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Quelques chiffres :

• Création en 1998 à l’initiative du CNES

• 23 Communautés

• 3000 Experts (dont env. 2000 externes)

• Organisation de 60 évènements/an

Les missions/objectifs :

• Favoriser l’ouverture du spatial aux autres secteurs d’activités

• Contribuer à l’expertise et l’innovation

• Favoriser la collaboration

• Produire, partager les connaissances

Insérez dans la zone de pieds de page, si besoin, vos informations annexes (légendes, sources, crédits, 

restrictions, logos partenaires, etc).

COMET

COMmunauté d’ExperTs
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Insérez dans la zone de pieds de page, si besoin, vos informations annexes (légendes, sources, crédits, 

restrictions, logos partenaires, etc).

COMET

Structuration d’une COMET

Organise les 

évènements, les 

bureaux, gére la 

communauté.

Se regroupe, porte des 

sujets & évènements

Suit l’actualité COMET, 

reçoit les newsletters 

COMET, participe aux 

évènements.

Poncet Maurice

Petiton Julien
11 membres

~450 adhérents

~170 abonnés

COME

T SIL
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Que vous soyez simple visiteur, participant occasionnel ou membre actif, n’hésitez pas à vous inscrire aux 
évènements sur le site : https://www.comet-cnes.fr/

 

Insérez dans la zone de pieds de page, si besoin, vos informations annexes (légendes, sources, crédits, 

restrictions, logos partenaires, etc).

COMET

Comment participer aux COMET

Ouvert à 

tous!



SIL – ARCHITECTURE DES SYSTÈMES INFORMATIQUES ET GÉNIE 
LOGICIEL





DGGS OU DGGRS ?
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« Les systèmes de grilles globales discrètes (DGGS, Discrete Global Grid 

System) proposent une nouvelle manière d'organiser, de stocker et d'analyser 

des données spatio-temporelles. 

Un système de référence (RS, Reference System) a été incorporé au cœur du 

DGGS. » iso.org

« Un DGGS est un système de référence spatiale qui utilise une tessellation 

hiérarchique de cellules pour partitionner et adresser le globe. » OGC 

definition



Croissance exponentielle des données dans le domaine de l’observation de la Terre,

Les coûts de stockage et de calcul de plus en plus onéreux (achat de matérielle),

La mise à disposition de plus de ressources va à l’encontre des nouveaux enjeux environnementaux,

Démocratisation de l’IA nécessite l’ingestion & agrégation massive de données afin d’optimiser les 

modèles.

Les DGGS sont potentiellement identifiés comme outil/format pouvant répondre à ces dernières. 

Pour cela, le CNES a initié des études avec l’Ifremer, Geomatys & CS Group.
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Why DGGS ?

 

   

   

   

   

   

   

                                                

                                            

                     
                                     

Exponential number of missions (each with its grid) Exponential Volume of Data

=> Provide common indexing scheme and a homogenic framework for earth analysis  



Enhancing Earth 

Observation with DGGS
Grid4Earth Consortium



Introduction to DGGS

● Historical context and Motivation: Current challenges

● Definition: Discrete Global Grid Systems (DGGS)

● Purpose: Uniform spatial representation for geospatial data

● Different types of DGGS (hexagonal, triangular, square grids)



DGGS: Historical context and development 

Early 
developments

Emergence
of DGGS

Standardization
and uptake 

Emergence of 
new use cases 

Future 
directions

1960s-1980s: Initial concepts of global grid 

systems arise, motivated by geospatial 

challenges.

1990s-2000s: Advancements in global 

spatial data systems lead to the concept 

of hierarchical grids. HEALPix introduced 

for astrophysics, marking a significant 

milestone for DGGS-like approaches.

2010s: OGC begins 

formalizing DGGS 

standards to ensure 

interoperability. > 2021: Increasing adoption in SAR and 

optical satellite processing. Exploring 

hybrid approaches with data formats like 

Zarr for efficiency and scalability.

2020s: DGGS applications expand into 

Earth observation, environmental 

monitoring, and beyond.



Motivation – Challenges in data representation with Data cubes

Model: https://doi.org/10.48670/moi-00021



Motivation – Limitations of traditional Map Projections

Planar CylindricalConical
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⇒ Planar: shape and area distortion 
increase away from the center.

