic Gau...
ﬁ i 4 4 Calibration Gas Flow Gas Meter Mass Flow Controller (Laminar ..  High Precision Digital Fl...
liem_type
- 5 5 Calibrati Color Meters/ Detectors Colorimeter/ Chromameter/ Co...
ﬁ item_name 6 6 Calibration Density Glass Hydrometer High precision Hydrometer (Re...
ﬂ alias_name 7 7 Calibration Length Instrument Dial Gauge, Plunger /lever Type
ﬁ is_active 8 8 Calibration Length Accessory Test Sieve Sieve
9 9 Calibration Viscosity Viscometer Glass Capillary Viscometer (Re...
f created_at . . .
10 10 Calibration Length End Standard Gauge Block Set Slip Gauge By Comparis...
1 11 Calibration Quantum Hall Resis.. ~ 1kOhm DC Resistor 1kOhm DC Resistor
12 12 Calibration Ultrasonic Ultrasonic NDT Equipme...  Calibration Block A2 (IIW-VI)V1 ...
6th International DCC Conference , 26 February 2026, NPLI
v [ npl_service_tariff DataOutput Messages Notifications ¥
v [ Columns(20) — =
8 tarif.id = r‘ v |:| vl 8 |~ Showing rows: 1101000 4/ Page No: 1 of3 14 4 »m
A service_id tﬂiff.iduviw.id/ calibratio calibration_pof="B1] sample. limitatio charge_f additiona additiona remarks
A calibration_range [PK]inte integer text  text (OO fext  text  numeric numeric tedt  text
i calibration_points 1 17 359 4 [l [nul] 26950 6800 26950  Only one calibration parameter.
[ testing_parameters 2 18 101 4 [null]  [null] 30800 7700 30800  Only one calibration parameter. (M
B sample requirement 3 19 65 4 ]l [oull 41800 10500 41800  Only one calibration parameter. (V
o limitation_condition
) 4 120 406 4 [null] [null] 55000 13800 55000  Only one calibration parameter. (M
A charge_per_item
 additional_charges 5 121 231 4 [l [oull] 71500 17900 71500  Only one calibration parameter. (V
7 additional_description 6 122 206 4 [null]  [null 17050 4300 17050  Only one calibration parameter.
i remarks 7 123 312 4 o] [null] 19800 5000 19800  Only one calibration parameter.
d |
[ edc_noma 8 124 8 4 ol oul] 26050 6800 26950  Only one calibration parameter
7 edc_tatkal
q effective.from 9 125 79 4 [null] [null 30800 7700 30800  Only one calibration parameter.
q effective_to 10 126 37 010/ SingleFre.. [null]  [null] 24800 [null] 24800  Each Resistance Set
q is_current 1 127 305 1pF/. SingleFre.. [null [l 24800  [null] 24800
[ created by 12 128 343 1.0E-. o] [oull] 47700 [oul] 47700
A approved_by
A approved_at
Total rows: 2759  Query complete 00:00:00.385 CRLF  Ln1,Col1

A created_at
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CSIR - National Physical Laboratory
8 9 - O s e
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Individual_Registration

Register - v [ registration_category
regcatid ,  reg_catyalue ’ s Rv0Ovi 8 3|~
v [ Columns (2) [PK]intager < character varying (100) regid regcategoryJd , fname Lrame email
- 1 1 INDIVIDUAL Pimteger” imeger ¢ charectervaning (100) ¥ charactervarying (100) ¥ characte varying (255)
[ reg_cat_id 2 2 ORGANIZATION 1 1 1 a ana ol
Organisation a 2 2 1 arti anya [nuil]
req_cat value 3 3 INTERNAL USER
il 5 2 npl fnun] [nui]
Employee 4 7 1 jen jem o]
5 8 1 jan Jung Inui]
v [ registration_details 6 9 1 mack mock ergerzmple.com
First Name * Last Name.
v 'ﬁ Columns(&) 7 0 2 gl fun] arty@gmail.com
L - - . 8 n 1 esit ol edexample.com
f reg_id ; . ;
Phone* T+ TS - 9 12 3 s nol lemihonggmail.com
fi reg_category_id |5 13 3 s il jmioggmai.com
Email Altamate Email
F‘ f name n 4 1 csit npidedi abc@exampie.com
|heneBesampie com fmneangiecom L .
- 17 L] 3 csir nil sdf@gmail.com
. fi |Lname
Nddreas Line | Adress ine 2 b 13 16 1 osi npidedi Qwegerample com
i terdfond f email " ” 1o npidemi xyz@exampie.con
—— s e T 15 8 3 jon jeeno aypigamai.com
dia o v e © 16 19 3 jon jeenn aypaagomailcom
17 2 3 abc m whyy@amail com
Hew Pt Confim Pgmcrd
18 n 1 jon jom jhongexample com
o - 19 n 2 csimgl oal] csim@qmail.com
2 7 3 dia sagh diva@gmaicom
2 % 1 jhon jem jhonegerample.com

Total rows: 23 Query complete 00:00:00.207

6th International DCC Conference , 26 February 2026, NPLI
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hysical aboratory

o

CSIR- National
iw

Customer Login

ihone@example.com

..... Welcome!You areloggedin
7 mnotassbor "
Privacy Policy
v 5 emp_reg_details S RvOvE &8 &8 ~
v [{ Columns (5) empJd , empregid , designation o Sonature  emall 7’
- : [PK] integer integer character varying (50) bytea character varying (255)
f i i =
{l emp.| 1 1 13 du [nu] jmjho@gmail.com
{] emp_reg_id 9 2 15 du [null) sdf@gmail.com
fi designation 3 3 18 du [nui] aypr@gmail.com
fi signature 4 4 19 du [nutl) aypaa@gmail.com
f email 5 5 20 du [null] whyy@gmail.com
6 6 23 du [nul] diva@gmai.com
7 7 26 du [nui] bharat@gmai.com
6th International DCC Conference , 26 February 2026, NPLI
NPL Service Data
Service Type® Metrology Area®
Calibration v Length, Dimension and Nanometrology ~
Parameter” Item Type®
Length v select ~
select Alias Name / Class
Angl
o Select ~
Error of Indicated Displacement
Calibration Points
Flatness
Form et -
Laser frequecny (Single freqency) using lodine stabilized HeNe laser Additional Description
Laser frequency using optical frequency comb ( for Single frequency) Auto-filled
Length & Angle
Roughness
Meterology Aera™
Roundness
Length ~
Squareness
Step height Service
Straightness Other DC and low frequency measurements ~
Sub_Service* Individual_Service*
Sub_Service v Select v

6th International DCC Conference , 26 February 2026, NPLI
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Present Status

* Service-Level Extraction: Used Python-based parsing to isolate service titles and category
headers.

» Schema Definition: Created a standardized database schema focusing on Service_ID,
Service_Name, Division, and Service and department Mapping.

* Metrologist Review Pending: They shall validate the service list to ensure no commercial
offerings were missed or miscategorized.

* Working on the web-based intranet platform to enable this.

6th International DCC Conference , 26 February 2026, NP

Service catalogues inclusion in DCR

@ CSIR - National Physical Laboratory
0t G a1 IR - AP e v

Digital Calibration Requests
[ ] o

Calibration/Testing requirements specification

6th International DCC Conference , 26 February 2026, NPL
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The KCDB API for Classification

* The BIPM KCDB API provides the global blueprint for service classification.

+ Hierarchical Basis: KCDB APl uses "Branch" and "Service" hierarchy to group individual
services.

* Extracted and analysed KCDB CMC service classification data using APIs

* Designed a hierarchical parent—child CMC classification model

* This is based on respective Consultative committees classification

DD;‘,::‘T)B = METROLOGY AREA TABLE | [ BRANCH TABLE —rp
e value value 2
name
1d (pk) 1d (pk)
areald (domain.code) fk arealD (fK
label label

+ These entities are logically connected and share parent—

child relationships. SERVICE TABLE e SORSERCE T
R N . . " " |
= This hierarchy is essential for structuring CMC queries. Branchib (70 value
select + froa biga service Id (pk servicelD (fk)
T - abel 1d (PK)
r:m'm‘ —— ERSERUES ~ Lisaly - label
= o mm——

INDIVIDUALSERV ICE TABLE
value
id
SubservicelD (fk)
label

Data Retrieval from KCDB API

A Python script was developed to fetch reference data from the KCDB API.

Link -https://www.bipm.org/api/kcdb/swagger-
ui/index.html?configUrl=/api/kcdb/v3/api-docs/swagger-config#/reference-data-
controller/getCategories

The script accesses all reference-data-controller endpoints required for CMC
queries

API requests are executed iteratively to ensure complete data coverage.
The retrieved JSON responses are parsed and structured.

The processed data is stored in Excel (.xIsx) files for further analysis and mapping.

6th International DCC Conference , 26 February 2026, NPL
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KCDB Reference Data APIs Used

The following reference-data-controller APls were accessed to retrieve data required for CMC queries:

/referenceData/analyte — Analyte list Request URL -https://www.bipm.org/apifkcdb/referenceData/analyte

/referenceData/branch — Branch list Request URL - https://www.bipm.org/api/kedb/referenceData/branch

/referenceData/category — Category list Request URL - https://www.bipm.org/api/kcdb/referenceData/category
/referenceData/country — Country list Request URL - https://www.bipm.org/api/kcdb/referenceData/country

/referenceData/domain — Domain list Request URL - https://www.bipm.org/api/kedb/referenceData/domain
/referenceData/individualService — Individual service list Request URL - https://www.bipm.org/api/kcdb/referenceData/individualService
/referenceData/metrologyArea — Metrology area list Request URL- https://www.bipm.org/api/kcdb/referenceData/metrologyArea
/referenceData/nuclide — Nuclide list Request URL- https://www.bipm.org/api/kcdb/referenceData/nuclide

/referenceData/quantity — Quantity list Request URL - https://www.bipm.org/api/kecdb/referenceData/quantity
/referenceData/radiationMedium — Radiation medium list Request URL - https://www.bipm.org/api/kcdb/referenceData/radiationMedium
/referenceData/radiationSource — Radiation source list Request URL - https://www.bipm.org/api/kcdb/referenceData/radiationSource
/referenceData/service — Service list Request URL - https://www.bipm.org/api/kcdb/referenceData/service

/referenceData/subService — Sub-service list Request URL- https://www.bipm.org/api/kecdb/referenceData/subService

h International DCC Conference , 26 February 2026, NPL

Mapping Structure of KCDB Reference Data

Mapped (Hierarchical) Reference Data
The following reference data entities form a hierarchical relationship and were successfully mapped:

Domain

select * from bipm_domain

Data Output Messages Notifications

S BvOve 8 8 &~ su

-> Metrology Area

-> Branch Area

domain_code a a
character varying (255) & text
o 1 CHEM-8I0 Chemistry and Biology
> Service 2 PHYSICS General physics
3 RADIATION lonizing radiation

-> Sub-Service
-> Individual Service

Explanation:

Sodeguns 10615 / Parle

These entities are logically connected and share parent—child relationships. | e
Each level references the next level through unique identifiers. i -

This hierarchy is essential for structuring CMC queries.

nternational DCC Conference , 26 Febr y 2026, NP
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Non-Mapped (Independent) Reference Data

The following reference data entities do not follow a direct hierarchical mapping with the above structure:

* Quantity

select » from bipm_branch
y categorv Data Output Messages Notifications
S RO« 8§ 8 2 ~ s
* Country
text 8 nieger 8 nteger LI L]
. T 1 v aa
Analyte R : JET
. Nucllde 4 ACvoltage, current, and power 4 2 EM/AC
5 DC voltage, current, and resistance 5 2z EM/DC
+ Radiation Medium 6 | Electic ond magnetic ields s 2 EMFild
- - 8 Impedance up to the MHz range. L 2 EM/imged
* Radlatlon Source 9 Matenials 9 2 EM/Mater
. 10 Other DC and low frequency measurements 10 2 EM/OtherDC
Explanatlon: Total rows: 35 Query complete 00:00:00.183
These datasets are standalone reference lists.
They are used as attributes or filters in CMC data but do not have direct parent—child links.
Hence, they were stored separately and not merged into the main hierarchy.
6th International DCC Conference , 26 February 2026, NPL 29

bipm_domain

o : domain_code domain_name
bipm_domain ;
= hp character varying (255) a text a8
v @ Columns(2) 1 CHEM-BIO Chemistry and Biolo...
j domain_code PHYSICS General physics
j domain_name 3 RADIATION lonizing radiation
bipm_metrologyarea_value
Data Output Messages Notifications
v [ bipm_metrologyarea S mvOvE glsl~
v [ Columns(4) e e o Dereeeta e i e
a 1 Acoustics, Ultrasound, Vibration 1 PHYSICS AUV
) metrologyarea_value 2 Electricity and Magnetism 2 PHYSICS EM
=] I d 3 Length 3 PHYSICS L
u mEtro ogyarea_l 4 Mass and related quantities 4 PHYSICS M
= : 5 Photometry and Radiometry 5 PHYSICS PR
u metrologyarea_areald 6 Thermometry 6 PHYSICS T
:1 met[0|ogyarea |abe| 7 Time and Frequency 7 PHYSICS TF
o = 8 Chemistry and Biology 8 CHEM-BIO aM
9 lonizing Radiation 9  RADIATION Rl

6th International DCC Confi

26 February 2026, NPL 30
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bipm_branch
v [ bipm_branch

v [fj Columns(4) |
fi branch_value
fi branch_id
fi branch_areaid
fi branch_label

AC voltage, current, and power
DC voltage, current, and resistance
Electric and magnetic fields
- High voltage and current
Impedance up to the MHz range

B I N

Materials
Total rows: 35 Query complete 00:00:00/128

Deh DUl Mieasoges Notications

bipm_service =R-oo e o
v [ bipm_service Ty
v [} Columns (4) | : “::;“iT:
fi service_id " :““",E:"‘.‘.‘Z:mm
i service_label EE.?:E:.,._.

2 npsrnston
30 A iy et o seices
2 oywe rocn

{1 service_value

EM/Field
EM/HV
EM/Imped
FM/Mater

il o B B o BN - S
-
£
8

fi service_branchid

21 Lo veestion
45 Vet sl coostens

[E———
Total fows: 67 Query complete 00:0C:00.117
6th International DCC Conference , 26 February 2026, WFLI

bipm_subservice
v 5 bpm_subsenice e nEee
3 3
v @ Columns (4) | 292 4
z 2
i subsenvice_id ! !
5 2
f] subservice_label . :
fi subservice_serviceid = :
fj subservice_value : -

Total rows: 258  Query complete 00:00:00.171

bipm_individualservice
v [ bipm_individualservice

Diffuse field response level

ulus
v i Columns(4) | o ;
{ individualservice value B o s
s 2
ff individualservice.id Modutus A
Phase 7
.
s
>
;

Free-field response lavel

A individualsenvi_subserviceid E i s
ff individualservice_label

Total rows: 615 Query 113

SIS RO R

s*:a.=.:a:=ze~»,...i

Diffuse fleld sensitivity level (air)
Electrostatic actuator normalized response

Free-field sensitivity level (air)
Pressure sensitivity level (air)

Multi-frequency sound calibrators

Single frequency sound calibrators
Response of sound measuring instruments
Impedance head force measuring chain

Impedance head force transducer

Mechanical couplers (air)

Reference couplers or artificial ears (alr)

oM AW WNNN -

N W= NN E N -

6th International DCC Conference , 26 February 2026, NPLI
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Service Mapping With KCDB

NPL Service Data

Service Type® Metrology Area®

Calibration ~ Length, Dimension and Nanometrology ~
Parameter item Type~

Length ~ Select v
Item Name” Alias Name / Class

Select ~ Select ~
Calibration Range Calibration Points

Select ~ Select ~
Limitation / Condition Additional Description

Select ~ Auto-filled

BIPM Service Data From KCDB API

Domain - Meterology Aera®
General physics ~ Length ~
Select

Branch Area”

i I n i
Other DC and low frequency measurements ~ Acoustics, Ulirasound, Vibration

Electricity and Magnetism
Sub_Service*

Sub_S: ~
ub _senace Mass and related quantities

Photometry and Radiometry

Thermometry

Time and Frequency

6th International DCC Conference , 26 February 2026, NPLI

KCDB Mapping

% CSIR - National Physical Laboratory

1w g SR - P e warren

Service Mapping With KCDB API

Metrology Ares

Select e Type

Abax Name / Clsss

Condition

BIPM Service Data From KCDB AP
Domain Metarciogy aera
seiect v semvceTypes

- _______________________________________________]
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Mapping Strategy

* Align Individual services
* Classify mapping type: Exact / Broader / Narrower / Composite / No match
* Avoid forced 1:1 alignment

Key Issues Identified

Unstructured

atsogie > Seryice decomposition

Manual
interpretation

Capability vs . - .
swdee - Semantic harmonization layer

divergence Semantic Harmonization Layer (Mapping + Normalization)

KCDB Service Classification (International layer)

Granularity

e MUltievelmapping categories
mapping

NPL Operational Service Catalogue
Terminology

gerences > Controlled vocabulary

Ambiguity

6th International DCC Conference , 26 February 2026, NPLI

How this fits in DCC

Administrative Sheil

In<iues and
wha verty and approve the
CaMDIanon DIoowss
Issued-far
T OO0 aasoctse The sarvices inchsde ine fiekds. Sub-Service, Indwidual
e nave  E—— Incuces Servce, amon inlerval ana parameler (ange:
InChucing pes-tem l:
fees and addmonal
cnarges recogresed 85
CateranonTesang
Fipur ements SoRcicanon
Cuokzhed capecaes of accrected Lab Level | [ wotonst Accrestasen | [ cmcs | Sranen
No of Points for
SubServicas Catibration’ Testing Sampie Details
Ingiviausl Service —
Parameter Range oo
‘Samole Tecnniaues
Measurement Resuits Sneil ’J Ferormed on

6th International DCC Conference , 26 February 2026, NPLI
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How this fits in DCC

Measurement Results Shell

A superClass that represents any instrument used in caidration
including DUT/DUC and Reference Equigment like make, model
manutacturer, s1_no, details, e1c

Reference Equipment

A structured procedure folowed to test, adjust
and venfy an insiruments accuracy aganst

The instrumne! undergeng calibration to
ensure its measurements meet define
standards

DeviceUnderTest/
DevicsUnderCalibration

undergoes

Standard_Used  [¢——
records
Conamons
F—— The results of the different parameters under the
calibration process

rrnle.:;‘iml:r: Measurement_Result_Type| { o H Unit J uooe‘nanny | Traceabilty ] { Statements |
¢ ‘l ¥ ¥ £3
text byledata [ e J[_wee ] [coraperactor | | ostoutontie | [ uncormmy e | [ Frene

6th International DCC Conference , 26 February 2026, NPLI

Summary

* DCR through structured measurement service representation

* Feasibility evaluation of KCDB service classification at NMI level
* Direct 1:1 mapping not feasible
* Semantic harmonization layer required
* Expert validation essential
» Step towards FAIR DCC ecosystems
* Findable: Service class identifiers enable indexing
* Accessible: API-driven structured taxonomy
* Interoperable: Harmonized services
* Reusable: Clear service scope and metadata

Future Work
Extend toward CMC-level linkage

6th International DCC Conference , 26 February 2026, NPL
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. Any Questions?
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Abstract

Standard repositories for units of measurement with high relevance for digital services and
tools of laboratories are moving closer together in April 2026. The IEC/SC 3D “Classes, Prop-
erties and Identification of products - Common Data Dictionary (CDD)” is maintaining the Com-
mon Data Dictionary (IEC CDD) [1], All units of measurement are represented with concise
and complete information to enable seamless digital interoperability when converting the met-
rological unit of a measurand. Users are provided with a validated and machine- readable
framework to trace measurement data to the definitions from the International System of Units
(SI). Conversion metadata will provide the digital links to BIPM’s S| Reference Point (SIRP)
[2], the international backbone for the Sl in a digital era coming from metrology. In addition,
revised numerical data will bring conversion between over 1700 units of measurement and the
Sl to the next level of numerical accuracy.

These benefits will directly be accessible to developers and users of Digital Calibration Cer-
tificates (DCC) [3] through the cross-linking with SIRP as shown in Figure 1. We present details
of the upcoming IEC-CDD update and practical use-cases for the application of highly accurate
conversion of metrological units for DCC measurands.

Figure 1. IEC-CDD, BIPM-SIRP and DCC units of measure at its best.
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Presentation #P08 of Daniel Hutzschenreuter

Units of measurement at its best

Report on work in progress of connecting the
|[EC CDD Units of measurement to the
BIPM S| Reference Point.

The Motivation behind this endeavor

The international (digital) Units of Measurement

—
Source: MINISTERE DES AFFAIRES ETRANGERES; DIRECTION DES ARCHIVES; lo 6 décembre 2012

Source: BIPM, CCBY-ND 4.0 Source: BIPM

2026-02-26 DCC Conference 2026: Units of measurement at its best 2
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The Motivation behind this endeavor (cont.)

