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Background and Motivations

▪ Proliferation of satellite EO data → How to harness the full 

potential of these heterogeneous data ? → Interoperability

▪ Space Agencies (within CEOS-WGCV) established community 

references (e.g., RadCalNet, PICS) + protocols to facilitate 

interoperability

▪ Despite these efforts, limitations remain:

• Lack of dedicated targets for assessing geometric accuracy and 

image quality, notably for HR/VHR sensors

• Scarcity of reference data for validating SR products, notably of 

hyperspectral measurements, HYPERNETS filling this gap

• Existing networks have limited flexibility and scalability and 

synergies across them not fully exploited
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Objectives and Timeline

▪ Objectives

• Supporting Cal/Val needs of optical VNIR/SWIR, multi- and 

hyper-spectral sensors with GSD ≤ 30 m

• Promoting research and innovations in methods

• Exploiting synergies within existing networks and sites

• Ensuring flexibility and scalability to accommodate needs of future 

sensor-type, e.g., HR TIR, atmospheric, SAR

• Fostering collaborations Agencies <-> Commercial

▪ Timeline

• 3 consecutive Phases (design, set-up, operations)

• Design Phase (ESA-funded) almost completed (Q3 2025)

• Currently preparing Phase 2/3 aiming at a multi-agency effort
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Gathering Cal/Val needs

▪ Commercial and Institutional EO data providers: 

• ESA, ASI, GFZ, VITO, USGS, CSIRO, Leonardo, MPC

• Planet, Satellogic, Airbus, SSTL, OSK, Albedo, ConstelIr, 

Kuva, Aistech, Satellite Vu, BlackSky, Promethee, 

EnduroSat, AerospaceLab, Satlantis, Absolute Sensing

▪ Questionnaire and one-to-one meetings

▪ CVP User Consultation WS (2-3 Oct 2023, Teams)

▪ Summary Report, main takeaways:

• Scarcity and limited discoverability of Cal/Val data 

• Lack of targets for Image Quality (IQ) parameters (e.g. 

MTF, SNR) for HR/VHR sensors

What is the main limitation to current post-launch Cal/Val capabilities ? 

What is your recommended component of an ideal Cal/Val site ? 
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Measurable Cal/Val parameters

▪ Radiometry (L1) – Surface measurements over selected targets + 

propagation to TOA for validating hyperspectral radiance (RadCalNet) 

▪ Surface reflectance (L2A) – Spectral measurements over selected 

targets for direct validation of SR and assessment of AC algorithms

▪ Atmospheric parameters (L2A) – Atmospheric measurements of AOT, 

TCWV (AERONET) + all-sky camera for cloud mask

▪ Geometry (L1) – Use of GCPs in the CVP region to validate geolocation, 

band-to-band registration, calibration of geometric model

▪ Image quality (L1) – Quantitative assessment of MTF with checkboard 

target + geometric patterns for image sharpness analysis

▪ Higher-level products (L2B) – Measurements of soil/vegetation 

biogeophysical parameters, e.g., LAI, fAPAR, SOC
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Cal/Val Park Area and Region

Cal/Val Park Region 
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▪ Candidate sites ranked based on scientific and 

practical criteria: land availability, flatness, 

cloud/aerosol, adjacency, legal issues

▪ Best suited site identified in the Grosseto 

region: the Cal/Val Park Area 

▪ Additionally, exploit surrounding region:

• Ancillary sites (water and vegetated)

• Existing natural and man-made 1D and 3D 

features for GCPs + IQ assessment 

▪ Components: A1 (Radiometry), A2 (Geo/IQ), A3 

(Atmo.), A4 (Lab), Extension (Playground)
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Baseline layout for A1 – Radiometry

A1
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▪ Radiometric targets (GSD up to 30m)

• Large size targets: 4 of 120x120 m2, 1 of 180x180 m2 

• 3 artificial (gravels): white, black, brown

• 2 natural : maintained lawn, bare soil

• Covering wide dynamic range, validation of L1, L2A, L2B

▪ Ground-based sensors/platforms:

• Fixed masts: RadCalNet, Hypernets, NoX stations

• Fully automated rover platform equipped with full range ASD-

like spectrometer for spatial sampling

• Ancillary sensors: thermal radiometer, fish-eye MS camera, soil 

moisture, soil organic content, webcams

• UAV hyperspectral imaging system for field campaigns
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Baseline layout for A2 – Geometry and IQ

▪ MTF Checkboard target for IQ Parameter 

quantitative estimate (GSD < 5m):

• Fixed orientation

• Material: Gravels

• Yearly Spectral characterization

• Regular check / Cleaning

• Background can be grass-covered type

▪ 7 Modules for quick qualitative assessment of 

Spatial Resolution (GSD < 2m)

• Various Patterns depending on GSD.

