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HamSC]I Ham radio Science Citizen Investigation

A collective that allows university
researchers to collaborate with the amateur
radio community in scientific investigations.

Objectives:

1. Advance scientific research and
understanding through amateur radio
activities.

2. Encourage the development of new
technologies to support this research.

3. Provide educational opportunities for the
amateur radio community and the general
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What is Amateur (Ham) Radio?

* Hobby for Radio Enthusiasts
« Communicators
 Builders
» Experimenters

University of
g Scranton Students at

* Wide-reaching Demographic
» All ages & walks of life
* Over 760,000 US amateurs; ~3 million Worldwide

(http://www.arrl.org/arrl-fact-sheet)

W2NAF Home Station

* Licensed by the Federal Government
» Basic RF electrical engineering knowledge
 Licensing provides a path to learning and ensures a
basic interest and knowledge level from each participant
» Each amateur radio station has a government-issued
“call sign”

N8UR multi-TICC:
« Ideal Community for Citizen Science E:)eucr']fé‘:” Time Interval
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Amateur Radio Frequencies and Modes

ECIipsed SAMI3 - PHaRLAP Raytrace Frequency Wave|ength
1600 UT 21 Aug 2017 » 14.03 MHz * TX: AA2MF (Florida) « RX: WE9QV (Wisconsin)
- 135 kHz 2,200 m
M
. ////// //// L 473 kHz 630 m
. . = 1.8 MHz 160 m
— : 3.5 MHz 80 m
1900, Grounc;llkange (km) 7 MHZ 40 m
10 MHz 30m
Plasma Frequency (MHz) L 14 MHZ 20 m
PHaRLAP: Cervera & Harris (2014), https://doi.org/10.1002/2013JA019247 T
SAMI3: Huba & Drob (2017), https://doi.ora/10.1002/2017GL073549 18 MHz 17m
Amateur Radio and the Eclipse: Frissell et al. (2018), https://doi.org/10.1029/2018GL077324
* Amateurs routinely use HF-VHF transionospheric links. 21 MHz 15m
+ Often ~100 W into dipole, vertical, or small beam antennas. 24 MHz 12m
« Common HF Modes 28 MHz 10 m
 Data: FT8, PSK31, WSPR, RTTY
. + 50 MHz 6 m
» Morse Code / Continuous Wave (CW) LL
« Voice: Single Sideband (SSB) > And more....
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Amateur Radio Observation Networks
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stay tuned! — unknown, § on 12m, 5 on 80m. 4 on 60m. 3 on 2200m, 3 on 2m, 2 on 70cm, 2 on 23cm, 1 on 690m. Legend
Check out your signal compared %0 others, with the “Spots Analysis Tool” showfhide
You can comparo 10 2 gven cate. ™
Donate nows.
RBN blog: stay tuned!

‘we have 142 skimmers online
‘skimmers online:

IBECW - 20m
TL4I0U - no apot last 15min

Frequencies

US8 da (ubiz) 0.136, 04742
7.0986,

Go gle

3 DKBNE - 6m
! 180m | 130m 1 20m / 17m J 15m | 1 18m 1 DKSIP - 40m, 30m, 20m
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- « req cax s speedtme DOIDIA- 80w 4om 0m,
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17m, 15m, 12m

KiMm 182 WOERE/S 101291 CWBCN 208 19wpm 1548222 Jun

Reverse Beacon Network (RBN) WSPRNet PSKReporter
reversebeacon.net wsprnet.org pskreporter.info

‘System statistics. Comments, problems etc to Philip Gladstone. Online discussion of problem/s&i | =izt fede

* Quasi-Global + Data back to 2008 (A whole solar cycle!)
* Organic/Community Run * Available in real-time!
« Unique & Quasi-random geospatial sampling
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EU Response to Solar Flares
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Traveling lonospheric Disturbances

« TIDs are Quasi-periodic Variations of F Region Electron Density

Medium Scale (MSTID)
* T=15-60 min
* v, =100-250 m/s
* Ay = Several Hundred km (< 1000 km)
« May be associated with meteorological or auroral sources

Large Scale (LSTID)
« A,>1000 km
« 30<T [min] <180
» Sources are typically attributed to Auroral Electrojet Enhancement, Particle Precipitation

Both may be associated with Atmospheric Gravity Waves

|dentifying the actual source can be difficult
[Francis, 1975; Hunsucker 1982; Ogawa et al., 1967; Ding et al., 2012; Frissell et al., 2014; 2016]
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Traveling Ionospheric Disturbances

21 Dec 2012 1400 UT - Alt: 250 km

Ray trace simulation illustrating how SuperDARN HF
radars observe MSTIDs.

(a) Fort Hays East (FHE) radar field of view
superimposed on a 250 km altitude cut of a perturbed
IRI. FHE Beam 7 is outlined in bold.