Digital Transformation

“semantic traceability”

w 7 base units
A 0 Q of concepts to a trusted
2 S| .

source
qu % 2150+ industry-

relevant variations *

kit nr matre

2026-02-26 DCC Conference 2026: Units of measurement at its best 3

The Motivation with regard to DCC

Anchor of trust for data beyond Sl

Hybrid Data Element

1609.344

Mile Metre

Traceability

IEC CDD
necessary link

2026-02-26 DCC Conference 2026: Units of measurement at its best 4
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Where it all began :-)

QI Digital Forum in October 2024

2026-02-26 DCC Conference 2026: Units of measurement at its best 5

The Team

)

K. Dickmann y
Siemens/IEC/SC65E [

G. Rossi
IEC/SC 3D

R. Sporer
Siemens/IEC SMB 6

SIEMENS

E2P1B

T. Engel

m B Siemens

S. Westerkamp

Siemens \ .
D. Hutzschenreuter M. Gruber
PTB PTB
2026-02-26 DCC Conference 2026: Units of measurement at its best 6
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IEC CDD
Units of

extract current

unit
information

external unit
knowledge
from literature

add new
column with

UnitsML
conversion
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IEC CDD
change
request under
review

publication
planned until
April 2026

Measurement

2026-02-26

DCC Conference 2026: Units of

2 )

We are here :-)

measurement at its best

Highlights for the April 2026 update

« calculations use 40-digits precision

IEC CDD unit internal no internal ; T
(2168 total) conversion conversion * outputwith (up to) 28 relevant digits
« often exact numerator + denominator
SIRP conversion 2080 0 often exact numerator + deno ato
no SIRP conversion 24 64
Example 1: gram (UAA465) n
IEC CDD unit exact approximation <Floaté4ConversionFrom -
s xml:id="UAA594 from_UAA465"
SIRP conversion 1488 592 initialUnit="0112/2///62720#UAAAGS"
internal conversion 1644 460 multiplicand="0.001" divisor="1"
exact="true" />
2026-02-26 DCC Conference 2026: Units of measurement at its best 8
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Highlights for the April 2026 update (examples)

Example 1: gram (UAA465) AIA Example 2: mile per hour (UAB111) Pl
<Float64ConversionFrom - <Floate4ConversionFrom o e
xml:id="UAAS594 from_UAA465" xml:id="SI::metre.second-1_from_ UAB111"
initialUnit="0112/2///62720#UAA465" initialUnit="0112/2///62720#UAB111"
multiplicand="0.601" divisor="1" multiplicand="1609.344" divisor="3600"
exact="true" /> exact="true" />

Example 3: newton metre per degree (UAB308) Example 4: degree Fahrenheit (UAA039)
<Float64ConversionFrom <Float64ConversionFrom

xml:id="UAB3@9_from_UAB3068" xml:id="SI::kelvin_from_UAAB39"
initialunit="0112/2///62720#UAB308" initialUnit="0112/2///62720#UAAB39"
multiplicand="18@" initialAddend="459.67" multiplicand="5"

divisor="3.141592653589793238462643383" /> divisor="9" exact="true" />

... of course, these are just the main parts of a full UnitsML string.

2026-02-26 DCC Conference 2026: Units of measurement at its best 9

The IEC CDD Units U —

Bl e e o vinuson

* [EC 62720 - IEC/SC 3D -
Common Data Dictionary

* online, public, re-useable unit
repository (free attribute
according to EULA)

* https://cdd.iec.ch/cdd/iec627
20/iec62720.nsf

2026-02-26 DCC Conference 2026: Units of measurement at its best 11
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International Electrotechnical Commission Mowne | Cacca | Sarch
IEC 62720 - IEC/SC 3D - Common Dats Dictionary (CDD - V2.0018.0002)

id

0112/2///6272061ABD2: Koo Torcn (U5 hert)
umv:rmm:v)«ﬂum 22 ter wor

v e e S [moers oo s e i ) structured description

Toiiaaarsonuason vt
So1122/627200uA8025 o e e =
50112/2///627204UABOZS year st
Bonaarosueas e e o o s By e 100 G o 9 e R B oot T
B on2ar200un008 et v o
T2 37308003 o —
B0 270m0 s T PG o o e ool s e 2, e 1 G AR e s oo
EB0172K372000A00 et o g e e
B0 arosuabse v e po—
Vo cuians o et il
Bosaronabon st otk e e
G022/ arosuabt s
i

B0112/2///6272020A0025 cubic yard
[50112/2///627200AB035 cublc yard per doqree Fatrer Une R bt

G 0112/2///627202UABDS/ cubic yard per day U som
01211627204 UABO3S cubic yard pae heur
50112/2///627205UAB0SD cubic yard per £l

(B 0112/2///627204UABOD cubic yord pes it A
{G0112/2///627201ABDA cubic yard pes second
©011202///627202 088042 Gakleo:
{0112/2///57720 810042 mitiga
[50112/2///627205UAB0A4 inch per second sguared
[©0112/2///627202UALOSS dves second per comimatre '
{90112/2///627200 48046 Mccurie
[U11212///627202 088047 Goskecauered
011221162720 UABDSS ars
[B011212///627205UABOAD decare

ol e <1 UaBoS) > cwoms <iae> <,
el i <5 < e rormel*sm i <
ath

NECE coon [

S | link to a quantity kind with
0112/2///627208LABDS anmpore per square millmets | Sended .
e related common unit

©0112/2///627204LAROS1 doampes
{©0112/2///627208UABOSA velt pex cetimetre e T
B10112/2///627204UABOSS ar pae sauire cantimatrs se

[p—— 202-07:24

£20442/2///627204UAB0S6 mifirasetoen S~ s
0112/2//627202UABS 7 Wloroentosn Sunti Comaing o
T p——— Charge e iz
e s s I RGN 197 19 8 BATC 0909259 e
£0112/2///827209UABD6: e aram
0112124627202 UARES ectermetee
10412/24162730 81AROE et S e o 7026 2,23 L U —
2026-02-26 DCC Conference 2026: Units of measurement at its best 12

il 51 Digital Framework

51 REFERENCE POINT

g

erson: 10 (5, ot pm 225013

The S| Reference Point

S Units  SiPrefises  Cocisons  Uniesprossions  Constants  SPARL Asstars

ontology to capture the knowledge of
the Sl Brochure

Application Programming Interface

» online, public, re-useable, beta stage s
* https://si-digital-framework.org/Sl/ B e

dynamlc PIDs e. g ‘ _

DECISIONSTTL

CONSTANTSTTL

canTakn

Dacumentation

1 REFERENCE POINT - GITHUB
1 REFERENCE POINT - OVERVIEW

USER FEEDEACK
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= 2 srmrensnen | EETF’  WEIGHTS and
i e :-n\drlu:;::::l - 51 MEASURES
f— Ise of i 1 | 4
: Sysiem of Units (31 The International [ BARDS
Le — System of Units (S1) - l_i i
Systermne [ A :‘un(\:t-rsionl I;nclnn .| . &
international e —— or Geners e ()E—'
d’unités - - - — (i
The TS &
International — I&* 7
System of [ X
Units I -
e D-SI documentation — a lot of consolidation work!

—_ * getting exact conversion factors was sometimes supported by relying
. ‘ DIN g . on less official references available on platforms like wikipedia:
* E.g.:barrel (USdry)
+ sometimes said to he 7056 cubic inch
* however, following to logic of the US customary units:
* 1 barrel (US dry) =105 quart = 105 * (1/4 gallon) = 105/4 * (1/8 bushel) =
105/32 bushel = 105/32 * 2150.42 cubic inch = 7056.065625 cubic inch

2026-02-26 DCC Conference 2026: Units of measurement at its best 14

Conversion to Sl base units

* parse the IEC CDD structured name

* regex automatically constructed from consolidated unit information
* convert to Sl base units (no special named units, no prefixes, no per)
* example: UAD883

' . i ) .
- “ampere hour per cubic decimetre” parse unit “atoms”: [factor, prefix, unit, exponent, per]

* [1.0,", ampere, 1.0, "] [1.0, ", hour, 1.0, "1[", ", " ", per] [1.0, deci, metre, 3.0, ] equiv. ops., e.g.:
-replace units
prepare . " r i " " B o - replace prefixes
[3600.0, ", second, 1.0, "][ 1.0, ", ampere, 1.0, "][ 1E+3, ", metre, -3.0, *’] - remove per

UnitsML C
* 3.6E+6, https://si-digital-framework.org/Sl/units/second.ampere.metre-3

2026-02-26 DCC Conference 2026: Units of measurement at its best 15
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:initialAddend
: multiplicand
: divisor

: finalAddend

Q0 T o

https://schema.unitsml.org/docs/unitsml/unitsmi-v1.0/

2026-02-26 DCC Conference 2026: Units of measurement at its best

ICAN RIDE MY 17 MPH
BIKE. AT 45 MPH

1F YoU koo (B METERS/Sec

Calculations and datatypes % (s o)
O

3 FURLONGS/MIN
C{, FATHWS.‘SE\:)
HO KPH —» 22 KNOTS.
(ﬂa MPH=-Z04 FURLONGS/HR =4I t:PND

s sl . . 2 M5 IG5/MIN—15 YARDSfsec
* initially: float calculations el Yo

* but: e.g., convert pS/cm (UAAQ75) to S/m (UAA279) o moncsi~3ron

10 FATHOMS/SEC «— 17 YARDS/sec D

< >
* float: 1E-6/1E-2S/m =9.999999999999999e-5 S/m 36 falors—+6 FURLOVSHHN
. decimal: 1E-6/1E-2S/m =1E-4S/m 13 1P

https://xkcd.com/2585
calculations of conversion coefficients with 40-digit decimal precision
includes high precision 1, log and power

output (at most) 28 decimal digits to adjust for accuracy loss during
calculations

UnitsML-strings store numbers as strings to preserve higher accuracy than
possible with double datatype

2026-02-26 DCC Conference 2026: Units of measurement at its best 17
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Cp f-
OO
@

KR4S

g

It is essential to have a shared .

understanding and terminology of
the subject at hand, i.e. one common -
semantics are fundamental for

Consolidate and quality
check by hand
Automate the repetitive
and error-prone tasks
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industry
perspective

Itis essential to have the relevant
perspectives in place and let the right

interoperable knowledge exchange.

2026-02-26

people work together as a motivated team

DCC Conference 2026: Units of measurement at its best 18

Accessing the IEC CDD

Start IEC CDD (https://cdd.iec.ch) and perform the following
6 STEPS to visualize (or export) the UNITS of MEASUREMENT:

al Electrot (o

1

(1)) Select IEC 62720 [EC 62720 - IEC/SC 3D - Common Data Dictionary (CDD - V2.0018.0001)

Shortdemo
(on test system)

Domain: [ Units of (IEC 62720) v
IE International Electrotechnical C issi [Home | [ Classes || Search |
- |IEC 62720 - IEC/SC 3D - Common Data Dictionary (CDD - V2.0018.0001)
1
-
Search: [* [ok]
In ( a S , o >
7 Clsoes ) Properties You can search among all classes and properties (including conditions) using
J Value lists O value terms full-text search. All the fields of a record are covered in the search
® Units O Lists of Units
Rn ( s 2 Search terms may include wild cards. An asterisk (*) represents any extension
elations ) DET dassification 2 L
D Al Kiod of of characters. A question mark (?) represents any single character.
All kind of items
You can combine several terms using boolean expressions (AND, OR, AND
NOT).
1812 hits Export selected | Select all | Deselect all «
0112/2///62720=UAA000 percent
20112/2///627202UAA001 percent per ohm After you retrieve your search results you can export to Excel the full set of
#20112/2///62720=UAA002 percent per degree attributes of the selected items by clicking on "Export selected”
0112/2///627202UAA003 percent per degree Celsiu:
2026-02-26 DCC Conference 2026: Units of measurement at its best 19
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Applications for the presented work

Project: D-SI converter for quality infrastructure applications

»DCC-ready” &
-~ D-SI linked to IEC-CDD,
C BIPM-SIRP
D-sI onverter
<sizreal> Ll D-Sl
Mile - - <si:hybrid>
- - @ - <sireal>
= - Mile
= — <sireal>
ITrrni
Metre
d-si.ptb.de
IEC-CDD
_J More APIs: Mappings, checks, etc.
2026-02-26 DCC Conference 2026: Units of measurement at its best 20

The Summary

* link [IEC CDD UoM to SIRP for many (95.9%) of all entries

* links are given as UnitsML conversions to base units (often exact
factors)

And what’s next?

* Release schedule / process

* How to access the results?

* Plans for the future (S| converter)

2026-02-26 DCC Conference 2026: Units of measurement at its best 21
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» https://www.bipm.org/en/liaison/digital-transformation
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* https://si-digital-framework.org/Sl/
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Abstract

In this presentation we will talk about the current developments on the road to release of
the DCC schema V3.4.0. Currently we are working on release candidates. We will show how
the release candidate can be used for tests. The release candidate is for testing only and can
change during further development.

Presentation #028 of Muhammed-Ali Demir

3§ Physikalisch-Technische Bundesanstalt
§ Braunschweig and Berlin
National Metrology Institute

/ 3

Current developments for the
next DCC schema version

DCC V3.4.0-rc.2

Muhammed-Ali Demir et. al., WG1.24 .
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PTB Introduction

»= Current DCC Version (stable)
» Version: DCC V3.3.0

» Release date: 29t October of 2024
* Current Release Candidate (development):

= Version: V3.4.0-rc.2
= Available since 30t of October 2025

» Use only for testing new features, changes will occur until
release

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2026-02-26 6th DCC Conferenc

6th DCC Conference

2PTB Meta data in primitive quantities

» Requirement: meta data in item quantities, used method
guantities and measuring equipment quantities

» Change: new optional element dcc:measurmentMetaData in
dcc:itemQuantity, dcc:usedMethodQuantity and
measuringEquipmentQuantity

l dcc:itemQuantity 2

IS

©

=3 .
| dcc:usedMethodQuantity |-> g o (T st

2 L

ER e
dcc:measuringEquipmentQuantity |— s - -

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2026-02-26 3 6th DCC Conference

- |
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IPIB No whitespaced strings in lists

= Requirement: avoiding misinterpretation between whitespace as a separator
and string with whitespace characters in string list type

= Example: <dcc:charsXMLList>A B C</dcc:charsXMLList>
Before: Is this one string | | Now: These are 3 strings
containing space or ...7?7 separated by space!

= Change: new type noWhitespaceStringType (string without any whitespace)

[ charsXMLListType @—'({ ¢ dcc:nuWhtespaoeStrhgType)@
E._\s{\nf no-whitspace strings ] (E;n ng without whitespace chars :teri)
se

parated by blank spaces.

= Modifications: dcc.charsXMLList and Attribute refType are now lists of
noWhitespaceStringType

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2026-02-26 4 6th DCC Conference

PTB dcc:content trimmed at start/ end

» Modified dcc:content — is now notEmptyStringType, it is
neither allowed to be an empty string nor to start or end with
a space, spaces in between are allowed

= Now:
<dcc:content/> x

<dcc:content lang="en">Abc </dcc:.content> x
<dcc:.content lang="en">Abc</dcc:content> \/
<dcc:content lang="en">Abc def</dcc:content> \/

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2026-02-26 5 6th DCC Conference

e
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PIB Measurands (1)

= [VIM3] 2.3: measurand = ‘quantity intended to be measured’

= Change: new type dcc:measurands in
dcc:measurementResults, dcc:measurementResult, dcc:list
and dcc:quantity (further sub tvoes)

TN
(res [t |
dovcrion 5
Toee [ aecrentoinetien |
=
JE— N )
o}
st o | noaan o
Trve | S s Tvve | me uscamemamirype
kL s @
messarngEuoren = )
] ettt CL o
esrencenstons -  ressurog pprens
Tybw | 25c M ancACorBGNLATT YD, [ T
e o e
C o frmas o
measur searaiialata ]
sch-Technische Bundesanstalt B Braunschweig and Berlin National Metrology Institute
6 6th DCC Conference

IPIB Measurands (2)

<dcc:measurands>
L] Examp|e <dco:neasurand>
<dcc :name>
<dcc:content lang="de">Gleichspannungsverhaltnis</dcc:content>
<dcc:content lang="en">Direct voltage ratio</dcc:content>
</dcc:nane>
<dcc:description>
<dcc:content 1ang="de">Verhltnis der Ausgangsgleicnhspannung zur Eingangsgleichspannung eines
<dcc:content lang="en">For a multi-terminal device, ratio of the DC output voltage to the DC i

</dcc:descriptions
<dcc:informationSources>
<dcc:informationSource>
<dcc:reference>DKD TemaTres for measurands</dcc:reference>
<dcc:referenceID>EN.Voltage.DC.Ratio</dcc:referenceID>
<dcc:link>https://digilab.ptb.de/dkd/refType/vocab/index.php?tena=1</dcc: Link>
</dcc:informationSource>
<dcc:informationSource>
<dcc:reference>Electropediac</dec: reference>
<dcc:referencelD>431-02-06</dcc:referencelD>
<dcc:link>https://www.electropedia.org/iev/iev.nsf/display?openforn&anp;ievref=431-02-06</d
</dcc:informationSource>
</dcc:informationSources>
<dcc :measurandSpecifications>
<dcc:neasurandSpecification>

</dcc:neasurandSpecification>
</dcc:measurandSpecifications>
</dcc:measurand>
</dcc:measurands>

b Tachnicche Bund It m Br hweig and Berlin National Metrology Institute

! 6th DCC Conference

2026-05-11 18:53 Page 399 of 520



6" international DCC-Conference
! PTB 2026-02-24 to 2026-02-26
PIB Tables (1)

= Requirement: for table structures — specification of how many independent
quantities are in a list

= Change: new attribute tableDimension in dcc:list

refid

| Tvpe [ xs:0Rers | =

refype

@
Type | decrefMypesType |
tableDimenson

Type | xs:postiventeger | 2

= Example - list has two independent columns: <dcc:list tableDimension="2">

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2026-02-26 8 6th DCC Conference

PIB Tables (2)

= Requirement: for table structures — zero based index of independent quantities

= Change: New attribute index in dcc.itemQuantity, dcc:usedMethodQuantity and
measuringEquipmentQuantity and dec:quantity

© © awibutes

d
(c]
)
efld
®

® -
Type | xs:DREFS | Type | xs.0REFS

refType N refType
® @
Type | docrefTypesType docrofTypesType
. [Eemmwlo
index index ®
Type | xs:nonNegativelnteger | " Type | xs:nonNegativeinteger |
@)

(o

= Example - first independent quantity in list: <dcc:list tableDimension="1" >
<dcc:quantity index="0"> ...

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
2026-02-26 9 6th DCC Conference
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EEPIB Tables (3)

» For details please see corresponding presentations from last
years DCC Conference

See also #014 Consistent Representation
and Usage of

Tabulated Data in the DCC
by Benedikt Seeger
(5th DCC Conference)

National Metrology Institute

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin
6th DCC Conference

2026-02-26

EEPIB Tables (4)

= Also have a look at the presentation hereafter

See also #029 dccviewer-js: A solution to
view and explore measurement data from

DCCs by Jendrik Wenke
(6th DCC Conference)

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
6th DCC Conference

2026-02-26
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PTB How to use the current release candidate

» |f you want to use the DCC V3.4.0-rc.2, you have to edit the
schemalocation and the schemaVersion in the DCC XML

<dcc:digitalCalibrationCertificate
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xmlns:dcc="https://ptb.de/decc"
xmlns:si="https://ptb.de/si"

- xsi:schemalocation="https://ptb.de/dcc https://ptb.de/dcc/v3.3.8/dcc.xsd”

+ xsi:schemalocation="https://ptb.de/dcc https://ptb.de/dcc/v3.4.8-rc.2/dcc.xsd"

- schemaVersion="3.3.8">

+ schemaVersion="3.4.8-rc.2">

» Caution: V3.4.0-rc.2 can change, not all features may end up in the
final schema version, only use it if you want to test some features

= See also: https://wiki.dcc.ptb.de/en/release-candidate

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute

2026-02-26 6th DCC Conference
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029 Jendrik Wenke:
dccviewer-js: A solution to view and explore measure-
ment data from DCCs
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Benedikt Seeger [1] Benedikt.Seeger@ptb.de
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Abstract

The ongoing digitalization in metrology comes with many advantages, including the DCC
as a data interchange format defined by an XML schema [1]. However, the raw XML is not
readily accessible by humans. Instead, it structures data so that relationships can be inter-
preted by machines. Custom tooling can help humans in understanding and exploring the
data [2].

These considerations resulted in the development of a JavaScript library dccviewer-js that
is used in a web-based tool [3] to display administrative data and interactively plot measure-
ment results of a DCC. The web tool consists of a single self-contained HTML file that works
in any browser, without the need of internet access. This makes it possible to use dccviewer-
js in a restricted lab network and ensures that no sensitive data is exposed. Additionally, the
tool is fully open-source and freely available under the MIT license [4], allowing laboratories
and institutions to customize the design and add their own specialized functionality.

While the tool theoretically works with any valid DCC using schema version 3.3.0 or later,
interactive visualizations can only be made if the data follows the good practice table for-
mat [5], [6]. Only conformance to the good practices enables the software to rely on implicit
relationships defined by the XML structure, like consistent units in the implemented list types.
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In turn, one gets an intuitive understanding of the data, its uncertainties and potential outliers.

