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1) TRL provides a metric locating where we sit in 
the R2O chain of action
2) Organize the R2O discussion around “TRL level”
3) Need to provide more funds for R2O
4) We need much more data for assimilation
5) Focus on low-hanging fruit:
(relatively inexpensive small systems)
e.g. deploy ground-based systems in place of a 
satellite mission

CONFIDENTIAL & PROPRIETARY

SUMMARY



Technology Readiness Levels

GRL, JGR papers Software engineering , test & documentation
(Different customers, different environments)



Valley 
of  

Death

Air Force SBIR Program



TRL-9

TRL-7

TRL-1

TRL-3

NOAA R2O Funnel

The TRL-9 End of the Funnel 
Really Should be Wide



Physics-Based 
Modeling

(TIEGCM, TIMEGCM)
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Model Transition to Operations
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ASTRA works closely with 
customers to transition 

research codes to operational 
status

Modeling
Data 

Assimilation
Data 

Analysis

AMIE

Space   
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Ground 
Based Data

TIEGCM & 
TIMEGCM

magnetometers

AMPERE FACs

ACE solar wind

DMSP

SuperDARN



Ionospheric Data Assimilation

Ionosondes | Ground-based TEC | In situ Ne | UV
HF oblique sounders | Over-satellite TEC | GPS Radio Occultation
HF backscatter sounders | Radio Beacon | HF Vertical sounders



Do we have the right data types? Ground-based or space-based?
Do we have enough data? Do we have more than we need?
Do we have data in the right locations? Would more data be helpful?
Is the data quality adequate? Should we invest in new measurements or new systems?

Ionospheric Data Assimilation



NASA’s ICON Mission: Model Support

TIEGCM

Lower Boundary

High latitude forcing

SAMI



NASA’s ICON Mission: Model Support

TIEGCM

Lower Boundary

Hough Mode 
Extensions

High latitude forcing

SAMI

AMIE

File based interface



Model Inputs Outputs

AMIE
Assimilative Mapping of 
Ionospheric Electrodynamics

-Output typically saved every 5 min
-Latitude resolution is 1.6°

• Magnetometer Data (Ground and Space)
• SuperDARN Radar Drifts
• In-Situ DMSP Drift Data
• AMPERE magnetic perturbations due to Field 

Aligned Currents
• Incoherent Scatter Radar Electric Field Data
• Energetic particles (e.g. DMSP J4/5)

• Electric Potential distribution (>40° Mag. lat.)
• Electric Fields (>40° Mag. Lat.)
• Field Aligned Currents (>40° Mag. Lat.)
• Ionospheric Conductance, Ʃp ƩH (>40° Mag. Lat.)
• Joule Heating (>40° Mag. Lat.)
• Auroral Boundaries (>40° Mag. Lat.)

180-250 Mags
12-20 SuperDARNs
3-4 DMSP Satellites

QUIET  ACTIVE

High Latitude Electrodynamics 
for ICON Mission



Download
Mag Data

Download 
SuperDARN Data

Process
Mag Data

Process 
SuperDARN Data

Download ACE, 
DST, Power, KP 

Data

Write AMIE infile

Run AMIE

Save data to
ftp server

Automated AMIE



a) Magnetometers

://themis.ssl.berkeley.edu/gmag/



Magnetometer availability

http://themis.ssl.berkeley.edu/gmag/



b) SuperDARN



c) DMSP



d) AMPERE/Iridium Constellation



AMIE-AMPERE comparison
9/7/2017 21:00 UT



AMIE-AMPERE comparison
9/7/2017 22:30 UT



AMIE-AMPERE comparison
9/7/2017 23:00 UT



AMIE-AMPERE comparison
9/7/2017 23:30 UT



Dr. Geoff Crowley

M. Pilinski, Eric Sutton, M. Codrescu
T. Fuller-Rowell, Mariangel Fedrizzi, S. Solomon, L. Qian, J. Thayer, T. Matsuo

Atmospheric & Space Technology Research Associates LLC 
www.astraspace.net

DRAGSTER
REDUCING CONJUNCTION ANALYSIS ERRORS WITH AN 

ASSIMILATIVE TOOL FOR SATELLITE DRAG SPECIFICATION

or
Improved Orbit Determination and Forecasts 

with an Assimilative  Tool for  Atmospheric Density and Satellite  Drag



Overview

25

Presenter
Presentation Notes
9:18



New Data Needed for 
Assimilative Models of 

Space Environment

26
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Ionospheric Electric Field
Are IORD requirements being satisfied?

