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Enable you to do your science by making data and 

computing resources available.

Help you find the knowledge and connections to 

facilitate research and collaborations.

Benefits







Features



Legacy Coverage

65+ Years of Space Missions

Comprehensive data coverage in heliophysics

Solar Missions

SOHO: LASCO, EIT, SUMER, VIRGO

SDO: AIA, HMI

STEREO: Dual perspective

Wind & Magnetospheric

ACE: Solar Wind Ionosphere

Cluster: Magnetic Field

THEMIS: Aurora borealis

Legacy & Historical

SMM, Yohkoh, TRACE

Helios, Ulysses

Legacy data: 1970s to present

Data Coverage Impact

Multi-decade observations Comprehensive spatial coverage Detailed temporal resolution



The scale and impact of heliophysics data infrastructure

Time-Centric

Search by time intervals

Mission-Centric

Cross-mission analysis

Event-Centric

Solar event correlation

SPASE Metadata

Standardized discovery

"Enabling reproducible, collaborative heliophysics research at global scale"

Massive Scale

2.5 PB
Data across 300 million files

Legacy 

Coverage

65+
Years of space missions

Open Science Impact

Real-time space weather forecasting 

NOAA & NASA mission support 

National security systems 

International research collaboration

Why HDRL Matters



Research Applications

HDRL enables diverse research applications across the heliophysics ecosystem:

Analysis Tools

SolarSoft (IDL): Legacy instrument packages

SunPy (Python): Modern analysis framework

Web Interfaces

CDAWeb: Browser-based access to Level-2 datasets

OMNIWeb: Solar wind data 
visualization

Cloud Platforms

HelioCloud: Cloud-native research infrastructure

600+ TB: Scalable analysis environment

Python Ecosystem

SunPy: Solar physics analysis

PySPEDAS: Multi-mission data 
analysis

Visualization Tools

4-D Orbit Viewer: Interactive 3D + Time visualization

Web-based Solar: Browser visualization

Data Standards

CDF Format: Self-describing data format

SPASE Model: Standardized metadata



Python Ecosystem for Space Physics

Python has become the de facto programming language for heliophysics data analysis, providing powerful tools for

data processing and visualization.

SunPy

Core package for solar physics data

analysis

Map Objects: 2D spatial solar

observations

TimeSeries: 1D temporal measurements

Astropy: Full ecosystem integration

PySPEDAS

Multi-mission analysis framework

30+ Missions: MMS, THEMIS, PSP, etc.

tplot Model: Multi-panel time series plots

Unified Loading: Consistent data interface

PyHC

Community resources for Python

training

Summer School: 5-day intensive training

Core Packages: Kamodo, PlasmaPy, pysat, 
SpacePy

Open Access: Free attendance + NSF travel 
support

Additional Resources:

Hands-on Jupyter Notebooks Comprehensive Documentation Community Support Forums



Advanced Modeling & Analysis Platforms

HDRL provides advanced platforms that enable sophisticated analysis and modeling of heliophysics data

HelioCloud Advanced

AI/ML Integration

Frontier Development Lab for machine learning on heliophysics data

Anomaly Detection

Pattern recognition algorithms to identify unusual solar 
events

Citizen Science

Public engagement projects enabling community 
participation

Scalable Compute

GPU clusters for deep learning and high-performance 
computing

Kamodo Framework

NASA CCMC

Model-agnostic framework for multi-physics modeling

Global Models

Support for TIE-GCM, SWMF, OpenGGCM and other global models

Run-on-Request

Interactive model execution with parameter 
customization

Format-Agnostic

Universal data readers supporting multiple formats



Introduction & Context

What challenges do you face

Think about your current data workflow challenges as we explore solutions together

HDRL Ecosystem

NASA's federated "system-of-systems"

Three cooperating pillars: SDAC, SPDF, HP Consortium 

Unified access with standardized formats 

RESTful/HAPI interfaces for automation

Comprehensive Data Registry & Analysis Tools

accessing heliophysics data?



Open Science Discussion

Community Experiences

What open repositories have you used? What worked well?

Common Challenges

Data discovery, format inconsistencies, documentation gaps

Findable

✓ SPASE metadata with persistent DOIs

✓ Comprehensive registries

✓ Time/mission/event-based discovery

Accessible

✓ Multiple access methods (web, API, bulk)

✓ Clear licensing and documentation

✓ Zero-embargo by end-2025

Interoperable

✓ Standard formats (CDF, FITS, netCDF)

✓ Unified metadata schemas (FITS, SOLARNET, ISTP)

✓ HAPI protocol compliance

Reusable

✓ Open-source analysis tools

✓ Documented workflows

✓ Version control & 
reproducibility



How HDRL addresses Open Science barriers

Common Challenges HDRL Solutions

NASA Policy Alignment

SPD-41a Compliance: Public data at publication Open Source: Public repositories & collaboration International: COSPAR HAPI & schema.org standards