¥ Admnatrasyve Oetv]

Figure-1.-Screenshot-of the-application-showing-calibration-results-of-an-accelerometer
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Readability

<dcc:list tableDimension="1"> X
<dcc:iname><dcc:content lang="en">Charge transfer coefficients</dcc:content><dcc:name>
<dcc:quantity refType="vibration_frequency basic_nominalValue" index="0">
<dcc:name><dcc:content lang="en">Excitation frequency</dcc:content></dcc:name>
<si:reallistXMLList>
<si:valueXMLList>10.0 12.5 16,0 20.0 25.0 31.5 40.0 50.0 63.0 80.0 1.0e+02 1.25e+02 1.6e+02 2.0e+02 2.5e+02 3.15e+02
<si:unitXMLList>\hertz</si:unitXMLList>
</si:realListXMLList>
</decc:quantity>
<dcc:quantity refType="vibration_magnitudeTransferCoefCharge vibration _magnitude">
<dcc:name><dcc:content lang="en">Charge transfer coefficient magnitude< dcc:content></dcc:name>
<si:reallistXMLList>
<si1:valueXMLList>0,13017 0.13017 0.13016 0.13016 0.13017 0.13017 0.13017 0.13016 0.13013 0.13013 0.13012 0.13012 0.1:
<si:unitXMLList>\pico\coulomb\per\metre\second\tothe{-2}</si:unitXMLList>
<si:measurementUncertaintyUnivariateXMLList><si:expandedMUXMLList>
<si:valueExpandedMUXMLList>0,00026 0.00026 _0.00026 0,00026 0.00026 0.00026 0,00026 0.00026 0,00026 0.00026 0.000:
<si:coverageFactorXMLList>2.0</si:covera%eFactorXMLList><51:coverageProbabil1tyXMLList>O.95</si:coverageProbablL
</s1i:expandedMUXMLList></s1i :measurementUncer aintyUnivariateXMLList>
</si:reallistXMLList>
<dcc:measurementMetaData>
<dcc:metaData renype:"basic_conformit¥”>
<dcc:name><dcc:content lang="en">Con ormity(/dcc:content></dcc:name)
égcc:gonfgrmityXMLList>pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pass pi
ccidata
<dcc:quantity refType="basic_toleranceLimitLower">
<dcc:name><dcc:content lang="en">Lower conformity limit for Charge transfer coefficient magnitude</dcc:content;
/ési:realListXMLList>(si:va ueXMLList>0.1236615</5i:valueXMLList>Tsi:unitXMLList>\pico\coulomb\per\metre\second'
</dcc:quantity>
<dcc:q3antit yrefT e="basic_toleranceLimitUpper">
<dcc:name><dcc:content 1an%:”en”>Up§er conformity limit for Charge transfer coefficient magnitude</dcc:content;
<si:reallListXMLList><si:valueXMLList>(.1366785</51i:valueXMLList><si:unitXMLList>\pico\coulomb\per\metre\second'
</dcc:quantity>
</dcc:data>
</dcc:metaData>
</dcc:measurementMetaData>
</dceciquantity>
</dcc:list>
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What is dccviewer-js?
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What is dccviewer-js?

DCC Viewer
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What is dccviewer-js?

DCC Viewer Upload DCC-XML file: [T Mo file selected Select Language:

® self-contained HTML file: no installation, works offline

3/11

What is dccviewer-js?

DCC Viewer Upload DCCXML file: [l No file selected e Gl Select Language: Report Bug

® self-contained HTML file: no installation, works offline
® make any DCC human readable
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What is dccviewer-js?

DCC Viewer Upload DCC-XML file: [T Mo file selected select Language: [ S

® self-contained HTML file: no installation, works offline
® make any DCC human readable
® interactive plots for tabular data

3/11
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Plots

—e— Charge transfer coefficient magnitude — — lower conformity limit ==-=- upper conformity limit —e— Charge transfer coefiicient phase delay —e— Accelaration amplitude
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Table Structure

excitation magnitude in phase delay
frequency in Hz pC/(m/s?) in degrees
2500 0.13124(39) 0.01(50)
3150 0.13188(40) 0.01(50)
4000 0.13300(40) 0.00(50)
5000 0.13467(40) —0.01(50)
6300 0.13753(55) 0.01(50)
8000 0.14285(57) —1.97(50)
10000 0.14968(60) —0.09(50)

Tab

e Structure

5/11

-

index="0"

excitation magnitude in phase delay

frequency in Hz pC/(m/s?) in degrees
2500 0.13124(39) 0.01(50)
3150 0.13188(40) 0.01(50)
4000 0.13300(40) 0.00(50)
5000 0.13467(40) —0.01(50)
6300 0.13753(55) 0.01(50)
8000 0.14285(57) —1.97(50)

10000 0.14968(60) —0.09(50)
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Tabular Data
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<dcc:list tableDimension="1"> )
<dcc:quantity index="0"> len=n
<dcc:quantity> len=n
<dcc:quantity> len=n
*‘\
<dcc:measurementMetaData> [<dcc:quantity> ]
<dcc:quantity>
y l )
( - - - \
<dcc:influenceCondition> | <dcc:quantity> |
[<dcc:quantity> ]
\ >y
(. _/

o240

https://wiki.dcc.
ptb.de/en/tables

Live Demo

6/ 11

EPB

https://unpkg.com/dccviewer-js/dist/index.html#dccUrl=https:
//raw.githubusercontent.com/BeSeeTek/DCCView/refs/heads/main/

dccs/6b7f3863-fc4b-11f0-adbc-88aedda88e32.xml
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Fallback for non-tabular data

v Measurement results Range 1 First Measurement (before adjustment)

¥ Repeatability
Repeatability Measurement at 100 g

0.100 kg Testload {(nominal value)
Measured 0.10000006 0.10000003 kg 0.10000005 0.10000004 0.10000005 Measured vall.luas for
values kg kg kg kg repeated loading
0.000000011  Standard deviation of the
kg repeatability measurement

¥ Eccentricity AuBermittige Belastung
Position1: Front left Position2: Back left Position3: Back right Position4: Front right
Eccentricity measurement at 100 g

Testload (nominal value)

0.100 k¢
9 Testlast (Nennwert)
Reference 0.10000006 kg Meaﬁured value at center
value position
Measured Positionl = Position3 = Positiond = Measured values at

Position2 = 0.10000005 kg

values 0.10000004 kg 0.10000007 kg 0.10000005 kg eccentric positions

Position1 = Position3 = Positiond = Deviations from
E Position2 = -0.00000001 k d value at centri
oS p.00000002kg 00" 9 0.00000001 kg  -0.00000001 kg E:;IS:; value at centric

9/11

Summary

» Administrative Data

UUID: B 7H385 3451110 Calibration Laboratary
adscasseddatsess

items
. Refurnce Standard Accaeromates
.

w19

e self-contained HTML file
® no installation, works offline  mumm e

» Chargs trarster cosmcents
Chirpirmaater coutisants

e all data is displayed

B —— Ler——

® interactive

® open source: MIT-licensed

® customizable Fi I
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Source code and issue tracker:

43 ]

https://gitlabl.ptb.de/
digitaldynamicmeasurement/
dccviewer—js

Physikalisch-Technische Bundesanstalt
(PTB), WG 1.73

Bundesallee 100

38106 Braunschweig

Jendrik Wenke, Benedikt Seeger, Vanessa
Stehr, Jaime Gonzalez-Gomez
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Abstract

The Digital Metrological Expert (DME) is a digital standard enabling an automated data
analysis for evaluating interlaboratory comparisons [1]. It utilizes Digital Calibration Certifi-
cates [2] as universal data exchange format for reporting measurement results of participants
within a comparison. A comprehensive analysis and modelling of a data structure for results
of international comparisons was conducted including use-cases from metrological areas of
mass, temperature, length, and chemistry. It led to a framework for providing outcomes of
generic comparison data analysis within the DCC structure of measurement results.

This data structure represents an important addition to the generic architecture of the DME
for interlaboratory comparison [3]. It underpins the universal useability of elements within the
DCC data structure beyond calibration.

Our presentation gives an overview on the key structures for generic comparison data and a
proposal of semantics for generic comparison which could be included as controlled vocabu-
lary, e.g., “refTypes”, into DCCs.

Found robin, star, petal, running KCRV > * draft A, B, final 2> *

Comparison
Result

\
LAB Participant
reports
—
] 1 - g o2 Py |
R o "

A

r A .
" ! digital standagds from the wider quality infrastructure | o

DKDT . ) () [pae
Exporty - BIPM CODATA =
Reports! '2:::;1 constants o’z

Figure-1.-DME-workflow-for-automated-comparison-data-analysis-with-DCCs.
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Application of DCCs in the
DigitalkMetrological Expert software
for interlaboratory comparison data
analysis
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Motivation

= Comparison for calibration and measurement capabilities

= Universal DCC measurement result modelling

= Value in reusing well established data standards
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Digital Metrological
Expert (DME)

—'.'\.milll-

B

-PTB DCC for ILC DME | 6. IDCCC | 2026 3

Data along comparison analysis process

Feedback

-PTB DCC for ILC DME | 6. IDCCC | 2026 4
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High-level entities

NMEA Comparison report
NMI-C &
NMI-A-2 cEY @
05 \ _,))
p =
_— haf has has k1g
Contributions [2,7] Entities under Comparison [1,] Items [1,7] ki

Contribution Entity under Comparison

™ is reporting

. PO
property [0,1] property/measurand
for i has has of item
Contributions i Entity Data [1,7]

Analysis Outputs [1,*]

Analysis Output

0

reference values,

for statistical tests

Entity Data
E2PIB

DCC for ILC DME | 6. IDCCC | 2026

High-level entities

Comparison report

Contribution

id: ContributionID
refId: ParticipantID — resseesssesssessssseed
refType: _contribution

Entity under Comparison

id: EntityID
refld: ItemID
|

id: ItemID

Entity Data Analysis Output

DQO

id: AnalysisOutputID
refType: _test

refType: _interimKCRV
EEPIB refType: ;

refType: _contributionData
Sannnns aasmsssnmmann..

reference values,
statistical tests

DCC for ILC DME | 6. IDCO finalKCRV

- |
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Entity Data

Each row

<dcc:list>

Each column

id: Dataldentifier

<dcc:quantity>

)

refType:

contributionQuantityValues

refId: ContributionID

refType: from input DCCs,..

<dcc:result>

measured 1.0010 kg

value

ambient 20.01°C
’ temperature

density 10 g/cm?

=" (some reference)

Difference 0.0015 kg

*to1 kg

EEPB

refType: contributi0Tfz:Z::::::::::::::,,.f,,,f,,
m ntribution 1 | Contribution 2 | Contribution 3 Contribution N
(pilot)

0.9995 kg 1.0011 kg
19.95°C 19.98 °C
-0.0002 kg 0.0016 kg

DCC for ILC DME | 6. IDCCC | 2026

1.0002 kg

20.55 °C

0.0004 kg

Analysis Output — Key Comparison Reference Value (KCRV)

Analysis Output

id: AnalysisOutputID
refType: _finalKCRV

Reference Value
<dcciquantity>

<dcc:list>

Degrees of Equivalence

refType: _referencevValue

refType: _DoE

<dcc:list>

refType: _weightedMean
refType: mass_mass

bilateral DoE and En as ,list-of-lists”

EEPB

has
values

DoE value

<dcc:guantitv>

refType: _En

has
values

<dcc:quantity>

refld: ContributionID

refId: ContributionID

refType:

correlatedDoE

refType: _correlatedEn

DCC for ILC DME | 6. IDCCC | 2026
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Analysis Output — Hypothesis tests

Analysis Output

<dcc:r'es_u1t>
id: AnalysisOutputID
refType: _test

<dcc:list> <dcc:list> <dcc:text>
refType: _testResults refID: TestID refId: ContributionIDs
refType: _decision refType: _outlier
[ <dcc:description> |
refId: ContributionID
refType: _outlierSelected

Test Outcome

<dcc:quantity>
id: TestID
refType: _chiSquaredTest

Decision Criteria

<dcc:quantity>
EP]B o refType: _minPValue 5

Summary of semantics

Vocabulary in Namespace ,,comparison”

Entities, Classes Kinds of quantities Calculated measurands, Methods

* _contribution, _contributionData + DoE » _referenceValue, _weightedMean
» _finalKCRV, interimKCRV «  En « correlatedDoE

* _test, _testResults * _chiSquaredTest, _minPValue

« _outlier

Relations hetween data

Defining “id” to identify Using “refID” to associated XML hierarchy

* participants and contributions * Results to items, measurands, * Express “has”
* items and entities under comparison contributions relations

* input data measurands * Decisions to outcomes of tests

* test outcomes * Contributions to lists of outliers

EP]B DCC for ILC DME | 6. IDCCC | 2026 10
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Lessons learned

= Comparison data has additional level of complexity in
contrast to calibration data

= Simple linear structures and relations in from of identifiers
and semantics (refTypes) support modelling through DCC

= Semantics are key to traceability of results too

Hugo
Gasca-Aragon

. Recent publication

@ DOI: 10.21014/t¢6-2025.020 - —~ B !
: : ] ;‘(% P‘IB Hutzschenreuter
@ Contact: d-si@ptb.de
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Abstract

This presentation will report on work done in collaboration with NPL, the UK's national me-
trology institute, on the use of digital calibration certificates (DCCs). The DCC XML schema
developed by PTB and others in the DCC initiative [1], has been applied to X-ray Photoelectron
Spectroscopy (XPS) calibration. This calibration process involves taking measurements using
reference materials (gold, silver and copper). These measurements are used to fit a response
function, called the calibration function, which can be applied for intensity correction in the
operation of the instrument [2],

NPL has recently launched an online portal to provide this service [3], Measurements of the
reference materials are submitted in VAMAS format, and the appropriate calculations are
made to generate the response function. This function is reported both as (i) a collection of
coefficients for use in a standard equation, and (ii) as a set of measurements in VAMAS format
that can be used by supported spectrometers as correction data. A PDF calibration certificate
can also be issued which includes information about the input measurements (such as pass
energy and anode details), and output measurements (such as expanded measurement un-
certainty, divergence measures for each reference material and scatter).

This presentation will describe the outcomes of the investigation into XPS DCCs, specifi-
cally:

. Using illustrative data from the portal database, examples of DCC use for XPS were
generated with the support of the GEMIMEG tool [4] and will be demonstrated.
. A web application [5] was developed using the Links programming language and tem-
poral database technology, extending earlier work on this approach [6],
» The application can generate XPS DCCs from portal data.
» The application shows data changes that have occurred within a DCC.
» The application allows for the comparison of DCCs across instruments, including
(over multiple DCCs for an instrument, and over a specific instrument type/brand. The
differences are tabulated, and temporal changes to the data are noted.
To the best of our knowledge, digital calibration certificates have not been previously used in
this area of metrology, and the XPS calibration process is very different to those of the exist-
ing good-practice DCCs for temperature, humidity and gauge blocks. Hence, this investiga-
tion and its related software development have broadened the use of DCCs within metrology
and contributed to ongoing digitalisation efforts.
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XPS Calibration
Calibrations Overview

Model name/Serial number (Company ID) Calibrated Version 1:80eV 2:40eV 3:20eV 4:10eV 5:1160eV 6:160eV 7:160eV Actions

~  NewXPS m
A NXPS1005 (10) m
21/01/2014 11:08 1 m

22/09/2016 14:46 2 ] m

A NXPS2895 (10}
17/09/2018 13:02 1 m

A NXPS5443 (10) m
04/07/2021 08:21 1 m

A NXPS5021 (17) |
07/06/2021 08:58 1

Figure 1. Choosing calibrations for comparison
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X-ray Photoelectron Spectroscopy (XPS)

Vashti Galpin
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Introduction, motivation and background

» Recent funding from the Royal Society to work with NPL
* Digital calibration certificates as XML document
» Temporal databases for tracking changes in XML documents

* Extends earlier work on DCCs in this context

» Case study: X-ray Photoelectron Spectroscopy

* NPL’s new online system for XPS calibration
» Contributions
* Application of XML DCC schema to XPS calibration data

* Open source demo web application for interacting with XPS DCCs
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Previous work with DCCs: single DCC demo

Links

. Temporal
DCC in XML programming relational
|anguage database
Relational S v
ol ~— 4

S ——

https://github.com/vcaalpin/dcc-xml-temporal

Certificate comparison — details of changes

| | <calibrationLaboratory=> . 0(0) 0(0) -
| | <respPersons> . o 0(0) -
| | <customer> 0(0) 01(3) _
I 1 | <name> )] o) -
| 1 | | <content> 0(0) o) -
I I | | | FredBloggs 0(0) 11 -
Date of modification Tag Text

2021-09-22 15:11:35.142047+1 Fred Bloggs

2021-09-10 10:53:44.757995+1 John Doe

I 1 1 <eMaib> 1) 0(2) -
I 1 | | fredbloggs@ptb.de 0(0) 2(2 -
Date of modification Tag Text

2021-09-22 15:14:00.654599+1 fred.bloggs@ptb.de

2021-09-22 15:12:19.850463+1 fred.froggs@ptb.de

2021-09-10 10:53:44.759219+1 john.doe@ptb.de

| | | <location> . 0(0) 01(0) -
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Online intensity calibration: xps.npl.co.uk

X Close NPL k! XPS Intensity Calibration

How to Register your Instrument

Input Data Requirements N PL n
Sign in

Sign in with your email address

Performing a Calibration

Managing Calibrations

Using the Response Function

General Information

Usetul References.

D20 I N R T 2 2

XPS calibration process

* The customer generates measurements from reference materials: copper, silver,
gold.

» The data is submitted via the online portal using the VAMAS data format.

* The NPL software performs appropriate calculations that provide uncertainty
measurements together with a response function Q(E), both as points and
coefficients for an equation.

* The customer can download a PDF calibration certificate and details of the
response function, along with other information.

* The response function can then be used with the equipment to ensure accurate
measurement

* There are substantial amounts of data to be stored
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Application of DCC schema: overview

* The data involved differs substantially the existing good practice examples at
https://wiki.dcc.ptb.de/en/gp _home and is stored in an SQL database.

+ Differences include providing a function as a result (rather than a small number of
scalar values), datasets as input (rather than a few values), and multiple materials.

» Working with GEMIMEG, | made a number of decisions on how to store this data in
the DCC schema, specifically in the measurement results. This did not include the
use of refTypes. Dummy data was generated from a few examples.

A specific reason to use GEMIMEG is that it can output a human-readable
calibration certificate, allowing for comparison with an actual calibration certificate.

« The GEMIMEG interface provided guidance for the decisions about the data and
how it should be organised but the process was still challenging and is only a
starting point.

Application of DCC schema: usage

<dcc:digitalCalibrationCertificate>
<dcc:administrativeData>

<dcc:measurementResults>
<dcc:measurementResult>

<dcc:name> Pass Energy:10.0

<dcc:usedMethods >
<dcc:usedMethod> Intensity/energy response function Q(E), reference to original paper, DOI
<dcc:usedMethod> Analyser mode
<dcc:usedMethod> Anode material

<dcc: influenceConditions> <dccnames
<dcc:influenceCondition> Pass energy <dcc:content> . . .
<dcc:influenceCondition> Gamma angle <dcc:data>
<dcc:influenceCondition> Xi angle <dcc:quantity>
<dcc:influenceCondition> Anode voltage <sizreal>
<dcc:influenceCondition> Anode emission <s!:va!ue> T
<si:unit> . ..

- |
2026-05-11 18:53 Page 427 of 520



6" international DCC-Conference
2026-02-24 to 2026-02-26

Application of DCC schema: usage

<dcc:Results >

<dcc:name><dcc:content> e e

<dcc:Result> Copper <dcc:description><dcc:content> o o ®
<dcc:Result> Silver <dcc:data>
<dcc:Result> Gold <dcc:list>

<dcc:quantity><dcc:name><dcc:content>
<sirrealListXMLList> o o o

Each of the above are a list of pairs, representing <dcc:quantity><dcc:name><dcc:content>

an input energy value and the related output value <sirealListXMLList> o o o

<dcc:Result> Pointwise representation of Q(E)

<dcc:Result> Co-efficients for Q(E), LaTeX formula for Q(E)
<dcc:Result> Additional results (various values that appear in the calibration certificate)

<dcc:data><dcc:quantity>
<dcc:name ><dcc:content> o o o
<si:real><si:value><si:unit><si:expandedUnc>
<si:uncertainty> e o
<si:coverageFactor> e e e
<si:coverageProbability> e e e

<dcc:Result> Uncertainty results

<dcc:measurementMetaData> Repetition of influence conditions

GEMIMEG human-readable output

Measurement Results
Measurement Result PE20
Used Methods

* Used Method 1

Name Intensity/Energy response function Q(E)
Description The Intensity/Energy response function Q(E) is derived using TBC Software Release 9/99 (see J. Elec. Spectrosc. 71,
referred to the Fermi Level. This calibration is for XPS data recorded in accordance with Spectrum Acquisition Guide
Reference https://doi.org/10.1016/0368-2048(94)02275-5
* Used Method 2

Name Analyser mode
Description FAT
* Used Method 3

Name Anode material
Description Aluminium Mono
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GEMIMEG human-readable output
Influence Conditions Results
Copper
+ Influence Condition 1 moothed data
Name Pass energ
Description_electronvolt (eV) is not an Sl unit and could be converted to \Joule at 1eV = 1.602176634x10-19 \Joule Xoanta | Y.nis @
[Cabel PE %)
[Unit 10 |40 Oo
Vall
falue 20 20 e | N
Sitvar
+ Influence Condition 2 Smoothed data
Name Gamma angle
CTE — s | v °
o°
10 |40 006\
« Influence Condition 3 20 [so | N
Name Xi angle Gold
T Snooegaa
Vawe o]
X-awis | Y-axis
x&
; o°
* Influence Condition 4 P\
10 |40 o
Name Anode voltage v
aE
response function (derived from Copper, Silver and Gold data)
* Influence Condition 5 Xeads | Yeauxis ]
Name Anode emission Q\°
1w a0 o
fawe 3 ] A
20 |80
12

GEMIMEG human-readable output

aE)
Equational repressntation of response function
QE) = PSR Xo units where ¢ = S5t
a0|a1|a3d|ad|bi|b2|balbad — agtaietase’tazeStaet . _ E—1000 eV
’Q(E) = il bbbt L0 UNits Where £ = Srn
20 |20 |20 |20 |20 (20 |20 |20
aE)

Additional results

Minimum valid calibration energy: E_{min} | Maximum valid calibration energy: E_{max} | Label | Percentage rms scatter | Energy calibration shift indicated: E_{ind} | Er

20 20 r 20 0.0 0
u_r
Relative . inty in the energy of Q(E), ignoring the uncertainty of the method

Uncertainty of response function

]

Expanded Measurement Uncertainty

Unit | Uncertainty | Coverage Factor | Coverage Probability

42 2 0.95
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Demo web application for XPS DCCs

This uses the database schema for the NPL software plus additional relational tables
(both temporal and non-temporal) for storing and working with DCCs.

