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ADVANCED APPLIED Al RESEARCH FOR NASA HELIOPHYSICS APPLICATIONS

o /7 FDL Is a private/public partnership between
éo'— XHELIO  NASA, Google, and NVIDIA.
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FDL-X combines integrated Al pipelines, machine learning and domain science across heliophysics challenges.
Please join us for presentations from all three teams.
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The Solar Dynamics Observatory (SDO)

Atmospheric Imaging Assembly (AlA)
AlA 4096 x 4096 full-sun images in 10 channels

Helioseismic and Magnetic Imager (HMI)
Effectively image sun’s magnetic activity

Extreme ultraviolet Variability Experiment (EVE)
Measures EUV irradiance in select ion ranges

SOLAR ARRAYS

HIGH-GAIN ANTENNAS

HMI
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SDO Data Infrastructure Issues
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Increased Demand

e Data infrastructure designed decades ago.
e Data must be curated.

e Need of compute resources to perform large-scale analysis.

\ ¢

Need for an automated pipeline to prepare and serve data.
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Can we make SDO data
more accessible for
everyone?
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SDO data are hard to get...
e Egress limitations from JSOC
e Many different types of data product to choose from

e Data types at different calibrations / cadences /
resolutions

e No compute resources available
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The SDO Machine Learning dataset (SDOML)

e The SDOML dataset was introduced in FDL2018 and has
had subsequent improvements over the years

e Some key points are:

o AlA & HMI images, and ion irradiance from EVE
Images corrected for instrument degradation
Calibration to “level 1.5”

Solar disk position & size harmonized across images
512x512 resolution (easy for ML)

o O O O

e The dataset is a curated, machine-learning ready dataset
e SDOMLV2 only had SDO data up to 2020

e Addition of new data not automated
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SDO Scientific Computing Platform
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GCP SDO Data Cloud Architecture GCP /NVIDIA
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Data from new sources must be processed and
aligned with existing SDOMLv2
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Pipeline in Action: Data Processing
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Serverless Computational Platform
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FDL-X SDO Computational Platform Demo
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FDL-X SDO Computational Platform Demo
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@ 5 ADVANCED APPLIED Al RESEARCH FOR NASA HELIOPHYSICS APPLICATIONS
/FDL XHELIO

Results 7

SDO Computational Platform IS I _—
A cloud-based large-scale scalable data ingestion, processing, and ML platform. ' & =

SDO ML v2
Analysis ready data for all SDO AIA, HMI, and EVE data

FDL-X HELIO 2023

ARD EUV
Virtual EVE

A deep learning model based on AlA input data providing live proxy EVE solar irradiance
measurements to the community; a blueprint for future virtual instruments like it.

A 4

Impact

We’ve built the computational data analysis cloud-based platform that we believe
SDO has always needed.

We produced a standardized and easy-to-access suite of SDO data ready for
science and machine learning that live-updates.

We've built the necessary tools that bridge the divide between data and compute
which will help further unlock the scientific value of the SDO mission (and others).

|
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BACK-UP
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A Case Study: EVE Instrument
Virtualization
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EVE: How it’s going
EVE Instrument

Partly broken since 2014
(Capacitor short in MEGS-A)
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EVE: AlA to the Rescue

Our dataset
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Virtual EVE: Hybrid Model

Irradiance Prediction
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Welcome to the FDL-X SDO Live Virtual EVE
Demo. This app is designed to showcase the
capabilities of the FDL-X SDO computational
platform.
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Virtual EVE Results: AlA is All You Need

HMI line-of-sight data do not improve irradiance prediction quality

Validation Loss
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Virtual EVE Results: Irradiance predictions
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Virtual EVE Results: Irradiance predictions 2020

e Results show irradiance prediction vs observation (MEGS-B), 6 years after training data ends
e Shape and trend looking good, but there’s a systematic offset
e Degradation corrections have been applied, but perhaps the degradation correction is slightly off?
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