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Background

e Aurora cameras y =
e Global network; deficit in mid-latitudes
e Ground-truth visual data

icator of auroral activity
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STEVE seen north of Grand Forks, ND; March, 2021; Credit: Vincent Ledvina
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: credit: Vincent Ledvina THEMIS allsky aurora camera network; credit: NASA




Background

e Aurora cameras /

* Benefitting the public
* Aurora chasers (especially at mid-latitudes)

oud cover (for NoDDAC specifically)

ducation

* Virtual Resource
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network Screenshot from Cam 3 in Norway; credit: LiveAuroraNetwork



Solar System and Beyond

Citizen Scientists Help NASA Researchers Understand
Auroras

Background

* Aurora cameras
* Benefitting the public

Collaborations between citizen scientists and researchers

- BenEfitting SCience (and projects like NoDDAC) lead to real discoveries .‘Aa
. . P Aurorasaurus members at AGU 2019
* High time-resolution data
* Two views to triangulate aurora height
* Higher probability of detecting rare phenomena (i.e., STEVE)

New science in plain sight: Citizen scientists lead to
he discovery of optical structure in the upper
atmosphere N N
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DSLR photographs of aurora (low-tech measurements) lead to major discoveries about STEVE; images from Notanee Bourassa (fig 1)




Background

&

 Aurora cameras T 4’

* Benefitting the public ﬁ

NoDDAC north-facing camera Aurora seen on NoDDAC north-facing camera

* Benefitting science :
t is NoDDAC?

Dual aurora cameras
North-facing and allsky views
Live-streamed video of aurora
COTS equipment

Blue p rint f ' itizen scientists niversicy of orth oakota AT1sy can Tue 16, 2020 02:56:24
Aurora seen on NoDDAC allsky camera (right of frame)

NoDDAC allsky camera

unviersity of North Dakota Sat Mar 20, 2021 01:45:25 AM
Temperature: 39.0°F, Wind: S at 17.0 MPH
N, 15.603, 11.2




Location and Facilities

* UND Martens Observatory
* Low light pollution (bortle-2)
* On-site internet and power
 Clear view of northern horizon
Easily accessible

Martens Observatory; Credit: Tim Young
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Observatory; source: World Atlas 2015 Dome in operation; credit: Elijah Matthews Aurora at the observatory; credit: Elijah Matthews



The Cameras

* North-facing

Sony a7s ii & 24mm f/1.4GM

84° field of view

12.2-megapixel full-frame CMQOS sensor
24-hour YouTube livestream

Timelapse of previous night made every day
Video stills uploaded to FTP server

North-facing camera enclosure

Unviersity of or'h Dakota Fri Mar 19, 2021 08:43:16 PM
Temperature: 48.0°F, wWind: S at 20.0 MPH
N, .035, 47.6

North-facing camera Full-night timelapse of particularly active aurora in March, 2021



Rokinon 8mm 2.8 &0y -
he

The Cameras

* North-facing
 Allsky

e Canon T6 & Rokinon 8mm f/3.5 fisheye =

e Upgrading to Sigma 4.5mm f/2.8 for 180° FOV  aiycamers enclosure

e 18.0-megapixel APS-C CMOS sensor

* 30-second exposures with 2-minute cadence uploaded to FTP server

Timelapse of previous night made every day

Left:

Allsky camera images
record an intense
overhead auroral display



Supporting Hardware (supplied by LiveAuroraNetwork)

e Off-the-shelf PELCO enclosures waterproof cameras
* Intel NUC computers interface with cameras
* Single cable providing power-over-ethernet (data and power)

PELCO EU3512-3X used for north-facing camera Intel NUC computer used for controlling the cameras (not exact model) POE Injector combining network and power to one cable



Software and Data Processing

e Cameras controlled with IPTimelapse software

 Complete control of camera settings

* Data can be offloaded to multiple FTP servers T ———
* Timelapse creation e

e Aurora-detection algorithm Tar ot mw e
* Automated twitter posts for timelapses/aurora S
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North Dakota Dual Aurora Camera
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3/22/2021 17916220 northdakota
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3/26/2021 16741151 northdakota
3/27/2021 17872914 northdakota
3/28/2021 16665539 northdakota
3/29/2021 16509089 hdakota
3/30/2021 16149834 a
3/31/2021 16820389 northdakota
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[ Set camera Time Zone | What time isit

Tim ] Eastern Time

Edit profile IPTimelapse interface

North Dakota Dual Aurora Camera

The North Dakota Dual Aurora Camera (NoDDAC) is nt-led citizen science
project incorporating a north-facing and allsky