Given the data provided for a calibration, and assuming that the required
calculations have been done, the app creates a DCC from the data in the database.

The app provides a list of instruments (mimicking the NPL software).
The DCCs for each instrument can be generated and inspected.

The app has a page providing an overview of all calibrations and allows selection for
comparison.

Once calibrations have been selected, the items in the DCC for comparison can be
chosen and the comparison performed.

In the comparison, data changes within a single DCC are highlighted.

Web app: instruments overview

C O hipylocabon:e0so ax &

XPS Calibration
Instruments

Instrument Status Calibrated Version  Actions

A NewXPs, NXPS1005 i at [l now cateation [l casoration overv |
bce 21/01/2014 11:05. 1 S 5 m
pcc 22/09/2016 14:46 2 o =3
A NewXPs, NXPS2895 [ o Catteation Jll Casorston overvew |
pce 17/09/2018 13:02 LI m
A NewXPs, NXPS5443 [ e cavenion W casrion oversaw |
pce 041072021 08:21 1 o J covraiom |
A NewXPs, NXPS5021 New aitation il Casorston overve |
oce 07/06/2021 08:58 1 ==
A Keatos Supras, C33.008078 [ view nstrment B o cabention W cacesation overvaw |
Calibrated 27/0712023 15:22 1 " m
Calibrated 27/07/202316:10 2 w
Calibrated 28/07/2023 11:655 3 m
Calibrated 28/07/2023 11:01 4 e ([N
Total rows: 7
 EEEEES
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Web app: selecting a calibration

®08  ©wscuman 1

« C O hpjflocahost: 2080
XPS Calibration
Instruments

Instrument

A NewXPs, NXPS1005

NewXPS, NXPS2895
A NewxPs, NXPS5443
A NewXPS, NXPS5021

A Keatos Supras, C33008078

=

oce

oce

Calibrated

Caiibrated

Calibrated

Calbrated

Calibrated Version  Actions.

21/01/2014 11:05 1

T =
22/00/2016 14:46 2 m m Cobrations

1710912018 1302 A i ] cocie I conrace |
osfor021 0821 L - o J o |
0612021 0858 L e [ cocome l cova ]

27/072023 15:22 1

3
27/07/202316:10 2 R cveme
28/07/2023 1155 3 B e R
ma [ covccec, |

Calcutita

28/07/2023 11:01 4

Total rows: 7

Web app: selecting a calibration

2026-05-11 18:53

808 O wscumamn x +
€ 5 G O hipiocshonB0BOoteCalbeationstics Ko
XPS Calibration
Instrument
Description NewXPS
Identification NXPS1005
Reference 2014052367
Calibration Details
Recalibration/Version number
Calibration completed on
Gamma angle
Xiangle
Anode material
Anode voltage
Calibration Results
Reference Pass energy ::z”' :"":::m
20140523671 80 eV FAT smA
2014052367-2 40 eV FAT smA
2014052367-3 20 &V FAT smA
2014052367-4 106V FAT smA

2
22/09/2016
543

Uncertainty  Actions.
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= = = =
L
Web app: calibrations overview/selection
B0 W D xS caemeatcn o+ o
P — & x @
XPS Calibration
Calibrations Overview
Wodel nimsﬁalwskmbw (Company [0} Cafbrated  Verson T80V ZADGY 320ev 0oV 51606V G1BDGV 7160eV Actions
R ==
Je—— [ |
210112014 11:05 1
upspoeiess 2z O 0 m Sl
» ovszence [
1709/2078 13:02 1 a
~  NXPS5443 (10} [ sooct itruman |
oaorzezioez 1 o m Sl
] =
07/06/202108:58 1 a
A Kratos Supras [ 5ot aoae |
A 33008078 (7) =
sz
270772023 15:10 H
woRozz 0l 4 oAl
2807720231055 &
+ Chasevanatcs =
el e D
18

Web app: data selection for comparison

S0 8 B s cummin o+ .
« © O hiplacabost:B080igcioCamparisen %

XPS Calibration

Comparison

T CEEmmT -

There are § calibrations selected for comparison. | Hide detais

Label Seral number M Model Pass energy Calibrated versian Company Graer

WXPS280S 2018008403-4 V1 NXPS2805 NewXPs 0 17082018 13:02 1 10 2018088403-4
(17/08f2018) PED

NXPS5443 20210712128 V1 NXPSE443 MewKPS 0 40720010821 1 o
(04/072021) P10
MXPS1005 20140523674 V1 NXPS1005 NewxPS 0 21012014 11:05 1 10 2014052367-4
(2V01/2014) PENQ
HXPS1005 20140523674 V2 NXPS1005 MewkPS 0 /000016 1446 2 10 20140823674
(22/08/2076) PEAI0
NXPSS021 2018098403-4 V1 NXPSE021 MewKPS 0 o7fsi2021 0868 1 1 20180884034
(071062021) PE1D
Fleld for comparlsen  Listoutput  Stats  Stats by XML Path

output PE
Saftware Name.
Saftare Release

deczadministrativeDatajdoccoreDatal. .

Unicue identifier

Start Date
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- -
Web app: data selection for comparison
[ |
“ (<] @ hetpeffiocahoss BOBOJgotoComparison 8 L
XPS Calibration
Software Name
Software Release
dec-administrativeDatajdec:coreData).
Unigue identifier
Start Date
End Date
Location i
Uncertainty ] [
Coverage Factor
Probability y
20
Web app: results of comparison
| ]
XPS Calibration

Comparison results

s
There are 5 calibrations selected for comparson. ([ ARl

Software Name

Links DCE generatian tool NXPS1005 2014052367-4 W1 [21/0/2014) PEAD***

Links DCC generation toal NXPS2896 201B098403-4 V1 (17/08/2018) PEAD

-

Links DCE generatian tool NXPSE443 2021071212-4 W1 (04/07/2021) PEAD

Links DCG generation tool NXPS5021 2018098403-4 V1 (07/06/2021) PEAI0

Links DCC generation tool NXPS1005 2012082367-4 V2 (22/09/2016] PE1D
= This vaiue has been changed See Change Analysis for more detais

Uncertainty

056 NXPS1005 2014052367-4 V1 (21/01/2014) PEAD

058 NXPS2805 2018098403-4 V1 {17/09/2018) PE:10
058 NXPS5443 2021071212-4 V1 (04/07/2021) PEAD

058 NXPS5021 20180984034 V1 (07/06/2021) PE10

058 NXPS1005 2014052367-4 V2 (22/03/2016) PED

088 Mverage

e ey
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-
ep a : Change in vaiues

|}
08 O OcCimpens x *

c O nup «x U
DCC Inspector
XML document: change analysis
Model, Serial Number with Pass Energy o on DateTime x, Version y
Element Insertions Changes  Label
<dec:digitaiCallbrationCertificate = o o) +001

e tion=" hitps Udee.xsd”
xmins:de ttps://ptb dejdec”
xmi th dejsi*
sc! 21
ol vorw¥3.01G/2001/XMLSchema-instance">
| <dccadministrativeData> m » 0(0) o +001.4001
| | <decdecSoftware> ==n oo o) +001.+001.4001
| | | <dccsoftware> =0 o o) +001.4001.4001.4001
1 1 1 | <dccname> =3 o0 o +001.4001.4001.4001.+001
I 1 1 1 | <decicontent> e oo om +001.4001.4001.4001,4001.4001
I 1 1 1 | | LinksDCCgeneration tool 2= oo 1 +001.+001.4001.4001.+001.4001.4001
Date of modification
2014-02-14 Links DCC generation tool
12:00:2140
2018-01-21 TBe \
13:06:36+0
I 1 | | <dccrelease> == 0 0(0) +001.4001.4001.4001.4002
| | <doccoreData> e=3 o 0(0) +001.4001.4002
L decienes S o 0 400140014002

22
C I i

» The XML DCC schema has been applied to XPS calibration.

* The web app originally written to deal with a single DCC has now been
expanded to deal with multiple DCCs and comparison between them.

* The software and DCC examples are open source, written in Links and can be
found at https://github.com/vcgalpin/xps dcc app.

» Currently, there is very little documentation but this will be improved over the
next few months.

* The documentation aims to provide information about the general approach
taken so that the concepts used in this work will be available to the metrology
community.
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Abstract

The BMFTR-funded “DCC2Ind” (Digital Calibration Certificate to Industry [1]) project - a
substantial use case exploring end-to-end digital traceability from the national metrology insti-
tute through an accredited calibration laboratory to the industrial customer - highlights both the
possibilities and inherent challenges of generating and integrating Digital Calibration Certifi-
cates (DCCs) into practical measurement workflows. This project, centered on gas humidity,
demonstrates a phased approach involving template development, workflow establishment,
and software integration, directly addressing the need for automated traceability chains.

On the part of the NMI, the first step of the integration process is the provision of an aligned
and harmonized DCC template. Relevant content for the template is established in coordina-
tion with multiple stakeholders including DKD subcommittees and incorporating internal quality
management processes. This iterative process is complemented by integrating a digital work-
flow designed for DCC generation, validation, and processing into the existing laboratory soft-
ware environment.

A key practical implementation involves the accredited calibration laboratory’s development
of a dedicated software solution capable of verifying DCCs, performing plausibility checks, and
storing essential metrological and administrative data within a calibration management system.
This system amongst others incorporates machine-interpretable data export for drift control -
facilitating seamless data transfer to the end customer.

The project's overarching goal is to automate the entire process, mirroring the conventional
analogue traceability chain but with enhanced digital efficiency. This includes automated dis-
patching and synchronization of data alongside a web database for redundancy and verifica-
tion. Furthermore, the development incorporates features like defining a user interface for writ-
ing and reading key DCC data, enabling real-time status verification and implementation on a
webserver for revision control [2],

Ultimately, this project seeks to enable industries to request, receive, and verify DCCs, ex-
tracting essential information required in subsequent manufacturing processes. The presenta-
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tion will focus on establishing the DCC within an NMI laboratory, covering template preparation

and incorporation into existing processes, while also addressing potential challenges and pos-
itive outcomes associated with this digital transformation.

Development of a Validation of the Development of
DCC template template digital workflow

Development of a
digital
process of
authorization

Validation of the
digital process of
authorization

References:

[1] www.ptb.de (2025): Home-DCC 2 Industry, [https://www.ptb.de/dcc2ind/home/], last ac-
cessed: 03.02.2026

[2] Schuur, Jens (2026): A web based revision validation system for (digital) calibration cer-
tificates, at: DCC Conference 2026
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Project D C C

DCC2Ind: Vollstindig digitale Rickfihrungskette vom
nationalen Metrologieinstitut in die Industrie

Art der Innovation

Beteiligte

Dr.-Ing. Shanna Schénhals,
Physikalisch-Technische Bundesanstalt PTB
Jens Schilir,

ELMTEC Ingenieurgesellschaft mbH

] Vorwiegeny
L sozia)

\{/ Vorwiegeng
M technigep

Project Goals:

Creation, Processing and Transfer of a DCC l

Good Practice Example/ Template

From the NMI via an Demonstrator
Iaccredi’ted calibration Eraationiofa . =
aboratory throughto |0 iajized good Reading and providing
the industrial customer practice template and | f data from a DCC.
integration in the
existing NMI's Creation and
laboratory settings Transmission of a DCC
using existing
measurement data.

Bundesmnsienun

! PTB * | iy SLitiieiol g 3/3/2026 a

Creating and

Embedding the DCC in
NMI’‘s Lab Processes
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Development Validation of
of digital Digital
Authorization Authorization

Process Process

Key Takeaway
(cuick) f—
)

Transfer Existing Workflow

«Transfer approval process 1:1
«Current challenge: solution
for validating/approving DCC

Initial Situation: existing work instructions for digital
authorization process
*Combined: approval process and competence matrix
«Positive experience with digitally sealed calibration certificates
+Routine procedures in electronic file folder system

EPB - =

=Ll g DCC

Validation of

Development

Development Development

Validation of gt of Digital Digital
Tof e Template of Digitat Authorization Authorization Use of DCC
emplate Workflow
Process Process

EPB s
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Digital Workflow in/with the Accredited Laboratory D C C

Lab Data

Digital Data Acquisition in the Laboratory
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Ilgi);itgallzgtl“x:fteo:;ld(ﬂ:g in/with the Accredited Laboratory D C C

g8
N
A

o
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DCC Template = Implementation depends on
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Lab data Data * Existing Data Storage
\ * Existing Software Solutions
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Digital Workflow in/with the Accredited Laboratory D C C

From Sealing to Verification

Release Sealing Transfer
DCC and Verify
Storage Custome
= Seal final DCC . e
= Electronic seal as per elDAS Enables Revision
* No personal signatures gy Control for
-—l= Customer
/‘7/ Web Based Verification System,

« Identifier Checks for Revision,
« Certificate number Possible Outcome:

Sto ra e * Issue date * VALID

WEAEERS R « Customers order number * INVALID

= NOTE: no personal data! « REPLACE

E P-I-B 3/3/2026 16
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Read and Archive

Sealing Transfer
Release and Verify
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Digital Data Processing
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o —

L
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« Automatic drift analysis etc.
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Abstract

The digital transformation of the quality infrastructure requires calibration data to be digital
and compliant with the FAIR principles (Findable, Accessible, Interoperable, and Reusable).
In this context, Digital Calibration Certificates (DCC) enable the automated exchange, pro-
cessing, and structured reuse of metrological information.

In weight calibration, comparators are critical instruments whose performance must be as-
sessed through the statistical characterization of repeatability. Traditionally, this characteriza-
tion is carried out retrospectively, based on the manual compilation of standard deviations over
long operational periods. This approach limits early detection of performance deviations and
reduces the effectiveness of statistical control of the measurement process.

This work presents a system for the dynamic characterization of comparators by automati-
cally integrating structured calibration data in XML format, compliant with the DCC schema.
Each calibration generates an XML file containing measurement results, including repeatability
parameters and relevant process metadata. These files are processed using XML-reading
software that automatically extracts the statistical values associated with the comparator.

From the extracted data, the software calculates the population standard deviation, which
is incorporated into the calibration software. Each new calibration is evaluated using statistical
consistency tests, such as Fisher’s F-test, enabling real-time verification of whether the current
comparator performance is consistent with its historical behavior. This allows immediate de-
tection of anomalies related to instrumental failures, environmental influences, or operational
inconsistencies.

The proposed workflow establishes a continuous, automated, and statistically controlled
characterization process based on digital data, ensuring interoperability with laboratory man-
agement systems and improving metrological reliability, traceability, and responsiveness in
mass laboratories.

References:

[1] DCC -PTB (2026): Digital Calibration Certificates (DCC), in: Physikalisch-Technische
Bundesanstalt, https://www.ptb.de/dcc/, last accessed: 16.01.2026

[2] International Organization of Legal Metrology (2004): OIML R 111-1:2004 (E) Weights of
classes El, E2, FI, F2, MI, MI-2, M2, M2-3 and M3 - Part 1: Metrological and technical re-
quirements, Paris: OIML. [https://www.oiml.org/en/files/pdf r/rl H-I-e04.pdf].

[3] National Institute for Quality - Peru (2015): PC-016 Procedure for the calibration of preci-
sion weights, Edition 2, April 2015, Lima, Peru.
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INACAL

INACAL is Peru’s National Quality Institute and the technical
authority of the National Quality System.

What we do?

We provide national services in:
*  Metrology

« Accreditation

« Standardization

Our impact

Supporting:

* Industrial competitiveness
* Public safety

/\ * International trade
A
7

o O €
Gobierno del Pert ol

INACAL - INSTITUTO NACIONAL DE CALIDAD

INACAL

Key Facts

£ 19 specialized laboratories
L ~600 calibration services/month
# Mechanical | Electrical | Thermometry & Chemistry
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INACAL - Mass Laboratory

Calibration Services with CMC registered in the KCDB

» Mass Calibration:
+ OIML Class E1: 1 mg to 5 kg
+ OIML Class E2: 10 kg to 50 kg
» Mass Density and Volume Determination (1 g to 5 kg)

Additional Services

» Calibration of Non-Automatic Weighing Instruments
i (NAWI) (Class | & II)
« Determination of magnetic properties of weights.

INACAL - INSTITUTO NACIONAL DE CALIDAD
o O €
Gobierno del Pert it e

2 Background and
Technical Challenge

NATIONAL QUALITY INSTITUTE — INACAL, PERU
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Traditional Characterization of Mass Comparators

it izati
Rele of the Mass Coinparator Traditional Characterization Approach

Critical instrument in mass calibration. EL_ AEIVERR
% Repeatability directly impacts measurement —|

uncertainty. B o Foor I
{4l Its performance must be statistically characterized. V @
Callbration v— @)

Certificate
Statistical Evaluation

Traditional Method

& Standard deviations are collected throughout the year.
%% An annual standard deviation is calculated. o oaioms | \ "Fixed Value
A& That value remains fixed during the following year. Standard Deviation 0.012mg |

w H H 1
- The evaluation is retrospective. Fixed Standard Deviation

Used the Following Year

@ Although each calibration generates valuable statistical information, traditionally this data is
not reused to dynamically monitor comparator performance.

INACAL - INSTITUTO NACIONAL DE CALIDAD
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K| OBJECTIVE AND
PROPOSED APPROACH
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DCC-Based Dynamic Characterization of Mass
Comparators

* PDF B 5
* Manual - =
Excel
* Annual
calculation - Structured XML
X Auromated
extraction
Cumulative

recalculation

ALL YEAR * Dynamie
statistical

Each calibration generates parameter

statistical data, but traditionally
this data is not reused for il Calcaiation
continuous monitoring.

Gobierno del Pert

Measurement
System

Python Application (PyQt6, Python 3.11,
SQLite3, Matplotlib, SciPy, PySerial, OpenPyXL,
PyDCC, ReportLab)

*' Real-time data acquisition
L. Management of auxiliary instruments, reference
weights, and weights under calibration
Complete calibration workflow
Ll Statistical analysis, correction calculation, and
uncertainty estimation
= Automatic reporting in PDF and XML formats

The DCC-compatible structured data allows us to transform comparator characterization into a cumulative and
continuously updated process.

INACAL - INSTITUTO NACIONAL DE CALIDAD
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RESULTS

Dynamic Characterization Parameter

The comparator characterization parameter is no longer a
fixed annual value. It is recalculated cumulatively before
each calibration using historical XML data.

Automated Statistical Extraction

The XML Reader software filters calibrations by nominal
value and date, reads stored standard deviations, and
computes an updated population standard deviation in
seconds.

Digital Traceability Through Structured XML

Each calibration generates a DCC-compatible XML file
containing measurement results and statistical information,
enabling consistent digital traceability and reuse.

NACIONAL DE CALIDAD

o O €
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5] CONCLUSIONS
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Continuous Metrological Control

This approach transforms comparator characterization
into a continuous statistical monitoring process,
improving laboratory responsiveness and confidence in
comparator performance.

Interoperability with Digital Certification Systems

The calibration management software integrates
measurement data with the Metro System for secure PDF
certificate generation, ensuring consistency between
digital results and issued certificates.

Scalable and Transferable Solution

Validated on the 1 kg mass comparator, the methodology
is designed to be extended to all four comparators and
represents a practical, transferable DCC-enabled use
case for mass laboratories.

INACAL - INSTITUTO NACIONAL DE CALIDAD

Gobierno del Pert
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Abstract

The ongoing digital transformation of quality infrastructure requires calibration information
to be machine-readable, interoperable, and trustworthy across institutional and national bound-
aries. Digital Calibration Certificates (DCC) are increasingly recognized as a key enabler of
this transformation, moving beyond digitised documents toward fully machine-actionable and
FAIR- compliant calibration data.

This work presents the experience of the Instituto Nacional de Metrologia de Colombia
(INM) in the progressive adoption of DCC within a strategic digital transformation framework.
The approach emphasizes institutional planning and early-stage laboratory prototyping, with
particular focus on the Temperature and Humidity Laboratory. DCC development is addressed
as an analytical and preparatory process, aligned with international good practices and antici-
pated harmonization needs, rather than as an operational deployment.

In 2025, the Temperature and Humidity Laboratory implemented internal DCC prototypes
for temperature and relative humidity, intended exclusively for internal use. These prototypes
support workflow evaluation, data consistency analysis, and the improvement of laboratory
environmental monitoring. Beyond their primary laboratory scope, the generated DCC data
have been identified as a reusable digital asset for other internal laboratories. In particular,
pressure calibration activities have explored the generation of DCC based on the institutional
prototype, while viscosity and volume laboratories have assessed the use of DCC-derived
temperature, relative humidity, and pressure data to support environmental condition correc-
tions within their measurement workflows.

The technical implementation has been supported by the Oficina de Informacién y Desar-
rollo Tecnoldgico (OIDT), ensuring coherence with the institutional digital infrastructure. Enter-
prise architecture considerations are discussed, including a layered architecture model cover-
ing data acquisition, measurement data validation, and data interoperability, as well as soft-
ware aspects based on a web application. This includes the use of XML-based schemas pro-
moted within the international metrology community, in relation to interoperability and the grow-
ing demand from industry for standardized, machine-readable calibration data. Finally, lessons
learned and future perspectives are presented, positioning DCC as a practical bridge between
good practice and the gradual transition toward a digital quality infrastructure.
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Context: Why DCC?
e Digital transformation is redefining metrology.
¢ Industry increasingly demands machine-readable calibration data.
¢ Interoperability and traceability must evolve beyond PDF certificates.
e Digital Calibration Certificates (DCC) enable structured, reusable data.
WWW.INM.gov.co

Instituto Nacional de
Metrologfa de Colombia

Institutional Vision

INM Strategic Perspective:

e Strengthening national quality infrastructure.

¢ Preparing laboratories for digital interoperability.

¢ Aligning with international developments in digital metrology.

