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SUMMARY

Solar Dynamics
Observatory

A p \
SD‘three instruments 4

’Each observe the Sun over varying wavelengths

nd 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. ’

SDOML on
SpaceML

§ e SDOML is a cleaned, curated dataset

covering the entirety of the SDO mission
2010 - present

e SpaceML brings together:
- data storage (Google Cloud),
- compute (Google Colab/Cloud Platform),

- well-commented, version-controlled notebooks
for data access and reproducibility
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Solar Dynamics
Observatory

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

e Helioseismic and Magnetic Imager
(SDO/HMI)

o Photosphere
(equivalent to as-seen-by-eye)

o 4096 x 4096 pixels
o every 12 minutes

www.helioviewer.org

SDO/HMI
Continuum
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Solar Dynamics
Observatory

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

e Helioseismic and Magnetic Imager
(SDO/HMI)
o  Vector magnetic field
o  Converted into line-of-sight
(e.g. right)

o 4096 x 4096 pixels
o every 12 minutes

At

www.helioviewer.org

SDO/HMI
Line-of-sight Magnetogram
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Solar Dynamics
Observatory

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

e Helioseismic and Magnetic Imager
(SDO/HMI)

e Atmospheric Imaging Assembly
(SDO/AIA)
o 10 channels with varying
temperature responses

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

www.helioviewer.org @

_SDO/AIA
171 Angstrom
Tpeak [ad 0.6 MK
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. www.helioviewer.org
Solar Dynamics

Observatory

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

e Helioseismic and Magnetic Imager
(SDO/HMI)

e Atmospheric Imaging Assembly
(SDO/AIA)
o Exposure time is variable

o Telescope jitter is present S
o Eclipses occur i 193 Angotrom
O

Instruments are sometimes offline : Tpeak ~ 1.5 MK
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Solar Dynamics
Observatory

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

e Helioseismic and Magnetic Imager
(SDO/HMI)

e Atmospheric Imaging Assembly
(SDO/AIA)

e Extreme Variability Experiment
(SDO/EVE)

Provides sun-as-a-star spectra every 10 seconds,
with data that overlaps SDO/AIA bands.

Irradiance
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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

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

e  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

SPACEML



B PROJECT g

3. SDOML Dataset
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SDOML Dataset

Galvez et al. 2019 ApJS

wLEMENT Stetks, 2427 (Hpph 2019 May

CESS

Data processing includes: A Machine-learning Data Set Prepared from the NAS
e Rotation to Solar North | . i
e Co-alignment of images taken at the o
same time 3 =
e Correction for the Earth’s elliptical orbit
around the Sun
e Correction for AIA degradation

Resulting Cadence:

EUV filters degrade in orbit.

AIA (12s -> 6 min.) : . : g o
HMI (12 min.) s wo ; gs:sobcit: oo misesmeen
EVE (10s -> 1 min.)

surveys
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Version 1.0
Galvez et al. 2019 ApJS

e 2010-2018
e Size:7TB

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

e Problems with v1.0

Version 2.0
SDOML on SpaceML

e 2010 - present

e Stored as .zarr (image & metadata) on

Google Cloud/SpaceML
o  Small dataset freely accessible with
demonstration notebooks
o  Complete data access available on
request

e Updated degradation curves
o Based on the latest correction tables

e Provisions in place to continually update
(and version) the data
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Google Colab &

'SpaceML

is a machine learning toolbox and developer communlty
building open science Al appllcatlons for space scrence

and eproratron

e SpaceML hosts a number of freely
available datasets for scientific anaIyS|s, 4
) mcludmg SDOML ' '

e Project pages demonstrate publlilshed :

~results with"re'producible notebooks .
e (thaf,aece'ss'datavhosted by SpaceML) -

: i 'Le‘arr'l more about Spae'eML @ spaceml.org
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s Explore Open ML Projects and Datasets
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SDOML TRACKING THE ENHANCED TEMPERATURE MAPS OF
GEOEFFECTIVENESS OF PREDICTABILITY OF GNSS THE SOLAR ATMOSPHERE
SOLAR STORMS DISTURBANCES
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SDOML DEMO

