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Outline

• Fiducial Reference Measurements – what they are?

• Brief history 

• Recent changes 

• FRM4SOC approach 

• The relevance of laboratory and field comparisons



Introduction to some governing bodies

https://ceos.org/

https://ioccg.org/

https://qa4eo.org/
https://earthobservations.org/

https://www.bipm.org/en/



Fiducial Reference Measurements (FRM)

https://www.wordreference.com/definition/fiducial



FRM the beginning 

Donlon, C.; Goryl, P. Fiducial Reference Measurements (FRM) for Sentinel-3. In Proceedings of the Sentinel-3 Validation Team (S3VT) Meeting, ESA/ESRIN, Frascati, Italy, 

26–29 November 2013



Slide in courtesy of Philippe Goryl



CEOS FRM

Fiducial Reference Measurements (FRMs): What Are They? [Goryl et al. 2023 
DOI: 10.3390/rs15205017

http://dx.doi.org/10.3390/rs15205017


CEOS FRM
The defining mandatory characteristics for FRM are:

1. FRM measurements should have documented evidence of their  traceability (bias and associated uncertainty) to a community agreed reference 

ideally tied to the International System of units, SI,  (e.g. via a  comparison ‘round robin’ or other) with peers and/or a metrology institute together 

with regular pre-and post- deployment calibration of instruments). This should be carried out using SI-traceable ‘metrology’ standards and/or community 

recognised best practices, for both instrumentation and observations;

2. FRM measurements are independent from the satellite geophysical retrieval process;

3. A comprehensive uncertainty budget for all FRM instruments, and derived measurements, is available and maintained;

4. FRM measurement protocols, procedures and community-wide quality management practices (measurement, processing, archive, documents, 

etc.) are defined, published and adhered to by FRM instrument deployments;

5. FRM datasets, including metadata and reports documenting processing, are accessible to other researchers allowing independent verification of 

processing systems;

6. FRM datasets are required to determine the on-orbit uncertainty characteristics of satellite geophysical measurements via independent validation 

activities and thus representativeness and the satellite to FRM comparison process needs to be documented and the uncertainty assessed. Note 

for any individual satellite sensor the exact sampling and elements of the comparison process may differ, even within a generic sensor class, but the 

documentation and evidence to support the uncertainty analysis must be presented in a manner that can be readily interpreted by a user.

7. The uncertainty of the FRM measurements, including the comparison process, must be commensurate with the requirements of the class of 

satellite sensor they are specified to support.

8. FRM datasets are designed to apply to a class of satellite missions. They are not mission specific. 
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CEOS-FRM Maturity Matrix

Framework document:

CEOS-FRM_Assessment_Framework_V1

https://calvalportal.ceos.org/documents/10136/958898/CEOS-FRM_Assessment_Framework_V1.pdf/a8318317-9f64-6f02-44db-e64f234c4036?t=1697787396736
https://calvalportal.ceos.org/documents/10136/958898/CEOS-FRM_Assessment_Framework_V1.pdf/a8318317-9f64-6f02-44db-e64f234c4036?t=1697787396736
https://calvalportal.ceos.org/documents/10136/958898/CEOS-FRM_Assessment_Framework_V1.pdf/a8318317-9f64-6f02-44db-e64f234c4036?t=1697787396736
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Grade Criteria

Not Assessed Assessment outside of the scope of study.

No Assesable Relevant information not made available.

Basic All categories should be at least basic and if not there 

should be a clear strategy to progress within a short (<3 

month) timescale.  Those categories in basic should have 

a strategy to progress towards greater compliance.

Good More than 80% must meet the good category and those in 

basic should indicate a strategy to progress. >30 % 

should be in the green classification.  There should be no 

basic classifications in the metrology or Instrument 

columns and any in these columns indicating good should 

indicate a strategy to progress  

Excellent All categories are good or above with > than 80% in the 

green classification and those in the Metrology or 

instrument columns must meet excellent or above.

Ideal All categories in the matrix fully meet the green 

classification i.e. Excellent or Ideal with at least half 

reaching the ideal category and of these half must include 

those in the metrology and FRM instrument column

Grade Criteria

Not Assessed Assessment outside of the scope of study.

Not Assessable Relevant information not made available.

Basic Some comparison evidence but limited ability to 

confirm or otherwise the declared FRM uncertainty

Good Full compliance of declared FRM uncertainties 

through comparison to a reference of good but 

higher uncertainty than the FRM or near but not 

full compliance against a reference of comparable 

or lower uncertainty.

Excellent Full compliance of declared FRM uncertainties 

through comparison to a reference with 

comparable uncertainties.

Ideal Full compliance of declared FRM uncertainties 

through independent comparison to a reference of 

lower overall uncertainty

GUIDELINES
Independent Verification

Class A & B  must achieve some form of Green 

for all categories, 

Critical verification categories
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CEOS-FRM Overall Classification

To provide overall summary guidance to a user we have created the following four classes.

