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Where it started: Project VEDA

STAC + Render Extension

Render Extension Use-cases

Resources



Where the need for the STAC Render Extension started

Project VEDA: 
Visualization, 
Exploration & Data 
Analysis 
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VEDA is for people who are…

Wanting to widen participation 
in your science

Doing science with Earth data
Looking for examples and 
open-source software to get 
started

Mottar, J. (2022). NASA TOPS FAIR Pinwheel. Zenodo. https://doi.org/10.5281/zenodo.6565080



VEDA integrates existing community standards for
tool-agnostic, human- and machine-friendly Earth data science

Science stories, catalog, data browsing Cloud storage (S3), 
STAC and OGC APIs

JupyterHub and cloud 
computing resources



VEDA Systems Architecture



VEDA Systems Architecture



● Web application for browsing static 
catalogs

● Attempts to surface all included datasets 
in the catalog in a user-centric way

● Great for data browsing and discovery

https://openveda.cloud/, Original work from Radiant Earth: https://github.com/radiantearth/stac-browser

VEDA Client interface – STAC Browser

https://openveda.cloud/?.language=en
https://github.com/radiantearth/stac-browser


Ex. HLS-Derived NDVI 
difference dataset for post 
hurricane Ian 

VEDA Client Interface – Data needs context 



VEDA Client Interface – VEDA Dashboard

VEDA Dashboard is a web platform with 
curated datasets for scientists that

● Accurately represents their work and 
the context of it to the audience 
including scientists, policy makers, and 
general audience. 

● Becomes a trusted source of 
information and data 

● Is easy to set up, customize, and 
maintain curation without paid 
subscription https://earthdata.nasa.gov/dashboard/

https://github.com/nasa-impact/veda-config

https://earthdata.nasa.gov/dashboard/
https://github.com/nasa-impact/veda-config


VEDA Dashboard curation – File-based ‘CMS’

● One dataset has one configuration file. 
● The configuration file is consist of metadata of the dataset and the contents (overview) of 

the dataset 
● Each ‘dataset’ has a group of the layers (collections) to visualize



VEDA Dashboard example dataset



HLS NDVI dataset is consist of two collections 
(NDVI, NDVI Difference)

HLS NDVI Post-Ian Hurricane
Dataset on Dashboard

Catalog page

Explore page

Story page



How one dataset file for VEDA Dashboard looks like

● YAML for metadata
○ The metadata needed to populate the UI 

components (title, description)
○ The metadata needed to fetch stac 

collection and to visualize collection 
(stac collection id, colormap, rescale, 
band index…)

● MDX (Markdown + JSX) for contents: 
Contents for overview page



?assets=cog_default&rescale=
-1%2C1

?assets=cog_default ?assets=cog_defaultrescale=-1%
2C1&colormap_name=rdylgn&

HLS NDVI Post Hurrcaine Ian

Metadata (query parameters) needed for visualization



Configuration from the file Visualization on VEDA Dashboard (with titiler)

HLS NDVI Post Hurricane Ian

Visualization of the dataset



Configuration from the file Visualization on VEDA Dashboard (with titiler)

No2 Monthly data

Visualization of the dataset



VEDA Dashboard is not the only client



Problems of manual configuration

● Disconnection between data store and its visual representation
● Configuration redundancies across clients 
● Challenges to spot the errors in visualization without domain expertise
● Reproducibility of data visualization

➔ Need for a scalable solution that works with our current stack



A solution for reproducible, scalable visualization

STAC & 
Render Extension



STAC & Extensions 

● STAC: SpatioTemporal Asset Catalog
● The STAC specification is a common language to describe geospatial 

information, so it can more easily be worked with, indexed, and discovered 
(source: https://stacspec.org/en/) 

● JSON format (programming language agnostic) 
● Designed for extension to adapt to any domain 
● Concepts: Catalog, Collection, Item, Asset

https://stacspec.org/en/


IMAGE PLACEHOLDER IMAGE PLACEHOLDER IMAGE PLACEHOLDER

The STAC Specification

CollectionItem Catalog

{

   "stac_version": "1.0.0",

   "type": "Feature",

   "id": 

"20201211_223832_CS2",

   "bbox": [],

   "geometry": {},

   "properties": {},

   "collection": 

"simple-collection",

   "links": [],

   "assets": {}

}

{

   "stac_version": "1.0.0",

   "type": "Collection",

   "license": "ISC",

   "id": 

"20201211_223832_CS2",

   "description": "A simple 

collection example",

   "links": [],

   "extent": {},

   "summaries": {}

}

{

   "stac_version": "1.0.0",

   "type": "Catalog",

   "id": 

"20201211_223832_CS2",

   "description": "A simple 

catalog example",

   "links": []

}



Extending STAC

● Core STAC specification defines minimal core, designed for extension
● Expect real-world usage to use extensions to fully describe data
● Can extend Catalog, Collection, Item, or even other extensions
● An extension is defined via JSON Schema



Render Extension

● Include asset styling, reprojection or image encoding as metadata at the 
collection or item level

● Works best with dynamic tilers: render parameters can be directly used as 
query parameters for tilers

● Multiple namespaces for different usages (ex. Different visualization 
parameters for different assets)



VEDA ConfigurationRender parameters (dashboard namespace)

NO2 Monthly collection metadata

Example Render extension schema 

  "renders": {
    "dashboard": {
      "bidx": [
        1
      ],
      "title": "VEDA Dashboard Render Parameters",
      "assets": [
        "cog_default"
      ],
      "rescale": [
        [
          0,
          15000000000000000
        ]
      ],
      "resampling": "bilinear",
      "color_formula": "gamma r 1.05",
      "colormap_name": "rdbu_r"
    }
  },

   sourceParams:
      resampling: bilinear
      assets: cog_default
      bidx: 1
      color_formula: gamma r 1.05
      colormap_name: rdbu_r
      rescale:
        - 0
        - 1.5e16



Centralized metadata

UI clients and users can 
now produce visually 
appealing maps without 
the need to maintain 
configurations for each 
dataset.



Render Extension 
Use Cases



Web application - VEDA Dashboard

● A drop-in replacement for manual 
configuration

● Saves editors’ time and efforts while 
increasing the the consistency of the data 
visualization



Backend use-case: Dynamic preview generation

Collection 
Level 

Render 
Metadata

Rendered 
Preview

Map of Item

Stac Item

STAC API
(stac-fastapi) /titiler_endpoint/preview?bidx=1&resampling=bilinear&rescale=0,150…

/titiler_endpoint/map?bidx=1&resampling=bilinear&rescale=0,150…

Render metadata 
dynamically injected 
into STAC Item links



VEDA STAC Browser with dynamically generated previews



Jupyter notebook

Example Notebook (icesat2-boreal visualization) : 
https://github.com/MAAP-Project/maap-documentati
on/pull/423/files

Render extension works well with dynamic tilers, but 
can be used for general purpose.

https://github.com/MAAP-Project/maap-documentation/pull/423/files
https://github.com/MAAP-Project/maap-documentation/pull/423/files


Resources

Render Extension repo: https://github.com/stac-extensions/render

VEDA Dashboard: https://www.earthdata.nasa.gov/dashboard/ 

GitHub Repository: https://github.com/NASA-IMPACT/veda-config 

https://github.com/stac-extensions/render
https://www.earthdata.nasa.gov/dashboard/
https://github.com/NASA-IMPACT/veda-config

