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Motives, Improvements & base for the proposal
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b (l)?llo = Facilitate the adoptability of the DCCs. (Simpler software)
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Why?

= |ncrease in the interoperability between Calibration Certificates.

= Facilitate the adoptability of the DCCs. (Simpler software)

= |ncrease the usefulnhess of the Calibration Certificates.

What?
= (Classify the Calibration Certificates having in mind FAIR principles

How?
= Use a classification that already exists. (Consultive Comitees’s Services)

= Link the DCC to the S| Reference Point.

= Use a structurization that is already accepted by Metrological Communities.
(NCSLI MIl Taxonomy)

https://github.com/NCSLI-MIl/measurand-taxonomy/
https://www.metrology.net/multical/metrology-taxonomy/
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B Case of study: Calibration Certificate
MRA & KCDB

Reconnaissance mutuelle

des étalons nationaux de mesure

et des certificats d'étalonnage et de mesurage
émis par les laboratoires nationaux de métrologie
Paris, le 14 octobre 1999

5 technique révisé en octobre 2003 (pages 17-20)

Mutual
Recognition of
- Calibration
Certificates issued

by NMls

o
Mutual recognition |

of national measurement standards

and of calibration and measurement certificates 1
issued by national metrology institutes ==

Paris, 14 October 1999 1

Technical Supplement revised in October 2003 (pages 38-41) |

PLL LT T TN

www.bipm.org/en/cipm-mra/cipm-mra-documents
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MRA & KCDB

Reconnaissance mutuelle
des étalons nationaux de mesure
et des certificats d'étalonnage et de mesurage
émis par les laboratoires nationaux de métrologie = 2
Paris, le 14 octobre 1999 .
S technique révisé en octobre 2003 (pages 17-20) @ ABOUT US COORDINATION LIAISON TECHNICAL/SCIENTIFIC PUBLICATIONS & EVENTS Q
- 3 +t,KCDB The CIPM MRA database (KCDB)
( )
Mutual
Recognition of What is the KCDB? The Key Comparison Data
The KCDB is a freely available web resource related to the CIPM Mutual Recognition Arrangement (CIPM .
=9 Calibration e ey Base (KCDB) is the framework
.. . HELP ON THE KCDB I The CIPM MRAis the framework through which National Metrology Institutes demonstrate the 1 H
: Ce rtlflcates |Ssued | international equivalence of their measurement standards and mutual acceptance of the calibration and | | __» through WhICh N M IS
1 e J_mensurement cortificates (Y ISSUE; | o o e e o o o o o o o demonstrate the mutual
: by N M IS API KCDB Outcomes of this Arrangement included in the KCDB include:
= e e . .
: Mutual reCOgnItlon 1 : S 2 the internationally recognized Calibration and Measurement Capabilities (CMCs) of the participating a Cce pta n Ce Of th e Ca I | b rath n
- institutes o pe .
: and of cahbrc;ft2?:‘;::I":r;eaasiur;emn;iTcset::%?;::: : : the results of scientific comparisons underpinning these CMCs, Ce rt |f| Cate t h ey |ISsue.
1 issued by national metrology institutes = =1= The comparison and CMC data in the KCDB have been approved through a peer-review process within \_ Yy,
1 Paris, 14 October 1999 the CIPM MRA. Participating institutes also operate quality systems meeting appropriate international
1 N . N . y 1 standards, and have had these systems reviewed and accepted in order to have their results published
1 Technical Supplement revised in October 2003 (pages 38-41) | in the KCDB.
\
www.bipm.org/en/cipm-mra/cipm-mra-documents www.bipm.org/en/cipm-mra/kcdb
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B Case of study: Calibration Certificate

KCDB Reports & Classification of Consultive Comitees’s Services (CC Services)

m METROLOGIA (1)

Content type
Final Report (54)

Type
Document (54)

Metrology area

Electricity and Magnetism 3

Comparison Type
Key comparisons (37)

Supplementary comparisons
(15)

Publication Year
2021 (6)
2020(8)
2018 (4)
2017(3)
2015(3)
2014(4)
2007 {6)

KCDB(2)  JCTLM (0)

I Final Report: EURAMET.EM-537-Annex 5

Comparison of Instrument Current Transformers up o 10 kA
2021

| Final Report: APMP.EM-SE
Comparison of resistance standards

2004
(o
| Final Report: CCEM.RF-K9.1 1
Excess noise ratio / nolise [ernperature L -------
2009 1
| S ————— )

| Final Report: EURAMET.EM-541

Comparison of a Zener diode standard
2020

I Final Report: BIPM.EM-K12 - NMIj 2018

Quantum Hall resistance standards and their scaling to other resistance values

2020

| Final Report: APMP.EM-513

DC magnetic flux density
2014

www.bipm.org/kcdb/cmc/advanced-search

Analog reports to
support the CMCs.
(Digitalization on the
way)
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Document (54)
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Key comparisons (37)

Supplementary comparisons
(15)

Publication Year

2021 (6)
2020(8)
2018 (4)
2017(3)
2015(3)
2014(4)
2007 {6)
2006(2)