• Coloured Patterns (yellow, red, blue, white, green) with 

paving or painting or both

• Linear / Circular / Complex Forms

• Modular concept to reduce footprint over soil.
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Baseline layout for A3, A4 – Atmosphere and Lab

▪ A3 – Atmosphere

• CIMEL operated according to AERONET → Aerosol 

optical/microphysical properties + TCWV

• All-sky camera SKYCAM NASA → Cloud mask + COD

• Pandora-PGN (Option) → Trace gases, mainly NO2, O3

▪ A4 – Laboratory and Offices

• Modular laboratory facilities for instrument routine 

calibration, repair workshop, warehouse

• Offices for on-site operators (3 operators)

▪ Extension Area (Playground)

• Unmaintained vegetation for hosting multi-sensors, 

cross-calibration campaigns, deployable targets

A3 – Atmosphere

A4 – Laboratory Extension Area
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Selection and characterisation of materials

▪ Candidate materials assessed, their reflectance 

properties measured in the lab

▪ Scientific and practical criteria:

• Wide range of brightnesses

• Affordable price and available in the site proximity

• Easily deployable, resistant and solid

▪ The final selection for the 5 Rad targets:

• 1 Bright and 1 black gravels (60% and 5-15%)

• 1 Stabilised brown material (30-40%)

• 2 natural: rotation grass and bare soil

▪ Spanning a wide radiance range allowing validation of 

L1, L2A and L2B products 
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Sampling Approach

▪ Temporal domain: HYPSTAR, RadCalNet and NoX on 

fixed masts operated according to network protocols

▪ Spatial domain: mobile rover with spectrometer 

(ASD-like) covering the full range (400 – 2500nm)

▪ Conceptual framework to define the optimal  

sampling scheme over the target

▪ Best protocol for a given uncertainty requirement 

identified, minimizing traveling time while preserving 

spatial representativeness

▪ Engineering design and technological solutions 

have been explored for the rover

Spatial Sampling protocol

# Problem parameters

area_length = 120 m

area_width = 120 m

central_area_length = 60 m

central_area_width = 60 m

rover speed = 2 m/s

acquisition_time = 5 s

num_points = 25
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measurements

4

Rover design and solutions

HYPSTAR

Temporal

RadCalNet NOX

Spatial

5 targets 

measurements
Mobile rover
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Simulations at TOA and Adjacency effects

▪ Surface reflectance of the area simulated using 

satellite imagery at HR + spectra of the materials → 

Signal propagated at TOA with 6SV RTM

▪ Effects of convolution with different PSFs 

(Gaussian) assessed for different GSD

▪ Adjacency effects: background reflectance from S2 

+ atmospheric PSF following Ma et al, 2022 

▪ Impact of adjacency for candidate materials 

quantified for given atmospheric conditions

▪ Tools used to refine layout configuration and will be 

provided to users to correct for adjacency

30m 10m 0.7m
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Summary and Outlook

▪ The current layout address most Cal/Val needs identified by the community with 

potential for expansion beyond the optical domain, e.g., TIR, SAR

▪ The proposed technical solution, fixed stations + rover for temporal and spatial 

sampling, is very innovative, marking the first of its kind. 

▪ We believe CVP will be important in driving future progress in Cal/Val, and we have 

observed a significant interest in the community during workshops, meetings…

▪ We aim to build a model that can be potentially replicated in other locations, working 

towards a network of Cal/Val Parks ! 

▪ We are looking for international cooperation and synergy with existing 

sites/networks to meet this long-term vision !
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Thank you !

Contact:
fabrizio.niro@ext.esa.int 

mailto:fabrizio.niro@ext.esa.int
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