& colab.research.google.com

X

L) Dataset

~ 1. Setting up the notebook

The SDO ML Dataset [1] # install requirements that aren't present in colab

\ i 'pip install zarr sunpylall] gcsfs
Who is the SDO M
eny import gcsfs
Setting up the notebook import zarr
import sunpy

ading and loading the AlA

2a. Plotting an image import dask.array as da
import matplotlib.pyplot as plt
import numpy as np
import sunpy.visualization.colormaps as cm

2b. Selecting images basac

header informatio

Generating a SunPy Mar

B Section




SDOML DEMO

Table of contents X

SDO Machine Leaming (SDO ML) Dataset
Introductio
SDO Oy
The SDO ML Dataset
Who is the SDO ML Dataset for?
Setting up the notebook
Reading and loading the AIA data
2a. Plotting an imag

Selecting im
header informatio

Generating a Su

Section

& colab.research.google.com

2. Reading and loading the AIA data

[3] gcs = gesfs.GCSFileSystem(access="read_only'")
loc = "fdl-sdoml-v2/sdomlv2_small.zarr/"
store = gcsfs.GCSMap(loc, gcs=gcs, check=False)

The SDO ML dataset is stored in the Zarr format, a format for the storage of chunked, compressed, N-dimensional arrays with Numpy
dtype. For an in-depth overview, see https://zarr.readthedocs.io/en/stable/tutorial.html

[4] # first, we create a group with
root = zarr.group(store)

the store data located on GCP.

[S] # Using 'root.tree()’, we are able to display the hierarchy (of
int(root.tree())

131A (6135, 512, 512) float32
16@0A (6135, 512, 512) float32
17€0A (6135, 512, 512) float32
171A (6135, 512, 512) float32
193A (6135, 512, 512) float32
211A (6135, 512, 512) float32
304A (6135, 512, 512) float32
335A (6135, 512, 512) float32
94A (6135, 512, 512) float32

loc™ ).

As shown in the tree, the heirachy consists of groups, each shown with their respective shape, and data type. In this example, we will

primarily look at the 171 A channel from August 2010. This consists of 6135 512x512 images, stored as float32, and can be accessed

as follows

data = root["2010"] ["171A"]




SDOML DEMO
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X + Code

Loading with Dask
We can then load this data into an array using dask.

) Machine Leamning (SDO ML) Dataset

SDO Ov view

The SDO ML Dataset (6]. data. = root[*20101[21714"%]
he SDC ML Datase all_images = da.from_array(data)
Who is the SDO ML Dataset for?

[71 all_images

Setting up the notebook
Reading and loading the AIA data

Array Chunk
Bytes 6.43 GB 125.83 MB
Shape (6135, 512, 512) (120, 512, 512)
Count 53 Tasks 52 Chunks
Type float32 numpy.ndarray

Plotting an image
Selecting images basec 0{%

nformatio

As shown above, the data has the shape (6135, 512, 512), and is split into 52 chunks of (120, 512, 512), each of 125.83 MB; this is further

visualised on the right. The data is now in a form to be manipulated like a Numpy array.




SDOML DEMO
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image=all_images

o
# set the figure size
plt.figure(figsize=(5,5))

# set e ] f
colormap = plt.get_cmap('

dynamic range of
' plot the square
image = np.sqrt(image)

#0 lay data.
o display as would be

plt.imshow(image, origin="lower




SDOML DEMO
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Table of contents X

SDO Machine Leaming (SDO ML) Dataset

~ 2b. Selecting images based on header information

Introductio

SDO Overview SDOML v2.0 includes all fits header information with the same keywords. To find out the AIA keyword definition, one can refer to the

following online document: http://jsoc.stanford.edu/~jsoc/keywords/AlIA/AIA02840 _K_AIA-SDO_FITS Keyword Document.pdf

The SDO ML Dataset
Who is the SDO ML Dataset for? We can extract the exposure (and observation) time from the data attributes (the header information), and downsample our data based
upon that information.
Setting up the notebook
ot R [9] # generate numpy arrays with
Reading and lceding the AlA dota exptime = np.array(data.attrs|
2a. Plotting an image
2b. Selecting images based on plt.plot(exptime)
header information plt.xlabel('time step')
Generating a SunPy Mar plt,ylabel('exposure time');

B Section




SDOML DEMO
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X + Code + Text

[10] plt.plot(exptime)
plt.xlabel('time step')
plt.ylabel('exposure time');

L) Dataset

The SDO ML Dataset

Who is the SDO ML Dataset for?

