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― Inspiration
― Digitalisation work required

• Unique SI Reference Point
• Conversion of PDF MeP to digital MeP
• XML schema for download
• API access
• NMI hardware/software

― Digital control of laser
• XML MeP data download
• Meta data use in certificates

― Ontology of services for CMC Interoperability

Overview
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Length traceability chain at the highest level, through the primary realisations of the metre
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― The information about the SI metre definition and realisation are both available electronically as PDF documents. 
They are intended for human interaction/interpretation. The Mise en Pratique and the List of Recommended values 
of Standard Frequencies are only available in PDF – they require human download, reading, selection and extraction 
of key data.

― The List of Recommended values of Standard Frequencies contains lots of meta data critical to both the 
approval/authority process and for the implementation. This is understood by the scientists in the field, and probably 
encoded into the operating procedures of their lasers.  

― What happens if things change?
• Does any change to the text in the List of Frequencies automatically trigger review/update of laser calibrations? 
• Are the local assumed conditions still valid? 
• Is the latest data used?
• Are the latest values implemented in my software?
• Who approved the latest update? (CCL? CIPM?)
• Can I guarantee perfect transcription of the data into my operational system?

Situation on metre realisation data

Make the critical metre realisation data available digitally
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What does the data look like?

https://www.bipm.org/en/publications/mises-
en-pratique/standard-frequencies
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474 THz, 633 nm He-Ne laser (I2 stabilised) 

7

Values for frequency, (vacuum) wavelength and 
uncertainty, basic stabilisation technique

Atom/molecule, transition specification, 
selected component 

Requirements to achieve specified uncertainty
level:

Cell wall temperature
Cold finger temperature
Frequency modulation
Intra-cavity power

Requirements were tightened in recent 
years – did everyone notice?
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474 THz, 633 nm He-Ne laser (I2 stabilised) …continued

Other components, 
same transition

Components of a 
different transition

Components of a 
third transition

Lots of information, 
paper format

Hand-typed into 
software !
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Digitalisation tasks

Task 1: The “Unique SI Reference Point” –
a digital implementation of the SI 
Brochure

Task 2: CCL-CCTF database of 
recommended frequencies with 
API access

Task 3: Agreed XML schema for data 
download

BIPM

BIPM

CCL-CCTF + NPL NPL–proposed XML schema
Based on Digital-SI XML schema 
from SmartCOM project
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The XML schema defines five elements: 
stdfreq - standard frequencies – values of reference frequency, administrative information e.g. validity
funcc - fixed uncertainty contributions – e.g. iodine purity
rule - implementation rules – constraint information, e.g. cold-well temperature (min, max, nominal, sensitivity)
transition - optical transitions – target atom/molecule/ion, name, offset from nominal frequency
component - optical components – names & offsets from the transition reference

Using XML makes the data clear, robust, machine readable, searchable, parsable, standardised

Draft Schema and example data files 
A. J. Lancaster and A. J. Lewis, “NPL MeP standard frequencies XML schema,” 07 April 2022. 
https://doi.org/10.5281/zenodo.6412020.

Proposed MeP standard frequencies XML schema 

10

https://doi.org/10.5281/zenodo.6412020
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A digital framework for realising the SI—a proposal for the metre

A J Lewis et al. 2022 Metrologia 59 (4) 044004
https://doi.org/10.1088/1681-7575/ac7fce

Publication and XML schemas

NPL MeP standard frequencies XML schema
A J Lancaster et al. (2022) 
https://doi.org/10.5281/zenodo.6412020

SmartCom Digital-SI (D-SI) XML exchange format for metrological 
data version 1.3.1
D Hutzschenreuter et al. (2020) 
https://doi.org/10.5281/zenodo.3826517

https://doi.org/10.1088/1681-7575/ac7fce
https://doi.org/10.5281/zenodo.6412020
https://doi.org/10.5281/zenodo.3826517
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CCL-CCTF database of recommended frequencies 
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CCL-CCTF API prototype Web Service
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CCL-CCTF API prototype Web Service

Since 19 June 2023 V1 access open



Example use of schema – 474 THz (633 nm) 