Data Fragmentation

Scattered across multiple repositories with different access 
methods

Format Inconsistencies

Varying data formats requiring specialized tools and knowledge

Metadata Gaps

Insufficient documentation for data discovery and interpretation

Federated Access

Single entry point to 2.5 PB across all major heliophysics archives

Standardized Formats

CDF, FITS, netCDF with ISTP compliance and unified interfaces

Rich Metadata

SPASE model with DOI citations and comprehensive documentation



Mission Data Archived at HDRL

100+ missions over 65 years, covering from the Sun to the local interstellar medium

~300 million files, 8000+ datasets, 600+ instruments





Hands-On with SDAC

NASA's Primary Solar Physics Archive

EUV Images

171, 195, 284, 304 Å
Coronagraph

LASCO C2/C3

Spectroscopy

SUMER spectra
Irradiance

VIRGO time series

Mission Coverage

SOHO: LASCO, EIT, SUMER, VIRGO

SDO: AIA, HMI comprehensive datasets

STEREO: Dual perspective observations

Legacy: SMM, Yohkoh, TRACE, Hinode

Analysis Tools

SolarSoft (IDL): Legacy instrument packages

SunPy (Python): Modern analysis framework

Helioviewer: Browser-based access and API

Virtual Solar Observatory

Web browser interface and software API

Solar Data Analysis Center



Web-Based Solar Visualization & RESTful API

Platform Features: RESTful API v2

Web-Based Interface

No installation required

Image Retrieval

JPEG 2000 format

Open Source

ESA & NASA funded

Movie Generation

Time sequences

Multi-Mission Support

SDO, SOHO, etc.

Screenshot API

Easy sharing

Real-Time Access

Latest observations

Event Queries

HEK integration

Example API Call:

https://api.helioviewer.org/v2/getJP2Image/?date=2024-01-

01T00%3A00%3A00&instrument=SDO/AIA&wavelength=171&size=512

The RESTful API allows users to access solar images from different missions and tools, 

making it possible to create custom visualizations and automate data processing.

Helioviewer







Hands-On with SPDF

Four Integrated Services for Heliophysics Research

A

CDAWeb + OMNIWeb

Data browsing & time ser ies analysis

B
SSCWeb + 4-D Orbit Viewer  Trajectory 

visualization & conjunctions

CDAWeb

Web Browser: Level-2 heliophysics datasets

Customizable: Time, var iables, spacecraft subsetting

Visualization: Plots, movies, spectrograms

OMNIWeb

Near-Earth: Cross-normalized solar  wind data

Multi-Resolution: 1-hour, 1-minute, 5-minute bins

Long-term: 1963 to present coverage

SSCWeb

Spacecraft Orbits: 3D trajectory database

4-D Viewer: Interactive 3D+time visualization

Advanced Queries: Magnetospher ic regions

CDF Tools

Self-describing: Platform-independent format

Complete Toolset:  Libraries, editors, utilities

Multi-language: IDL, C, Fortran, Java, Python

Space Physics Data Facility



Linking SPDF Services with Missions
https://spdf.gsfc.nasa.gov/data_orbits.html (Partial Screenshot Below)
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160+ missions

https://spdf.gsfc.nasa.gov/data_orbits.html


• Special data source groups: balloons, ground-
based investigations, cubesats, sounding 
rockets, etc.

• Enable Systems Science: cross-mission, multi-
instrument science

• Present dataset view rather than individual files

• 70% of 2744 datasets in CDAWeb have SPASE 
records; 57% have DOIs

60+ Missions or Mission Groups

Coordinated Data 

Analysis Web (CDAWeb)

https://cdaweb.gsfc.nasa.gov/

23



CDAWeb Data 
Explorer

• Time interval is automatically set by 
the last available day of the selected 
dataset(s)

• Remove spikes or filter coarse noise

• Plot data availability

• Adjust X and Y lengths for plotting

• Auto scale time axis for finding 
discrete bursts or events

• Overlay vector components of 
selected variables, or selected 
variables that are identical among 
multiple datasets

• Output a subset or a superset of 
datasets in CDF, ASCII/CSV, JSON

• Create audio and movie files for 
selected variables 24



Each supported dataset also provides links to IDL and Python 

code examples for downloading and working with the data files 

independently (outside of the CDAWeb system)

Alternative data access methods https://cdaweb.gsfc.nasa.gov/alternative_access_methods.html
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4-D Orbit Viewer (160+ Spacecraft)
https://sscweb.gsfc.nasa.gov/4dorbit/

Earth

Moon

Sun

Mercury

Venus

Lagrange Point 1

Mars
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4-D Orbit Viewer: Time and Spacecraft Selection















Examples
What can you do with these resources? 

