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• NASA’s Electrojet Zeeman Imaging Explorer (EZIE) 
will determine the structure and evolution of Earth’s 
electrojets.
- Electrojets: 60-90 miles up in the ionosphere that are central 

to the electrical circuit that couples the planet’s 
magnetosphere to its atmosphere.

• 3 CubeSats will measure the Zeeman effect, the 
splitting of the light spectrum of oxygen molecules in 
the presence of magnetic fields.

• These measurements will help determine magnetic 
field strength to calculate and map the electrojet.

• Why map the electrojet?
- Greater insight into the physics of Earth’s magnetosphere.

- Better models for predicting the effects of space weather 
phenomena like geomagnetic storms and auroras.

EZIE Overview
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Citizen Science!

• EZIE-Mag is a public outreach program 

deploying ~700 science-grade 

magnetometer kits around the world, 

letting citizen scientists collect data, 

teach, and design their own experiments.

• Current science-quality magnetometer 
stations cost millions. EZIE-Mags cost 

~$250 and are distributed for free.
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The EZIE-Mag: A Closer Look
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• In a combined team effort, hand-prepared ~700 

magnetometer kits for shipment in a week

Preparing Kits for Shipment



The EZIE-Mag Manual

• The EZIE intern team created the EZIE-Mag Manual, a LEGO inspired instruction set to 

make assembling the EZIE-Mag approachable for everyone

• These instructions cover software, hardware, and deployment.
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Navteca’s EZIE Chatbot

JHUAPL 7

• Goal: Increase EZIE’s 
accessibility

• Parker Solar Probe website 
hosts similar AI

• Prepared and modified 
training data to improve:

- Inflexibility
- Irrelevant data retrieval

- Overly technical responses
- Inadequate knowledge 

base

• Enhanced the EZIE AI-based 
chatbot’s safety, accuracy, and 
intelligibility in preparation for 
public release on the mission’s 
website



EZIE-Mag Tutorial Videos and Science Gateway
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• We worked with APL COMMs to 

produce tutorial videos for citizen 

scientists

• Helped design the EZIE-Mag science 

gateway

• Gateway will host the manual, tutorials, 

chatbot, and a plethora of other 

resources for citizen scientists



Automated Email Sorting
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• During testing, the EZIE spacecraft send 

many automated emails, so the EZIE team 

needed something to alert team members of 

important messages.

• We wrote a Python script to read the emails 
and notify the team when an urgent 

message was received.

• APL security measures made it difficult to 

run the script perpetually on a compute 

cluster
• This led to alternate approaches:

• Containerizing code and running on a 

VM

• Running on Chrome through a cluster



Compared MSIM4 Commanded Attitude to Attitude Telemetry 

• Verifying that the commanded EZIE spacecraft measurements, specifically the attitude, 

are equal to the actual measurements during testing 

• Comparing planned attitude to attitude telemetry on the EZIE spacecraft using 

quaternions

• Comparing NETCDF files to .a files in two different time formats

• Converted quaternions into roll, pitch, and yaw to find the difference between the 

expected measurement and the actual measurement

• Exported all the data to an excel spreadsheet for easy graphing and analyzing
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• Target sampling rate for EZIE-

Mag is ~40 Hz

• Actual sampling rate hovered 

around this, but significantly 

dropped every minute

• Sporadic sampling rates were 

problematic for data quality

• Discovered that this was caused 

by a scheduling issue with Cron 

Jobs

• Resolved the issue by 
rescheduling Cron Jobs on the 

EZIE-Mag 
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Sampling Rate Bug
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Data Improvement (Standard Deviation, nT)
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Data Visualization: netCDF, cdl, & Excel Viewer
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• Problem:
- .cdl, .nc, .nc4 files can be hard to understand

- Need to verify EZIE spacecraft data pipeline

• Solution: 
- Interactive File Viewer

- Can also convert to Excel

• Full stack development utilizing:
- Python, HTML, CSS

- Flask (Python web framework)

- Docker (Open-source containerization)

- Pandas

- Numpy

- Subprocess (Executing external functions)

- Logging (Because things go wrong sometimes)



Data Visualization: netCDF, cdl, & Excel Viewer
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• Provides both interactive 

and conventional “scientist-

readable” formats

• Found and fixed errors in 

files used by the EZIE team

• Usable on other NASA 

missions as these are all 

commonly used file types
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