⇒ Conical: distortion along the lines of 
latitude, with minimal distortion along the 
standard parallels. The cone can be 
adjusted to focus on various latitudes. 
Seam lines at the edges of the cone 
create discontinuities where the map does 
not cover the entire globe.

⇒ Cylindrical: Severe distortion at the 
poles leads to unrealistic representations 
and significant breaks in spatial continuity.



Discrete Global Grid Systems

“A Discrete Global Grid System is a spatial reference system that uses a 

hierarchical tessellation of cells to partition and address the globe.”

(OGC Abstract Specification, 2017).

General principle: recursively subdivide the spheroid

1. Choose a base solid / subdivide the surface into faces

2. Choose an orientation of the base solid

3. Define a hierarchical spatial partitioning method

4. Ch       m  h d     r   f rm  h    r            h    h r  d’   urf c 

5. Choose a method to index the grid cells



Initial subdivision: Base solids

Image from: Lei, Qi, & Tian, 2020

● Common base solids:
1. Tetrahedron

2. Cube

3. Octahedron

4. Dodecahedron

5. Icosahedron

● The smaller the face, the 

less it is distorted

● Choice limits the cell 

shape

● Can also use spherical 

geometry instead



Orientation

● The choice depends on the application

● Aim: keep areas of high distortion away from areas of interest

● examples for the orientation

1. vertices at the poles

2. symmetrical to the equator

3. all vertices in the ocean
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Partitioning methods

Cell shapes:

● Affects how the spherical surface is covered and the grid's efficiency

● possible choices: Triangle, Square, Diamond, Hexagon

Key Properties:

● Congruence: Seamless subdivision without gaps.

● Aperture: Number of subdivisions (higher = more parts).

● Adjacency: Relation to neighboring cells (sharing edges/corners).

● Compactness: Area-to-perimeter ratio (higher = better efficiency).
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DGGS methods recursively subdivide the faces of polyhedra to cover the 

spherical surface, creating cells with different geometric shapes.



Transformation to the spheroid’s surface

Transforming spherical data to 2D involves methods that balance area, shape, and structure, each with trade-offs.

Most common: inverse map projection

● Transforms 3D spherical coordinates to 2D map coordinates.

● Common in mapping applications, useful for visualizing spherical data on a flat plane.

● Trade-off in distortion between area and shape preservation:

○ Area preservation: Snyder equal area projection

○ Shape preservation: Gnomonic projection

○ Compromises: Fuller - Gray projection



Indexing scheme

● Allows assigning a unique numerical index to 

each cell

● Different choices (top to bottom):

○ Hierarchical indexing

○ Axis-b   d   d    g (“C  rd      ”)

○ Space-filling curve

● Position on the grid: a single 64-bit integer

● Allows for lots of operations:

○ Hierarchical access (parents, children, 

siblings)

○ Neighbours search

○ Alignment
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Different types of DGGS

ISEA4T ISEA3H ISEA4H
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Different types of DGGS

Uber H3Google S2 HEALPix
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HEALPix from cosmology 

(example CMB)



DGGS: Summary of Key Features

● Consistent Grid: Provides a uniform system for geospatial data across resolutions.

● Improved Integration: Aligns diverse datasets globally for comprehensive analysis.

● Multi-Resolution Analysis: Supports detailed local and broad global assessments.

● Interoperability: Promotes seamless exchange between geospatial datasets.

● Scalability: Adapts to varying levels of detail and geographic extents.

● Reduced Distortion: Minimizes Earth's surface distortion for accurate representation.

● Efficient Storage/Retrieval: Optimizes handling of large geospatial datasets.

● Advanced Analysis: Supports spatial statistics and machine learning with a uniform 

structure.



HEALPix : the best for the equal area.