Ground-based data only                      DMSP Satellites Added 

IORD requirements are 
not being met globally 

and temporally



Monitoring the Global Ionosphere
Are IORD requirements being satisfied?

Ground-based data only                      Realistic constellation

IORD requirements are 
not being met globally 

and temporally



Monitoring the Global Ionosphere

Ground-based data only                      Realistic constellation

Modern Satellite Approach:
Constellation of 100 SmallSats for $40-50M
High spatial and temporal resolution E-field
measurements
Will revolutionize nowcasting and forecasting of
the ionosphere & thermosphere

Are IORD requirements being satisfied?



Real-time Data from Moving Platforms 

ASTRA Receiver on Buoys / Ships / Aircraft 
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● Near real-time ionospheric data from moving platform 
● Data Products: TEC, scintillation data products, and system status
● Ground link via Iridium or cell towers
● Programmable data latency (Nominal 5 minutes)

New Capability: Ionospheric 
Monitoring from an Ocean Platform 

“No one else in the World has done this…” 
– recent quote from Technical Director of a multi-Billion 
dollar International Commercial Services company that 
provides marine data services 



Validation of Motion Removal 
Against Land-based Receivers

Without Motion Correction With Motion Correction

Sigma_phi from nearby ASTRA Rx MKEA ROTI

Large Apparent Sigma-phi

True Sigma-phi

Mauna Kea CORS GPS (25 
miles from the Wave Glider)

Land-based  GPS (10 miles 
from the Wave Glider)

With Motion Correction



SSSM - Remote Power 
& Communication
Standalone System Support Module 
• Provides robust, power, thermal 

management and data communications 
capability for GAMMA (or other 
instrumentation) deployed in extreme, harsh, 
power deprived environments

• Scalable 
• ASTRA can support 

integration, 
customization       
and operation

33
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Pressurized payload box 
attaches to the buoy frame

GPS/Iridium antenna

Iridium Modem

Power Management GAMMA Rx

Battery
Solar panels

Concept for GPS Scintillation Monitoring 
from an Existing TAO Buoy
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SUMMARY OF MAIN IDEAS

1) Organize the R2O discussion around “TRL level” 
metric locating where we sit in the R2O chain of 
action

2) Need to provide more funds for R2O
3) We need much more data for assimilation
4) Focus on low-hanging fruit:
(relatively inexpensive small systems)
e.g. deploy ground-based systems in place of a 
satellite mission

CONFIDENTIAL & PROPRIETARY



Science
 Technology 

 Applications
Bringing It All Together
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www.predsci.com

Jon Linker, Pete Riley, Zoran Mikic, 
Cooper Downs, Tibor Torok, Roberto 

Lionello, Slava Titov, Ron Caplan



Science
 Technology 

 Applications
Bringing It All Together

Courtesy of Devrie Intriligator



• FM5 contains a micro dosimeter, data logger, GPS receiver, Iridium transceiver,
battery, and Bluetooth in the size of a large smart phone

• Measures ALL radiation in all altitude ranges with NASA technology
• Reports personal dose exposure from anywhere in the world

providing REAL-TIME situational awareness onboard or on ground
• Provides radiation region avoidance during events (like volcanic ash clouds)
• FM5 is FAA compliant with its own power and no attachment to plane

SET’s real-time aviation radiation monitoring 
system for business jets – ARMAS FM5 

4/11/16 39



NAIRAS
• aviation radiation 
dose rate for air crew 
& passengers
• available on SpaceWx 
app & at 
http://sol.spacenviron
ment.net/~nairas/

ARMAS
• real-time dosimeter 
downlink
• data assimilation 
into NAIRAS 
radiation dose rate

Characterizing Radiation for Aviation Customers

Courtesy of Kent Tobiska



Corporate and Hams HF propagation

Courtesy of Kent Tobiska



1) TRL provides a metric locating where we sit in 
the R2O chain of action
2) Organize the R2O discussion around “TRL level”
3) Need to provide more funds for R2O
4) We need much more data for assimilation
5) Focus on low-hanging fruit:
(relatively inexpensive small systems)
e.g. deploy ground-based systems in place of a 
satellite mission

CONFIDENTIAL & PROPRIETARY

SUMMARY
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VTEC from a Buoy (Hawaii)

Land Based Measurement:
Mauna Kea CORS GPS (25 miles from 
the Wave Glider)

GAMMA GPS receiver on the ocean

Vertical TEC from the CORS receiver
at Mauna Kea.