KCDB(2)  JCTLM (0)

| Final Report: EURAMET.EM-537-Annex 5
Comparison of Instrument Current Transformers up o 10 kA
2021

| Final Report: APMP.EM-S6
Comparison of resistance standards
2004

(r=—==
| Final Report: CCEM.RF-KS.1 1

Excess nolse ratio / noise temperature | T

1

1 2009 1

e —————
| Final Report: EURAMET.EM-541

Comparison of a Zener diode standard
2020

| Final Report: BIPM.EM-K12 - NMIj 2018

Quantum Hall resistance standards and their scaling to other resistance values

2020

| Final Report: APMP.EM-513

DC magnetic flux density
2014

Analog reports to
support the CMCs.
(Digitalization on the
way)

www.bipm.org/kcdb/cmc/advanced-search

#} 81 Digital Framework

CLASSIFICATION OF SERVICES

Version: 1.0 ;0 71, last update: 2024-06-14

Metrology Area: ALL KCDB ~

7
/
| KCDB Service Categories

Acoustics, Ultrasound and Vibration
JAUV

Length
/L

Photometry and Radiometry
/PR

Time and Frequency
ITF

o T

~

N ——————————————————————

si-digital-framework.org/kcdb-sc/

Electricity and Magnetism

/EM

Mass and Related Quantities

™

Thermometry
T

lonizing Radiation
/Rl

- —— -,

4

\-___________1____________¢
1
1

\
\

:

Digital classification
of CC Services
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Case of study: Calibration Certificate
Classification of Consultive Committee's Services (CC Services)

Classification of CC Services in:

ELECTRICITY AND MAGNETISM MASS AND RELATED QUANTITIES ACOUSTICS, ULTRASOUND AND VIBRATION

BRANCH: AC VOLTAGE, CURRENT, AND POWER BRANCH: FLUID FLOW BRANCH: Vibration
5. AC voltaje (up to the MHz range) 9. Fluid Flow 21. Linear Vibration
5.2. AC voltaje up to 1100 V 9.10. Fluid Flow 21.3. Acceleration measuring chain / accelerometer
5.2.1. Sources: multifunction calibrator. 9.10.1. Liquid Flow. 21.3.1. Charge sensitivity
SIRP: EM/AC-5.2.1 Sources 9.10.2. Gas Flow 21.3.1.1 Modulus: frequency
5.2.2. Meters: AC voltmeter, multimeter, multifunction transfer 9.10.3. Quantity of Fluid 21.3.1.2. Phase: frequency
standard.
9.10.4. Flow Speed (...)

SIRP: EM/AC-5.2.2 Meters

THERMOMETRY LENGHT

BRANCH: TEMPERATURE CLASS: 2. Linear Dimensions

. s 2.4. Diameter standards
2. Temperature — Items used for disseminating ITS-90 and PLTS 2000

2.2. Resistance thermometers SERVICE CATEGORY INSTRUMENT OR ARTIFACT MEASURAND
2.2.2. Industrial platinum resistance thermometers (IPRTs). 2.4.1 external cylinder (plug, piston, pin, wire) diameter
SIRP: T/T-2.2.2 Platinum resistance thermometers (PRTs)

2.4.2 internal cylinder (ring) diameter
243 sphere (ball) diameter

www.bipm.org/en/cipm-mra/cipm-mra-documents
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Case of study: Calibration Certificate
CMC linked to a CC Service — EM Services — item 5.2.2 — Case of Study

. GROUP ID SERVICE PROVIDER  *

Argentina
INTI

INSTRUMENT OR
ARTIFACT UNDER
STUDY

AC voltmeter,
multimeter,
multifunction transfer
standard

www.bipm.org/kcdb/cmc/advanced-search

Calibration and Measurement Capability (CMC)

CODE

Data Base for humans (Digitalization on the way)

INSTITUTE SERVICE -

- COMMENTS

INTIL/102.02.04.05.10.001

INSTRUMENT TYPE &

OR METHOD APPLIED ™

AC/DC transfer

VALUE CMC

[0.06 to 10007V

\4

- BRANCH

AC voltage, current,

and power

EXPANDED
UNCERTAINTY CMC

[1.0E1 to 3.0E2] pviv
Uncertainty table

- SERVICE

MHz range)

PARAMETERS

Frequency : 10 Hz to 1
MHz

- QUANTITY

AC voltage (up to the

1

AC voltage (up to the
MHz range): AC voltage
ratio up to 1100V, real
component (or
madulus)

APPROVAL DATE

2013-08-06




Case of study: Calibration Certificate
CMC linked to a CC Service — EM Services — item 5.2.2 — Case of Study

Calibration and Measurement Capability (CMC)

Data Base for humans (Digitalization on the way)

\

. GROUP ID SERVICE PROVIDER  * ::”nsan e e - COMMENTS - BRANCH — SERVICE — QUANTITY —
/S ‘: o ‘: AC voltage (up to the
] 1 _ . -
i _ [ ! MHz range): AC voltage

- = 1 1 3 T : D = =
P 2SN 1 HINTI02.02.04.05.10.001! AC voltage, current ACvoltage (Wptothe o Upto 1100V, real

1IMNTI : 1 i and power MHz range)
! i H component (or
N e I P maodulus)

INSTRUMENT OR
ARTIFACT UNDER
STUDY

INSTRUMENT TYPE . VALUE CMC EXPANDED

- PARAMETERS
OR METHOD APPLIED UNCERTAINTY CMC

f 1

AC voltmeter, ! I
i Frequency : 10 Hzto1 ! I
multimeter, AC/DC transfer [0.06 o 1000] V LI-OF1 to SORI VAV RN } 2013-08-06 |
multifunction transfer Uncertainty table MHz : !
standard i J

www.bipm.org/kcdb/cmc/advanced-search




B Case of study: Calibration Certificate
CMC linked to a CC Service — EM Services — item 5.2.2 — Case of Study