Class A – Where the FRM fully meets all the criteria necessary to be considered an FRM for a particular class of sensor.

It should achieve a class of Ideal in the ‘guidance criteria’ in the ‘independent verification’ section of the MM and green (at least 

excellent) for all other verification categories where these have been carried out.   

Class B – Where the FRM meets many of the key criteria and has a path towards meeting the Class A status in the near 

term. It should achieve at least Excellent in the guidance criteria in the independent verification section of the MM and green (at 

least excellent) for all other verification categories where these have been carried out.  Ideally it should indicate a path towards 

achieving the high class. 

Class C – Meets or has some clear path towards achieving the criteria needed to reach a higher class and provides some 

clear value to the validation of a class of satellite sensors.

It should achieve at least Good in the guidance criteria in the independent verification section of the MM and at least good for all 

other verification categories where these have been carried out.  Ideally it should indicate a path towards achieving the high class. 

Class D - Is a relatively basic adherence to the FRM criteria but where this is a strategy and aspiration to progress towards a 

higher class. This can be considered an entry level class for those starting out on developing an FRM. It should achieve at least 

Basic in the guidance criteria in the independent verification section of the MM and at least Good for all other verification categories 

where these have been carried out.  FRM owners/developers must indicate a path towards achieving the high class. 



FRM4SOC

https://www.mdpi.com/books/reprint/2960-fiducial-reference-measurements-for-satellite-ocean-colour



copernicus.eumetsat.int

EUM/RSP/VWG/22/1341477, v1 Draft, 4 December 2022 13

1.  Define the two most common 

hyperspectral OCR classes 2. Fully characterise a batch of OCRs

3. Community guidelines on 

radiometer cal/char schedules

4. Develop OCR cal/char 

guidelines for laboratories, + 

an international lab exercise
5. Provide FRM in situ 

measurement 

procedures

6. Develop a community processor for 

hyperspectral AWR

9. Review and test: a field experiment, an 

international workshop, Expert Review Board 

7. Develop a complete end-to-end 

uncertainty budget, to be included in 

HyperCP

8. Adapt and maintain Ocean Colour In-Situ 

Database

     OCDB 
https://ocdb.eumetsat.int/

Several tasks, one overarching goal:
to promote the adoption of FRM principles across the OC 

community

https://frm4soc2.eumetsat.int 

https://ocdb.eumetsat.int/
https://frm4soc.eumetsat.int/


FRM4SOC phase 2 

We were missing certification scheme 



CEOS FRM
The defining mandatory characteristics for FRM are:

1. FRM measurements should have documented evidence of their  traceability (bias and associated uncertainty) to a community agreed reference 

ideally tied to the International System of units, SI,  (e.g. via a  comparison ‘round robin’ or other) with peers and/or a metrology institute together 

with regular pre-and post- deployment calibration of instruments). This should be carried out using SI-traceable ‘metrology’ standards and/or community 

recognised best practices, for both instrumentation and observations;

2. FRM measurements are independent from the satellite geophysical retrieval process;

3. A comprehensive uncertainty budget for all FRM instruments, and derived measurements, is available and maintained;

4. FRM measurement protocols, procedures and community-wide quality management practices (measurement, processing, archive, documents, 

etc.) are defined, published and adhered to by FRM instrument deployments;

5. FRM datasets, including metadata and reports documenting processing, are accessible to other researchers allowing independent verification of 

processing systems;

6. FRM datasets are required to determine the on-orbit uncertainty characteristics of satellite geophysical measurements via independent validation 

activities and thus representativeness and the satellite to FRM comparison process needs to be documented and the uncertainty assessed. Note 

for any individual satellite sensor the exact sampling and elements of the comparison process may differ, even within a generic sensor class, but the 

documentation and evidence to support the uncertainty analysis must be presented in a manner that can be readily interpreted by a user.

7. The uncertainty of the FRM measurements, including the comparison process, must be commensurate with the requirements of the class of 

satellite sensor they are specified to support.

8. FRM datasets are designed to apply to a class of satellite missions. They are not mission specific. 



Relevance of comparisons



International System of Units

The Convention of the Metre:

Created BIPM  
the intergovernmental organization through which Member States 

act together

on matters related to measurement science and measurement 

standards.

First signed in 1837 in Paris by 17 nations

Now 64 countries members states and 37 

associate

http://www.bipm.org/en/about-us/



SI: Summary

• Identical worldwide

• Century-long stability

• Absolute accuracy

Achieved through:

• Traceability

• Uncertainty Analysis

• Comparison



Traceability

• Calibration must be linked to accepted national standards, via an unbroken chain of calibrations, 

preferably carried out by an approved calibration laboratory

Accredited Calibration

Laboratories

auditing
procedures

Transfer 

standards

calibration

INDUSTRY

Accredited Calibration

Laboratories

auditing
procedures

Transfer 

standards

calibration

INDUSTRY

EUROMET

Regional 

comparisons

CONVENTION OF THE METRE 

Key comparison of primary unit

National Metrology Institutes
SIM ASIA/ 

PACIFIC

EUROMET

Regional 

comparisons

CONVENTION OF THE METRE 

Key comparison of primary unit

National Metrology Institutes
SIM ASIA/ 

PACIFIC

❖ Ensures compatibility with 
other instruments

❖ Ensures consistency of 
measurements over time

❖ Ensures measurement 
uncertainty is properly 
evaluated



Traceability: why do we need it?