The DCC initiative at INM is conceived as a progressive institutional effort,
not an isolated IT project.

WWW.INM.gov.co
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Implementation Scope at INM
Current Status: Prototype Phase
¢ Led by Temperature & Humidity Laboratory.

¢ Technical collaboration with Office of Information Technology and
Technological Development (OIDT).

¢ Exploratory institutional interest from other technical laboratories.
Nature of the system:

Analytical and preparatory prototype — not yet an operational production

Instituto Nacional de
Metrologfa de Colombia

Functional Architecture of the
INM DCC Prototype

Backend

API

Web service w
I

Frontend "

Database

Server

User

Excel file

Presentation layer

Business logic

WWW.INM.gov.co
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1. Presentation Layer (Web Application)
e User authentication and controlled access.
¢ Entry of administrative and calibration data.
e Upload of structured calibration input (Excel template).
* PDF/XML preview before final generation.

2. Application & Business Logic Layer
* Python-based processing engine.
¢ Data validation and structural checks.
® PTB-aligned XML schema generation.
e Internal API-style architecture.

3. Persistence Layer
* Relational database structure.
¢ Laboratory—service configuration.
e Historical certificate registry.

WWW.INM.gov.co

Instituto Nacional de
Metrologfa de Colombia

Deployment:

¢ Linux server environment.
¢ Accessible within secure institutional network.

Core Architectural Principle:
Clear separation of Presentation — Processing — Persistence.

WWW.INM.gov.co
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Data Flow and Interoperability
Logic

Database interactions:
e Controlled read/write operations.
* Traceable storage of generated certificates

Interoperability Enablers:

e Structured XML schema.

¢ Machine-readable calibration results.
¢ Future APl integration potential.

WWW.INM.gov.co

Instituto Nacional de
Metrologfa de Colombia

Strategic Impact

Institutional Impact:

 Reinforces digital traceability under ISO/IEC 17025.
e Strengthens structured data governance.

¢ Enhances institutional digital readiness.

Technical Impact:

¢ Reduces transcription risks.

¢ Improves structural consistency.

¢ Enables future automated data exchange.

WWW.INM.gov.co
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Regional Projection:

¢ Contributes to digital metrology capacity in Latin America.

e Positions INM as an active participant in DCC implementation dialogue.
Key Message:

The prototype acts as a structured transition mechanism toward digital
quality infrastructure.

WWW.INM.gov.co

Instituto Nacional de
Metrologfa de Colombia

Lessons Learned

e Early IT-metrology collaboration is essential.
¢ Data structure standardization is more complex than format conversion.
e Institutional alignment improves technical robustness.

¢ Prototype approach reduces implementation risk.

WWW.INM.gov.co
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Future Perspectives

¢ Gradual extension to additional laboratories.
e Strengthening XML validation processes.
¢ Exploring secure external interoperability.

e Evaluating pathway from prototype to institutional deployment.

WWW.INM.gov.co

Instituto Nacional de
Metrologfa de Colombia

Conclusion

Digital Calibration Certificates represent:
e A structural transformation in calibration data management.

¢ An opportunity to modernize metrological infrastructure.
e A strategic step toward scalable digital quality systems.

INM’s approach:

Structured, cautious, and aligned with international digital metrology
developments.

WWW.INM.gov.co

e
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Thank You & Q&A

Thank you for your attention.

Questions and discussion.

WWW.INM.gov.co
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Abstract

The digitization of calibration laboratories is emerging as a transformative approach to mod-
ernizing measurement processes and strengthening the reliability of metrological infrastruc-
tures. This work focuses on the implementation of Digital Calibration Certificates (DCC) to
automate and streamline the generation, management, and dissemination of calibration re-
sults. By moving beyond traditional paper or PDF certificates, DCCs enable laboratories to
ensure interoperability, enhance data integrity, and reinforce traceability across the calibration
chain.

The proposed implementation begins with the digitalization of existing calibration certifi-
cates, applying best practices to guarantee consistency and accuracy. In parallel, new design
proposals for certificates in the field of physical metrology—specifically vibration measure-
ments—are introduced. These designs are tailored to meet the needs of laboratories working
with alternating acceleration standards and transfer standards, two critical areas where preci-
sion and reliability are paramount. The initiative integrates administrative information and
measurement results into a centralized database, which is accessed through a web application
developed to automatically generate DCCs. This architecture not only reduces manual inter-
vention but also ensures that data flows seamlessly from acquisition to certification.

The case studies presented highlight the role of the primary laboratory for alternating accel-
eration and the transfer standards laboratory. In both contexts, the adoption of DCCs demon-
strates how digital solutions can unify operational processes, reduce redundancy, and provide
transparent access to calibration data. The web application serves as a bridge between labor-
atory operations and end users, offering certificates that are machine-readable, verifiable, and
compatible with international standards. This interoperability is essential for laboratories seek-
ing to align with global initiatives in digital metrology and to participate in broader ecosystems
of trust.

The benefits of this approach are multifold. Interoperability ensures that certificates can be
integrated into diverse digital environments, while data reliability minimizes the risk of human
error and strengthens confidence in calibration outcomes. Traceability is enhanced by embed-
ding structured data directly into the certificates, thereby reinforcing the integrity of the calibra-
tion chain. Ultimately, the implementation of DCCs illustrates how digital transformation can
elevate laboratory practices, providing a scalable model that can be replicated across other
domains of physical metrology.

This work underscores the importance of adopting digital infrastructures in calibration labor-
atories, positioning DCCs as a cornerstone for future developments in measurement science.
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holders to embrace digitalization as a pathway toward more efficient, transparent, and globally
connected metrological systems.
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Calibration systems and software S cEnam
| insuument | Calibrationcortficate | _Brand/Modal_|

Accelerometer Standard CENAM—Primary Alternating Acceleration Laboratory. B&K/XXXX
DAQ CENAM-Secondary Alternating Acceleration Laboratory. NI-USB/XXXX
Signal conditioner CENAM-Secondary Alternating Acceleration Laboratory. B&K/XXXX
THB CENAM-Thermometry and Pressure Laboratory CENAM
DEVELOPMENT

Input: Measurement readings Process: Corrections, adjustments,
inclusion of environmental conditions Output: Data in table processed in CENAM/XXXX
LVM format for Excel

LabVIEW/14/Accelerometer
calibrator calibration program

Input: Data in LVM measurement format, CC reference information,
environmental conditions.Process: Data loading, environmental

ExCeliI0iCAsDicad oot conditions, uncertainty calculation, voltage corrections, graphs, CENAEH O
etc.Output: Results sheet to transfer to WORD.
WORD/W10/CNM-XXX-XXX-2023 Input: Excel dataProcess: document formatting, inclusion of results and CENAM/XXXX

graphsOutput: Certificate without cover page in PDF format

3 2026
B¢ ‘Margarita
Maza
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Parallel Session “DCC Production II”
Session Chair: Thomas Krah

036  Julian Haller:
Expert Report DKD-E 7-3 on how to use the DCC
schema for weighing instruments - content and first
months of experience

Presenting author: Julian Haller

Email: julian.haller@sartorius.com

Additional authors: Nil

Institution:

[1] Sartorius Lab Instruments GmbH & Co. KG, Otto-Brenner-Strasse 20, Goettingen, 37079,
Germany

Keywords: DKD, NAWI, Weighing Instruments

Abstract

In March 2025, the DKD published the expert report “DKD-E 7-3: Instructions on how to use
the DCC schema to create a digital calibration certificate for non-automatic weighing instru-
ments” [1]. Within this document several recommendations are given how DCCs for weighing
instruments should be created in a harmonized way to achieve interoperability and vendor-
independent compatibility.

In detail, the expert report contains some general remarks, guidance on structuring the in-
formation in the DCC schema, particular application rules for weighing instruments in DCCs, a
list of applicable refType identifiers, guidance on reading information from a DCC for weighing
instruments as well as three example DCCs.

In this presentation, the content of the expert report will be presented in detail and how
interoperability is intended to be achieved through the content.

Sartorius issues respective DCCs in several countries under several accreditations since
more than 6 months. Therefore, in addition, experiences will be shared from the Sartorius im-
plementation, as well as perception and acceptance by customers and accreditation bodies.

References:

[1] Expert report DKD-E 7-3: Instructions on how to use the DCC schema to create a digital
calibration certificate for non-automatic weighing instruments, Edition 03/2025, Physika-
lisch- Technische Bundesanstalt, Braunschweig and Berlin. DOI: 10.7795/550.20250325
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Expert Report DKD-E 7-3 on how to use the DCC schema for weighing

instruments - content and first months of experience
Dr. Julian Haller, Sartorius Lab Instruments GmbH & Co. KG, 27.02.2024

Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience
DKD Working Group ,DCC NAWIs”

Goals:

« Define conventions concerning structure, identification and use
cases

* Final target: A guide that, if followed, ensures that any import
algorithm can read in a DCCissued by any lab.

« Everything based on PTB’s DCC schemal

- ____________________________________________]
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Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

DKD Working Group ,DCC NAWIs”

Timeline:
* Kickoff meeting 03/2022
* First draft 06/2024

* Final publication 03/2025

Challenges:
* Parallel development of general conventions/rules
* NOinterpretation of the calibration guide

* Clarification what is really needed in a machine-readable (or -identifiable) way

Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

Content of the expert report DKD-E 7-3

0 Editorial Note.... S

T Backgro 6 .

2 DCC- General remarks 7 Editorial Note:
21 Structure.... 7

22  Auributes
23 Namespaces
24 Notation
25 Multi-language support

Chapters 1 and 2 of this expert report were taken from an
equivalent expert report concerning DCCs for weights and
mass [1] and were only adapted to NAWIs, where applicable.

26 Basic rules in the DCC a
27 D-Slind in the DCC 1
3 Using the DCC elements for calibr: of NAWI: 11
3.1 Administrative part (dec:administrativeData and child €1ements) ..o 1 These two chapters concern rather general topics about DCCs
32 My results and conditions (dec: lts and child . A R i )
clements) 16 and it is to be expected that their content will be published in
4 Application rules for NAWIs in DCCs 25 . .
41 Good practice for reporting results of several calibrations (e g as found /as eft.......25 another overarching expert report [2] in the future.
42 Denoting repair and adjustment status in DCCs for NAWIs 26
43  Instruments with several (partial) ing ranges
P e ape lentilers for albrarions of NAWL When this overarching expert report is available, the content

52 Introduction ...
53  Alphabetical list of identifier:
6 Guidance on reading information from a DCC for a NAWI....
6.1  Dateof calibration ...
6.2 Issuing date of the calibration certificate ...
63 Standard deviations of all repeatability me: ments,
64 List of ranges (nominal ranges, calibrated ranges, test loads) ...
T BIDHOEIADNY e
8 Revision history.
Appendix A Example of a digital calibration certificate for a single range balance with two

of these two chapters will be significantly reduced accordingly
in upcoming revisions of this report and this editorial note will
be omitted.

Appendix B Example of a digital calibration certificate for a multiple range balance 58
Appendix € Example of a digital calibration certificate for a multi-interval balance consisting of
two identifiable parts (indicator and platform). 59
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Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

Content of the expert report DKD-E 7-3

0 Editorial Note. 6
1 d & . . .
2 DCC-General remarks 7 Using the DCC elements for calibrations of NAWIs:
21 Structure. 7
22 Atributes
2 Namespaces : Where do | find particular information?
25 -language support. 7
26 Basic rules in the DCC a
27 D-Slind in the DCC 1
3__Using the DCC elements for calibr: of NAWI. 11
3.1 Administrative part (decadministrativeData and child elements) ... - L
32 M results and d (dees ltsand c]md
elements) 16
4 Application rules for NAWIs in DCCs 25
4.1 Good practice for reporting results of several calibrations (e.g. as found/as left).........25
42 Denoting repair and adjustment status in DCCs for NAWITs T
43 Instruments with several (partial) ing range: 23
5 List of refType identifiers for calibrations of NAWT: 34
51  Scope 34
52 Introduction...... - 34
53  Alphabetical list of identifier: 35
6 Guidance on reading information from a DCCfora NAWL R .53
6.1 Date of cali i -
6.2 Issuing date of the calibration c:rhﬁca'e 53
63 Standard deviations of all repeatability measurements ... .. ..53
64  List of ranges [nominal ranges, calibrated ranges, test loads) 54
7 Bibliography. R S
B Revision history 56
Appendix A Example of a digita] calibration certificate for a single range balance with two
measurements (i ) 57
Appendix B Example of a digital calibration certificate for a multiple range balance .................58
Appendix € Example of a digital calibration certificate for a multi-interval balance consisting of
twao identifiable parts (indicator and platform) 59

Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

Content of the expert report DKD-E 7-3

Given structure of the DCC schema: > 5 ,,nested”, hierarchical layers for results:

dcc:measurementResults

dcc:measurementResult dcc:measurementResult

dec:result dcc:result

dcc:quantity dcc:quantity

<sicreallistXMLList> <sicreallistXMLList>
<sivalueXMLList>1 2 3 4 5 </si:valueXMLList> <sivalueXMLList>12 3 4 5 </si:valueXMLList>
<si:unitXMLList>\gram</si:unitXMLList> <si:unitXMLList>\gram</si:unitXMLList>
</si:realListXMLList> </sizrealListXMLList>

<sizrealListXMLList>.... </si:realListXMLList> <si:realListXMLList>.... </si:realListXMLList>

dcc:quantity dcc:quantity

<sizrealListXMLList> <sirealListXMLList> <si:realListXMLList> <sizrealListXMLList>

- ______________________________________________]
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Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

Content of the expert report DKD-E 7-3

How shall the given structure be applied to the specific data
dec:measurementResults structure of a particular kind of calibration objects?

dcc:measurementResult
General:
- Multiple measurements (e.g. before/after adjustment)
dcciresult
Weighing Instruments:
- Ranges

- Individual measurements (repeatability, eccentricity, error of

e aas - indication and optionally auxiliary measurements)

<si:unitXMLList>\gram</si:unitXMLList> - Nominal values, single indications, calculated values (standard
</si:realListXMLList> deviation)

dcc:quantity

<si:realListXMLList>.... </si:realListXMLList>

dcc:quantity

<sizrealListXMLList> <si:realListXMLList>

Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

Content of the expert report DKD-E 7-3

0 Editorial Note.

1 Backgro

2 DCC- General remarks
21 Structure.
22 Atributes
23 Namespaces
24 Notation

Application rules for NAWIs in DCCs:

How do I handle certain particularities?

ul

25 Multi-language support.

26 Basic rules in the DCC a

27 Destindications in the DCC 8 - Several calibrations (“as found/as left”)
3 Using the DCC elements for calibr: of NAWI. 11

3.1 Administrative part (dec:administrativeData and child elements] ..o L1

32 M results and d (dee Its and child R i

clements) 16 - Repair and adjustment status
4 Application rules for NAWIs in DCCs 25

4.1 Good practice for reporting results of several calibrations (e.g. as found/as left).........25

42 Denoting repair and adjustment status in DCCs for NAWITs e 26 . . .

43 Instruments with seversl (partial) ngrange 23 - Multiple range and multi-interval instruments
5 Lisrof refType identifiers for calibrations of NAWT: 34

51  Scope 34

52 Introduction....

53  Alphabetical list of identifier:
6 Guidance on reading information from a DCC for a NAWL. oo

61  Dateol .

6.2 Issuing date of the calibration certificate

6.3 Standard deviations of all repeatability measurements............

64 Listof ranges (nominal ranges, calibrated ranges, test loads)
T BIDHOETAPNY o
8 Revision history
Appendix A Example of a digital calibration certificate for a single range balance with two

( ) 57
Appendix B Example of a digital calibration certificate for a multiple range balance 58
Appendix C Example of a digital calibration certificate for a multi-interval balance consisting of
two identifiable parts (indicator and platform). 59
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Content of the expert report DKD-E 7-3

0 Editorial Note. 6
1 d. 6 . . ap . .
2 DCC- General remarks 7 List of refType identifiers for calibrations of NAWIs:

21 Stucture
22 Attributes
23 Spac

21 Moo ; How do | find particular information?
25 MU TANEUAZE SUPPOTT oo oo s oo s s 7
26 Basic rules in the DCC a
27 D-SI ind! in the DCC.
3 Using the DCC elements for calibr: of NAWI:
3.1 inistrative part (dec:administrati and child elements)..
32 Mg results and di di
elements)

4 Application rules for NAWIs in DCCs
41 Good practice for reporting results of several calibrations (e.g. as found/as left).
42 Denoting repair and adjustment status in DECS for NAWIs . S

43 Instruments with several (partial) ing range:
5 List of refType identifiers for calibrations of NAW!
51 Scope

52  Introduction

53  Alphabetical list of identifier:
6 Guidance on reading information from a DCC fora NAWL S

6.1 Date of calibrati 5:

6.2 Issuing date of the 1on certificate 53

63 Standard deviations of all repeatability measurements 53

64 List of ranges (nominal ranges, calibrated ranges, test loads) 54
7 ibli - 56
B Revision history 56
Appendix A Example of a digital calibration certificate for a single range balance with two.
measurements ] ji )] 57

Appendix B Example of a digital calibration certificate for a multiple range balance....
Appendix € Example of a digital calibration certificate for a multi-interval balance co
two identifiable parts (indicator and platform)

Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

Content of the expert report DKD-E 7-3

Measurement results | Measurement uncertainties

Rey bility Eccentricity

Test load (nominal): 100 g Test load (nominal): 100g
1 1000001 g Center 99.9990 g
2 909990 g Front left 100.0002 g
3 1000002 g Back left 99.9997 g
) 99,0990 g Back right 100.0000 g
5 999998 g Front nght 90,9990 g

<dcciresult refTypes=,NAWI_repeatabilityMeasurement®>
<dec:name>
<dcc:content>Repeatability«</dcc: content>
</dcc:name>
<dcc:data>
<deciquantity>
<sirreallistXMLList>
<sirvalueXMLList~0.1000001 0.8999399 0.1000002 0.0999999 0.999998</si:valueXMLList>
<sizunitxXMLList>\kilogram</si:unitxXMLList>
</sirreallistXMLList>
<fdece:quantity>
</dcc:data>
</deciresult>
<dec:result  refTypes= NANI_eccentricityMeasurement®s Definition note - Deutsch: Messung der Wiederholprazision
<dcciname>
<dcc:content>Eccentricity</dcc:content>

Needed: Proper definition/reference for each refType:
5.3.21 repeatabilityMeasurement

Definition note - English: Measurement of the measurement repeatability

</dcc:name> e B
<dcc:data> ot EURANET Calbraton Guise i 10 Version 40 (201551 | EURAVET o 18 Vemion ¢ 0 (HEN5 6 1
<dcc:quantity> HINWES | Scope note ot meht Informatonen s versrndng wahe e or mors et on use 5o Exsrmpie ot
¢<si:reallistXMLList> ELENENT. | P Torm P

® 1 . BOSPEL | Exarmple ot
<si:valueXMLList>@.8999999 0.10000082 0.999997 ©.1800088 ©.999999</si:vall

<siunitXMLList>\kilogram</si:unitXMLList>
</si:reallistXMLList>
</dcc:quantity>
</dcc:data>
</dcc:result>
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Content of the expert report DKD-E 7-3

0 Editorial Note. 6
1 9 6 . . . .
2 DCC- General remarks 7 Guidance on reading information from a DCC for a NAWI:

21 Stucture
22 Attributes

I e ] e.g. date of calibration:
25 MUIGIANEUARE SUPPOTT. o e e 7
26 Basic rules in the DCC a
27 D-S1 ind! in the DCC.
3 Usingthe DCC elements for calibr of NAWI: 6.1 Date of calibration
31 ive part [dccadministrati and child elements).. . i . i
32 M results and d d This is a single entry in the format YYYY-MM-DD in the DCC.
elements)

4 Application rules for NAWIs in DCCs
41 Good practice for reporting results of several calibrations (e.g. as found/as left).
42 Denoting repair and adjustment status in DECS for NAWIs . .

Procedure:

43 nswuments with several (partial) ing range 1. Goto dcc:endPerformanceDate
5 Listof refType identifiers for calibrations of NAWL
51 Scope 2. Outputvalue

52  Introduction
53  Alphabetical list of identifier:

6 Guidance on reading information from a DCC fora NAWL ... -
o1 Datecl - 53 XSLT example:
6.2 Issuing date of the certificate 53
63 Standard deviations of all repeatability measurements. ... 53 = y o
64 Listof ranges (nominal ranges, calibrated ranges, test loads) 54 <xslvalue-of select="//dcc:endPerformanceDate”/>
7 Bibli . . 56
B Revision history 56

Appendix A Example of a digital calibration certificate for a single range balance with two
measurements (| j

Appendix B Example of a digital calibration certificate for a multiple range balance ..
Appendix € Example of a digital calibration certificate for a multi-interval balance co
two identifiable parts (indicator and platform)

11

Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

Content of the expert report DKD-E 7-3

0 Editorial Note. 6
1 Background 6
2 DCC- General remarks 7 Three example DCCs:
21 Stucture.
22 Atributes
23 spac . .. . N . .
24 Notation 5 Appendix A Example of a digital calibration certificate for a single range balance
BT 7 with two measurements (before/after adjustment)
2.6 Basic rules in the DEC 8
, 2 TU . D IST ‘D‘ : in f;w Dec, prepons 1“ The example matches the example given in Annex H1 of EURAMET cg-18, concerning the
sing the DCC elements for calibrs of vl 1 - . .
41 fve part (dec - " and child elements). L instrument and the results (Option 1 for both measurements).
32 M results and di (d lts and child
elements) 16 Maximum capacity Max=220 g
4 Application rules for NAWIs in DCCs 25 Scale interval d=0.1 mg
4.1 Good practice for reporting results of several calibrations (e.g. as found/as left).........25
: ; :;::":I:il:;’:l\rl:';‘;g:ﬁs;xﬁ;m'S " pccz:::mwu N Note: According to the example in HL1.2 /B, the measurements of repeatability and eccentricity
5 Listof refType identifiers for calibrations of NAWI have not been performed after adjustment and are thus not denoted in the second
51 anpg' dce:measurementResult block.
52  Introduction
53 Alphabetical list of identifier:
6 Guidance onreading information from a DCC for a NAWL Appendix B Example of a digital calibration certificate for a multiple range
61 Dateof balance
6.2 Issuing date of the calibration certificate
63 Standard deviations of all repeatability measurements....
64 Listof ranges (nominal ranges, calibrated ranges,test loads . L. i . . ..
. " © © ¥ ) Appendix C Example of a digital calibration certificate for a multi-interval balance
8 Revision h‘smw consisting of two identifiable parts (indicator and platform)
Appendix A Example of a digital calibration certificate for a single range balance with two
( i 57
lppendix B Example of a digital calibration certificate for a multiple range balance...................58

Appendix C Example of a digital calibration certificate for a multi-interval balance consisting o[
two identifiable parts (indicator and platform).