Calibration and Measurement Capability (CMC)

Data Base for humans (Digitalization on the way)

\

. GROUP ID SERVICE PROVIDER  * ::”nsan TUTE SERVICE — COMMENTS — BRANCH — SERVICE — QUANTITY =
_________________________________ - S EE————————————, SEESSSE—E—E—E—E—E—————— sTTmEmEmEmEmmmm——————~
{ ‘: ( i [ i i :'F«C voltage (up to the ‘:
1 1 1 1 1 _ . -

H _ ! 1 | i 1 1 MHz range) AC voltage 1
- 5 1 1 3 T ' D |

| Argentin || 1INTI/102.02.04.05.10.001 i ACvoltage, current, 1 )y ACvoltage (uptothe 1§ 0 0t 1100V, real g
1IMNTI : 1 i ) 2nd power 1 1 MHz range) 1! :
' Il H ] A ! | component (or -
N ——— S A : 1 1 ! modulus) -
N e e e e 2 VA N J

INSTRUMENT OR
ARTIFACT UNDER
STUDY

INSTRUMENT TYPE . VALUE CMC EXPANDED

- PARAMETERS
OR METHOD APPLIED UNCERTAINTY CMC

f 1

AC voltmeter, ! I
i Frequency : 10 Hzto1 ! I
multimeter, AC/DC transfer [0.06 o 1000] V LI-OF1 to SORI VAV RN } 2013-08-06 |
multifunction transfer Uncertainty table MHz : !
standard i J

www.bipm.org/kcdb/cmc/advanced-search
6/ 15
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Calibration and Measurement Capability (CMC)

Data Base for humans (Digitalization on the way)
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INSTRUMENT OR
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STUDY

INSTRUMENT TYPE . VALUE CMC EXPANDED

- PARAMETERS
OR METHOD APPLIED UNCERTAINTY CMC

/ A ( 1
I AC voltmeter, . I i
: i . Frequency: 10 Hzto 1 ! 1
=p- | multimeter, ! AC/DC transfer [0.06 to 1000] V L1-OF1 to 3OR2THVAZ T AANENSY } 2013-08-06 |
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i standard J L J
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B Case of study: Calibration Certificate
CMC linked to a CC Service — EM Services — item 5.2.2 — Case of Study

Calibration and Measurement Capability (CMC)

Data Base for humans (Digitalization on the way)

\
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_________________________________ - S EE————————————, SEESSSE—E—E—E—E—E—————— sTTmEmEmEmEmmmm——————~
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H _ ! 1 | i 1 1 MHz range) AC voltage 1
1 1 I

| Argentin || 1INTI/102.02.04.05.10.001  ACvoltage, current, 4 4 ACvoltage (uptothe 14 0\ 001100V, real |
1IMNTI : 1 i ) 2nd power 1 1 MHz range) 1! :
' Il H ] A ! | component (or -
N ————— S 2 : 1 1 ! modulus) -
N e e e e 2 VA N J

INSTRUMENT OR

INSTRUMENT TYPE EXPANDED

ARTIFACT UNDER = VALUE CMC PARAMETERS

-
STUDY OR METHOD APPLIED UNCERTAINTY CMC

4 A ( S
| AC voltmeter, A S T S — , : E
' i N i il | Frequency:10Hzto1 1 I
multimeter, ! | IAC/DC transfer | 1 [0.06 to 1000] V { 1 [-0FT to 3.0E21VAVY - H P TEEREY | 2013-08-06 :
:multlfunctlontransfer L e : I Uncertaingy table ! Z i i
i standard S O O — F S — | P i

www.bipm.org/kcdb/cmc/advanced-search




Case of study: Calibration Certificate
AC Voltage for Multimeters — 5.2.2 Service — Case of Study

RANGE NOMINAL VALUE MODIFIER ERROR UNCERTAINTY K=2; 95%
Lab #1 200 mV 100 mV 0.04 kHz 0.000 mV 0.011 mV
200 mV 100 mV 1 kHz -0.003 mV -0.011 mV
200 mV 100 mV 20 kHz 0.002 mV 0.011 mV
RANGE REFERENCE VALUE MODIFIER DEVIATION MEASURED VALUE UNCERTAINTY K=2; 95% All Dev Ut of All Dev
Lab #2 200 mV 100.000 mV 0.04 kHz 0.000 mV 100.000 mV 0.011 mV +0.21 mV 5 % pass
200 mV 100.000 mV 1 kHz -0.003 mV 99.997 mV 0.011 mVv +0.21 mV 6 % pass
200 mV 100.000 mV 20 kHz 0.002 mV 100.002 mV 0.011 mVv +0.21 mV 6 % pass
RANGE NOMINAL VALUE MODIFIER ERROR MEASURED VALUE UNCERTAINTY K=2; 95%
Lab #3 200 mV 100 mv 40 Hz 0.000 mV 100.000 mV 0.011 mV
200 mVv 100 mVv 1000 Hz -0.003 mV 99.997 mV 0.011 mV

200 mVv 100 mVv 20 000 Hz 0.002 mV 100.002 mV 0.011 mV




B Case of study: Calibration Certificate
AC Voltage for Multimeters — 5.2.2 Service — Case of Study

C REQ / Set Up )

