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1. Summary



SDOML on  
SpaceML 

● SDOML is a cleaned, curated dataset 
covering the entirety of the SDO mission 
2010 - present 

● SpaceML brings together: 
- data storage (Google Cloud),  
- compute (Google Colab/Cloud Platform),  
- well-commented, version-controlled notebooks 
- for data access and reproducibility

Solar Dynamics 
Observatory 

● SDO has three instruments  
Each observe the Sun over varying wavelengths 
and at varying cadence 

● SDO has obtained > half-a-billion images  
Petabyte-scale scientific dataset 

● SDO data are easily accessible 
However, pre-processing these data for a 
scientific analysis often requires specialised 
Heliophysics knowledge. 
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2. The Solar Dynamics Observatory



Solar Dynamics 
Observatory 

● SDO has three instruments  
Each observe the Sun over varying wavelengths 
and at varying cadence 

● Helioseismic and Magnetic Imager  
(SDO/HMI) 
○ Photosphere 

(equivalent to as-seen-by-eye) 

○ 4096 x 4096 pixels 
○ every 12 minutes 

SDO/HMI  
Continuum
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Solar Dynamics 
Observatory 

● SDO has three instruments  
Each observe the Sun over varying wavelengths 
and at varying cadence 

● Helioseismic and Magnetic Imager  
(SDO/HMI) 
○ Vector magnetic field 
○ Converted into line-of-sight 

(e.g. right) 

○ 4096 x 4096 pixels 
○ every 12 minutes SDO/HMI  

Line-of-sight Magnetogram
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Solar Dynamics 
Observatory 

● SDO has three instruments  
Each observe the Sun over varying wavelengths 
and at varying cadence 

● Helioseismic and Magnetic Imager  
(SDO/HMI) 

● Atmospheric Imaging Assembly  
(SDO/AIA) 
○ 10 channels with varying 

temperature responses 

○ Extreme Ultraviolet data (e.g. 
right) is obtained at 4096 x 4096 
pixels every 12 seconds 

SDO/AIA  
171 Ångström 
Tpeak ~ 0.6 MK
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Solar Dynamics 
Observatory 

● SDO has three instruments  
Each observe the Sun over varying wavelengths 
and at varying cadence 

● Helioseismic and Magnetic Imager  
(SDO/HMI) 

● Atmospheric Imaging Assembly  
(SDO/AIA) 
○ Exposure time is variable 
○ Telescope jitter is present 
○ Eclipses occur 
○ Instruments are sometimes offline 

SDO/AIA  
193 Ångström 
Tpeak ~ 1.5 MK
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Solar Dynamics 
Observatory 

● SDO has three instruments  
Each observe the Sun over varying wavelengths 
and at varying cadence 

● Helioseismic and Magnetic Imager  
(SDO/HMI) 

● Atmospheric Imaging Assembly  
(SDO/AIA) 

● Extreme Variability Experiment  
(SDO/EVE) 
Provides sun-as-a-star spectra every 10 seconds, 
with data that overlaps SDO/AIA bands. 

SDO/AIA bands

The solar extreme ultraviolet (EUV) spectrum measured by 
SDO/EVE, showing an overlap with SDO/AIA. EVE measures 
this spectrum every 10 seconds. Credit: NASA/LASP/CU
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Solar Dynamics 
Observatory 

● Since 2010, SDO has obtained Petabytes 
of high-quality/cadence scientific data 

● With many unanswered questions in 
Heliophysics, there is an incredible 
potential for statistical/machine learning 
approaches. 

SDOML combined with SpaceML can enable 
such discoveries, uncovering the mysteries of 
our closest star 

INTRODUCTION



3. SDOML Dataset



SDOML Dataset 
Galvez et al. 2019 ApJS 

Data processing includes: 
● Rotation to Solar North 
● Co-alignment of images taken at the 

same time 
● Correction for the Earth’s elliptical orbit 

around the Sun 
● Correction for AIA degradation 

EUV filters degrade in orbit. 

Resulting Cadence: 
● AIA (12s -> 6 min.) 
● HMI (12 min.) 
● EVE (10s -> 1 min.) 

SDO ML DATASET



Version 1.0 
Galvez et al. 2019 ApJS 

● 2010 - 2018 
● Size: 7 TB 

● Stored as .npz (image arrays) on the 
Stanford Digital Repository 

● Problems with v1.0 
○ Data is stored away from appropriate 

computing resources (Download is 
required) 

○ The size of the data can be prohibitive. 
○ No demonstration notebooks available. 
○ No metadata associated with the images 

Version 2.0 
SDOML on SpaceML 

● 2010 - present 

● Stored as .zarr (image & metadata) on 
Google Cloud/SpaceML 
○ Small dataset freely accessible with 

demonstration notebooks 
○ Complete data access available on 

request 

● Updated degradation curves 
○ Based on the latest correction tables 

● Provisions in place to continually update 
(and version) the data 

SDO ML DATASET



4. SpaceML.org



SpaceML 
is a machine learning toolbox and developer community 
building open science AI applications for space science 
and exploration. 

● SpaceML hosts a number of freely 
available datasets for scientific analysis, 
including SDOML 

● Project pages demonstrate published 
results with reproducible notebooks  
(that access data hosted by SpaceML) 

Learn more about SpaceML @ spaceml.org

SDOML PROJECTS (ON SPACEML)

https://spaceml.org/
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SDOML PROJECTS (ON SPACEML)



5. SDOML Notebook Demo



SDOML DEMO



SDOML DEMO
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SDOML DEMO



SDOML Projects



SDOML PROJECTS (ON SPACEML)



SDO ML PROJECTS (ON SPACE ML)SDOML PROJECTS (ON SPACEML)

Dos Santos et al. 2021: arxiv:2012.14023

https://arxiv.org/abs/2012.14023


SDO ML PROJECTS (ON SPACE ML)

Summary 
SDOML (v2.0) on SpaceML 

● SDOML is a cleaned and curated dataset 
covering 2010 - present 

● SDOML (v2.0) is available on SpaceML 

● Notebook in place to demo data access 
● Small subset freely accessible 
● Full dataset available on request 

● SpaceML provides examples of ML 
projects that use SDOML, along with 
notebooks to reproduce the results 
(e.g. AIA Auto-calibration)

SpaceML 
Projects & Links 

SDOML: 
Galvez et al. 2019: arxiv:1903.04538 

Nowcasting SDO/EVE with SDO/AIA  
Szenicer et al. 2019 science.org:10.1126/
sciadv.aaw6548 

SDO/AIA Autocalibration:  
Dos Santos et al. 2021: arxiv:2012.14023 

SpaceML: spaceml.org 

Github: spaceml-org/helionb-sdoml 
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https://arxiv.org/abs/1903.04538
http://science.org/doi/10.1126/sciadv.aaw6548
http://science.org/doi/10.1126/sciadv.aaw6548
https://arxiv.org/abs/2012.14023
http://spaceml.org
http://github.com/spaceml-org/helionb-sdoml


SpaceML is a machine learning 
toolbox and developer community 

building open science AI applications 
for space science and exploration. 

Find out more at spaceml.org

http://spaceml.org/
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FDL is a public private partnership between NASA, the SETI Institute,  
Trillium Technologies and leaders in commercial AI, space exploration  
and Earth Science. NASA provides funding for the Frontier Development  
Lab (FDL) through a co-operative agreement with the SETI Institute. 