Tweets & replies

FTP server interface with timelapses NoDDAC twitter account



Aurorasaurus

e What is Aurorasaurus?

e Uses citizen science observations to report where aurora is seen

AURORASAURUS

Reporting Auroras From the Ground Up

* Provides better forecast and tracking of aurora

Into the Ionosphere: Real-Time Aurora
Mapping Through Citizen Science

Laura Brandt, New Mexico Consortium (NMC) and NASA;
Dr. Elizabeth MacDonald, NMC and NASA

Image capture of the Aurorasaurus website, 2017

+ The first and only citizen science project that maps
aurora sightings, providing real time validation,
alerting registered users, and enhancing scientists'
ability to image large solar storms

+ A hybrid, assimilative platform reliant on
crowdsourcing and community science reports
through our website, free apps, and Tutter.
Verification of tweets is also crowdsourced.

STEVE by citizen scientist Catalin Tapardel

+ Social media can provide accurate, detailed, real-time
indications of space weather events (Case et al, 2015.)

+ Combining citizen science reports with a traditional
solar wind-driven auroral precipitation model enables
greater spatial resolution of auroral visibility and the
ability to generate localized alerts (Case et al, 2016a).

- Utiizing crowdsourced verification of real-time aurora
sightings s successful (Case et al, 2016b)

+ A structure recognized by ciizen scientists but
unidentified by science is associated with subauroral
ion drift (SAID) and is now known as Strong Thermal
Emission Velocity Enhancement, or STEVE (MacDonald
etal, 2018)

+ Datasets are made publicly available to encourage

further discoveries (Kosar et al.. 2018).

Top: Science Products. Bottom: Data Practices. Credit: Aurorasaunus

+ Aurorasaurus is collaborating with field leaders to
synthesize interdisciplinary evaluation frameworks for
citizen science.

« We applied the quantitative *A Science Products
Inventory for Citizen-Science Planning and Evaluation®
(Wiggins et al, 2018) to Aurorasaurus (see chart above)
and integrated qualitative metrics

« We posit that citizen science project evaluation should
benefit citizen scientists as stakeholders

Hearts in the ice are overwintering in Svalbard doing “extreme citizen|
science.” including for Aurorasaurus. Credit Hearts i the lce|

+ Aurorasaurus builds partnerships with local enthusiast
groups that benefit the aurora science and citizen science
communities. Join our Ambassador group to help build a
broader community of practice.

« Visit aurorasaurus.org or download our app from
iTunes or the Play Store (coming soon!) to make reports

- Follow our e newsletter, Twitter @TweetAurora, and
Facebook, or contribute a blog post

+ Questions? Emal aurorasaurus.info@gmail.com
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Aurorasaurus auroral oval map with citizen scientist observations



Aurorasaurus

e What is Aurorasaurus?

* NoDDAC and Aurorasaurus
* NoDDAC tweets ~10s clip of aurora when detected; displayed on auroral oval

map
 Camera icons shown on auroral oval map with clickthrough to stream

* This functionality will be coming soon!

Aurorasaurus auroral oval map with citizen scientist observations



Other Citizen Science Efforts

Personal Space Weather Station (DASI-PSWS):
Architecture and Current Status
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* NoDDAC plans to collaborate with other programs

" HamSCVS Personal Space Weather Statlon HamSCI PSWS; credit: University of Scranton, Frissell et al.
e Zooniverse’s Aurora Zoo

* MANGO project

NSF CEDAR Workshop

e haniel.frissell@ edu

ABOUT AURORA Z00O

Find, classify and measure aurora! ‘
> We want to understand how energy is transferred from space into our atmosphere, and what it H at Creek' CA
does when it gets there - and you can help! Using images from the ASK camera system in the

high Arctic we can learn more about the northern lights and the science behind the beautiful

shapes they form.

749
UNIVERSITY OF ._
Southampton i

Aurora Zoo is a University of Southampton project. ASK is a collaboration between the
University of Southampton and the Royal Institute of Technology (KTH), Stockholm. ASK and
the Aurora Zoo project leader are supported by the Natural Environment Research Council

(NERC) of the UK, under grant NE/S015167/1.

y

AuroraZoo Project; credit: Zooniverse, AuroraZoo
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MANGO Project camera field of view; credit: MANGO



Future Milestones

e Upgrading allsky lens

* Color calibrating cameras
 Setting up twitter functionality
e Exploring science questions
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