3

RANGE NOMINAL VALUE MODIFIER ERROR UNCERTAINTY K=2; 95%
Lab #1 200 mV 100 mV 0.04 kHz 0.000 mv 0.011 mV
200 mV 100 mV 1 kHz -0.003 mV -0.011 mV
200 mV 100 mV 20 kHz 0.002 mV 0.011 mV
)
)
RANGE REFERENCE VALUE MODIFIER DEVIATION MEASURED VALUE UNCERTAINTY K=2; 95% All Dev Ut of All Dev
Lab #2 200 mV 100.000 mV 0.04 kHz 0.000 mV 100.000 mV 0.011 mVv +0.21 mV 5 % pass
200 mV 100.000 mV 1 kHz -0.003 mV 99.997 mV 0.011 mVv +0.21 mV 6 % pass
200 mV 100.000 mV 20 kHz 0.002 mV 100.002 mV 0.011 mVv +0.21 mV 6 % pass
N——
)
RANGE NOMINAL VALUE MODIFIER ERROR MEASURED VALUE UNCERTAINTY K=2; 95%
Lab #3 200 mv 100 mv 40 Hz 0.000 mV 100.000 mV 0.011 mV
200 mVv 100 mVv 1000 Hz -0.003 mV 99.997 mV 0.011 mV
200 mVv 100 mVv 20 000 Hz 0.002 mV 100.002 mV 0.011 mV
N——




B Case of study: Calibration Certificate
AC Voltage for Multimeters — 5.2.2 Service — Case of Study

C REQ / Set Up ) ( REQ-OPT )
I_l |

A 4

( ) ( N\ ( )
RANGE NOMINAL VALUE MODIFIER ERROR UNCERTAINTY K=2; 95%
Lab #1 200 mV 100 mv 0.04 kHz 0.000 mV 0.011 mV
200 mV 100 mV 1 kHz -0.003 mV -0.011 mV
200 mV 100 mV 20 kHz 0.002 mV 0.011 mV
\ J L J J
( N\ N\ ( )
RANGE REFERENCE VALUE MODIFIER DEVIATION MEASURED VALUE UNCERTAINTY K=2; 95% All Dev Ut of All Dev
Lab #2 200 mV 100.000 mV 0.04 kHz 0.000 mV 100.000 mV 0.011 mVv +0.21 mV 5 % pass
200 mV 100.000 mV 1 kHz -0.003 mV 99.997 mV 0.011 mVv +0.21 mV 6 % pass
200 mV 100.000 mV 20 kHz 0.002 mV 100.002 mV 0.011 mV +0.21 mV 6 % pass
_ J J )
f— ' N a 3
RANGE NOMINAL VALUE MODIFIER ERROR MEASURED VALUE UNCERTAINTY K=2; 95%
Lab #3 200 mvV 100 mv 40 Hz 0.000 mV 100.000 mV 0.011 mV
200 mVv 100 mVv 1000 Hz -0.003 mV 99.997 mV 0.011 mV
200 mVv 100 mVv 20 000 Hz 0.002 mV 100.002 mV 0.011 mV
 C—— e J U J




B Case of study: Calibration Certificate
AC Voltage for Multimeters — 5.2.2 Service — Case of Study

( REQ-OPT )
|

( REQ-OPT / Result )

C REQ / Set Up )

A 4

N
RANGE NOMINAL VALUE MODIFIER ERROR UNCERTAINTY K=2; 95%
Lab #1 200 mV 100 mv 0.04 kHz 0.000 mV 0.011 mV
200 mV 100 mV 1 kHz -0.003 mV -0.011 mV
200 mV 100 mV 20 kHz 0.002 mV 0.011 mV
J
) A N\ 4 \
RANGE REFERENCE VALUE MODIFIER DEVIATION MEASURED VALUE UNCERTAINTY K=2; 95% All Dev
Lab #2 200 mV 100.000 mV 0.04 kHz 0.000 mV 100.000 mV +0.21 mV
200 mV 100.000 mV 1 kHz -0.003 mV 99.997 mV +0.21 mV
200 mV 100.000 mV 20 kHz 0.002 mV 100.002 mV +0.21 mV
J J J . J
RANGE NOMINAL VALUE MODIFIER ERROR MEASURED VALUE UNCERTAINTY K=2; 95%
Lab #3 200 mvV 100 mv 40 Hz 0.000 mV 100.000 mV 0.011 mV
200 mVv 100 mVv 1000 Hz -0.003 mV 99.997 mV 0.011 mV
200 mVv 100 mVv 20 000 Hz 0.002 mV 100.002 mV 0.011 mV
N—— y




Lab #1

Lab #2

Lab #3

C REQ / Set Up )

B Case of study: Calibration Certificate
AC Voltage for Multimeters — 5.2.2 Service — Case of Study

( REQ-OPT )
|

A 4

( REQ-OPT / Result )
1

A

( OPT / Result Metada )

( A 7 ™
RANGE NOMINAL VALUE MODIFIER ERROR UNCERTAINTY K=2; 95%

200 mV 100 mVv 0.04 kHz 0.000 mV 0.011 mV

200 mV 100 mV 1 kHz -0.003 mV -0.011 mVv

200 mV 100 mV 20 kHz 0.002 mV 0.011 mV
- J \_ J

\ 4 \ 4

s ) N\ N\ 7 \ (

RANGE REFERENCE VALUE MODIFIER DEVIATION MEASURED VALUE UNCERTAINTY K=2; 95% All Dev Ut of All Dev
200 mV 100.000 mV 0.04 kHz 0.000 mV 100.000 mV 0.011 mV +0.21 mV 5 % pass
200 mV 100.000 mV 1 kHz -0.003 mV 99.997 mV 0.011 mV +0.21 mV 6 % pass
200 mV 100.000 mV 20 kHz 0.002 mV 100.002 mV 0.011 mV +0.21 mV 6 % pass