H3 (res. 1,2)

HEALPIX (res. 3,4) rHEALPix (res. 2,3)

DGGRID

ISEA3H (res. 4,5)
DGGRID

ISEA7H (res. 2,3)

10.5194/isprs-archives-XLVIII-4-W12-2024-75-2024
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http://doi.org/10.5194/isprs-archives-XLVIII-4-W12-2024-75-2024


Example of HEALPix used in Climate change adaptation

https://f2a.plan4all.eu/#https://pangeo-eosc-minioapi.vm.fedcloud.eu/fpaulifr-
riomar/small_test_2026m06d12_001_hp.zarr::varname=temp::dimIndices_time_counter=0::dimIndices_s_rho=8::boundlow=11.219304525844814::boundhigh=14.42545
8908081055

https://f2a.plan4all.eu/#https://pangeo-eosc-minioapi.vm.fedcloud.eu/fpaulifr-riomar/small_test_2026m06d12_001_hp.zarr::varname=temp::dimIndices_time_counter=0::dimIndices_s_rho=8::boundlow=11.219304525844814::boundhigh=14.425458908081055
https://f2a.plan4all.eu/#https://pangeo-eosc-minioapi.vm.fedcloud.eu/fpaulifr-riomar/small_test_2026m06d12_001_hp.zarr::varname=temp::dimIndices_time_counter=0::dimIndices_s_rho=8::boundlow=11.219304525844814::boundhigh=14.425458908081055
https://f2a.plan4all.eu/#https://pangeo-eosc-minioapi.vm.fedcloud.eu/fpaulifr-riomar/small_test_2026m06d12_001_hp.zarr::varname=temp::dimIndices_time_counter=0::dimIndices_s_rho=8::boundlow=11.219304525844814::boundhigh=14.425458908081055


Destination Earth and 

DGGS (HEALPix)
Global Fish Tracking System Destination Earth use 

case and pangeo-fish



Serco 
Business

GFTS - Global Fish Tracking Service

Bridging Marine Biologging Science with Conservation Policy



Serco 
Business

Attaching small devices to animals to track their behavior and gather environmental data

Fish capture
Stabulation, then 
anesthetize the fish

Implant the acoustic tag + 
Data Storage Tag (DST)

Waking and housing fishFish release

Data Storage Tag: Store time series of observed temperature, depth in a tag. 
Acoustic Tag: tag emits signal, detect tagged fish using acoustic telemetry network
Combine both approaches together with earth science data: Infer fish trajectory from 
individual environmental data histories using geolocation models

What is Biologging 



Serco 
Business

Depth

Temperature

Bathymetry

Temperature 
at depth

Model: Hidden Markov Method 
Geolocation model developed by Woillez et al. (2016), temperature 
and bathymetry as reference fields, adapted from Pedersen et al. 
(2008)

Constrains: 
- acoustic detection, 
- bathymetry
- release location
- recapture location

Likelihood of Observed Temperature at 
depth by fish from earth science data 

Hidden Markov Method

Bio-Logging data Earth science data

Pangeo-fish: Fish 
Tracking Modeling

Quality and resolution (both spatial 

and temporal) of Earth science data, 

such as sea temperature, are crucial 

for accurate track reconstruction. 

→ Pangeo ecosystem and HEALPix for computing fish-track = Pangeo-fish

Pangeo-fish: Fish Tracking 
Modeling



Why HEALPix for pangeo-fish?

“A Discrete Global Grid System (DGGS) is a spatial 
reference system that uses a hierarchical tessellation of 
cells to partition and address the globe.” OGC Abstract 
Specification, 2017

Equal Area, Seamless Global Coverage, and Multi-Scale.

Expand possible fish tracking system to globa applicationl!! HEALPix is a type of DGGS

xdggs : easily access, process, and visualise ClimateDT/ pangeo-fish  HEALPix data

https://xdggs.readthedocs.io/en/latest


Serco 
Business

All model is accessible in HEALPix

Destination Earth Climate DT



View Individual Fish Tracks
Inspect model results in detail

gfts-single-anim.mp4

http://drive.google.com/file/d/1-WQdOUPk-BgvHVeGHo373vWXkPb6eT6W/view


GRID4EARTH : 
Toward an Ellipsoidal HEALPix* Grid
for Analysis-Ready Earth Observation

and Climate Data

A common DGGS for Copernicus & Destination Earth

Jean-Marc Delouis¹, B. Bovy², A. Fouilloux³, A. Kmoch⁴, J. Magin¹, P. Richard⁵, V. Dumoulin⁶, T. Odaka¹

¹IFREMER/CNRS/LOPS  ²Bovy EI  ³LifeWatch ERIC  ⁴Univ. Tartu  ⁵Richard EI  ⁶ESA/ESRIN

on Behalf of the GRID4EARTH project with the financial support of  ESA



THE PROBLEM

A Fragmented Landscape of Spatial Grids

Copernicus & DestinE produce massive global 
datasets on heterogeneous grids:

●Regular lat/lon (Sentinel, ERA5)

●Reduced Gaussian (ECMWF models)

●Swath / orbit geometries (L1/L2)

●Unstructured meshes (ICON, FESOM)

Costly regridding

Ad-hoc interpolations repeated by every user

Error-prone

Information loss, aliasing, area biases

Not reproducible

No standard → different results per workflow

→  We need a common Discrete Global Grid System (DGGS)



THE CANDIDATE

HEALPix Nested = A Native Quadtree
Each pixel subdivides into 4 children → built-in multi-resolution hierarchy

Equal Area at Every Depth
Same surface area per pixel at any resolution → unbiased statistics

Down / Upscaling
Parent = mean of 4 children — trivial aggregation, no interpolation needed

AI-Ready Indexing
Space-filling curve preserves locality → GPU batching, ML-friendly tiles

Cloud-Native Chunks
Zarr / COG tiling aligned with quadtree nodes, scalable on object stores

3 depths
on the sphere

Already adopted: ESA DestinE Climate DT, ECMWF, Planck, WMAP, Euclid...



Why diadic scaling is important for earth observation

● Many observed process are driven by advection (atmosphere, Ocean,etc.) that is by nature diadic 

(thank to Navier-Stokes equation),

● Thus, multiscale, AI and other statistical analysis are built on top of diadic statistics,

● Multiscale computation on a dyadic grid is very efficient (small kernel ~5x5, or even 3x3) is sufficient for 

the smallest scale (see the next slide for more explanations),



Why diadic scaling is not a problem

Resolution adjustment between the detector and the HEALPix grid is not necessary. 

The next finer grid scale can be used instead; for example, level 20, corresponding to approximately 6 m, for 

data with a 10 m resolution:

● The increased storage cost can be compensated by informed compression, since there is no 

additional information between 10 m and 6 m.

● A forward resampling model ensures information consistency between the two grids.



THE GAP

Sphere ≠ WGS84 Ellipsoid
HEALPix is formally defined on a perfect sphere — but Earth is an oblate ellipsoid

What happens when you ignore it?

At coarse resolution (≥ 50 km):

Negligible — flattening ~ 0.3%

At Copernicus resolution (10–100 m):

Non-negligible position shift (~km)

Latitude-dependent pixel area bias 

Zonal & regional statistics become unreliable

Key numbers

~0.3%
Earth flattening (f)

~0.67%
Max area distortion

The spherical assumption breaks the equal-
area guarantee that makes HEALPix valuable.

→  The equal-area property must hold on the ellipsoid, not just the sphere



Sphere and Ellipsoid

Both models can introduce displacement due to simplifications.
WGS84 (the widely used ellipsoid) is typically 2 meters off in terms of positional accuracy.
Coordinate Systems:

● Geocentric Latitude: Measured from the Earth's center, considering the ellipsoid's shape.
● Authalic Latitude: Latitude on a perfect sphere that has the same surface area as the ellipsoid.
● Geographic Latitude: The common latitude along the Earth's surface



THE SOLUTION

Ellipsoidal HEALPix via the Authalic Sphere

Key Properties

✓ Equal area on WGS84

Same ellipsoidal surface area per pixel

✓ Backward compatible

Reduces to standard HEALPix on 
sphere

✓ No new tooling

Only the coordinate mapping changes

✓ Exact & invertible

Analytical transform, ~1 nm precision



RESULTS

Area Distortion: 
Sphere vs. Ellipsoid

Area distortion vs. latitude (refinement level 10)



RESULTS

Conventions: 
dggs-zarr, CF_convetions, STAC compatible 

https://stac-browser.grid4earth.eu

https://stac-browser.grid4earth.eu/?.language=en


UNIFICATION

One Grid to Bridge Models & Observations

Climate Models (Sphere)

●DestinE Climate DT

●ECMWF IFS / ICON

●CMIP / reanalysis

Defined on the sphere

→ Standard HEALPix

Ellipsoidal

HEALPix

=

Earth Observation (Ellipsoid)

