
Geo-Croissant
Croissant for Geospatial Data
Manil Maskey, Rajat Shinde, Iksha Gurung

Presenter - Rajat Shinde, Ph.D.

NASA Science Mission Directorate
NASA IMPACT
ML-Commons Croissant Working Group

June 04, 2024



GeoCroissant - June 04, 2024

Croissant - A Standardized Metadata Format



GeoCroissant - June 04, 2024

Croissant - Features
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Estimation hurricane intensity using AI in real time
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Mapping 9.9 billion trees across Africa

Brandt et al.
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AI-ready Data: Geospatial Foundation Model

Model fine-tuned to segment the extent of 
floods on Sentinel-2 Model fine-tuned to classify crops

Ground truth Prediction

Burn scar mapping: Maui Fire 8.13.2023

Downstream applications

Collaboration with IBM Research and NASA IMPACT project at MSFC
Pretrained on NASA Harmonized Landsat Sentinel-2 dataset

Available at Hugging Face including Models, Datasets, and Code.

https://huggingface.co/ibm-nasa-geospatial
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ML for EO Marketplace (2021) (Source: Radiant Earth)
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What’s Missing?

Benchmarks

Validation

Reuse and Reproducibility

Standard-based tooling

Privacy 
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Complexities with Geospatial Datasets
● High dimensional: multi/hyperspectral
● Spatial and temporal dependencies
● Large data volume
● Data quality

○ Noisy: atmospheric conditions, calibration, etc..

● Heterogeneity
○ Combination of different types of datasets, Satellite data, In-situ, etc.

● Scale variability: 
○ Phenomena in geospatial data can occur at local to global, last from hours to weeks

● Privacy and ethical concerns
○ legal restrictions on using certain geospatial datasets

○ ethical considerations when using geospatial data, especially in terms of privacy and surveillance

● Earth System Variable Dependencies
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Standard data format can help…

● Current approaches – STAC ML, OGC
● Datasets generation pipeline
● FAIR - Findability, Accessibility, Interoperability and Reusability principles
● Responsible AI
● Tooling
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Types of geospatial datasets 

● Multi-band datasets
- Hyperspectral (>10 bands)

- Multispectral (3-10 bands)

- Single band - Panchromatic (1 band)

● In-situ Observations
● Point cloud (Time of Flight)

● Radar based data (Reflectometry)

● Citizen science
● Vector datasets 
● Street View imagery

… Image source: Hyperspectral (Pavia University dataset), Multispectral (Landsat 8 FCC), 
Buoy (NOAA archive), Point Cloud (Google Images), Google Street View, SAR image 
(USGS Earth Explorer)
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Unique Characteristics

● Resolution - Spatial, Spectral, Temporal, Radiometric
● Bounding Box - Geometry, Projection, Grid, Area, Coordinates
● Sensor and Sensing type - Optical, Microwave, Active, Passive
● Date and Time of Acquisition - Night time imagery, Noon time imagery
● Mode of acquisition - Spaceborne, Airborne, Mobile mapping
● Orientation of acquisition - Top view, Side view, Oblique view
● Type of Sensor - Onboard, Hand held, Table top 
● Data model and Topology - Patch, Image, Graph, Mesh, Adjacency/Intersection
● Modeling categories - Detection, Classification, Reconstruction, Segmentation
● Scale of Processing - Object level, Scene level, Pixel level
● Dataset provider - Author, Group, Citation, Hosted by
● Data Statistics - Mean, Standard deviation, Minimum, Maximum

Available
Not Available
Partially Available



GeoCroissant - June 04, 2024

Unique Characteristics and Schema.org
Characteristic Schema.org relation

Resolution Property:TemporalCoverage

Bounding Box/Polygon Property::spatial, Type:GeospatialGeometry, Type::GeoShape, Type::GeoCordinates, Property::elevation

Sensor and Sensing type -

Date and Time of Acquisition Property::temporal, Type::DateTime

Mode of acquisition Property::measurementTechnique, Property::measurementMethod

Orientation of acquisition -

Type of Sensor Type:DataSet

Data model Type::ImageObject, Type:DataSet, Type::3DModel, Type::ProductModel, Type::SoftwareApplication, 
Type::DataType

Scale of Processing Property::object, 

Dataset provider Property::citation, Property::author, Property::issn

Data Statistics Type::StatisticalVariable
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Current Standards (Approaches)

● STAC Extension for ML 
○ Stac records (ML Hub)

● OGC Training Data Markup Language (TrainingDML-AI) 

● Croissant

● IEEE Standard for Artificial Intelligence and Machine Learning (AI/ML) 
Terminology and Data Formats (Last status - Draft stage, May 2023)
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Using ml-Croissant converter for Hugging Face hosted Geospatial datasets

● Eg: HLS Burn Scars Fine-tuning dataset 

● Prerequisites:
○ Data Loader scripts needed for the converter to create metadata for croissant

● Observations:
○ Converter creates a croissant metadata file, which can be used with mlcroissant package