<?xml version="1.0" encoding="UTF-8"?>

<freq:stdfreq
xmlns:freq="NPL_MeP_Schema"
xmlns:xs="http://www.w3.org/2001/XMLSchema"
xmlns:si="https://ptb.de/si"
>
<freq:label>474 THz – I2</freq:label>
<freq:freqlabel>474 THz</freq:freqlabel>
<freq:target>127I2</freq:target>
<freq:validfrom>2002-10-11</freq:validfrom>
<freq:srs>false</freq:srs>

<freq:transitionname>R(127) 11-5</freq:transitionname>
<freq:compname>a16</freq:compname>
<freq:altcompname>f</freq:altcompname>
<freq:value>

<si:real>
<si:value>473612353604</si:value>
<si:unit>\kilo\hertz</si:unit>
<si:expandedUnc>

<si:uncertainty>10</si:uncertainty>
<si:coverageFactor>1</si:coverageFactor>
<si:coverageProbability>0.68</si:coverageProbability>
<si:distribution>normal</si:distribution>

</si:expandedUnc>
</si:real>

</freq:value>

<freq:numberofrules>5</freq:numberofrules>
<freq:rule>

<freq:description>Iodine cell: cell-wall temperature</freq:description>
<freq:nominal>

<si:real>
<si:value>25</si:value>
<si:unit>\degreecelsius</si:unit>

</si:real>

<si:value>473612353604</si:value>
<si:unit>\kilo\hertz</si:unit>
<si:expandedUnc>

<si:uncertainty>10</si:uncertainty>
<si:coverageFactor>1</si:coverageFactor>
<si:coverageProbability>0.68</si:coverageProbability>
<si:distribution>normal</si:distribution>

</si:expandedUnc>

curl -k -u ccl-cctf --url 'https://webtai.bipm.org/ccl-cctf/xml_auto.html?target=127I2|474+THz&date=2023-05-22'



Metre realisation
according to MeP

633 nm I2 He-Ne

Customer laser

Meta data download during a laser calibration

NMI laser system queries the BIPM 
server using a structured API call

BIPM

API Request
MeP: metre
Type: stdfreq
Object: 474 THz I2

Metre realisation
according to MeP

633 nm I2 He-Ne

Customer laser

BIPM

BIPM server responds with 
structured data based on 
agreed scheme

<?xml version="1.0" encoding="UTF-8"?>

<freq:stdfreq
xmlns:freq="NPL_MeP_Schema“
xmlns:xs=http://www.w3.org/2001/XMLSchema
xmlns:si="https://ptb.de/si" 
> 
<freq:label>474 THz – I2</freq:label>   
<freq:freqlabel>474 THz</freq:freqlabel>  
<freq:target>127I2</freq:target> 
<freq:validfrom>2003-09-12</freq:validfrom> 
<freq:srs>false</freq:srs> 

<freq:transitionname>R(127) 11-5</freq:transitionname>  
<freq:compname>a16</freq:compname> 
<freq:altcompname>f</freq:altcompname> 
<freq:value> 

<si:real> 
<si:value>473612353604</si:value> 
<si:unit>\kilo\hertz</si:unit> 
<si:expandedUnc> 

<si:uncertainty>10</si:uncertainty> 
<si:coverageFactor>1</si:coverageFactor>  

<si:coverageProbability>0.68</si:coverageProbability>  
<si:distribution>normal</si:distribution>

</si:expandedUnc> 
</si:real>

</freq:value> 
...

http://www.w3.org/2001/XMLSchema


Data on NMI server
frequency = xxxx ± yyy

Meta data exchange during a laser calibration
Laser calibration system performs the physical 
calibration, storing the XML meta data from the 
BIPM and additional meta data from the local 
system e.g. lab temperature, laser power

Local meta data
laser status, 
conditions, 
serial numbers, 
calibration 
information
lab 
temperature…

Laser is returned to customer, NMI makes the 
calibration data (including meta data) available from its 
server (or supplied on digital certificate)