(b) Vertical profile of 14.5 MHz ray trace along FHE
Beam 7. Background colors represent perturbed IRI

1

N, [logio(m

1S

electron densities. The areas where rays reach the
ground are potential sources of backscatter.
(c) Simulated FHE Beam 7 radar data, color coded by
radar backscatter power strength. Periodic, slanted
© traces with negative slopes are the signatures of

MSTIDs moving toward the radar.
[Frissell et al., 2016]
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Amateur Radio Compared with GNSS dTEC

2017 Nov 03 1200 UT
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Estimated GNSS TEC LSTID Parameters

A =1,136 km
h )
~ 128 O k h | Line \ Path quxgon Circle 3D gath | BDrpolxgon |
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L]
T = 5 3 m I n Ground Length: 1,146.50

Heading: 166.87 degrees
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TEC MUSIC Analysis by E. G. Thomas.
For algorithm description, see
Bristow et al. (1994) and

S Tropic-of-Cancer.
Frissell et al. (2014). ;
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SuperDARN Climatology Comparison

SuperDARN Amateur Ham Radio
— Monthly Distribution of MSTID Events 160 US TID Climatology 2017
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(Frissell et al., 2014, https://doi.org/10.1002/2014JA019870)
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TID Studies: NASA SWO2R & NSF CAREER

NASA SWO2R (2 years, 2021-2023) NSF CAREER (5 years, 2021-2026)
Enabling Space Weather Research with Global CAREER: Amateur Radio as a Tool for Studying
Scale Amateur Radio Datasets Traveling lonospheric Disturbances and
Atmosphere-lonosphere Coupling
PI: N. Frissell W2NAF, Co-Is: T. Atkison, W. Engelke AB4EJ, and P. Erickson W1PJE PI: N. Frissell W2NAF
* Development of automated TID detection and » Identify the amount of TIDs observed by HF
parameter extraction algorithms. communications systems that are and are not
* Develop empirical TID models that use geophysical associated with geomagnetic activity.
indices as independent variables and model the + Determine the ability of data from amateur radio to fill
probability of TID occurrence signatures in terrestrial TID observational gaps and be scientifically useful.
HF communications. » Establish TID longitudinal dependence on the 2D
* Validate models for the 7 and 14 MHz bands in the stratospheric polar vortex configuration.
continental US and mainland Europe. « Test the multistep vertical coupling paradigm of
* Deposit RBN/PSKReporter/WSPRNet data into AGWSs/TIDs theorized in the latest physics-based
public NASA data repositories. models.

THE UNIVERSITY OF

. SCRANTON
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THE UNIVERSITY OF | = izosiay | e
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B i -
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ISWAT Proposed Paper

Observing Large Scale Traveling lonospheric Disturbances Using High
Frequency Amateur Radio Receiving Networks: Automated Detection and the
Development of Empirical Predictive Models

Abstract: Traveling lonospheric Disturbances (TIDs) are quasi-periodic variations of F-region ionospheric electron densities
that in particular affect the range and quality of High Frequency (HF, 3-30 MHz) radio communications, through motion of the
ionospheric skip-focusing distance during TID passage. For a radio operator, this manifests as signal fading and enhancement
with periods ranging from about 15 minutes to a few hours. In addition to their operational impacts, TIDs are of great scientific
interest because they are often associated with neutral Atmospheric Gravity Waves (AGWSs). Thus, TID observations can be
also used to advance understanding of critically important neutral atmosphere-ionosphere coupling. In this paper, we
demonstrate a forthcoming automated technique and system for the detection of TIDs, using spectral analysis applied to HF
amateur (ham) radio observations observed by the Reverse Beacon Network (RBN), Weak Signal Propagation Reporting
Network (WSPRNet), and PSKReporter automated amateur radio systems. Each of these systems is built, operated, and
maintained by amateur radio community volunteers and has significant coverage over the North American and European
continents. We will also discuss plans for further development of this automated detection technique with the goal of
constructing a predictive empirical model of TIDs using geophysical drivers. Such a TID model has significant potential for
global and regional space weather studies.

iam nathaniel.frissell@scranton.edu
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Thank you!
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NASA SWO2R Motivation :

-From an operational perspective, there are few (if any) TID
predictive models in the unclassified domain that can be effectively
used.

*From a science perspective, a properly developed empirical TID
model can aid in identifying which physics drivers of TIDs are most
Important.

*Currently available physics-based models that can predict TIDs
require detailed specification of initial conditions and are
computationally intensive.

«Currently available empirical HF propagation models do not capture
lonospheric variability on TID timescales and obscure the identity of
the underlying physical drivers.
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NASA SWO2R Model Development .

*This NASA SWO2R grant will develop empirical TID models that use
geophysical indices as independent variables and model the probability of
TID occurrence signatures in terrestrial HF communications.

*These models will be used to conduct sensitivity studies that will identify
the key geophysical drivers of TID occurrence.

* These empirical models will be developed in three phases:

1. Development of automated TID detection and parameter extraction
algorithms.

2. Development of a regression-based Generalized Linear Model
3. Development of a convolutional neural network model

* These models will be validated for the 7 and 14 MHz bands in the
continental US and mainland Europe.
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