. J J J . J \

RANGE NOMINAL VALUE MODIFIER ERROR MEASURED VALUE UNCERTAINTY K=2; 95%

200 mV 100 mV 40 Hz 0.000 mV 100.000 mV 0.011 mV

200 mVv 100 mVv 1000 Hz -0.003 mV 99.997 mV 0.011 mV

200 mVv 100 mVv 20 000 Hz 0.002 mV 100.002 mV 0.011 mV
N—— J \ ) \ J




B Case of study: Calibration Certificate
Case of study: Conclusions

------------------------------------------

s N

4 . .

I KCDB Service Categories ‘l
! 1
l !
: Acoustics, Ultrasound and Vibration Electricity and Magnetism :
1w /EM I
1 1
1 1
1 Length Mass and Related Quantities :
: /L M :
1

- ;
1 1
| Photometry and Radiometry Thermometry '
1R m !
1 1
1 . L !
: Time and Frequency lonizing Radiation :

/RI
\_| [TF ll

Calibration Certificates can be
classified by Consultive Committees’s
Services (CC Services) even without
CMCs involved
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Case of study: Conclusions

------------------------------------------

/ KCDB Service Categories N
! 1
b 1
: Acoustics, Ultrasound and Vibration Electricity and Magnetism i
A /EM i
I i ( . . . pe A
: . Calibration Certificates can be
: Length Mass and Related Quantities | . . . ,
e " 1 I .| classified by Consultive Committees’s
| Photometry and Radiometry Thermometry i Services (CC Services) even without
1R m ! .
: i CMCs involved
: Time and Frequency lonizing Radiation : = >
‘\ TF /RI J
!( REQ / Set Up ) ( REQ-OPT ) ( REQ-OPT / Result ) E
1 | I i
i ( . Y ( \ ( N 2 i . .
i RANGE NOMINAL VALUE MODIFIER ERROR UNCERTAINTY K=2; 95% i Harmonization of DCC
i 200 mV 100 mV 0.04 kHz 0.000 mV 0.011 mV i---» structures is possi ble
i 200 mV 100 mV 1 kHz -0.003 mV -0.011 mV i .
i 200 m\y 100 mV 20 kHz 0.002 mV 0.011 mv | based on CC services
1 \ J \ J J U J i \ <
: :

-------------------------------------------------------------------------------------------




B Case of study: Calibration Certificate

Discussion

Further discussion

Should the Consultive Committees Service be extended and clarified to be used
for the Calibration Certificates?

1 Traceability
of the Sl units

Increasing
accuracy

Verification authorities
Accredited calibration labs

Should there be services in different levels like BIPM,

RMO and NMI?




Instituto Nacional
de Tecnologia Industrial

INTI

Case of study: Taxonomy




Introducing a Taxonomy
Taxon to explain a CC Service

Classification of services in electricity and magnetism
BRANCH: AC VOLTAGE, CURRENT, AND POWER

5. AC voltaje (up to the MHz range)

5.2. AC voltaje up to 1100 V
5.2.1. Sources: multifunction calibrator.

5.2.2. Meters: AC voltmeter, multimeter, multifunction transfer standard.
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Classification of services in electricity and magnetism
BRANCH: AC VOLTAGE, CURRENT, AND POWER

5. AC voltaje (up to the MHz range)
5.2. AC voltaje up to 1100 V

5.2.1. Sources: multifunction calibrator. 5.2.2. Meters: AC voltmeter, multimeter, multifunction transfer standard.
MEASURE DUT is an equipment that measures the Quantity
SOURCE Implies that the DUT is a generator of the Quantity
VOLTAGE [gk] concept described in ISO 80000 or elsewhere
AC Alternating current nature of Voltage
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B Introducing a Taxonomy
Taxon to explain a CC Service u

Classification of services in electricity and magnetism
BRANCH: AC VOLTAGE, CURRENT, AND POWER

5. AC voltaje (up to the MHz range)
5.2. AC voltaje up to 1100 V

5.2.1. Sources: multifunction calibrator. 5.2.2. Meters: AC voltmeter, multimeter, multifunction transfer standard.
MEASURE DUT is an equipment that measures the Quantity

The Taxon is not about the method, the

SOURCE Implies that the DUT is a generator of the Quantity technique or the procedure' it is about
VOLTAGE [gk] concept described in ISO 80000 or elsewhere ! the Measurand !
AC Alternating current nature of Voltage
It """"""""""" 1
5.2.1. — SourceVoltage.AC 5.2.2. —> ! MeasureVoltage.AC |

L g e

NSCLI-141 Measurement Information Infrastructure & Automation Committee

www.metrology.net/mii-approved-taxonomies/
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B Introducing a Taxonomy

SIRP vs Taxonomy ]
Examples:
PID from PID from
BIPM S| Reference Point NCSLI MIl taxonomy
ARttt | (TTTmTmTmmmmmmmmmmmmmmmmmoosmmmmooes |
| EM/AC-5.2.1 < ol Source.Voltage.AC i
5 1 [ 1
] EM/AC-5.2.2 < — Measure.Voltage.AC i
ittty ] (CTTTTTTmmTmmmmmmmmmmmommmmmmmmmees i
i M/FF-9.10.2 i *»  Measure.Density.Mass.Gas i
] L/DimMet-2.4.3 §< "\ Measure.Length.Form.Sphericity i
i T/T-2.2.2 E: > Measure.Temperature.PRT i

NSCLI-141 Measurement Information Infrastructure & Automation Committee

https://si-digital-framework.org/sc-quantities N -
www.metrology.net/mii-approved-taxonomies/
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Analyzing a DCC
refTypes in a DCC

XML example GP - DCC (not exactly):

<dcc:list> e R .