Digital certificate
frequency = xxxx ± yyy

BIPM meta data
<?xml version="1.0" encoding="UTF-8"?>

<freq:stdfreq 
xmlns:freq="NPL_MeP_Schema“
xmlns:xs=http://www.w3.org/2001/XMLSchema
xmlns:si="https://ptb.de/si" 
> 
<freq:label>474 THz – I2</freq:label>   
<freq:freqlabel>474 THz</freq:freqlabel>  
<freq:target>127I2</freq:target> 
<freq:validfrom>2003-09-12</freq:validfrom> 
<freq:srs>false</freq:srs> 

<freq:transitionname>R(127) 11-5</freq:transitionname>  
<freq:compname>a16</freq:compname> 
<freq:altcompname>f</freq:altcompname> 
<freq:value> 

<si:real> 
<si:value>473612353604</si:value> 
<si:unit>\kilo\hertz</si:unit> 
<si:expandedUnc> 

<si:uncertainty>10</si:uncertainty> 
<si:coverageFactor>1</si:coverageFactor>  

<si:coverageProbability>0.68</si:coverageProbability>  
<si:distribution>normal</si:distribution>

</si:expandedUnc> 
</si:real>

</freq:value> 
...

Customer laser

Metre realisation
according to MeP

633 nm I2 He-Ne

Customer laser

Local meta 
data
laser status, conditions, 
serial numbers, calibration information
Lab

BIPM meta 
data
<?xml version="1.0" encoding="UTF-8"?>

<freq:stdfreq 
xmlns:freq="NPL_MeP_Schema“

xmlns:xs=http://www.w3.org/2001/XMLSchema

Local meta 
data
laser status, conditions, 
serial numbers, calibration information
Lab

BIPM meta 
data
<?xml version="1.0" encoding="UTF-8"?>

<freq:stdfreq 
xmlns:freq="NPL_MeP_Schema“

xmlns:xs=http://www.w3.org/2001/XMLSchema

http://www.w3.org/2001/XMLSchema
http://www.w3.org/2001/XMLSchema
http://www.w3.org/2001/XMLSchema
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New NPL MeP laser – ‘digital ready’

• Computer control of laser 
using embedded mini-
computer (Raspberry Pi)

• Digital readout of 
operational parameters

• API calls to obtain/query 
MeP data from the BIPM

• Turnkey from switch-on to 
calibration certificate

• 27 June 2023 – live 
download of MeP data in 
XML format using API call 
to BIPM server
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― Digital certificate (or data on NMI server) can hold both parts of the traceability of 
the calibration: the physical data AND the authority and validity meta data

― No transcription errors, latest values automatically used
― Fully transparent, traceable (data & authority) to SI/CIPM/CGPM via NMI
― BIPM/CIPM/SI ‘cited’ as top level in the chain
― NMI adds own meta data (adding value)
― Customer can then integrate all or some of this meta data into their own process 

e.g. to demonstrate the traceability link to accreditors, or to place validity limits on 
their use of the laser

― Metrological traceability mirrored by MetaData traceability

Outcomes so far
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Next stage – making CMCs Interoperable

2 possible measurands, possibly different units, 
what is a ‘vacuum wavelength’ or an ‘optical 

frequency’?

2 × 3 instruments: 
[{laser, length} × {system, optics, refractometer}]
two measurands, possible different (or no) units

What is a ‘displacement’ (water volume?)
What is a ‘wavelength compensation’?

4 possible measurands, possibly different units 
possibly involving non-length units (K-1)

What is ‘central length’?
What is ‘thermal expansivity’?
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It’s even worse in the KCDB!

Gauge block: central length, L Gauge block: variation in length

Gauge block: linear coefficient of thermal expansionGauge block: length difference of gauge block pairs

Gauge block length
Gauge blocks: central length L
Steel gauge block: central length L
Gauge blocks (steel): central length L
Gauge blocks: central length L, steel
Gauge blocks (tungsten carbide): central length L
Gauge blocks: central length L, tungsten carbide
Gauge blocks: central length L, ceramic
Gauge blocks (ceramic): central length L
Gauge blocks (chromium carbide): central length L
Gauge Blocks
Length bar (long gauge block): central length L

Gauge block: central length, variation in length

Gauge blocks: thermal expansivity
Gauge blocks: coefficient of thermal expansion

Gauge blocks: length difference L

13 terms for the same measurand

CMCs in the KCDB are NOT interoperable ……yet
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