●Sentinel-1 / 2 / 3

●Copernicus services

●In-situ networks

Referenced to WGS84

→ Ellipsoidal HEALPix

→  Analysis-ready data: no regridding, consistent statistics, interoperable workflows



Takeaways & Next Steps

Ellipsoidal HEALPix works

The authalic sphere approach preserves equal-area on WGS84 
with minimal complexity

Compatible & practical

No new libraries needed — same HEALPix tools, just a coordinate 
transform layer

A foundation for FAIR data

One DGGS for models + EO = analysis-ready, reproducible, cloud-
native

11 Validate at full 
Copernicus/Destination E resolution

22 Community adoption & 
feedback

Next Steps



GRID4EARTH : Open source packages

healpix-geo:
HEALPix 
geospatial 
algorithms 
library

healpix-analyse: 
HEALPix EO 
analysis toolkit 

healpix-resample: 
Geospatial data to 
HEALPix grid 

healpix-plot: 
Fast HEALPix 
plots for Earth 
observation 



Thank you!  Any question? 

https://grid4earth.eu for more information
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R&T – Etude et conception d'un index 

DGGS Spatio-Temporel (4D) dans un 

cadre de standardisation OGC

Réunion de clôture - 26/06/2026

&



49

JOHANN SOREL
Master en Géomatique

License en programmation

⤷ il y a 20 ans déjà

● GeoAPI

● Apache SIS

● GeotoolKit

● Examind SDK

● Examind Server
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OGCAPI - DGGRS



STANDARD OGC  & DGGRS

OGC-API

(Features, Coverages, Map, ...)

51

Le modèle OGC-API

OGC-WXS

(WMS, WMTS, WFS, WCS, ...)

● XML

● statique (une seule API)

● extensible (propriétaire)

● REST

● JSON

● dynamique (multi-API)

● extensible (OpenAPI)

● REST (resource oriented)



STANDARD OGC  & DGGRS

/ 

 ↳ page d'accueil du service 

/conformance

↳ liste des standards auxquelles le service se conforme

/dggs

 ↳ liste des DGGRS du service

/dggs/{dggsId}

 ↳ d  cr       d’u  DGGR       r  cu   r

/dggs/{dggsId}/definition

 ↳ déf          u  c m  è              qu  d’u  DGGR 

/dggs/{dggsId}/zones

 ↳ liste ou recherche de zones

/dggs/{dggsId}/zones/{zoneId}

 ↳ d  cr       d’u   z         r  cu   r
52

OGC API - DGGRS

Approuvée : 2025-05-04

Publication : 2025-10-03

Découverte



STANDARD OGC  & DGGRS

/collections

  ↳ liste des données disponibles sur le serveur

/collections/{collectionId}

  ↳ d  cr       d’u   d   é 

/collections/{collectionId}/schema

  ↳ description de la structure de la donnée 

/collections/{collectionId}/queryables

  ↳ liste des propriétés requêtable 

/collections/{collectionId}/dggs

  ↳ liste des DGGRS disponibles pour une donnée 

/collections/{collectionId}/dggs/{dggrsId}/zones/{zoneId}/data

  ↳  é éch rg m    d’u    u    DGGR  

53

OGC API - DGGRS

Téléchargement



STANDARD OGC  & DGGRS

(/collections/{collectionId})/dggs/{dggrsId}/zones/

● collection ids   ⇨ une ou plusieurs collections

● bbox     ⇨ emprise voulue

● zoneLevel    ⇨ niveau de profondeur des zones dggrs

● compactZones   ⇨ retourne une liste compacte

● offset + limit    ⇨ pagination

● parentZone    ⇨ limiter à une zone parente pour la recherche

● subset + subsetCrs + datetime ⇨ filtrer les dimensions supplémentaires

● geometry    ⇨ type de retour (zone-centroid,zone-

region,vectorized,none)

● crs     ⇨ CRS des données en sortie

● filter + filterLang   ⇨ filtre CQL ou autre

● format + profile   ⇨ format de sortie

54

OGC API - DGGRS

GetZoneList



STANDARD OGC  & DGGRS

(/collections/{collectionId})/dggs/{dggrsId}/zones/{zoneId}/data

● collection ids   ⇨ une ou plusieurs collections

● properties + excludeProperties ⇨ sélection des propriétés retournées

● subset + datetime   ⇨ filtrer les dimensions supplémentaires

● filter + filterLang   ⇨ filtre CQL ou autre

● crs     ⇨ CRS des données en sortie

● geometry    ⇨ type de retour (zone-centroid,zone-

region,vectorized,none)