“elecequanily REP lectrle CalFelpitelzgebc> i ______________________
<si:valueXMLList>100 200 300 400 500</si:valueXMLList> E E
<si:unitXMLList>\volt</si:unitXMLList> i Multimeter DC Voltage E

</dcc:quantity> i i

<dcc:quantity refType="electric_Error_measureVoltageDC "> i NOMINALVALUE ERROR ”ﬂﬂigﬁg” i
<si:valueXMLList>0.1 0.2 0.4 0.2 0.4</si:valueXMLList> i 100 v 01V 01V E
<si:unitXMLList>\volt</si:unitXMLList> i 200 v 0.2V 0.2V i
<si:expandedUncertainty> i 300 \Y 0.4V 0.1V i

<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList> i 400 \Y 0.2V 0.1V E
<si:covFactor>2</si:covFactor> i 500 v 0.4V 0.2v i
<si:covProb>0.95</si:covProb> i i
</si:expandedUncertainty> i E
</dcc:quantity> e e e e e e /
</dcc:list>
Hackel, S.; Schonhals, S.; Doering, L.; Engel, T.; Baumfalk, R. The Digital Calibration Certificate (DCC) for an End-to-End Digital Quality Infrastructure for Industry 4.0. Sci 2023, 5,
11. https://doi.org/10.3390/sci5010011
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Analyzing a DCC
refTypes in a DCC

XML example GP - DCC (not exactly):

<dcc:list> o R .

1

<dcc:quantity refType="gelectric CalPointVoltageDC" > L
<si:valueXMLList>100 200 300 400 500</si:valueXMLList>

o ————————— -

<si:unitXMLList>\volt</si:unitXMLList>

</si:expandedUncertainty>

1
1
1
1
1
i
</dcc:quantity> bbbl \ I
. " . " NOMINALVALUE | ERROR  UNCERTAINTY 1
<dcc:quantity refType="electric_Error_measureVoltageDC "> ! K=2; 95% H
| 1
<si:valueXMLList>0.1 0.2 0.4 0.2 0.4</si:valueXMLList> : i
/ 100 V . 0.1V 0.1V i
<si:unitXMLList>\volt</si:unitXMLList> 200 v i 0.2V 0.2V I
1
<si:expandedUncertainty> 300 \Y i 0.4V 0.1V i
| 1
<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList> 400 \% | 0.2V 0.1V H
| 1
<si:covFactor>2</si:covFactor> 500 v | 0.4V 0.2V i
1
<si:covProb>@.95</si:covProb> e bbbl / E
i
1
1
1
/

</dcc:quantity>

</dcc:1list>




Analyzing a DCC
refTypes in a DCC

XML example GP - DCC (not exactly):

<dcc:list> o R .

1

<dcc:quantity refType="gelectric CalPointVoltageDC" > L
<si:valueXMLList>100 200 300 400 500</si:valueXMLList>

o ————————— -

<si:unitXMLList>\volt</si:unitXMLList>

o —————— - -

</dcc:quantity> N P

</si:expandedUncertainty>

1
1
1
1
1
1
1
3 ( Yo
. " : " NOMINALVALUE | | ERROR  UNCERTAINTY | |
<dcc:quantity refType="glectric_ Error_ measureVoltageDC "> ! i K=2; 95% I H
1 1 1 1
<si:valueXMLList>0.1 0.2 0.4 0.2 0.4</si:valueXMLList> ! i o
100 \Y i 101V 0.1V : i
<si:unitXMLList>\volt</si:unitXMLList> 200 v : L 02V 0.2V : I
1 oy
<si:expandedUncertainty> 300 v i 1 04v 0.1V i !
1 1 1 1
<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList> 400 \% | i 0.2V 0.1V P
1 1 1
<si:covFactor>2</si:covFactor> 500 v i i 0.4V 0.2V : i
1 I 1
<si:covProb>0.95</si:covProb> T B / Vemmm———— em—————— ! E
i
1
1
1
/

</dcc:quantity>

</dcc:1list>




Analyzing a DCC
refTypes ina DCC

XML example GP - DCC (not exactly):

<dcc:list>

<dcc:quantity refType="gelectric CalPointVoltageDC" >

<si:valueXMLList>100 200 300 400 500</si:valueXMLList>
<si:unitXMLList>\volt</si:unitXMLList>

</dcc:quantity> N N e T E L

</si:expandedUncertainty>

1

1

1

1

1

1

1

Yo

. " : " ERROR  UNCERTAINTY | |

<dcc:quantity refType="glectric_ Error_ measureVoltageDC "> K=2; 95% : !