▪ By linking back to a primary standard, we provide a reference for our 

measurements

▪ This reference is (ideally) non-changing e.g. based on a fundamental 

constant of nature (e.g. Boltzmann constant)

▪ Therefore, our measurements will be reliable and reproducible in time 

(over decades)

Coherent Stable

• Coherent: only conversion factor used is 1 so it doesn’t matter how you get to a result, you’ll get 

the same answer (i.e. a watt is 1 J per 1 second, but also 1 kg per 1 m2 per 1 s3 – so if you 

measure it optically, electrically, thermally, … it’s still a watt)



Intercomparion /comparison

• Obligatory for NMI to:

• To establish the degree of equivalence between the realisation of the 

scales and measurements using them

•  To validate uncertainty evaluation



Selection of 

Pre-existing comparisons



copernicus.eumetsat.int

Copernicus FICE 2025 Training Event

SIRREX
SeaWiFS Intercalibration Round-Robin Experiment

The development and implementation of the FRM principles is an incremental process.
FRM4SOC phase 2 is built on the decades of work done previously by several teams worldwide.

SIMRIC
The SIMBIOS Radiometric Intercomparison

IOCCG
International Ocean Colour Coordinating Group

FRM4SOC (Phase 1)
Fiducial Reference Measurements for Satellite Ocean Colour

+ other studies belonging to other initiatives

FRM for Ocean Colour: Other efforts



SIRREX   SeaWiFS

A series of dedicated laboratory comparison exercises were conducted in the frame of 

SeaWiFS Intercalibration Round-Robin Experiment (SIRREX 1-8) (Mueller, 1993; 

Mueller et al., 1994, 1996; Johnson et al., 1996, 1999; Riley and Bailey, 1998; Hooker 

et al., 2002; Zibordi, G. et al., 2003) .

Second Intercomparison and Merger for Interdisciplinary Ocean Studies (SIMBIOS) 

Radiometric Intercomparison (SIMRIC) -1 and -2 (Meister et al., 2002, 2003) 

programmes. 



MERIS

MERIS Validation Team (MVT) activities like PlymCal (Tilstone et al., 2002) that were related to 

inter-calibration of several radiometers using one irradiance and radiance source in one laboratory 

were implemented. Similar activity was them performed before Assessment of In Situ Radiometric 

Capabilities for Coastal Water Remote Sensing Applications (ARC) in situ comparison activities, 

where all participating radiometers were calibrated in the one laboratory (Zibordi at all 2012). 



Main conclusion



S3 FRM4SOC

The most recently in support of Sentinel 3 in the frame of Fiducial Reference Measurements for Satellite Ocean 

Colour (FRM4SOC) (Banks et al., 2020) the laboratory comparisons were performed (Białek et al., 2020).

FRM4SOC 1 2017-
2018

FEL 
comparison 14 
lamps

Radiance comparison as participant 
laboratory using lamp + plaque

Lamp comparison and training based at NPL; radiance 
comparison based at each participant own lab. Irradiance 
results within uncertainty radiance saw two distinctive 
groups of results.



Vabson at al. 2019a, https://doi.org/10.3390/rs11091101 Vabson at al. 2019b, https://doi.org/10.3390/rs11091129 

Lab Field
S3 FRM4SOC

https://doi.org/10.3390/rs11091101
https://doi.org/10.3390/rs11091129


Field FICE 2020 Tilstone et al. 2020 https://doi.org/10.3390/rs12101587

https://doi.org/10.3390/rs12101587


Main conclusion



FRM4SOC phase 2

Hyperspectral radiometers comparison TRIOS and SeaBird  



Main conclusion
Vabson at al. in prep.

• Confusion in data handling was significant. Errors detected in data handling imply that for the 
calculation procedures improved protocols are needed

• After reprocessing, the metrological equivalence of the OCR calibrations was satisfactory

• Small number of participants limits the reliability of consensus value (ISO/IEC 17043 and ISO 13528)

• Technical barriers hinder the comparison significantly: shorter time schedule is strongly preferable

• Harmonization of procedures for the measurement and data handling, intermediate checks and training 
are needed to improve metrological consistency of the spectral responsivity calibrations

• Further inter-comparison measurements are regularly needed to confirm the capabilities of 
participants



FRM4SOC FICE2022
Tilstone at al. 2025 DOI: https://doi.org/10.1364/OE.551042

https://doi.org/10.1364/OE.551042


Main conclusion



FICE 2025 is being conducted now 

we shall see what improvements it 

will bring 

Thank you 
agnieszka.bialek@npl.co.uk
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