12
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First months of experience

+ Since 07/2025, Sartorius issues DCCs (as attachment to the PDF) % wresemmes * At
in ~15 countries SARTORILS

&

i fans

* >30000 DCCs issued so far

080K

* 5 audits successfully passed since then
¢ Hardly any customer interest yet

* Applications for DCCs urgently needed to foster the distribution of
DCCs!

Expert Report DKD-E 7-3 on how to use the DCC schema for weighing instruments - content and first months of experience

Outlook

* Revision of the expert report will start soon in order to
* adapt schema changes
* adapt cross-sectional conventions

+ add missing parts (“uncertainty in use”, “minimum weight”)

+ correct small mistakes

include international partners to include international views and increase international acceptance
* Interest has been expressed from CN, CO, TH, GM and UA - if other countries (NMls) are interested
to participate, please contact mel

2026-05-11 18:53 Page 485 of 520



6" international DCC-Conference
2026-02-24 to 2026-02-26

Thank you.

Scan or click on QR Code for the DKD Expert report:

Connect with me on LinkedIn:
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037 Michael Melzer:
Recommendations for DCCs for the ISO 376 calibration
of uniaxial force measuring devices

Presenting author: Michael Melzer [1]

Email:

michael.melzer@bam.de

Additional authors:

e Moritz Jordan [2], moritz.jordan@ptb.de

o Dirk Roske [2], dirk.roeske@ptb.de

¢ Shanna Schoénhals [2], shanna.schoenhals@ptb.de

Institute:

[1] Bundesanstalt fir Materialforschung und -prifung (BAM), Unter den Eichen 87, 12205
Berlin

[2] Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, Braunschweig, 38116,
Germany

Keywords: Force calibration, Digital metrology, DCC good practice, Mechanical quantities

Abstract

ISO 376 is a globally established calibration standard for uniaxial force transducers. It reg-
ulates the handling, measuring procedure, raw data processing, calibration function determi-
nation as well as the assessment of measurement uncertainty and item classification. The
DCC task group of the DKD’s technical committees for force, acceleration and acoustics and
for torque defined good practice rules for DCCs in the scope of ISO 376 [1] to enable interop-
erable certificates in force metrology. This talk introduces a specific DCC realization for a
1,000 kN tensile force transducer, highlighting several advanced features that are hardly cov-
ered by other model implementations so far, i.e. multiple measurement series with varying
loading sequences and mounting positions, embedded balancing functions and coefficients,
solitary relative measurement uncertainties and load-specific item classifications. Many of
those aspects are also relevant for DCCs from other metrological communities, that may adopt
the approaches that are recently harmonized for the quantity of force.

2 BAM B
DCC

ISO 376
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Figure 1. Deep dive into DCC for an ISO 376 calibration covering aspects like multiple
measurement series, results from processed measurement data, calibration functions, and
classification
Reference:
[1] S. Schénhals, M. Jordan, M. Melzer, D. Roske (2025): Ideas for the transition from paper-
based force and torque calibration certificates to machine-readable XML data, Measure-
ment: Sensors 38, 101334; DOI: 10.1016/j.measen.2024.101334
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The BAM Calibration Lab - CMCs
DAKkkS - accreditation D-K-11075-08

s S S S S S S S S S S S S S S
+ Force quantity: uniaxial force transducers
ISO 376 and DKD-R 3-3
Range: 10 N to 5 MN (compressive: up to 21 MN possible)
BMC: down to 0.01 % / class 0.5 or 00

+  Temperature guantity: resistance thermometers,
thermocouples and simulation (DKD-R 5-1, 5-3 and 5-5)

1

1 Calibration of electrical quantities (left),

1 force transducer in the 5 MN force
Temperature range: -50 °C to 160 °C : calibration machine (right)

1

1
1
1
1
L BMC: down to 30 mK

Establishment of DCCs in the

- Electrical guantities: DCU, DCI, DCR, charge scope of accreditation

voltage ratio (full-, half- and quarterbridges)
BMC: DCU 1 pV, DCR 4 ppm, DCI 0,8 nA, U/U 0,03 pV/V +  Pilot lab for eAttestations

.+ Total staff: 3, about 200 certificates p.a. (99% accredited) *  Contributing to DCC good
practice definitions (via DKD)

Feb 26" 2026 h 5 ) ] igati i i i .html 3

< BAM

Content

< BAM
DCC

ISO 376

2011 91001110 00110100
9 10101019 11010101
2110011 @1001110
p101010 10101018

1. Scope of the ISO 376 standard

2. Calibration facilities and items

3. Peculiarities of calibration certificates

2 ausgegl. Mittelwert (BM)
"X_a Balanced mean (BM)</dccic

according to ISO 376

D.00000 0.04859 0.12156 0.24342 0.48796 OER1Q
111\volt\per\volt</si:unitxMLLisT>

4. Realization of requirements in a DCC

Feb 26" 2026 DCC for ISO 376 - Force transducers
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ISO 376:2011

Scope ; BAM
- Process of calibration ”ﬂ”ﬂﬂ[/\”ﬁ\
. . i300 — i30 100
+ Evaluation of measured data Xn
+ How to obtain the calibration function J f(x)
- . N e N A
+ Determination of measurement uncertainty 5| V6 ,4Es
Klasse b B Te o v e %
-guw - 00 0,05 0,025 +0,025 +0,012 0,07 0,025 +0,01
¢ CIaSSIfIcatlons 0,5 0,10 0,05 +0,05 +0,025 0,15 0,05 +0,02
1 0,20 0,10 +0,10 +0,050 0,30 0,10 +0,05
2 040 0,20 +0,20 +0,10 0,50 0,20 +0,10
Feb 26" 2026 DCC for 1SO 376 - Force transducers 5
ISO 376:2011 ; BAM

Calibration facilities and items

+ Compressive or tensile loading

« Acquisition of electrical signal
(typically mVv/V)

+ Single transducer or
measurement chain

- ____________________________________________]
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Bundesanstalt fir Materialforschung und -prifung (BAM)
Fachbereich 8.1 Sensorik, mess- und praftechnische Verfahren

Unter den Eichen 87 T:+49 30 8104 -1919
12205 Berlin F:+43 30 8104 - 1917
www.bam.de

Kalibrierschein / Calibration Certificate

erstellt durch das Kalibrierlaboratorium

issued by the calibration laboratory

Mitglied im / a member of the
Deutschen Kalibrierdienst

< BAM

Bundesanstalt far
Materiaiforschung
und -prafung

Akkreisierungsstelle
D-K-11075-08-00

2000
DK-

Kalibrierzeichen | 11075-08-00

Calibration mark 2023-08

Gegenstand Zug-Kraftaufnehmer
Object

1MN
Hersteller interface

Manufacturer

Feb 26" 2026

ISO 376:2011
Calibration certificate

Tabelle 1: Messergebnisse
Table 1. Results

Dieser  Kalibrierschein  dokumentiert  die
melrologische Rickfahrbarkeit auf nationale
Mormale zur Darstellung der Einheiten in
Ubereinstimmung  mit dem  Internationalen
Einheitensystem (S).

Die DAKKS ist Unterzeichner der multilateralen

DCC for ISO 376 - Force transducers

Messreihen _measuring runs
KraftinkN | Unveranderte Einbaustellung Veranderte Einbaustellung
force L mounting position Rotated mounting position

1(0°) 2 (0°) 3 (120%) 4 (120°) 5 (240°) 6 (240°)
20 0.048€6 0,04866 0,04862 0.04888 0,04863 0,04873
50 0,12160 0,12180 0,12156 012173 0,12171 0,12193
100 0.24336 0,24337 0,24340 0.24377 0,24371 0.24412
200 0,48753 0,48753 048751 0,48821 048808 048880
300 0,73286 0,73286 0,73275 0,73380 0,73357 0,73473
400 0,97959 0,97961 0,97942 0,98067 0,98039 0,98185
500 1,22651 1,22649 1,22624 1.22748 1,22732 1,22853
600 147348 1,47347 147318 1.47420 147433 147538
700 1,.72051 1,72050 1.72012 1.72089 1.72137 1.72216
800 1,96756 1,96758 196715 1,96749 196846 196888
900 221465 2,21462 221422 221425 2,21558 221565

1000 2,46170 246175 246134 246275

0 -0,00016 -0,00012 -0,00006 -0,00007

100%
10% X Xz X3 Xy X5 X5
0%
«* Ll — —_—
Zero pos 120° pos 240° pos
Feb 26" 2026 DCC for ISO 376 - Force transducers
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2 BAM

Peculiarities

In general:
« Well structured

» High similarity of
certificates

« High in content

> Typically 5-8 pages
(for one loading
direction)

* 4 subroutines possible
(case A-D)

7a

< BAM

Peculiarities
« Multiple series of
measurement
» Increasing and
decreasing loads

» Varying mounting
positions

7b
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ISO 376:2011 BAM
Calibration certificate ;

Peculiarities
Tabelle 2: Arithmetische Mittelwerte, rel. Wiederholprazision, rel. erweiterte . M U|t]p|e Ser‘ies Of
Vergleichsprazision, rel. Umkehrsp rel. | pol b h
Table 2: Average values, rel. error, ral. repr eror, rel. error, rel. error m ea su re me nt
Messreihen 1 und 2 Messreihen 1, 3,5 > In rea |n nd
measuring runs measuring runs Wert Xa
Einbaustellung 0° Einbaustellungen 0°, 120°, 240° nach rel. creéas 4 g a
ot » Unchanged mlt;f..mlmgposmon Rotated positions 0%, 120°, 240 Al‘l(SQ"iQhS' Int:rpqla’:ions- decre asi ng IO ads
:: ” arithm. rel. arithm. rel. erweit. rel. reain ettty
" | Misshvert | Widerhok: | Mitshvert | Verglechs- | Umkefy- "™ » Varying mountin
in prézision* in prézision* spanne ;ﬁ‘;?;,?d ry g g
average vaiue rel average value rel rel o
KN repestabity reprocucioity | reversiiy | IO | g positions
mVNV error mv/vV error error mviv
b' (%) b (%) v (%) .
20 0,04866 0.0 0,04864 0.082 0,165 0.048! 0,103 .
50 0,12180 0.0 6 0.12 0.160 0.121 0.051 Varlous processed data
00 0,24337 0,004 34 0,144 0,160 0,2434 0,028
200 048753 0.0 7 0,117 0.146 0,487 -0[051
00 0,73288 0.000 0. 0.158 7334 -0.048
400 0,87960 0,002 0.0 0,128 ,9796 0,020
00 ,22650 0,002 0,0 0,100 .22 0,028
) 47347 0.0 0.07 0,07 4734 0,013
)0 .72051 0.0 0,07 0,04! 7207 -0,00:
800 96757 0.0 0.0 0,01 79! -0,01
900 221464 0.0 0,061 0,00: 2,21504 -0,01
[ 1000 | 248173 0.002 0.057 246170 0,00
Feb 26" 202¢ DCC for ISO 376 - Force transducers 7c

ISO 376:2011 BAM
Calibration certificate ;

Peculiarities
Tabelle 4: Klassifizierungen nach DIN EN ISO 376 Fall D mit Umkehrspanne. Erweiterte . M ultlple Serles Of
relative Messunsicherheit der Kalibrierung (zu- und abnehmende Krafte)
Table 4. Classification according (o DIN EN ISO 376 case D with 1 bility. Relative exp. ty of measurement
(increasing forces and increasing/decreasing forces)
Kraftstufe eingestuft in Gerateklasse von erweiterte relative Messunsicherhsit (%) far > In crea Sl n g d nd
force leve! Kraftstufe bis Kalibrierhéchstkraft expanded ty of calibration (%) for .
class from the force level up to zunehmende Krafte | zu/abnehmende Krafte d ecreasin g | 0a ds
maximum calibration force forces in/decreasing forces
20 kN 2 1,09 1.1 . .
50kN 1 045 0.4 » Varying mounting
100 kN 1 0,24 0, L
200 kN i 0.14 0.22 positions
300 kN 1 0,11 0.2
400 kN 0.5 0,087 0.18 .
500 kN 05 0077 014 « Various processed data
€00 0.5 0,070 0.11
700 05 0.065 ,084 . g .
00 05 0,082 065  Classifications
900 05 0,059 ,059 . .
1000 kN 05 0,057 0,057 » Based on 7 criteria
Klasse b b Lo Jo v e % . e
L
00 0,05 0025 +0,025 +0,012 0,07 0,025 +0,01 Relatlve uncertalntles
0.5 0,10 0,05 +0,05 +0,025 0,15 0,05 +0,02 » For in-/decreasing forces
1 020 0.10 +0,10 +0,050 0.30 0,10 +0,05
2 040 0.20 +0,20 +0,10 0.50 020 +0,10
Feb 26" 2026 DCC for ISO 376 - Force transducers 7d
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ISO 376:2011 BAM
Calibration certificate ;

Peculiarities
Gleichung fiir die Interpolation + M Ultlple series of
Equation of the interpolalion
measurement
Anhand der Messergebnisse wurden fir die Mittelwerte (unterschiedliche Einbaustellungen) die Koeffizienten
der folgenden Funktionen durch Ausgleichsrechnung bestimmt. Die Werte Xa nach Ausgleichskurve, Tabelle 2, i
sind die mit der Funktion Xz =a F+b F* +c F berechneten Werte. > In creasl ng a nd
According to the results listed above, the parameters of the following functions were calculated from averaged values {rotated positions) d ecreasin g | 0a dS
using the least squares method. The values Xa, calculated, table 2, have been obtained using the best fit function Xa=aF +bF*+ ¢ F2
Kraft F [kN] in Anzeige X [mVN] umrechnen Anzeige X [mV/V]in Kraft F [kN] umrechnen > Va l'yl ng mou ﬂtl ng
force F [kN] into indication X, [mV/V] indicatian X [mV/V] into force F [k ap s
positions
Xa=aF+bF+cF F=a' X+b X+c X
a=2428048E-3 a' =4,117998E+2 . i
b= 6,495637E-8 b'=-4,385420E+0 Va rious DI‘OCGSSEd d ata
€ =-3,130240E-11 ¢’ =8,614265E-1 o )
> H t t this data i DCC? « Classifications
w repr n 1 n [ i ;
ow to represe sdataina > Based on 7 criteria

Joint DCC working group Relati _
+ Relative uncertainties
)m( for force and torque > For in-/decreasing forces
of DKD-TCs 3 and 10 ) )
> DCC good practice ’ f%gg‘ff'ir;?emgcuons

Feb 26" 2026 DCC for ISO 376 - Force transducers 7e

DCC: 1ISO 376:2011
Measured data

Tabelle 1: Messergebnisse
Table 1: Results

Messreihen ERSRSA orrype- ';;:;_m;:-'“
Kraft in kN Unveranderte Einbaustellung
force Unchanged mounting position ‘. L € —
1(0°) 2 (09 3 (120°) <deciquanti <decmetaDate>
20 0,04866 0,04866 0,04862 = !
50 0,12160 0,12160 0,12156 L
100 0,24336 0,24337 0,24340 : tabata>
200 0,48753 0,48753 0,48751 . !
300 0.73286 0.73286 073275 IListXMLList> measurement series3
400 0,97959 0,97961 0,97942 » S
500 1,22651 1,22649 1,22624 "
600 1,47346 1,47347 1,47316
700 1,72051 1,72050 1,72012 T
800 1,96756 1,96758 1,96715 O ETeENMIIE Mesakeery sarices
900 2,21465 2,21462 2,21422 o pEr——
1000 2,46170 2,46175 246134 - “forc_decressing?
0 -0,00016 -0,00012 -0,00006 [ <siirealListXMLList> measurement series |
Feb 26" 2026 DCC for ISO 376 - Force transducers 8a
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DCC: ISO 376:2011 < BAM
Measured data

Tabelle 1: Messergebnisse
Table 1: Results

Messreihen measuring runs
Kraft in kN Unveréanderte Einbaustellung Verédnderte Einbaustellung
force Unchanged mounting position Rotated mounting position
1(0%) 2 (09 3 (120°) 4 (120%) 5 (240°) 6 (240°)
20 0.04866 0,04866 0,04862 0.04868 0,04863 0,04873
50 0,12160 0,12160 0,12156 0,12173 0,12171 0,12193
100 0,24336 0,24337 0,24340 0,24377 0,24371 0,24412
200 0,48753 0,48753 0,48751 0,48821 0,48808 0,48880
300 0,73286 0,73286 0,73275 0,73390 0,73357 0,73473
400 0,97959 0,97961 0,97942 0,98067 0,98039 0,98165
500 1,22651 1,22649 1,22624 1,22748 1,22732 1,22853
600 1,47346 1,47347 1473186 1,47420 1,47433 1,47538
700 1,72051 1,72050 1,72012 1,72089 1,72137 1,72216
800 1,96756 1,96758 1,96715 1,96749 1,96846 1,96888
900 2,21465 2,21462 2,21422 2,21425 2,21558 2,21565
1000 2,46170 2,46175 246134 2,46275
0 -0,00016 -0,00012 -0,00006 -0,00007
Feb 26" 2026 DCC for ISO 376 - Force transducers 8b
DCC: ISO 376:2011 ; BAM

Measured data

basic_referenceValue basic_tableIndex(® ird-"referenceValue">

>
£>0 20 50 100 200 300 400 500 €00 700 80O 900 1000 0</si:valuexMiList>
ile :

Ascats lue foxce foxce

indicationValue foroe increasing foroe zer B
rdicationValue force increasing force >
basic_indicationValue force d ing forcs =
>
>

tionValue force force g
nValue force decreasing foroe_zercReduced”

" refTyp

“>Messreihe 6</dcc
">Msasurement series 6</c

0.00007 0.04873 0.12193 0.24412 0.48880 0.73473 0.98165 1.22853 1.47538 1.72216 1.96888 2.21565 NaN NaN</si:valuexMLList>

milli\velt\per\velt</=i:unitXMilists \
> f
-
ALY n
NaN":
n lang " >Einb; talls </dec:ico >
ni 1angeren*sHounting poritionc/dce: contant> not a number
Kb et (available since DCC-

Schema v3.3.0)

E tada
</des:imeasurcmentMetabatax

Feb 26" 2026 DCC for ISO 376 - Force transducers 8c
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DCC: ISO 376:2011 ; BAM
Processed data, classifications and uncertainties

Tabelle 2: Ari!hmetischa Mittelwerte, rel. Wiederholprazision, rel. erweiterte

rel.
Table 2° Average values, rel error, rel. error, rel. error, rel eror
Messreihen 1 und 2 Messreihen 1,3, 5
‘measuring runs measuring runs Wert Xa
Unchanged Y 3.‘ ',;3.(_’,‘43.4 0 Au;?l:ihchs- Imnrp:a‘tionu- Tabelle 4: Klassifizierungen nach DIN EN ISO 376 Fall D mit Umkehrspanne. Erweiterte
Kraft in = = _ _ Kuavein abweichung relative Messunsicherheit der Kalibrierung (zu- und abnehmende Krafte)
e arithm. rel. arithm. rel. erweit. rel. rel interpolation Table 4 Classification according to DIN EN ISO 376 case D with reversibily Relative expanded uncertainty of calibration
Mittetwert glei Umkehr- - i forces and forces)
in razision” in azision* spanne
average value iy average value i g (:mf;, Kraftstufe in von iterte relative i it (%) fur
kN repeatabity reproducibiity | reversibity (%) fovee level Kraftstufe bis i expanded uncertainty of calibration (%) for
mvv eror mviv o S, mvvV class from the force level up fo Krafte Krafte
| v'(%) (%) %) maxmum catbraton force increasing forces s
20 )4866 | 0,000 04864 ,082 85 04859 0,103 1 20 kN .09 il
50 12160 |  0.000 . 1216 123 ,160 12156 0.051 | 50 kN 49
100 24337 | 0.004 2434 144 160 24342 0,028 100 Kl .. 1
200 48753 |  0.000 4877 117 148 48796 -0.051 | 200 kK . 22
300 73286 |  0.000 .73306 1112 158 73342 -0.048 I 300 k .
400 .97960 |  0.002 .97980 .099 128 97961 0,020 400 . ,08 5
500 ,22650 ,002 .22669 088 | ,100 ,22635 0,028 | 500 . .07 14
600 A7347 00 47365 ,07! 071 47345 013 600 . .07/ A
700 72051 .00 72067 ,07. 045 72073 -0.003 1 700 . ,06: 0,084
| 800 96757 .00 96772 .06 018 | 1.96798 -0.013 l £00 kN 0.5 0.062 0,086
900 21464 00 2.21482 .06 .002 21504 -0.010 900 kN 0.5 0.059 0,059
46173 00. 46193 .057 [ 46170 .008 ! 0.5 0.057 0,057