● format + profile   ⇨ format de sortie

● zone-depth    ⇨ sous-niveau de profondeur des zones dggrs

● valuesOffset + valuesScale ⇨ ajustement des valeurs

55

OGC API - DGGRS

GetZoneData



STANDARD OGC  & DGGRS
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OGC API-DGGRS : amélioration

L’A I  c u       rm   d  récu ér r     d   é     r z   :

/collections/{collectionId}/dggs/{dggrsId}/zones/{zone

Id}/data

Le problème vient des clients qui veulent télécharger une 

emprise spécifique à une résolution. 

Av c  ’A I  c u        c      d    :

● trouver les zones parent intersectant les zones de 

données

●  ’   ur r qu  c’    c m    b    v c     c   c  é  

du serveur (subzone depth maximum)

● faire plusieurs requêtes de téléchargement

● supprimer les zones dupliquées et celles en 

d h r  d   ’ m r    v u u .

Bien sûr ces opérations peuvent être simplifiées avec un 

client DGGRS complet.

Le nouveau end-           d    qu  à  ’         à  ’  c       

qu’    cc           r mè r     u  f rm  d  gé mé r  .

/collections/{collectionId}/dggs/{dggrsId}/zones with 

additional parameters :

domain : une géométrie WKT

domainCrs : le CRS de la géométrie

zone-depth  : devient absolue et non relatif

zone-accuracy : alternative à zone-depth (example : 500 m)

Un nouveau end-point ? Proposition



STANDARD OGC  & DGGRS

● Part 1: Core Reference System and Operations, and Equal 

Area Earth Reference System
↳ Spécification de 2021, en cours de première révision, tout les 5 ans

● Part 2 - 3D Equal Volume Zones
↳ 3D Equal Volume Earth Reference System

↳ V      D,               ur  ’        d

↳ Classes de conformance

● Part 3 - Temporal Zones
↳ Equal Area Earth Spatio-Temporal Reference system

↳ 3D Equal Area Volume Spatio-Temporal Reference system

↳ Axis Aligned Spatio-Temporal Reference system

↳ Classes de conformance

● Part 4 Axis-Aligned Zones
↳ Describes a way to define DGGS from coordinate reference system

↳ Classes de conformance

57

Les futurs standards : ISO 19170

Publiée

en révision

A venir

ébauche

A venir

ébauche

En cours

de finalisation

✓



58

DÉMONSTRATEUR



Démonstrateur : Examind Server

59

Serveur de démonstration

H3 zone : NAPL

A5 zone : Truemarble

S2 zone : Roads



Démonstrateur : Examind Server

60

Architecture : Open-Source



Démonstrateur : Examind Server
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Performance DGGRS

Tous : les performances sont toujours meilleurs en temps par zone avec un niveau de sous-zone important.

H3 : est le DGGRS le plus lent lors de ce test

S2 : est le DGGRS le plus rapide, suivi de pret par Healpix

ISEA7H or IVEA7H : sont des remplacants matures à utiliser à la place de H3.

A l'exception de H3 :   u    uv    f ur  r  'équ v      d’u    u    d     ×256 (65000 zones) en moins de 

500ms.

CBOR : le format le plus efficace, suivi de UBJSON

GZIP : devrait être toujours activé si possible, améliorant la compression à un coût null.
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Merci à tous



Discrete Global Grid System (DGGS)

Sentinel-2 feasibility study 

Georgia Doxani I Serco for ESA

Nicolas Vila I CS Group
On behalf of the ESA S2 and S2 MPC teams  
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Copernicus logo

                               1 / 3
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DGGS availability Study and analysis of the current DGGSs, pros and cons 

Suitability for EO data
Analysis in terms of area distortion, compactness, indexing, raster 

storing size, resolution, radiometry preservation, etc.

Tools availability
Investigation of the maturity level of libraries/software/tools available 

for DGGS implementation

Development of a DGGS 
demonstrator software 

Selection of a DGGS with tools availability. Relatively few libraries dealing
with DGGS, and these libraries do not have a large user community/
development inactivity during the last years

HOW ? 
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Phases 1 & 2 (2023): study and select an appropriate DGGS 
Framework, addressing:

• Heterogeneity of the sensors, resolution, georeferencing 
and data format, ...