I I

<si:valueXMLList>0.1 0.2 0.4 0.2 0.4</si:valueXMLList> o

0.1V 0.1v : :

<si:unitXMLList>\volt</si:unitXMLList> 0.2V 0.2V : i
1

1

<si:expandedUncertainty> 0.4V 0.1V i !

I I

<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList> 0.2V 0.1V P

I I

<si:covFactor>2</si:covFactor> ! 04V 0.2V : i
1

<si:covProb>»@.95</si:covProb> 1 N T T it frmm————— ! i

i

1

1

1

/

</dcc:quantity>

</dcc:1list>




PTB DCC with Taxons

refTypes with an explicit Taxonomy

CC Services would provide a way of comparison between DCCs

Measur‘e.Voltage.DC
Calibr‘ationPoint
2. ->Calibration Point according VIM

<dcc:list refType="Measure.Voltage.DC">
<dcc:quantity refType="CalibrationPoint.Voltage">
<si:valueXMLList>100 200 300 400 500</si:valueXMLList>
<si:unitXMLList>\volt</si:unitXMLList>
<dcc:quantity refType="Error.Voltage">
<si:valueXMLList>0.1 0.2 0.4 0.2 0.4</si:valueXMLList>
<si:unitXMLList>\volt</si:unitXMLList>
<si:expandedUncertainty>
<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList>
<si:covFactor>2 2 2 2 2</si:covFactor>
<si:covProb>0.95 0.95 0.95 0.95 0.95</si:covProb>
</si:expandedUncertainty>
</dcc:quantity>

</dcc:list>

o ————————— - -

Multimeter DC Voltage
CC Service EM 1.2.2

NOMINAL VALUE ERROR UNCERTAINTY
K=2; 95%
100 \ 0.1V 0.1V
200 \ 0.2V 0.2V
300 \ 0.4V 0.1V
400 \ 0.2V 0.1V
500 \ 0.4V 0.2V

1. “CalibrationPoint.Voltage” -> REQ/0PT
2. “ErrorVoltage”-> REQ/OPT

3. “\volt” is the unit Volt according to SIUnitx

-




PTB DCC with Taxons

refTypes with an explicit Taxonomy

CC Services would provide a way of comparison between DCCs

o ————————— - -

A
1
R ek -00]e- >CC service EM 1.2.2 in BIPM Multimeter DC Voltage i
ORI P libration Point concept CC Service EM 1.2.2 i
S Calibration Point according VIN S . i
:' NOMINAL VALUE \: ERROR UNCERTAIONTY i
i i K=2; 95% i
<dcc:list refType="Measure.Voltage.DC"> i 100 v i 01V 01V i
<dcc:quantity r‘enype="Calibr‘ationPoint."> ——-i 200 v i 0.2V 02V i
<si:valueXMLList>100 200 300 400 500</si:valueXMLList> i 300 v i 0.4V 01V i
<si:unitXMLList>\volt</si:unitXMLList> i 400 v i 02V 01V i
<dcc:quantity refType="Error.Voltage"> i >00 v i 0.4V 02V i
<si:valueXMLList>0.1 ©.2 0.4 0.2 0.4</si:valueXMLList> Nemmmmm oo 4 i
<si:unitXMLList>\volt</si:unitXMLList> j
<si:expandedUncertainty>
<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList>
<si:covFactor»>2 2 2 2 2</si:covFactor> 1. “CalibrationPoint.Voltage” -> REQ/OPT
<si:covProb»0.95 8.95 0.95 8.95 ©.95</si:covProb> 2. “ErrorVoltage”-> REQ/OPT

</si:expandedUncertainty>
3. “\volt” is the unit Volt according to SIUnitx

</dcc:quantity>

</dcc:list>




PTB DCC with Taxons

refTypes with an explicit Taxonomy

CC Services would provide a way of comparison between DCCs

o ————————— - -

A
1
R ek -00]e- >CC service EM 1.2.2 in BIPM Multimeter DC Voltage i
ORI P libration Point concept CC Service EM 1.2.2 i
T Calibration Point sccording VIN S . i
:' NOMINAL VALUE \i ERROR UNCEZRTAIONTY i
i r___: i K=2; 95% i
<dcc:list refType="Measure.Voltage.DC"> . 100 i v i : 01V 01V :
<dcc:quantity r‘enype="Calibr‘ationPoint."> ——-i 200 i v i i 0.2V 02V i
<si:valueXMLList>100 200 300 400 500</si:valueXMLList> i 300 i v i i 0.4V 01V i
<sizunitxMLList>[\ke</sizunitXMLList> i 400 i v i i 0.2V 01V i
<dcc:quantity refType="Error.Voltage"> i >00 L:{j i 0.4V 02V i
<si:valueXMLList>0.1 0.2 0.4 0.2 0.4</si:valueXMLList> ___r::::::::::j""" i
<si:unitXMLList>\volt</si:unitXMLList> j
<si:expandedUncertainty>
<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList>
<si:covFactor»>2 2 2 2 2</si:covFactor> 1. “CalibrationPoint.Voltage” -> REQ/OPT
<si:covProb»0.95 8.95 0.95 8.95 ©.95</si:covProb> 2. “ErrorVoltage”-> REQ/OPT

