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Why using drones for aquatic Cal/Val ?

Sentinel-2 10:59 UTC “traditional” in-situ validation
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Why using drones for aquatic Cal/Val ?

Sentinel-2 10:59 UTC Drone” based validation
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Why using drones for aquatic Cal/Val ?

Without adjacency correction

With adjacency correction
(SIMEC)
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Enhancing Satellite Cal/Val with Aerial Drones

Traditional in-situ Cal/Val
From ships, fixed stations (e.g., AERONET-OC, HYPERNET)
Limitations:

» Limited spatial coverage

» Representativeness issues for satellite pixel scale

Aerial Drones as a Complementary Solution:
» Assess the spatial & temporal variability surrounding fixed stations

v Improves understanding of how representative point measurements are at satellite scale
» Aerial drones to conduct transects from the shoreline to the open sea

v Supports validation of atmospheric correction algorithms (e.g., adjacency effects)

$

A holistic approach combining traditional in situ methods with drone observations improves the accuracy
and reliability of satellite Cal/Val processes
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Cal/Val reference data needs CEOS “FRM-label”

Cal/Val of satellite products requires high-quality in situ measurements, referred to as Fiducial
Reference Measurements (FRM).

Before a measurement can be labelled as FRM, it should:
= be accompanied by an uncertainty budget,
= adhere to openly available measurement protocols and community-wide practices
= have documented evidence of International System of Units (Sl) traceability

* be independent of the satellite retrieval process.

Ruddick et al. (2019)
Goryl et al. (2023)
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fiducial reference FRM4Veg considerations
] measurements
for vegetation

Transferable Concepts:
. _ P . Good Practice Guidelines for

= Calibration transfer & traceability UfAV-based Surface

_ e Reflectance Validation

= Uncertainty quantification (metrology-based)
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» Flight planning & execution (to some extent)
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Limitations:
= No reference panels on water
= Sun/sky glint requires new corrections

Australian Government
Geoscience Australia

ol

= No GCPs on water for georeferencing

=  Water dynamics require precise timing with satellites ,

i DLR
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fiducial reference
b)) measurements for
satellite ocean colour

FRM4SOC

Transferable Concepts:

Set of minimum requirements for qualifying ocean colour
radiometers and their measurements as FRM

(Banks et al. 2020)

Limitations:

Developed for field-based systems

Assumes stable, fixed geometry and straightforward
downwelling irradiance/sky radiance measurements

Does not address UAV-specific challenges (e.g. dynamic
platform, variable geometry, atmosphere)

f vito NPLE
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Aquatic reflectance

What we need : “ What UAV measures :

The remote-sensing reflectance R,(6,¢,1) = %
- Ly (1)
The aquatic reflectance R, (1) = m.R, (1) = m. e

# vito

L7 (Q) = Lyatn (/1)7/1)11512 A + (DL, (D)

Atmosphere

Surface (sky glint, sun glint, white caps)
Lsgr (A) = LskyG (A) + Lsung (A) + Lywr (1)

NPLE



Atmospheric correction ?

For moving toward FRM-level, the residual atmospheric effects—though small—should not be
disregarded, and the associated uncertainty should be explicitly quantified and incorporated
into the overall uncertainty budget of UAS-based reflectance measurements.

f vito NPLE



Sky & Sun glint corrections  Lsg(1) = Lsky(A) + Lsung (D) + Lwr (D)

* Sunglint:
* Caused by direct sunlight reflecting

off the water surface toward the
sensor.

* Highly dependent on sun-sensor
geometry and water surface
conditions.

* Often appears as localized bright
spots in images.

» Sky glint:
PR TN R 1A 1 P * Originates from diffuse sky radiation
Sun glint Sky glint reflecting off the sea surface.

* Affects every pixel due to the

hemispherical nature of skylight
(source: Lee et al., 2025) reflection.