• Increasing number of open remote sensing data,

• Use case: ARD products storage (Datacube)

• rHEALPix & H3 DGGRS have been tested during the 
  udy (  udy’      b    v    b      Github)

Phases 3 & 4 (2025): development of a simple DGGS 
demonstrator platform handling Sentinel-2 ARD products. 

Different DGGS implementations

HOW ? 
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From S2 imagery pixels to DGGS cells

DGGS refinement levels and native products resolutions

are not aligned.

Independently of the DGGS implementation choice, two

strategies were possible for the storage of pixels data:

➢ “Sparse” DGGS cells storage for imagery data on DGGS

grid: in this case each pixel is projected into the

corresponding DGGS cell, with the highest refinement

level. This leads to have cells with no-data when native

resolution is lower than the grid refinement level.

➢ Interpolated data on DGGS grid. In this case, an

interpolation is made on the data so that all DGGS cells

contains interpolated values:

➢ nearest-neighbor interpolation (fast)

➢ bicubic interpolation (accurate)

DGGS refinement level finer than 

original S2 image resolution

DGGS (H3) cells area, according to 

the Refinement Level
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Analysis-Ready Data Processing & 
Interpolation

Radiometry preservation in DGGS datacube can be quite a
challenging step

• Regridding imagery products on a discrete global grid,
depends on the DGGS implementation : (r)HEALPix, IGO7,
H3, etc.)

• DGGS cells are oversampled regarding the native
resolution, to avoid the loss of information, producing an
“           g” effects.

• At first simple interpolation was used: we assigned DGGS
cells values from of the raster pixel which center is the
closest to the cell centroid.

• Then we evaluated bicubic & nearest neighbor impact on
image quality

Sample S2 data on H3 DGGS
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Evaluation of Image Quality
when using DGGS

Schema of the IQ evaluation

- Begin from L1C directly, although from L1B would be more operational (and with better quality). 
- Different resampling solutions from input to DGGS  (Bicubic resampling preferred)
- Different resampling solutions from DGGS to output (own method preferred, bad results from off the shelf solutions)

S2 L1C tile
(ortho UTM 

square pixel 
10:20:60m)

DGGS pyramid

Load in DGGS
resampling with NN, 

and  BICUBIC 
considering lat,lon of  

centroid  of DGGS cell 

Rasterizing from DGGS
on the same output 
geometry
• With off the shelf solutions
• With our own algorithm : 

linear interpolation inside 
triangle, at the center of the 
output pixel. 

S2 output in 

same geometry 

of the tile

Center of output pixel

Triangle with the DGGS 

centroids the closest to the 

output pixel center

Use of level just 
below the native 

resolution

Image Quality

- Dense correlation : geometric shifts

- Comparison of PSF (possible blurring)

- Radiometric shift (in uniform sites)
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Simple  image comparison (S2 band 04, 10m resolution)

Evaluation of Image Quality
when using DGGS
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Simple  image comparison (S2 band 04, 10m resolution)

Evaluation of Image Quality
when using DGGS
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• Study of images of differences (input / output), comparison with gradient
global image of test, harbor zone. 

 No radiometric shift in uniform zones. 

 Variations in high gradient zones due to small blurring 

Evaluation of Image Quality
when using DGGS
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Geometric study using dense 
correlation. 
- 0 shift measured, 
- no trend inside the images,  
- only correlation noise visible.

Evaluation of Image Quality
when using DGGS

Proposed Way forward : 

- Begin checks from L1B directly (avoid 1 interpolation step, and potential loss of MTF)

- Test other interpolation methods from DGGS to User projection (bicubic like, surface intersection)

- Quantitatively assess the MTF loss on natural MTF target sites from MPC. 
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DGGS Demonstrator Architecture

Demonstrator objectives:

• Development of a pilot demonstrator at 
country scale : Belgium area

• Explore & demonstrate efficiency in terms of 
ARD product storage, search, visualization, 
and analysis

• Support of various products: 

• Sentinel2 (L2A/L1C)

• Sen2Like products (L2F, L2H),

• Landsat 8/9 (soon),

• Sentinel3 optical (soon)