Try it for yourself.



Helioviewer
SDO and SOHO data visualized easily without 

processing yourself

Helioviewer

https://helioviewer.org


The Helioviewer Project is an 

open platform for exploring solar 
and heliospheric imagery -

via the Helioviewer.org web app, 
the JHelioviewer desktop viewer, 

and public APIs -

letting you browse near-real-time

and historical data, overlay 
events, and generate screenshots

and movies.



CDAWeb
Coordinated Data Analysis Web

Non-solar heliophysics data from current and past heliophysics 
missions and projects

https://cdaweb.gsfc.nasa.gov/
https://cdaweb.gsfc.nasa.gov/
https://cdaweb.gsfc.nasa.gov/
https://cdaweb.gsfc.nasa.gov/
https://cdaweb.gsfc.nasa.gov/
https://cdaweb.gsfc.nasa.gov/
https://cdaweb.gsfc.nasa.gov/


Plot Walk for Pre-Generated Plots
https://spdf.gsfc.nasa.gov/plot_walk/

Summary or quick-look plots from 20+ missions (12.5 million plots)

38Coordinated Radiodiagnostics of CMEs and Solar flares (CROCS) plots 

using radio data from PSP, Solar Orbiter, STEREO A, and Wind missions

https://spdf.gsfc.nasa.gov/plot_walk/
https://spdf.gsfc.nasa.gov/plot_walk/
https://spdf.gsfc.nasa.gov/plot_walk/
https://spdf.gsfc.nasa.gov/plot_walk/
https://spdf.gsfc.nasa.gov/plot_walk/


Example 
Parameter 

Displays 
in CDAWeb

GPS International GNSS Service 
Total Electron Content

…

Inventory 
Plot for 

Mission 
Datasets

IBEX
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https://cdaweb.gsfc.nasa.gov/sc_inventory_plots/

More at https://cdaweb.gsfc.nasa.gov/about.html

More at https://cdaweb.gsfc.nasa.gov/about.html

https://cdaweb.gsfc.nasa.gov/sc_inventory_plots/
https://cdaweb.gsfc.nasa.gov/sc_inventory_plots/
https://cdaweb.gsfc.nasa.gov/sc_inventory_plots/
https://cdaweb.gsfc.nasa.gov/sc_inventory_plots/
https://cdaweb.gsfc.nasa.gov/sc_inventory_plots/
https://cdaweb.gsfc.nasa.gov/about.html
https://cdaweb.gsfc.nasa.gov/about.html
https://cdaweb.gsfc.nasa.gov/about.html
https://cdaweb.gsfc.nasa.gov/about.html
https://cdaweb.gsfc.nasa.gov/about.html


4-D Orbitviewer
Provides an interactive 4-D animation of spacecraft orbits over time

https://sscweb.gsfc.nasa.gov/4dorbit/
https://sscweb.gsfc.nasa.gov/4dorbit/
https://sscweb.gsfc.nasa.gov/4dorbit/
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4-D Orbit Viewer: Different Perspectives

Switch to
perspective

camera
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4-D Orbit Viewer: Bow Shock and Magnetopause

magnetopause

bow shock
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magnetopause

bow shock

4-D Orbit Viewer: Rotation of Coordinates

Moon



VT SuperDARN
Virginia Tech Super Dual Auroral Radar Network



VT SuperDARN is the Virginia Tech research group within the 
international Super Dual Auroral Radar Network (SuperDARN)

The SuperDARN is a global array of high-frequency (HF) radars that 
continuously observe the ionosphere to map plasma convection and 

other geospace dynamics, which are crucial for space-weather 
research and operations.

VT SuperDARN

http://vt.superdarn.org/


AMPERE
Active Magnetosphere and Planetary Electrodynamics Response Experiment



AMPERE (Active Magnetosphere and Planetary Electrodynamics 
Response Experiment) is a space-weather observing system run by Johns 

Hopkins Applied Physics Lab (with NSF, Iridium, and Boeing)

It uses the Iridium communications satellites’ onboard engineering 
magnetometers to continuously map field-aligned (Birkeland) currents and 

large-scale ionospheric electrodynamics.

AMPERE JHUAPL

https://ampere.jhuapl.edu/


What can we do to help you do your science?

What data and what tools do you need?

NASA: C. Alex Young - c.alex.young@nasa.gov

NSF: Tai-Yin Huang - thuang@nsf.gov

Thank you!!

mailto:c.alex.young@nasa.gov
mailto:c.alex.young@nasa.gov
mailto:c.alex.young@nasa.gov
mailto:thuang@nsf.gov
mailto:thuang@nsf.gov
mailto:thuang@nsf.gov
mailto:thuang@nsf.gov
mailto:thuang@nsf.gov
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