Vertical TEC from GAMMA on the Wave Glider.

VTEC
Land-based

VTEC VTEC

Without Motion 
Correction

With Motion Correction

• Accurate TEC measurements are critical for extraction of TID signals.
• GAMMA GPS receiver provides accurate TEC measurements enabling TID 

characterization from moving platforms



Outline



Private Sector Contributions to Ionospheric Monitoring 
Geoff Crowley, ASTRA

A number of models of the ionosphere and thermosphere have 
been transitioned to operations at ASTRA, including the TIEGCM, 
TIMEGCM, and AMIE. We describe ongoing work to improve these 
models and to provide model outputs at various latencies for 
different applications.

Outline



CME initiation and Evolution

Presenter
Presentation Notes
Illustration of how our dimming case study can be used to learn about CMEs. The left panels show a comparison of synthetic observations (white light/EUV composite) to the underlying magnetic field and wave evolution. The gold field lines represent the flux-rope itself, and the red-white curved contour is the coronal wave launched by the eruption. The right panels show a comparison of the synthetic EUV images to the actual observations (base-difference). The deep dimming region is similar in both the simulation and observations for both viewpoints. This dimming signature can be used to measure CME mass (Aschwanden et al. 2009), as can the white light signature.



The MAS code

48Pleiades Supercomputer

 Thermodynamic resistive 
magnetohydrodynamic model.

 Written in Fortran 90 with MPI 
parallelism.

 Non-uniform mesh.
 Semi-implicit predictor-

corrector time-stepping.
 Actively developed over 10 

years.
 Available for use at NASA’s  

Community Coordinated 
Modeling Center (CCMC).

 Simulations of over 50 million 
cells scaled to thousands of 
processors are run on NASA’s 
Pleiades supercomputer.

Presenter
Presentation Notes
Some bullets on the main attributes of our main code



Predicting Bz
at 1 AU using 
Pattern 
Recognition

Presenter
Presentation Notes
An accurate forecast of the solar wind plasma and magnetic field properties is acrucial capability for space weather prediction. However, thus, far, it has been limited to the large-scale properties of the solar wind plasma or the arrival time of a coronal mass ejection from the Sun. As yet, there are no reliable forecasts for the north-south interplanetary magnetic field (IMF) component, B$ (or, equivalently, Bz). In this study, we develop a technique for predicting the magnetic and plasma state of the solar wind $\Delta t$ hours into the future (where Delta t can range from six hours to several weeks) based on a simple pattern recognition algorithm. At some time, t, the algorithm takes the previous  $\Delta t$ hours and compares it with a sliding window of Delta t hours running back all the way through the data. For each window, a Euclidean distance is computed. These are ranked and the top 50, say, are used as starting-point realizations from which to make ensemble forecasts of the next Delta t hours. We find that this approach works remarkably well for most solar wind parameters such as vr, np, Tp, and even Br, and Bt, but only modestly better than our baseline model for Bn. We discuss why this is so, and suggest how more sophisticated techniques might be applied to improve the prediction scheme. 



Predicting 
Solar Wind 
Speed

Presenter
Presentation Notes
Similar plots but for solar wind speed over different windows. Not how much better the comparisons are. 

This slide summarizes four intervals of increasing window size, each of which was chosen primarily so as to avoid any transient (CME) related activity as well as to avoid any intervals with data gaps. In the first, a one-day window of roughly constant, but low speed is forecast to continue for the next day. Note how the 25/75% ranges for the realizations bracket the actual observations. In (b), a six-day window containing two modest streams is correctly predicted to decay during the following six days. In (c) an 12-day window with another single stream is predicted to show two modest streams over the next 12 days. And finally, in (d) an apparently more complex stream structure over 40 days is predicted to have have three distinct, but modestly high-speed streams during the next 40 days. Overall, each window's prediction is relatively good and, with the exception of (d), better than the zero-model (persistence). Interval (d) is interesting in that while the skill score for the PR model is worse than the baseline model, its prediction is undoubtedly useful: It correctly predicts a sequence of three high-speed streams, although the exact phasing does not match with observations. It is worth noting that the algorithm does not require that the best realizations are distinct or unique. Thus, one interval, shifted by one or more hours could serve as the source for several of the realizations. This can be seen in some of the grey traces where the same profile has been slid left or right of another. 
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