* Sky glintis unavoidable, while sun
glint can be minimized by adjusting
viewing geometry.

f vito NPLE



Sky glint corrections

The reflected diffuse sky radiance on individual wave facets may therefore be approximated as
product of the diffuse sky reflectance pgy,, and the sky radiance Lgy,, (4):

Lskyg D) = Psky Lsky (1)

Above water
measurements

Figure 11 Above water measurements: E4 (left), Lt(center), Lq (right) (Source:
Knaeps et al.,2018 [66])

f vito NPLE
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Sky glint corrections

Measurement

Source: Windle and Silbse (2021)
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LskyG D = Psky Lsky @)

Radiative Transfer modelling

d1(BLUE)

| I 0.007 |
1]

Figure 14. Sky glint correction with MAPEO-Water: View Zenith Angle (VZA);
skewLsiey (4
Relative Azimuth Angle (RAA); d1 for BLUE band with d1 = 2259 ® g4 for NIR
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Lw(6,¢,4)

Irradiance R,..(6,¢,2) = -

Mounted on drone Panels on land Ground-based

Example Altum + DLS 2 Integration

Source: Van Steenwegen et al., 2019
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Workshop objectives

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

» Discuss best practices for measurement, calibration,
processing, and uncertainty quantification.

= |dentify Challenges and Key Needs

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

f vito NPLE



Invited Experts and Their Talks

_ Carmen Cillero (Estonian University of
Life Sciences)
Experimental setup and first results of drone-

based radiometry; comparison to standard
instruments

Giuseppe Zibordi (EO Science-JRC)
Optical radiometry requirements for drone
systems supporting ocean-colour validation

Robbie Ramsay (NERC)
Current calibration activities involving UAV
imagers and underwater optics

Anna Windle (SSAI / NASA GSFC)
Evaluation of Unoccupied Aircraft System
(UAS) Remote Sensing Reflectance Retrievals
for Water Quality Monitoring in Coastal Waters

Andreas Baumgartner (DLR)
DLR'S Calibration Home Base for imaging

Alejandro Roman (Marine Sciences & spectrometers

Technologies)

Direct georeferencing-based mosaicking of UAV
multispectral imagery over water

Stefan Plattner (DLR)

LimnoVIS, a new platform for optimized in-
situ validation measurements at inland
water bodies

Presentations available at :
https://remotesensing.vito.be/services/frm4drones-aquatic
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https://remotesensing.vito.be/services/frm4drones-aquatic
https://remotesensing.vito.be/services/frm4drones-aquatic
https://remotesensing.vito.be/services/frm4drones-aquatic

A Mentimeter

Where are you located? - Pin on the map

144 registrations

~ 65 attendees



FRM4DRONES-Aquatic Second Workshop, where are you joining us from?

75 registrations

~ 50 attendees




A Mentimeter

What sensors are you using or considering for aquatic reflectance on drones?

18
1 11
9
. 1

Multispectral frame  Hyperspectral line Hyperspectral frame Point Other
imager scanner imager spectroradiometer




How do you measure downwelling irradiance in situ?

Downwelling irradiance sensor on the ground

o1

Downwelling irradiance sensor on AUV
25

Reference reflectance standard on the ground
19




How do you measure sky radiance in situ?

Sky radiance sensor on the ground

< [
Sky radiance on UAV

32
Model it

18
No sky radiance measuremnt

8
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(& )Community Feedback Highlights
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« Strong consensus: drones are essential to bridge in-situ Cal/Val and satellite
observations.

 Top priorities:
 Practical guidance needed for measurement and processing
« Modular uncertainty frameworks adaptable to different UAV sensors

* Intercomparison campaigns for verifying protocol robustness, evaluating cross-sensor
consistency, and benchmarking uncertainty estimates

 The community shows readiness to support protocol development and
Intercomparison exercises
» 16 participants want to join working groups

« 20 participants indicated active willingness to contribute to UAV-aquatic intercomparison
efforts (data acquisition, processing, calibration).

f vito NPLE
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