
The workshop will begin in a few minutes. 

To help keep the session structured and smooth, we kindly ask that you:
 
- Mute your microphones during presentations
- If you have questions, post them in the chat and tag the presenter using @ 
- Turn on your camera when speaking

Active participation in a respect way is encouraged. 



Welcome to 
the second 

FRM4Drones
-AQUA 

Workshop



Practical Info & House Rules

▪ The session is being recorded for internal use only – it will not be distributed

▪ Questions during presentations ?

→ Use the chat – presenters will answer there 

▪ After the presentations:

→ Interactive session with polls and open discussion

→ Use the “Raise Hand” function to speak

→ Please mute your microphone when not speaking

→ Use your camera when speaking, if possible

▪ We encourage active participation !

Have  a great meeting !



Workshop Agenda

▪Welcome & Round-the-table – 5 min

▪ FRM4Drones-AQUA- Principles of Fiducial Reference 
Measurement (FRM) – 20 min

▪Expert Presentations – 60 min

▪Polls & Questionnaires – 10-15 min

▪ Feedback Poll & Open Discussion – 20 min as needed



Welcome – Workshop objectives

▪ Share expertise on drone-based aquatic reflectance and Cal/Val

▪ Identify needs and user practices

▪ Shape the roadmap towards Fiducial Reference Measurements (FRM) 
from drones for aquatic Cal/Val

1st WS on data acquisition & processing protocol (held in June 2025)

FRM4DRONES-AQUATIC | VITO Remote Sensing

2nd WS on Uncertainty & Traceability 

https://remotesensing.vito.be/services/frm4drones-aquatic


Let’s Get to Know the Audience

No round-the-table – 

instead, live poll questions

Options to join :

1) Link to poll in chat

2) Scan QR code with mobile

3) Go to: menti.com; Code: 4523 0550



FRM4drones - challenges



Aquatic reflectance

The remote-sensing reflectance 𝑅𝑟𝑠 𝜃, 𝜙, 𝜆 =
𝐿𝑤 𝜃,𝜙,𝜆

𝐸𝑑 𝜆

The aquatic reflectance 𝑅𝑤 𝜆 = 𝜋. 𝑅𝑟𝑠 𝜆 = 𝜋.
𝐿𝑤 𝜆

𝐸𝑑 𝜆

𝐿𝑇
𝑈𝐴𝑆 𝜆 = 𝐿𝑝𝑎𝑡ℎ 𝜆 + 𝑡 𝜆 𝐿𝑆𝑅 𝜆 + 𝑡 𝜆 𝐿𝑤 𝜆

What UAV measures :

Atmosphere 

Surface (sky glint, sun glint, white caps)

𝐿𝑆𝑅 𝜆 = 𝐿𝑠𝑘𝑦𝐺 𝜆 + 𝐿𝑠𝑢𝑛𝐺 𝜆 + 𝐿𝑊𝐹 𝜆

What we need :



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


Slide 13

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


SI: Summary

• Identical worldwide

• Century-long stability

• Absolute accuracy

Achieved through:

• Traceability

• Uncertainty Analysis

• Comparison



SI Traceability
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[m]
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Irradiance standards

▪ Lamps tungsten-halogen lamp ( FEL) 1 kW (~ 3000 K)



Radiance standards

▪ Lamp –reflectance standard

▪ Integrating sphere



Relevance of comparisons



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



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

Lab Field
FRM4SOC

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


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

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




Methodology and resources

• The International Vocabulary of Metrology (VIM)

“a non-negative parameter 

characterizing the dispersion of the 

quantity values being attributed to a 

measurand, based on the 

information used.”

“the measured quantity 

value minus a 

reference quantity 

value.”

http://www.bipm.org/en/publications/guides/

http://www.bipm.org/en/publications/guides/


Methodology and resources

• the Guide to the expression of Uncertainty in Measurement (GUM) 
and its supplements  

𝑢2 𝑦 =  𝑐𝑖
2𝑢2 𝑥𝑖 + 2   𝑐𝑖𝑐𝑗𝑢 𝑥𝑖 , 𝑥𝑗  

𝑁

𝑗=𝑖

𝑁−1

𝑖=1

𝑁

𝑖=1

 , 

The Law of Propagation of Uncertainties 

Monte Carlo Method

http://www.bipm.org/en/publications/guides/

http://www.bipm.org/en/publications/guides/


QA4EO Home https://qa4eo.org/

https://qa4eo.org/


https://www.comet-toolkit.org/



GUM Methodology applied in 
CoMET tool 

06.12.2022 27FRM4SOC Workshop
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Copernicus FICE 2024 Training Event



Approach



Approach



FICE2025

/wind_speed=4.29

SZA =59.5



FICE2025
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FICE2025



FICE2025



Let’s Get to Know the Audience

No round-the-table – 

instead, live poll questions

Options to join :

1) Link to poll in chat

2) Scan QR code with mobile

3) Go to: menti.com; Code: 4523 0550



Thank you
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