2tting up the notebook
g and loading the AlA data
2a. Plotting an image
2b. Selecting images based on
header information

Generating a SunPy Mar

B Section
indices where the exposure time is less than 2 seconds

index = np.where(exptime < 2.0)
selected_images = all_images(index[@], :, :]

selected_images

Array Chunk
Bytes 4.20 GB 125.83 MB
Shape (4005, 512, 512) (120, 512, 512|
Count 92 Tasks 39 Chunks
Type floal32 numpy.ndarray




SDOML DEMO
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~ 3. Generating a SunPy Map

SunPy is an open-source Python library for Solar Physics data analysis and visualization

In this section we will demonstrate how SunPy’s Map ( sunpy.map.Map ) with the Zarr-formatted data. We demonstrate this for a single
index.

espective imag hea ¢ r sunpy.map.Map()
selected_image = all_images [60¢
selected_headr = {keys: values| or keys, values in data.attrs.items()}

my_map = sunpy.map.Map((np.array(selected_image), selected_headr))

plt.figure(figsize=(5
ax = plt.subplot(projection=my_map)
my_map.plot();

A 2010-08-17 1¢
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SDOML PROJECTS (ON SPACEML)
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TRACKING THE
GEOEFFECTIVENESS OF
SOLAR STORMS

SDO: AUTOCALIBRATION NASA GIBS WORLDVIEW

SIMILARITY SEARCH

& spaceml.org 4 % ® M + 88

ENHANCED
PREDICTABILITY OF GNSS
DISTURBANCES

TEMPERATURE MAPS OF
THE SOLAR ATMOSPHERE

SUPER-RESOLUTION MAPS
OF THE SOLAR MAGNETIC
FIELD

DIGITAL TWIN EARTH
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[18] fig = plt.figure(figsize=(len(maps) *
plt.subplots_adjust(wspac

for i, {(m, mc) in e erate (maps, maps_corrected)):
ax = fig.add_subplot( (maps), 1 + 1, projecti
m.plot(axes=ax, norm=norm, annotate=False)
ax.set_title(m.date.datetime.year)
ax.coords [0]).set_ticks_visible(False)
ax.coords[0].set_ticklabel_visible(False)
ax.coords .set_ticks_visible(False)
ax.coords[1].set_ticklabel_visible(False)
ax.set_aspect("equal")

ax = fig.add_subplot( >n(maps), i + 1 + len(maps), projection=mc)
mc.plot(axes=ax, norm=norm, annotate=False)

ax.coords [0].set_ticks_visible(False)

ax.coords [0].set_ticklabel_visible(False)
ax.coords[1].set_ticks_visible(False)
ax.coords[1].set_ticklabel_visible(False)

ax.set_aspect("equal")

EFER A A
Ay ahis boe e

Figure 3: Top: Yearly observations of SDO/AIA 304 A data as observed by SDO/AIA, plotted on the same scale. Bottom: As top, but with
corrected for time-dependent degradation using the AIA Autocalibration method

22s completed at 19;45

Dos Santos et al. 2021:



https://arxiv.org/abs/2012.14023

SUMMARY

Summary | SpaceML

SDOML (v2.0) on SpaceML Projects & Links
e SDOML is a cleaned and curated dataset SDOML:
covering 2010 - present v Galvez et al. 2019:
e SDOML (v2.0) is available on SpaceML , Nowcasting SDO/EVE with SDO/AlA :

Szenicer et al: 2019

e Notebook in place to demo data access

° Small subset freely accessible : SRS AT
° Full dataset available on request . SDO/AIA Autocalibration:

-Dos Santos ét al. 2021:
e SpaceML provides examples of ML

projects that use SDOML, along with ; SpaceML:
notebooks to reproduce the results ' T
(e.g. AIA Auto-calibration) L Github:
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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
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SpaceML is a machine learning
toolbox and developer community
building open science Al applications
for space science and exploration.

Find out more at


http://spaceml.org/

This enhanced data product was made possible by:

FRONTIER
DEVELOPMENT
LAB

PARTNER
FDL is a public private partnership between NASA, the SETI Institute,
Trillium Technologies and leaders in commercial Al, space exploration
and Earth Science. NASA provides funding for the Frontier Development
® INSTITUTE Lab (FDL) through a co-operative agreement with the SETI Institute.
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