• Extension with sample DEM dataset 
(Copernicus EU-DEM)

• OGC Standards support
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• The demonstrator datacube is currently & progressively populated with one year of Sentinel2 
regridded data (ongoing work)

• For now, only 7 Sentinel 2 MGRS tiles are used (out of the 10 necessary to fully cover Belgium)

• A few sample development datasets have already been generated over Belgium country with L2A 
S2 tiles, and Toulouse area, and Latium/Roma region in Italy

Belgium area coverage 
using 7 center MGRS Sentinel2 tiles

DGGS Demonstrator
Country-Level datacube



75

 
 

  

  

  

 

  

  

  

Copernicus logo

                               1 / 3

75

DGGS Demonstrator Web User Interface

The demonstrator proposes a user interface to
navigate and dig through the datasets and DGGS
datacubes. Many different combination of mapping
frameworks were tested for this purpose to assess the
best performance and user experience:

➢ OpenLayers, MapLibreGL + DeckGL, KeplerGL, 
Lonboard

➢ With DGGS data we are between vector and raster: 
“vectorized / discretized” ARD data”.

Web frontend and timeseries from datacube



76

 
 

  

  

  

 

  

  

  

Copernicus logo

                               1 / 3

76

DGGS Datacube On-The-Fly Analysis

Making DGGS Analysis-Ready-Data available through Web UI
and APIs:

• Extraction of per-cell temporal timeseries/trends at
different DGGS refinement level

• AOI selection implemented on the map frontend

• The frontend allows to display basic graphs for radiometric
indices, or bands data timeseries

• Standard and well-known APIs are used to extract time series
data.

• Making the output accessible and downloadable in well-
known format. (JSON and/or CSV formats will be used by
default for exports)

Sentinel2 DGGS data exported
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DGGS Datacube On-The-Fly Analysis

• The demonstrator proposes generation of simple radiometric
indices (e.g. NDVI, NDWI, NDBI, LAI, etc.) combining data
across different grid levels;

• Radiometric Indices can be implemented on both client and
server sides. The demonstrator is processing data on the client
(frontend) from the raw data.

False colors & NDVI rendering
Analysis at different scales

Radiometric indices
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DGGS Demonstrator
Basic Analysis & Radiometric Indices
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DGGS Demonstrator
Lessons learned & way forward.

• Some lessons learned during the development of the DGGS demonstrator

• The perfect DGGS does not exist. The choice of a specific DGGS to handle different missions
and sensor characteristics is always leaded by the use case.

• Cloud native formats will be the key to build planetary scale and serverless DGGS datasets
(Zarr, Parquet)

• Equal Area cells DGGS: for a data cube implementation for managing environmental data and
spatial statistics, having equal area cells is desired (HEALPix , IGEO7/ISEA7H_7Z, etc.)

• DGGS “regridding  r c   ” can be improved and new interpolation methods could be tested to
improve the result and reduce the radiometry loss in MFT even further.

• Tests to be made on L1B + S2VM geolocation grids (then DGGS conversion and L1C
comparison)

• Many challenges pave the way to a DGGS adoption: multiple grids, different storage solutions,
standard APIs, and new ways to interact with imagery products : software, pipelines, tools,
frameworks, etc.)

• Standards are being developed (OGC/ISO), tested in OGC pilots, and best practices will follow

• Global grids are still considered as experimental, but we can see today that there is a growing
community around DGGS, and thanks to early initiatives lead by space agencies.
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Living Planet Symposium 2025

C.01.07 Discrete Global Grid Systems (DGGS)
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DGGS are moving from research to operational reality through refined methods, standards, 

demonstrators, and tools.

M
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DGGS will be a cornerstone for global-scale EO analysis and the Digital Twin Earth.

Adoption will require continued tool development and community engagement.

They deliver efficiency, scalability, and interoperability for next-generation EO 

infrastructures.

C.01.07 Discrete Global Grid Systems (DGGS)

Living Planet Symposium 2025
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Thank you for your attention!

DGGS Demo DGGS ToolboxAny questions? Feel free to contact us:

georgia.doxani@ext.esa.int
nicolas.vila@cs-soprasteria.com

mailto:georgia.doxani@ext.esa.int
mailto:nicolas.vila@cs-soprasteria.com
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