+ All data (columns) have the same reference as the measured data (loaded force)
» Can be merged in the same <dcc:list>-element (table) in a DCC

Feb 26" 2026 DCC for ISO 376 - Force transducers 9a

DCC: ISO 376:2011 ; BAM
Processed data, classifications and uncertainties

<dcc:result refType="force results">
<dcc:name>
<dcc:data>
<dcc:list refType="basic_lIndexTable">

<dcc:quantity refType="basic lue”>

<dcc:quantity indicationValue force i ing force >

<doc:quantity indicationValue force increasing force zeroReduced'>

<dcc:quantity indicationValue force increasing force >

<dcc:quantity indicationValue force ing force >

<dcc:quantity i indicationValue force i ing force >

<dcc:quantity id="measurementSeries indicationValue force decreasing force zeroR >

<dcc:quantity refId=" es ies2" refTy "math_arithmeticMean force wi tation">
<dcc:quantity refld="measurementSeriesl measur ies2" 1 e="force relativeRepeatabilityError">

<dcc:quantity refid: ies. ies3 iesS" jpe="math arithmeticMean force withRotation">
<dcc:quantity r iesl ies3 ies5" reflype="force_relativeReproducibilityErrox">

<dcc:name>

tent lang="de">rel. Vergleichsprizision</dcc:content>
ntent lang="en">rel. reproducibility error</dcc:content>
</dcciname>
<si:realListXMLList>
<si:valueXMLList>NaN 0.082 0.123 0.144 0.017 0.012 0.099 0.088 0.079 0.073 0.067 0.061 0.057 NaN</si:valueXMLList>
<si:unitXMLList>\percent</si:unitXMLList>
</si:realListXMLList>
</dcc:quantity>
<dcc:quant.
<dcc:quant

ies3 iesd ies5 measurementSeries6" reflype="force relativel ibili >
'force balancedMean force caseC force increasing">

<dcc:quant cfld="balancingFunction" rcfType="force balancedMean force caseD force increasing force decreasing">
<dcc:quant "force relativelnterpolationError">

<dcc:quant. 3
<dcc:usedMethods>
:measurementMetaData>

"force classification force caseD">

</dcc:data>
</dcc:result>
e —

Feb 26" 2026 DCC for ISO 376 - Force transducers 9b
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Processed data, classifications and uncertainties

<dec:result relType="force_results">
<dec:name>
<dcc:data>
<dcc:list refType="basic_lIndexTable">
& i r ype="basic lue basic_tableIndex0" id="

i - indicationValue
indicationValue
indicationValue
indicationValue
indicationValue
indicationValue

P
zeroReduced">
zeroReduced">
zeroReduced" >
zeroReduced">
ce_withoutRotation">
1i >
‘math_arithmeticMean force withRotation">

decreasing
math_arithmeticMean for

measurementSeries3 measurementSe: 85" force relativeReproducibilityErrox">

measur esd measur es5 measurementSeries6" rerT "force relati bilityErrox">
ref force balancedMean force caseC force i ng">

refType="force balancedMean force caseD force i ng force ing">

force relativelnterpolationError'>
force_classification force_caseD'S

"de">Klassifizierungen nach DIN EN ISO 376 Fall D mit Umkehrspanne</dcc:content>
“en">Classification according to DIN EN ISO 376 case D with reversibility</dcc:content>

:content lang:
:content lar
e>

ription>

mtent lang="de">Der kalibrierte Kraftaufnehmer wird fur die Verwendung von der jeweiligen Kraftstufe bis zur Kalibrierhochstkraft
:content lang="en">The calibrated force transducer is classified from the respective force level up to the maximum calibration force
</dcc:description>

<dcc:charsXMiList>undefined 211110,50,50,50,50,50,5 0,5 undefined</dcc:charsXMLList>

sedMethods>
measurementMetaData>

</dcc:result>

Feb 26" 2026 DCC for ISO 376 - Force transducers 9c

DCC: ISO 376:2011 ; BAM
Processed data, classifications and uncertainties

<HEEHGUANEIEY r=fId="balancingFunction" refType="force balancedMean force_caseC force_incre:
<dcc:name>
<dcc:content lan
<dcc:content lang=
</dcc:name>
<dcc:description>
<si:realListXMLList>
<si:valueXMLList>0.00000 0.04859 0.12156 0.24342 0.48796 0.73342 0.97961 1.22635 1.47345 1.72073 1.96798 2.21504 2.46170 NaN</si:valueXMLList>
<si:unitXMLList>\milli\volt\per\volt</si:unitXMLList>
</si:realListXMLList>
<dcc:relativeUncertainty>
<dcc:relativeUncertaintyXmlList>
i:valueXMLList>NaN 1.09 0.45 0.24 0.14 0.11 0.087 0.077 0.070 0.065 0.062 0.059 0.057 NaN</si:valueXMLList>
nitXMLList>\percent</si itXMLList>
<si:measurementUncertaintyUnivariateXMLList>
<si:expandedMUXMLList>
<si:valueExpandedMUXMLList>NaN</si:valueExpandedMUXMLList>
<si:coverageFactorXMLList>2</si:coverageFactorXMLList>
<si:coverageProbabilityXMLList>0.95</si:coverageProbabilityXMLList>
<si:distributionXMLList>normal</si:distributionXMLList>
</si:expandedMUXMLList>
</si:measurementUncertaintyUnivariateXMLList>
</dcc:relativeUncertaintyXmlList>
</dcc:relativeUncertainty>

ing"§

de">X a . oMi t (BM), /dcc:content>
en">X _a Balanced mean (BM)</dcc:content>

<dcc:quantity refld="balancingFunction" refType="force_balancedMean force_caseD force_ i ng force ng">

» Statement of relative expanded measurement uncertainties without stating
the respective absolute uncertainties (DCC-schema v3.3.0)

Feb 26" 2026 DCC for ISO 376 - Force transducers 9d
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DCC: ISO 376:2011
Regression analysis (balanced mean)

< BAM

—"force_fittingFunction force_balancedMean’:

Gleichung fiir die Interpolation

Equation of the interpolation "force function'§

Anhand der Messergebnisse wurden fir die Mittelwerte (unterschiedliche Einbaustellungen) die Koeffizienten
der folgenden Funkticnen durch Ausgleichsrechnung bestimmt. Die Werte Xi nach Ausgleichskurve, Tabelle 2,
sind die mit der Funktion Xa=a F+b F* +c P berschneten Werte.

pa=rEnn>
"balancingFunction">X a</ml:ci>

According to the resuifs isted above, the parameters of the foliowing functions were calculated from averaged values (rolated positions)
using the least squares method. The values Xa, calculated, table 2, have been obtained using the best fit function Xa =aF + b F* +c F*.

Kraft F [kN] in Anzeige Xa [mV/V] umrechnen Anzeige X [mV/V] in Kraft F [kN] umrechnen
force F [kN] into indication X, [mV/V] indication X [mV/V] into force F [kN]

F=a X+b X2+ X

a=2,428048E-3
b =16,495637E-8
€ =-3,130240E-11

4,117998E+2
4,385428E+0
8,614265E-1

oo

+ Formula as <dcc:result> using MathML
(content type)

> Representation of polynomial (3™ degree)
» id-attributes for coefficients

Mar 30" 2026 DCC for ISO 376 - Force transducers /dceim
</dcc: formula>

DCC: ISO 376:2011
Regression analysis (balanced mean)

Gleichung fiir die Interpolation HPaH

Equation of the interpolation COEffI e n ts

Anhand der Messergebnisse wurden fir die Mittelwerte (unterschiedliche Einbaustellungen) die Koeffizienten > GIVe n Sepa ra tely Wlth
der folgenden Funkticnen durch Ausgleichsrechnung bestimmt. Die Werte X3 nach Ausgleichskurve, Tabelle 2,

sind die mit der Funktion Xa=a F+b F* +c P berschneten Werte.

linkage to the formula

According to the resuifs isted above, the parameters of the foliowing functions were calculated from averaged values (rolated positions)
using the least squares method. The values Xa, calculated, table 2, have been obtained using the best fit function Xa =aF + b F* +c F*.

o . . » Can be directly and
t(raﬂFF[:’(N] |nn}:Fnz:|g§Xa‘EmVM umrechnen agzallge;f[naw\_u’] in Kra:t }L[kN] umrechnen ) L.
e Fe e o iy, individually addressed
Xs=aF+bF+cF F=a X+b X2+ X .

| via refTypes
a=2,428048E-3

| a'=4,117998E+2
438542940
614265E-1

A -

» Formula as <dcc:result> using
MathML (content type)

b =6,495637E-8
=-3,130240E-11

€HGEYINST rorType-"force functionParameters s

="force_coefficient force_linear” re "linearBalanceCoefficient a

001999767« values
tothe(-1)\kilo\newton\tothe(-1)</=

it>

jpe=nforce_coefficient force quadratic” rafTd="quadraticBal Coafficient b>

>1.998-10</51 1valus>
~\milli\volt\volt\tothe(-1)\kilo\newton\tothe -2]

» Likewise for the reverse function ;
(and uncertainty envelope)

ype="force cosfficient force cubic" refId="cubicBalanceCosfficisnt c”>

8-13</51 value>
>\milli\volt\volt\tothe(-1)\kilo\newton\tothe {-3)</=.
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DKD Expert Report for force DCC (ISO 376) ; BAM
(final editing)

— Content
Wi > Description of the data structure with
* XML-snippets
%D > Definitions of refTypes = TemaTres
i | > XML templates (minimal and NMI)
| - Good Practice
m Mo mvamue > Open access (Englisch language)
o g >» Hosted by DKD
4 www.ptb.de/cms/en/metrological-services/dkd/publications.html
e - Harmonization for enhanced
N interoperability and robust IT
—_— developments
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From Fragmented Practices to Harmonized and Interop-

erable Models: Designing Common Templates for Meas-
urement Results in Digital Calibration Certificates

Presenting author: Erkan Danaci [1]

E-mail address: erkan.danaci@tubitak.gov.tr

Additional authors: Omer Tirkan [1] omer.turkan@tuitak.gov.tr, H. K. Kepecioglu [1],
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iskenderun Technical University, iskenderun/Hatay, 31200, Tirkiye

Keywords: Digital Calibration Certificate (DCC), Harmonized Data Models, XML-Based Data
Models, Interoperability, Digitalization in Metrology

Abstract

The transition from conventional calibration certificates to Digital Calibration Certificates
(DCC) requires more than digital document formats; it demands harmonized data models that
ensure machine-readability, interoperability, and long-term scalability across laboratories and
digital quality infrastructures. While international initiatives led by PTB and EURAMET have
established reference DCC schemas and validation mechanisms, significant variability in la-
boratory specific data structures continues to impede systematic adoption and standardization
of DCC.

This study presents a template-driven approach for structuring measurement results as a
foundational layer between laboratory practices and emerging international DCC standards.
Building upon TS EN ISO/IEC 17025:2017 requirements, National Metrology Institute of Ger-
many (PTB)'s XML-based DCC schemas, and FAIR data principles, common templates were
designed to unify the representation of administrative information, measurement conditions,
results, uncertainties, and contextual metadata across diverse laboratory domains.

The proposed measurement result templates were developed through an analysis of exist-
ing miscellaneous calibration certificates carried out by various laboratories within a national
metrology institute, followed by the definition of a shared semantic and structural model aligned
with European DCC initiatives. The framework enables the systematic transformation of het-
erogeneous laboratory data into harmonized digital representations, supporting both human-
readable certificates and machine-actionable DCC outputs. Interoperability was evaluated by
validating generated DCC instances against international reference models, demonstrating
compatibility with current DCC schema specifications.

The results indicate that common templates constitute a critical layer between laboratory
specific practices and emerging international standards. By reducing structural variability, en-
hancing semantic consistency, and enabling automated data exchange, the proposed ap-
proach contributes to the harmonization of digital calibration practices and supports the evolu-
tion from good practice to standardization within digital quality infrastructures. The study pro-
vides practical insights for national metrology institutes and calibration laboratories aiming to
align their DCC implementations with international frameworks and future standardization ef-
forts.

Back to Table of Contents above
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Presentation #038 of Erkan Danaci

From Fragmented Practices to Harmonized and Interoperable
Models: Designing Common Templates for Measurement Results in
Digital Calibration Certificates

E. Danaci', O. Tiirkan', H. K. Kepeciogli’, A. K. Dogan’, A. Cetinkaya'*

2 Department of Computer Engineering, Faculty of Engineering and Natural Sciences,
Iskenderun Technical University, Iskenderun/Hatay, 31200, Tiirkiye

Presented by Dr. Erkan DANACI
TUBITAK UME
Digitalization Working Group

6t DCC Conference g

February 26, 2026 TUE.I'!AK

Contents A4

TiBiTAK

ISO/IEC 17025 Context

 Structure of the Calibration Certificate

+ Obtaining the ADD, CON and COM data

* RoM Complexity and Cross-Domain Variability
* Transferring the Inputs to DCC (DC3 Software)
* RoM Transferring Rules to DCC

+ Advantages of DC3 Software

« Conclusion

- |
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ISO/IEC 17025 Context for Certification

« EN ISO /IEC 17025 Standard Sections related to calibration certificates

+ 7.8 Reporting of results

TUBITAK

UME

+ 7.8.4 Specific requirements for calibration certificates

BS EN ISO/IEC 17025:2017

Incorporating corrigenda March and June 2018

7.8 Reportingof resuits

781 General

7811 The results shall be reviewed and authorize(

7812 The results shall be provided accurately, ¢
a report (e a test report or a calibration certificat{
information agreed with the customer and necess|
information required by the method used. All issued o

BSI Standards Publication

NOTE1  For the purposes of this document, test reporty
as test certificates and calibration reports, respectively

NOTE2  Reports can be issued as hard copies or by ele|
ocument are me

7813 When agreed with the customer. the res|
information listed in 282 to 247 that is not n‘pﬂr\':

7.82 Common requirements for reports (test,

General requirements for the competence
of testing and calibration laboratories

7.82.1 Each report shall include at least the follo|
reasons for not doing 5o, thereby minimizing any pos{

a) atitle (eg "Test Report”, “Calibration Certificatel

b) the name and address of the laboratory:

€) the location of performance of the laboratory 3¢
facility or at sites away from the Laboratory’s p{
mobile facilities;

d) unique identification that all its components are|

clear identification of the end:

the name and contact of the cus!

a

784 Specific requirements for calibration certificates

7841
following:

In addition to the requirements listed in 282, calibration certificates shall include the

the measurement uncertainty of the measurement result presented in the same unit as that of the
measurand or in a term relative to the measurand (e.g. percent);

a)

NOTE  According to ISO/IEC Guide 99, a measurement result is generally expressed as a single measured
quantity value including unit of measurement and a measurement uncertainty.

b) the conditions (e.g. environmental) under which the calibrations were made that have an influence
on the measurement results;

¢) astatement identifying how the are metry c: ble (see Annex A);

d) the results before and after any adjustment or repair, if available;

¢) where relevant, a statement of conformity with requirements or specifications (see Z8.6):

f) where appropriate, opinions and interpretations (see 2Z8.7).

7.84.2 Where the laboratory is for the activity, certificates shall meet
the requirements listed in Z8S where necessary for the interpretation of calibration results.

7843 A calibration certificate or calibration label shall not contain any recommendation on the
calibration interval, except where this has been agreed with the customer.

Structure of the Calibration Certj

TUBITAK
ULUSAL METROLOJI EN

AT |

Vv TOBIT

ministrative ata - ADD
ditions - CON
esult f easurement - RoM
ments - COM

TORITAK . S 1!

UME ULUSAL METROLO,

Kalibrasyon §

METROLOSI EXNSTITiSD ULSAL HTROLOJ BT
A...... \
st

e t
CIPM MRA bocaduoni Jusisin e (3, 05+ ) Dyim betraatiier Table | - Gds verimigl Bulrsaih dejecien Sipilen chasn wiun dénem
/ Frovany Torwtagn. )
Satt 4918 | (0] L ] n. Beyon esien Gigum belenanys standen Sigum bewazAnn Aormal dadem o yerieyh
[t oy o e - | e vy el e el
Adive ul ] o 00008 50088 00000 6.0000 Delesizi GUM va EA-D2 dobimaniarvia uygun clarek
H‘:ﬂw 2024.0001 00003 00088 00040 00000 0
asyonun Yapian): Yer 0.0004 0.0089 0.0040 00000
Makine / Cibaz sab Zanitns ¢ 50008 6000 = ) Garupier, Agaiamatar ve Uyguaiih Beyam
00008 -C 0089 00040 00000 2 -
"""“Mm Aotomt 00007 20088 [ Co00 SO m— P
Cihann Laboratuvara Kabul Tarihi ) 20008 00000 00000 Kalhrasyon S0NUien Badece Ral/ROny yapden Sebe ZeyMete: 30 0B ohanne smr Citann
T 918 ot f Basopt o o Con barormanss in garekd fee Jands Kulsrrnden ve vygun arelaire daitre
Tree 001308 50000 Sooes 00040 60%0
Ras— S ooor oo [ 60%0 1
Sovel Number Kalibrasyonda Kullanian Referans Cihaz(lar) L e ] L]
akoagycn o 01204 12002 Aoty Usas  Cattrasn ) Sooas [ G001 0
Coleraton 2 008 5000 0001
= Cinas Ak Urevs Fema | Tip / Modet Railbrasyonu Vapanar] Tibarabaar Sorumbusy©
i - i | YOI | RS o - e . [ T, | R ey ]
Narmowr of Pages 1 |Ad Anaizons . Ns225A 0.008 0088 000 60001 | Handen SAXARYA |
echncloges O Eivan DANACH
ey woor oo [ aoon [ o ARSUN |
e AR Ee A e Vs b = Keywont pom=
papsStapion e e B Anakzond Techasioges [ Soces Gosws Gaoor :
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o o e B el X1 3 [Tl Exosoma prrssse P
Ty e
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Structure of the Calibration Certificate '@'

TiiBiTAK

Calibration Certificate Content

~ Administrative Data (ADD)
~ Conditions (CON)
- Comments (COM)

Result of Measurement (RoM)

Obtaining the ADD, CON, COM \ 4

TiBiTAK

3 Administrative Data (ADD) [ ]
|
| | Conditions (CON) |
- |
\7 Comments (COM) -
Transformation MS Excel Files
Institutional Database API, Special Software containing

ADD, CON, COM Data
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RoM Complexity of Calibration Certificates \ 4

Harmonization of RoM Table Structures TUBITAK

UME
\

Ki ol

Cc4

FREQUEN ‘

‘ PHASE : VOLTAGE- VOLTAGE

q THERMOCOUPLE ‘
| AC CAPACITANCE MEASUREME
R
WAVE GENERATOR (1Mohm)
g\q LEVELED SINUSOIDAL WAVE : HARMONIC
] Sd Frequency Harmonic Lower Limit Measured Value Upper Limit Uncertainty
wof| [ | S9 [ soknz 2 C -39,30 4B -33,00dB 0,71d8
—1 | Sd 50 kHz 3 = -49,47 dB -46,00 dB 0,44 dB
— | Sq 50 kHz 4 - -71,45dB -46,00 dB 1,89 dB
— | § 50 kHz 5 - -81,51dB -46,00 dB 0,94 dB8
32| 100 kHz 2 - -46,03 dB -33,00dB 0,30 dB
= 4 R [Coowee 3 5 5052dB | 38,0048 0,508
||| Sq 100 kHz 4 - -77,45 dB -38,00 dB 1,19 dB
_"l - Sq 100 kHz 5 - -80,61 dB -38,00 dB 1,36 dB
— Sq 200 kHz 2 - -45,67 dB -33,00 dB 0,36 dB
1 ?i 200 kHz 3 - -51,84 dB -38,00 dB 0,75 dB
I — 200 kHz 4 - -82,01 dB -38,00 dB 1,30 dB
Sd AAA Ll & 67 46 A0 A6 An A0 4 an a0

Examples of the Measurement Result Tables \ 4
Harmonization of RoM Table Structures TUBITAK

UME

RF Cikis Gucu Seviye Dogrulugu Testi |
RF Output Power Linearity Test
Frekans Olglilen Giig

Frequency Measured Output Power

(MHz) dBm

RF Cikis Gucu Seviye Dogrulugu Testi
RF Output Power Linearity Test

Frekans Cikis Giicii Qlgiilen Giig
Frequency Output Power Output Power
(MHz) (dBm) (dBm)

RF Cikis Giici Seviye Dogrulugu Testi

RF Output Power Linearity Test
Frekans | Cikis Giicli Olgiilen Giig Fark
Frequency | Output Power Measured Output Power Difference
(MHz) (dBm) (dBm) (dB)

IYansima Katsayisinin Lineer Genligi ve Fazi (|S11|<6) |
[The Linear Magnitude and Phase of The Reflection Coefficient (|S11|<©

B | soe 511

Frequency Magnitude (|S11]) Phase(Q)

GHz)
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Commonalized ROM Tables
Harmonization of ROM Table Structures TUBITAK

UME
Old Templates New Templates

IRF Cikis Guicli Seviye Dogrulugu Testi | RF Cikis Giicii Seviye Dogrulugu Testi |
IRF Output Power Linearity Test RF Output Power Linearity Test

Frekans Olgiilen Giig Frekans Alt Limit Olgiilen Giig Ust Limit

Frequency Measured Output Power Frequency Lower Limit Measured Output Power Upper Limit

(MHz) dBm (GHz) (dB) (dBm) (dB)
IRF Cikis Glct Seviye Dogrulugu Testi RF Cikis Glicl Seviye Dogrulugu Testi
RF Output Power Linearity Test RF Output Power Linearity Test
Frekans Cikis Giicu Olgiilen Giig Frekans | Cikis Giicii | Alt Limit Olgillen Giig Ust Limit

| Frequency | OutputPower | Measured Output Power Frequency | Output Power | Lower Limit | Measured Output Power | Upper Limit