</si:expandedUncertainty>
3. “\volt” is the unit Volt according to SIUnitx

</dcc:quantity>

</dcc:list>




PTB DCC with Taxons

refTypes with an explicit Taxonomy

CC Services would provide a way of comparison between DCCs

o ————————— - -

A
1
R ek -00]e- >CC service EM 1.2.2 in BIPM Multimeter DC Voltage i
ORI P libration Point concept CC Service EM 1.2.2 i
L Clibration Point sccording VI — R — -
| NOMINALVALE | | ERROR  UNCERTAWTY |
IR o
<dcc:list refType="Measure.Voltage.DC"> . 100 i v i : ] 01V 01V i :
<dcc:quantity r‘enype="Calibr‘ationPoint."> ——-i 200 i v i i i 0.2V 02V i i
: . . : ! 300 1 Vi o1 | 04v 0.1V P
<si:valueXMLList>100 200 300 400 500</si:valueXMLList> i ! : | : : :
<sizunitxMLList>[\ke</sizunitXMLList> ! 400 i v i b 0.2V 01V i I
<dcc:quantity r‘enype="Er‘r‘or."> i >00 :__‘V__': i i 0.4V 0.2V i i
<si:valueXMLList>0.1 0.2 0.4 0.2 0.4</si:valueXMLList> ___r::::::::::j""" R T ’ i
<si:unitXMLList>\volt</si:unitXMLList> :::::::::::::::::::::::::::::::::i _____________ j
<si:expandedUncertainty>
<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList>
<si:covFactor»>2 2 2 2 2</si:covFactor> 1. “CalibrationPoint.Voltage” -> REQ/OPT
<si:covProb»0.95 8.95 0.95 8.95 ©.95</si:covProb> 2. “ErrorVoltage”-> REQ/OPT

</si:expandedUncertainty>
3. “\volt” is the unit Volt according to SIUnitx

</dcc:quantity>

</dcc:list>




PTB DCC with Taxons

refTypes with an explicit Taxonomy

CC Services would provide a way of comparison between DCCs

o ————————— - -

A
1
R ek -00]e- >CC service EM 1.2.2 in BIPM Multimeter DC Voltage i
ORI P libration Point concept CC Service EM 1.2.2 i
L Clibration Point sccording VI — R — -
| NOMINALVALE | | ERROR  UNCERTAWTY |
IR o
<dcc:list refType="Measure.Voltage.DC"> . 100 i v i : ] 01V 01V i :
<dcc:quantity r‘enype="Calibr‘ationPoint."> ——-i 200 i v i i i 0.2V 02V i i
: . . : ! 300 1 Vi o1 | 04v 0.1V P
<si:valueXMLList>100 200 300 400 500</si:valueXMLList> i ! : | : : :
<sizunitxMLList>[\ke</sizunitXMLList> ! 400 i v i b 0.2V 01V i I
<dcc:quantity r‘enype="Er‘r‘or."> i >00 :__‘V__': i i 0.4V 0.2V i i
<si:valueXMLList>0.1 0.2 0.4 0.2 0.4</si:valueXMLList> ___r::::::::::j""" R T ’ i
<si:unitXMLList>\volt</si:unitXMLList> :::::::::::::::::::::::::::::::::i _____________ j
<si:expandedUncertainty>
<si:valueXMLList>0.1 0.2 0.1 0.1 0.2</si:valueXMLList>
<si:covFactor»>2 2 2 2 2</si:covFactor> 1. “CalibrationPoint.Voltage” -> REQ/OPT
<si:covProb»0.95 8.95 0.95 8.95 ©.95</si:covProb> 2. “ErrorVoltage”-> REQ/OPT

</si:expandedUncertainty>
3. “\volt” is the unit Volt according to SIUnitx

</dcc:quantity>

</dcc:list>




Case of study: Taxonomy
Conclusions

<dcc:list refType="Measure.Voltage.DC">

<dcc:quantity r‘e-FType="Calibr‘ationPoint.">

<si:valueXMLList>100 200 300 400 500</si:valueXMLList>
<si:unitXMLList> </si:unitXMLList>
<dcc:quantity r‘e-FType="Er‘r‘or‘.">

‘A well-designed taxonomy may enable the modeling )
of reality.
In other words, a taxonomy could enable the
semantics of certificates that explain the result of a

o ———————————— - — -

Multimeter DC Voltage
CC Service EM 1.2.2

_____________________________________

1

1

1

1

1

1

1

1

1

\ f A :

NOMINALVALUE | | ERROR  UNCERTAINTY | !
I 1 K=2; 95% I I

PR 1 1 I 1

i : 1 I : 1

100 i Vi | 0.1V 0.1V ! !
1 1 1

200 i vi - 02V 02V i !
1 1 1

300 i vi ol 04v 01V i :
1 1 1

400 i vi - 02V 0.1V i !
1 1 1

500 | vi P 04V 02V i l
et B o
(P ——— o [ ——— 4 1
I 1

1

1

U

________________________________________________

calibration.

CC services can be the foundation of
the model of DCCs
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The envisioned future




B DCC "\

The envisioned Future of DCC =
0 KCDB e-services compatible O Interoperable = M2M, interpretable for humans,
easy to adopt = easy software
- = Services
Qﬂ KCDB = CMCs = W

= Key Comparison

O A FAIR DCC

DCC FA I Q O Not dependent on a system of digital units and

quantities

the
U nified josephwright/ Q—
v aodc., [ UDT

Ql Conformed and ISO/IEC 17025 Accredited M o
ea S ure A comprehensive (S|) units package for LaTeX

Multi-format portability

systerne such as XML, JSON, YAML or CSV

d’unités e

Internaﬂl;rl‘::. XML JSON YA csv l
e ML

S| Brochure e
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