○ Metadata loads successfully, Issues loading data files

● Certain fields in the dataset missing:
○ LabelType - mask, bbox, value

○ ProblemCategory - scene, object, image

○ Projection - epsg

○ Overview - 64x64, 128x128

https://huggingface.co/datasets/ibm-nasa-geospatial/hls_burn_scars
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Example 

Source: https://huggingface.co/datasets?other=doi%3A10.57967%2Fhf%2F0956
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RAI Extension - Geospatial Use-case

Source: Croissant RAI extension
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Geo-Croissant Extension

● Croissant Core and RAI extension helps in efficient representation of 
metadata and RAI attributes
○ Also, enhances processing in an end-to-end workflow

● Missing - 
○ Spatial Reference Information 
○ Nested Data Attributes (file formats such as netCDF4, HDF5, ZARR)
○ Interoperability with existing Cloud-native Geospatial Data Formats
○ Geographical Biases 
○ Region restricted data access - Compatibility with DAACs

● Data-fusion opportunities with other modality datasets (tabular, graphs…)



GeoCroissant - June 04, 2024

New Datasets in the Pipeline - Weather FM

● In Preparation - A data bench to be used for fine-tuning in-house Weather 
Foundation Model across multiple downstream tasks
○ Training data and labels for variety of tasks including

■ Classification

■ Prediction

■ Natural Language Generation

■ Retrieval

● Towards Standardization - Making the data bench openly available for use by the 
scientific community based on standard practices
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New Datasets in the Pipeline - Agriculture

● Crop type classification for DataPerf benchmark
○ 12-month time series, combination of multiple data sources

● Crop yield estimation

● Field boundary delineation
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Can “geo”-Croissant enable these?
● Geo-Coordinates and Resolution Awareness

○ e.g.: Co-located pixels in MODIS and HLS will hold different information, majorly because of density per pixel (spatial resolution) differences

● Geographic Sampling Awareness
○ A global training dataset is still far-fetched; Best large scale is available at continent scale

○ Specifying representative sampling is non-trivial

● Geospatial Data Provenance
○ Specification for Data transformation, Source data, Multiple data

● Temporal Characteristics
○ Most feature vary with time

● Responsible AI
○ Privacy, geospatial bias

● Capturing Variability at scale (Seasonal-subseasonal-...)
○ Requires aggregation of datasets from multiple sources, and spatio-temporal resolution
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How do we envision using Geo-Croissant?

● Community Standard for  ML EO datasets

● Enable data fusion of related ML datasets
○ e.g., socio-economic + EO > environmental justice

● Convert existing ML datasets into a universal format

● Leverage sustained community effort for open source format and tools

● Deployable AI workflows incorporating end-to-end processing

● Expand across NASA Science



GeoCroissant - June 04, 2024

Scope of Development in Geo-Croissant

● Interoperability with existing standards to represent ML-ready data

● Designing/drafting the specification/standard
○ Highlighting the variables required to be used in AI-ready data for EO applications 

● Develop tooling around the Croissant ecosystem for Geo-Croissant
○ Developing the Croissant Editor for Geospatial support

● Define various EO use-cases from ML perspective 
○ Unsupervised VS Supervised VS Semi-supervised 

○ Incorporating metadata variables for Training, fine-tuning data for Foundation Models/LLMs

● Support for the ML frameworks such TFDS, Kaggle, HF and geospatial processing engines 
GEE, VEDA, etc.
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Call for Geo-Croissant Working Group Volunteers

If you are interested in drafting the Geo-Croissant extension specification, join us 
in the Geo-Croissant Working Group.

Reach out to - 

1. Rajat Shinde - rajat.shinde@uah.edu
2. Manil Maskey - manil.maskey@nasa.gov
3. Omar Benjelloun - benjello@google.com
4. Iksha Gurung - ig0004@uah.edu
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Resources

1. https://blog.research.google/2024/03/croissant-metadata-format-for-ml-re
ady.html

2. https://mlcommons.org/working-groups/data/croissant/
3. Croissant Spec - 

https://mlcommons.github.io/croissant/docs/croissant-spec.html
4. Croissant RAI Spec - 

https://mlcommons.github.io/croissant/docs/croissant-rai-spec.html
5. Croissant: A Metadata Format for ML-Ready Datasets - 

https://dl.acm.org/doi/abs/10.1145/3650203.3663326

https://blog.research.google/2024/03/croissant-metadata-format-for-ml-ready.html
https://blog.research.google/2024/03/croissant-metadata-format-for-ml-ready.html
https://mlcommons.org/working-groups/data/croissant/
https://mlcommons.github.io/croissant/docs/croissant-spec.html
https://mlcommons.github.io/croissant/docs/croissant-rai-spec.html
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Discussion points

- (Seth) Model datasets /Reanalysis datasets vs real datasets
- Results that are garbage but look good

- Type of data - Observational vs simulated (RAI attribute)
- Eg. Climate models don't have geoids
- CF conventions
- science-on-schema.org 

- (Douglas) https://github.com/esipfed/data-readiness
- (Tyler) Is it more focused towards the AI/ML community 
- (Carmen) Dataset self describing biases and sampling
- (Tyler) Data access from the repositories which don’t have HF, Kaggle, etc.

https://github.com/esipfed/data-readiness
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Thank you