(MHz) (dBm) (dBm) (MHz) (dBm) (dB) (dBm)

RF Cikis Glicu Seviye Dogrulugu Testi RF Cikis Glicl Seviye Dogrulugu Testi

RF Output Power Linearity Test RF Output Power Linearity Test
Frekans | Cikis Giicli Olgiilen Giig Fark Frekans |Cikis Glicl Olgiilen Giig AltLimit | Fark

Frequency | OutputPower | Measured Output Power Difference Frequency | Output Power | Measured Output Power| Lower Limit| Difference
(MHz) (dBm) (dBm) (dB) MHz) (dBm (dBm) (dB) (dB)

Yansima Katsayisinin Lineer Genligi ve Fazi (|S11]<6)
The Linear Magnitude and Phase of The Reflection Coefficient

Frekans Biyiklik (|S11]) Frekans i‘:{:m‘ B“é‘;':'l‘)’k DR Ffif“‘:" Faz (8)
) Magnitude | Magnitude | Magnitude Phase
Frequency | Magnitude (|S11)) Freauency || oyer Limif (S11)) |Upper Limi Lower Limit] "12¢(@)
GHz (GHz) @) ©)

Commonalized RoM Table Examples
T e e Y S s S s S e e e vmansnva= | TOBITAK

UME

o
= s e vt | ven | it
erems i [ e
= e
b
b R £ > 3 — =
i wu - e pes = 0 m pr=—1 L
i =% an ax o » b 23
b =% eu o ax = R ==
i =n e o o = - s
s ne ax ax ax ® v m ghesion
i *n 2 &n o ) - — 230015
' et = o o ® - 2
' 28 ] e o « - + 2svan
b 3 2 a2 s o . - =
— an e e ax =
h =z = s o ¥
o — vy ax o e =
b kT s se o =
— an b s o ©
F— = e & =
- — v ce o =
- na e e o ®
§ = - b b x ® oz
| — 2w iz s o = =z
| — - e by e ax x noom
- e =n P e en = wz =
— e mn w ca e © scomm S
b ” 1 mem an P o © 0 e Jelirsizligi-2|
4 = T b s ax = s  —
- s wa e an b ® Eam
| — Bd mw o s e ® = e
- =x  ne b s - = - e Uncertainty-|
- nr  we e s s = = e
B a ne  ae w as so = = xsoa 2
- n = s <o = - ey
i ne  ne vy ase o = 5w e a
z > ns  we e s o = & ws mmm = e Birim
I = wm = o by » ® M mew e o — |
> — En  wn b s ia » ©  w mme n 2w 001
- - ax = s 2o = @ A mme w) aswe A
- W we o aw s b * B w4 o
| — an wm 5 e - - e : 2 ms e o e 0,01
- ws om o e s ° 2o * % % meos m teawe —_——
| — R ] as M aa > % wi emwm a o 0,01
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- — - we 2 e s b e * ® = oem n 2mea
- N am ¢ um = > “ : R e 02
- wx wm s am o » b —_—
 — wz wm s sa s = P 02
— R —) s » v L 2- |
- e s b = sa 0,
- w2 wm i em s = b 2
| — s wa § aw s » e i
| — mm wm s s . = b
- w2 oE s oaw - = v
F—1 Gn B8 3 - = P
 —7 T = = b
- o = = e
— R T = = pry
-1 €S s = = = e
f > b
' = e
b = =

2026-05-11 18:53 Page 504 of 520



Transfer of the Input Data to DCC

INPUTS: ADD; CON, COM, ROM

(MS Excel)

OUTPUT: DCC (XML based PTB DCC Schema)

Transfer of the Input Data to DCC

Digital Calibration Certificate Creater - DC3

A

—TiBiTAK —

Welcome Omer

Convert certificate from machine

DC3 application

6" international DCC-Conference
2026-02-24 to 2026-02-26

A

TiiBiTAK

A

TiBiTAK
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Transfer of the Input Data to DCC

6" international DCC-Conference

20

26-02-24 to 2026-02-26

A

Digital Calibration Certificate Creat [:,‘::::; -
O ——r
# poc s - o x
= [pe—
i
u " E e Fle Ses o For AP
B
. &
Please double click on the cell of the first row and column containing the measurement value
e A |8 5 [ € v [ H [
EE - -
2 [UTHRU kalibras... 2.4 mm igin bell..
3 [WsEv Makro program..
P follow the steps below 1 select 1 4 [31072025000..
mesrement cesois are selected i e | s
vt i o o o Pk o [Crvemma
B | =
8 | Frexans Gergel Bllejen __| Gergel Bilegen | Gergel Bilegen .| Gergel Bilegen B._ | Sanal Bilegen Al_ | Sanai Bilegen | Sanal Bilegen U ¢
Sindbint R 9 | Freauency Real Componen... | Real Component | Real Componen... | Real Componen...[imaginary Com... |imaginary Com... |Imaginary Com... fn
4 Seheced Eron Shemt 0 Now P g
" 0.00487871866... 0.0085 0,001780820 o
5 12 o) 0,00712162266.. 0,0005 000105403233 o,
6 13 [03 00085 ~0.00691533433... 0
14 [os 0003747656 0,0085 -0.01506628 o
15 [07 -0.00692943833... 00085 -0,01791263000.. 0
— 16 (09 0.0085 ~0,01269772999.. o
om Cmen w7 v ~0,02097714666.. 0.0085 -0,00620414633... 0
w 2 0,00765785433... 0,0065 001231998333 Ohi
e ———— v 3 ~002217005 00085 000737919399 0
20 |4 002343933333 00085 002051773333 o
ox
TUBITAK NATIONAL METROLOGY INSTITUTE Excel file selection successfu

RoM Table Transfer Rules with DC3

e Ordering columns in the RoM tables must be placed on the left side of the table
in MS Excel; multiple ordering columns may be added if needed.

e Lower and upper limit columns must always be present, even if no limit values
are provided in MS Excel. If the column is left empty, they will not appear in the

generated certificate.
e DC3 application automatically detects columns containing the term

“Uncertainty”. Measurement tables in MS Excel must use “Uncertainty” as the

column header in accordance with the quality system.
e DC3 can transfer multiple tables from Excel at once.

e Tables intended as input for DC3 can be positioned side by side in MS Excel

with one column space.

e DC3 automatically removes unused columns (upper / lower limit) in a RoM table

during the DCC transfer.

o Measurement tables with different row counts are all processed and structured

correctly.

A

TiBiTAK
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The Advantages Provided by DC3 v @
« Contributions to the Existing Human-Readable UME TUBITAK
Calibration Certificate Process - e

 Simplified handling of two significant figures issues
» Improved and standardized tabulation structure

Frekans (GHz) Reel Bilegen (x) Reel Bilegen
Freguency (GHz) Real Component Belirsizligi
x) Real Component —
Uncertainty T
0,0001 0,0028 0,0055 R 2 —
0,0002 0,0028 0,0055 — == b e
0,0003 0,0028 0,0055 ; % A
0,0004 0,0028 0,0055 —E==- = ot
0,0005 0,0028 0,0055 - . - .
0,0006 0,0028 0,0055 e =D
0,0007 0,0028 0,0055 == 4 |
=5 — =

——t .

The Advantages Provided by DC3 \ 4

« Contributions to the Existing Human-Readable Calibration Certificate Process ~ TUBITAK

+ Simplified handling of ambiguous digit issues
* Improved and standardized tabulation structure

TUBITAK TUBITAK TUBITAK
ULUSAL METROLOJI ENSTITUSU ULUSAL METROLOJI ENSTITUSU
NATIONAL METROLOGY INSTITUIE NATIONAL METROLOGY INSTITUTE
Tablo 1, 8494H_0001_4dB Ginig Yansima Katsayis (S11=x+y) Tablo 1, B494H_0001_4dB Giris Yansima Katsayis (S11=x+y)
Tabie 1. 5494H_0001_4dB Input Reflecton Cosfficent (S11=x+jy) Tabie 1. B494H_0001_4dB input Reflection Cosfficent (S11=x4jy]
Frekans (GHz) | Reel Bilesen (x) | Reel Bilesen | Imajiner Bilegen | Imajiner Bilesen Frekans (GHz) | Reel Bilesen (x) | Reel Bilesen | Imajiner Bilesen | Imajiner Bilesen
Frequency (GHz) | Resi Companent Belirsizligi ) Belirsizligi Frequency (GHz) | Real Companent Belirsizligi ) Belirsizligi
() Rest Companent Imagmary Imagunary () Real Companent Imagmary Imagnary
[ t fy) G ' Uncertainty Component (y) Component
Uncertain Uncerainty
L T0020 055 00T e e, — — FeviET rovr —
0,0002 0,0028 0055 0001 0055 15 -0,0039 0042 0,0082 004
0,0003 0,0028 0055 0001 0055 2 0,012 0041 00114 0,004
0,0004 0,0028 0055 0001 0055 24 0.0126 0052 -0.0016 0,005
10,0005 0,0028 0055 0001 0055 26 0.01 0049 10,0025 0,004
10,0006 0,0028 0055 0001 055 E] 0,01 0049 0,0108 0,004
10,0007 0,0028 0055 0001 0055 4 -0,0195 0041 -0,0031 10,0041
0008 0,0028 0055 0001 0055 42 20,0184 0051 -0.0086 0,005
0009 0,0028 0055 0001 0055 48 20,0404 0048 0361 0,004
001 0,0028 0055 0001 0055 5 20,0150 0052 0448 0,005;
002 0,0029 0055 0002 0055 8 408 0045 0,035 0,004
003 0,0030 0055 0002 0055 7 0266 0041 20,0170 0,004
004 0,0032 0055 0003 0055 8 0,037 0045 0031 0,004
008 0,0032 0055 0003 0055 82 20,0327 004 0,0166 0,004
005 0,0033 0041 0004 0041 84 0,020 004 00272 0,004
007 0,0033 0041 0003 0041 ] 0,0167 0050 0467 0,0050
008 0,0034 0041 0003 0041 10 0,0429 004 ~0,0082 0,0041
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Conclusion '@

TiiBiTAK

* Measurement result tables in various formats have been transformed to a single /
common format.

* The DC3 software enables the transfer of the measurement result tables to XML based
DCC by performing rule based / deterministic parsing.

» The support of the DC3 software has facilitated the challenging tasks of table
numbering and determining two significant figures when creating a human-readable
format.

Thank you for your attention ? v

TUBITAK
Questions

@) ® |
W TiBiTAK 2

Towards
a brighter future

with S Contact: .
thepower — erkan.danai(:l(d)“ttibltak.qov.tr

ofmetrology

[ 7 .
ACCURACY % TiBiTAK
CENTERfo

TECHNOLOGY
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Metrologichna str. 4, 03143 Kyiv, Ukraine
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Abstract

Digital Calibration Certificates (DCCs) enable automated data exchange, traceability, and
reduction of human errors compared to traditional PDF or paper-based certificates. Antennas
widely used in electromagnetic compatibility and radiated emission measurements must be
calibrated to ensure traceable and accurate determination of the electromagnetic field strength
in test laboratories.

The electric field strength is expressed in volts per meter (V/m), and the magnetic field
strength in amperes per meter (A/m). For measuring antennas, the antenna factor (AF) is the
primary calibration quantity, since measuring antennas act as field-to-voltage transducers con-
verting electromagnetic field quantities into electrical signals. AF is typically expressed in log-
arithmic units such as dB/m for electric antennas and dB(A/m)/V for magnetic antennas.

Antenna calibration results are frequency-dependent, and logarithmic units (dB) are com-
monly used in Radio Frequency metrology. Hybrid data structures in DCCs allow representa-
tion in both SI and logarithmic units (see Figure 1) [1], while list-based structures are recom-
mended for frequency-dependent calibration data [2], For measuring antennas, DCCs must
include antenna factor, reflection coefficients, and expanded uncertainty over a frequency
range.

<dcc:quantity "basic_measuredValue">
<dcc:name><dcc:content "en">Antenna Factor</dcc:content></dcc:name>
<si:hybrid>

<si:reallistXMLList>

<si:valueXMLList>1.2 1.5 1.3 1.4</si:valueXMLList>
<si:unitXMLList>\metre\tothe{-1}</si:unitXMLList>
</si:reallListXMLList>

<si:reallListXMLList>

<si:valueXMLList>1.58 3.52 2.28 2.92</si:valueXMLList>
<si:unitXMLList>\decibel\metre\tothe{-1}</si: :unitXMLList>
</si:realListXMLList>

</si:hybrid>

</dcec:iquantity>

Figure 1. XML hybrid structure for the Antenna Factor example

References:

[1] Digital System of Units D-SI, [https://zenodo.org/records/3522631], last accessed:
31.01.2026

[2] Digital Calibration Certificate (DCC) - Wiki, [https://wiki.dcc.ptb.de], last accessed
31.01.2026
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Presentation #039 of Serhii Kursin

6th International DCC Conference
From Good Practice to Standardization: DCC for a Reliable Future

Peculiarities of Data Representation in DCC
for Measuring Antennas

Serhii Kursin, Oleh Velychko
State Enterprise “UKRMETRTESTSTANDART”, Ukraine
Speaker: Serhii Kursin

Motivation
From PDF Certificates to Digital Calibration Certificates

+Digital transformation is reshaping modern metrology
*Industry 4.0 requires machine-readable calibration data
*Traditional PDF certificates are human-readable only
Limited support for automation and interoperability

+Digital Calibration Certificates (DCC) address these limitations rwwstons WITINES T
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Measuring Antennas

Antennas dedicated Electronic Electronic Technical surveillance
to EMC test warfare intelligence assets  countermeasures
systems (TSCM)

Why Antenna Factor Instead of Gain

Original Signal
Standing Wave

Reflection

Gain - radiation efficiency VSWR - matching quality

Eincident

Transmitter

Eincident

Antenna Factor = -
Vreceived

Antenna Factor - metrological transfer function

Yxkpmerprect
e

Only the antenna factor provides traceable field strength evaluatiof
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Units in Antenna Metrology

Electric field strength — V/m Magnetic field strength — A/m
AFp(f) = % AFu(f) = %
linear units: 1/m linear units: (A/m)/V
AFg(f) = 20logy, (52;;) AFy(f) = 20logy, (522)
logarithmic units: dB/m logarithmic units: dB(A/m)/V

E(f) = AF(f)-V(f)

Eiuv/m = Vapuv + AFyp/m

Sl and logarithmic units must coexist in DCC representation /

Frequency-Dependent Nature

Antenna Factor

= = $
!r&‘ < , IS 3
\ 3
\
> 15
) 0 100 200 300 400 500 600 700 800 900 1000

Frequency [MHz]

\ (‘
/y
7 \
\
=
Antenna Factor [dB/m]
T~

Calibration must be provided over the full frequency range

AF:{AFI’AF27"'7A\1’}7 f:{fl’f25"'7 N}

Antenna factor is strongly frequency-dependent

/ ,

2026-05-11 18:53 Page 512 of 520



6" international DCC-Conference
I‘,‘i PTB 2026-02-24 to 2026-02-26
=|
Digital Calibration Certificates and Data
Representation Challenges

L

Frequency Table

Frequency
list quantity

Structured semantic representation of frequency-dependent antenna data

Hybrid semantic representation ensures machine-actionable/
antenna calibration data.

Real Calibration Example
Model: SAS-510-2 Log Periodic Antenna 290 MHz - 2 GHz

Log-periodic antenna calibration
Frequency range: 1-2 GHz

) e /) o) )]
1.0 7.1 2.0

22.2
1.2 243 6.6 2.0
1.5 26.9 6.5 2.0
1.7 28.4 6.5 2.0
2.0 30.6 5.5 2.0

Hybrid semantic representation ensures machine-actionable/
antenna calibration data.
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XML Example

'basic_measuredValue">

="en">Antenna Factor</dcc:content>

ncy -->
J<dcc:quantity refType="basic_influenceQuantity">
| name> | <si:hybrid>
ontent lang="en">Frequency</dcc:content>
</dcc:name> : =BT 0
| <si:realListXMLList> ) <si:reallistXMLList>

<si:valueXMLList>
12.88 16.41 22.14 26.30 33.88
</si:valueXMLList>
<s XMLList>\metre\tothe{-1}</si:unitXMLList>
</si:realListXMLList>

<si:valueXMLList>
1.0e9 1.2e9 1.5e9 1.7e9 2.0e9
</si:valueXMLList>
<si:unitXMLList>\hertz</si:unitXMLList>
</si:realListXMLList>
</dcc:quantity>

<!-- Log -->
<si:realListXMLList>
<si:valueXMLList>
22.2 24.3 26.9 28.4 30.6
</si:valueXMLList>
<si:unitXMLList>\decibel\metre\tothe{-1}</si:unitXMLList>
</si:reallistXMLList>

ybrid>
</dcc:quantity>

Frequency-dependent antenna data require structured semantic
representation. / i

XML Example

<!-- VSWR (Standing Wave Ratio) -->
<dcc:quantity refType="basic measuredValue">
<dcc:name>
<dcc:content lang="en">VSWR</dcc:content>
</dcc:name>
<si:realListXMLList>
<si:valueXMLList>
1.91.6 1.8 1.4 1.7
</si:valueXMLList>
<si:unitXMLList>\one</si:unitXMLList>
</si:realListXMLList>
</dcc:quantity>

<!-- Expanded Uncertainty ——>
<dcc:quantity refType="basic uncertainty">
<dcc:name>
<dcc:content lang="en">Expanded Uncertainty</dcc:content>
</dcc:name>
<dcc:coverageFactor>2</dcc:coverageFactor>
<si:realListXMLList>
<si:valueXMLList>
2.0 2.0 2.0 2.0 2.0
</si:valueXMLList>
<si:unitXMLList>\decibel</si:unitXMLList>
</si:realListXMLList>
</dcc:quantity>

List-based semantic structures preserve measurement meaning and
traceability. / '
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Conclusions

B Real antenna calibration certificates include multiple parameters (gain, VSWR, antenna factor)
. Antenna factor remains the key metrological quantity for traceable field-to-voltage conversion
. Antenna calibration results are inherently frequency-dependent

. Structured list representations are required in Digital Calibration Certificates

. Hybrid and list-based data structures enable machine-readable antenna metrology

Thank you for your attention

Serhii Kursin, Ph.D., Senior researcher
kursin@gmail.com
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Closing Session:

Summary of the 2026 conference and outlook for the 2027 DCC
conference

6w INTERNATIONAL DCC CONFERENCE

FROM GOOD PRACTICE TO STANDARDIZATION: DCC FOR A RELIABLE FUTURE

Final Numbhers of the DCC Conference 2026

[ ]
- . ®_.0 .
' 47 presentations ..- > 600 registered
[ ) participants
ey
o A 3 panel sessions
o0 0 9 parallel sessions
L 1 T ]

82 countries

m 4 open exchange sessions

GruINTERNATIONAL BEC CONFERENCE

FROM GOOD PRACTICE TO STANDARDIZATION: DCC FOR A RELIABLE FUTURE
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A huge Thank You to the Conference Chairs

Session
DAY 1
Plenary Session Jariya Buajarern
DCC in digital QI Brett Hyland
DCC Production | Carlos Galvan
Digitalization to enable DCC Mark Kuster
DAY 2

Plenary Session

Anjali Sharma

DCC Ecosystem

Martin Koval

DCC Tools and Development |

James Fedchak

DCC Management

Shanna Schénhals

DAY 3

Plenary Session

Hector Laiz

DCC Tools and Development |1

Hugo Gasca Aragon

DCC Use Case

David Balslev-Harder

i,

THINTERNATIONAL DCC CONFERENCE

FROM GOOD PRACTICE TO STANDARDIZATION: DCC FOR A RELIABLE FUTURE

DCC Production Il Thomas Krah

A huge Thank You to the Conference Team

Oksana Baer
Franziska Decker

Lutz Doering
Muhammed-Ali Demir
Wiebke Heeren

Justin Jagieniak

Moritz Jordan
Jan Loewe

PIB

GruINTERNATIONAL DCC CONFERENCE

FROM GOOD PRACTICE TO STANDARDIZATION: DCC FOR A RELIABLE FUTURE
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Conference Proceedings and Recordings

* All presenters will be requested to provide updated slides and
Author‘s License Agreement until end of March 2026

* Conference Proceedings will be published directly afterwards,
open access and free of charge for presenters

* Recordings will be available on the conference website beginning
of March 2026 for registered participants

e https://www.dcc-conference-2026.ptb.de/6th-international-dcc-
conference

GruINTERNATIONAL DCC CONFERENCE

FROM GOOD PRACTICE TO STANDARDIZATION: DCC FOR A RELIABLE FUTURE

* IMEKO TC6 SC "International Cooperation (M4DX)“ newly
established

* More information and contactvia
https://www.imeko.org/index.php/tc6homepage

GruINTERNATIONAL DCC CONFERENCE

FROM GOOD PRACTICE TO STANDARDIZATION: DCC FOR A RELIABLE FUTURE
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See you at the DGC Conference 2027

* 2027 will be special: 10 years of DCC

* Hybrid conference —in PTB Berlin and
online

* 22.—24. March 2027

* Looking forward to meeting you again!

Back to Table of Contents above

Statistical information:
Number of participants by continent

Number of participants by continent

Oceania; 3% Africa; 6%
Americas:

Asia; 28%

Europe;
48%

M Africa M Americas M Asia B Europe M Oceania
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Number of participants by Background

Number of participants by Background

.Resear.ch ) Standardisation; 1% Accreditation; 5%
Institute/University . .
4%, Calibration

Laboratory
Other 18%

3%
Governmental
Institute; 7%
Industry; 8%

Metrology Institute
54%

M Accreditation M Calibration Laboratory B Governmental Institute M Industry

W Metrology Institute W Other M Research Institute/University B Standardisation
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