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Neural Compression for Earth Observation: Why?
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Neural Compression Research: Developments
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Neural Compression Research: Landscape
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Neural Compression Research: Rationale
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Neural Compression for Earth Observatlon Workflows
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Geospatial Downstream Tasks: A Global Tour
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Geospatial Downstream Tasks: Hands-on Data

Multimodal, Data sample D,

multitemporal -

datacube
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A Sentinel 2 (RGB, L1C, L2A)
A Sentinel 1 (GRD)

https://huggingface.

Data Specifics

) _ co/datasets/embed?2
A Spatially aligned scale/SSL4EQ-S12-
A TerraMesh subset (without time downstream

series)
A 4 timestamps x 250k locations
A CC BY-4.0 licensed
A ZARR ZIP optimized storage



https://huggingface.co/datasets/embed2scale/SSL4EO-S12-downstream

esting Lossy Neural Compression: A Question

Channel Correlation Heatmap
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Geospatial Downstream Tasks: Use Cases seyond202s cven

E2S Data Challenge

Dataset Spatial Temporal Years number of number of
Coverage Coverage Labelled samples downstream
tasks
landcover Europe 2018 2018 4691 2
biomass global 2019 2019 2415 2
crops US Corn Belt 2022 2022 3355 1
heatisland Northern 2022 202171 2024 1659 2
Hemisphere
random global 2018 1 2020 N/A 1140 1
clouds global 20181 2020 | 20187 2020 1140 1

nodata

global

201871 2024

20181 2024

13260

beyond




Geospatial Downstream Tasks: Land Cover

label source: CORINE (copernicus)

B Other 8.7% -r
B Forest 41.8%

Agriculture 49.5%

Sentinel-2 RGB of sample scene

regression task: percentage of agriculture and forest pixels in scene, respectively



Geospatial Downstream Tasks: Biomass

label source: GEDI (NASA)

Sentinel-2 RGB of sample scene

regression task: mean and standard deviation statistics of biomass in scene



Geospatial Downstream Tasks: Crops

label source: CDL (usbA)
- | | 1

B Other 44.4%
Corn or Soybeans 55.6%

Sentinel-2 RGB of sample scene

regression task: combined fraction of Soybean and Corn in scene



Geospatial Downstream Tasks: Heat Islands

label source: Landsat-8 (UsGSs)
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regression task: summer surface temperature statistics of scene

Sentinel-2 RGB of sample scene

Temperature [K]



Geospatial Downstream Tasks: Clouds eyond 20 cver

label source: CloudSEN12

- Cloud

- Clear

Sentinel-2 RGB of sample scene

regression task: average cloud cover fraction across four seasons of a year.

note: the random task simply replaces proper cloud fraction labels by a random number in [0,1]



Geospatial Downstream Tasks: Ships weyenazos cver)

label source: AIS (NOAA)

Sentinel-2 RGB of sample scene

regression task: pixel location of ship centroid in image
classification task: vessel detection in scene



Geospatial Downstream Tasks: No Data seyonazos e

label source: artificially generated

_ alid channels
Sentinel-2 RGB of sample scene ' '

0.0 0.2 0.4 0.6 0.8

regression task: fraction of no-data pixels in SSL4EO-S12 data cube



Testing Lossy Neural Compression: A Score

= Q = 1006+ 3+ with € = 0.02
S €

<3t,k>k

(p)
— 100e€
t std (St,k) + €

p ... identifier for benchmark participant / neural compression method
t ...downstream task label
k ... index counting re-training of a downstream task t to gather statistics

Maxium Q-score: e>0, 5€[0,1, As—0 = maxQ =100
Regulator y & Statistics O%:
As/e>1 = ¢q=Q/100~5/As

As2e = maxQ S50 As/lex~1l = q~35/2
As<e<1l = max@ =100 0<As/lekxl = qgq=(1—As/e)s<3



E2S Data Challenge: Setup
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E2S Data Challenge: The Race is On
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E2S Data Challenge: Results & Insights

Biomass
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E2S Data Challenge: Results & Insights

Quality score per task
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What's Next?: NeuCo-Bench Release

(Extendable) Design Choices (for now)

1. Multi-Task evaluation instead of (single task) reconstruction

2. Strict, fixed-sized compression given through limited embedding size (lossy
compression)

3. Lightweight downstream task models through linear probing
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https://github.com/embed2scale/NeuCo-Bench

NeuCo-Bench: Interactive Session

SSL4EQ0-S12-downstream/

|— data/  Image Data Workflow [Demo]
L labels/ Task Labels

A. Data Download

NeuCo-Bench/ ] ]
B. Data Encoding (Compression)

— benchmark/  Evaluation Framework
L examples/ Sample Embedding Encoders

C. Local NeuCo-Bench Evaluation

Quickstart

python main.py \
--annotation_path path/to/annotation_folder \
--submission file path/to/submission file.csv \
--output_dir path/to/results \
--config path/to/config.yaml \
--method_name your-method-name \

D. Local Score Aggregation/ Leaderboard
across methods

--phase phase-name



What's Next? Join the Earth2Vec Community!
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Q&A + Feedback + Resources

2025 CVPR data challenge:
https://www.grss-ieee.org/events/earthvision-2025/?tab=challenge
NeuCo-Bench framework:
https://github.com/embed2scale/NeuCo-Bench
downstream data:
https://huggingface.co/datasets/embed2scale/SSL4EO-S12-downstream
in general:
https://embed2scale.eu

ES Z56ate



https://www.grss-ieee.org/events/earthvision-2025/?tab=challenge
https://github.com/embed2scale/NeuCo-Bench
https://huggingface.co/datasets/embed2scale/SSL4EO-S12-downstream
https://embed2scale.eu/

Over to the E2S Challenge winners ...

KTH and Friends and
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This is the test for the userboard
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Rank 2 Participant team = g_mean (1)
1 KTH and Friends 15.22
2 404 Embedding Not Found 14.87

https://eval.ai/web/challenges/challenge-page/2465/leaderboard/6117
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404 Embedding Not Found

Leaderboard

Leaderboard updated: 2025-04-05 00:05:32

Test phase leaderboard

Rank Team Mean Q
1 404 Embedding Not Found 14.874
2 KTH and Friends 15.225
| BVE
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https://github.com/DLR-MF-DAS/embed2scale-challenge-supplement



https://eval.ai/web/challenges/challenge-page/2465/leaderboard/6117
https://github.com/DLR-MF-DAS/embed2scale-challenge-supplement?tab=readme-ov-file#leaderboard

Dev phase leaderboard Test phase leaderboard

One last:

Rank  Team Mean Q Rank Team Mean Q
1 Al4G Intern Squad 19.947 1 404 Embedding Not Found 14.874
2 KTH and Friends 20.719 p) KTH and Eriends 15.225
3 TeamGrelous 19.065 3 TeamGrelous 13.028
4 Sexy Scholars 17.530 4 Al4G Intern Squad 12.797
~ )
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https://github.com/isaaccorley/temporal-mosaiks



https://github.com/isaaccorley/temporal-mosaiks

