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BLUF: The goal of this project is to construct a distributed sensor array on West Point property to 
measure and characterize the ionosphere. This data will be recorded, analyzed, and used to 
contribute to the body of mid-latitude ionospheric research (a relatively smaller body compared to 
what has been done in the polar regions). 
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GEC

Global Electric Current

• Charge moves from 
Ionosphere to Earth’s 
surface along 
magnetic currents 

• Fair weather 
potential difference 
~100V/m at ~7.4 Hz

• Terrestrial weather 
increases potential 
difference 

• TIDs in the 
Ionosphere affect the 
conductivity



GNSS
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Global Navigation Satellite System

Satellite 4
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Pseudorange

Pseudorange Offset
When passing through the atmosphere, 
GNSS signals are affected by various 
phenomena called offsets. 
• These alter the data received, and can 

introduce error in the position 
solution calculated  

Pseudorange

True Range Orbital Error Clock Errors
Ionospheric 

delay
Tropospheric 

delay
Multipathing

Receiver 
Noise



TIDS
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TIDs Slide

TID Scale Medium Scale Large Scale

Wave Size 100-1000 km >1000 km

Propagation Speed 100-300 m/s 300-1000 m/s
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TEC

[3A, 3B]

The number of free electrons 
along a path between a signal 
transmitter and receiver.
The electrons cause the 
signal to refract as it travels 
through the ionosphere.
• This refraction interferes 

with the signal’s path, 
causing a delay in the time 
from the transmitter to the 
receiver.

• This delay makes GPS 
systems less accurate.

Total Electron Content (TEC) 



8

Fresnel Frequency

 

Fresnel frequency: The frequency at 
which signals interacting with an 
obstruction will diffract, causing 
increased signal noise and loss. 



CASES
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1.65 km

7.56 km

9.03 km

CASES Capabilities and Data Logging 
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Problem Statement

Statement
The goal of this project is to install a distributed sensor array on 
West Point to provided meaningful ionospheric TEC, phase 
scintillation, and amplitude scintillation data and analysis in a mid-
latitude region. The reason this this is important is because 
minimal study of the mid-latitude ionosphere has been conducted, 
and it is the atmospheric region under which the majority of 
military and U.S. civilian operations are done. Additionally, using 
this research and network, atmospheric and remote sensing 
courses will be created for cadets. 

Purpose
Can a distributed system of ionospheric sensors be installed, at a 
relatively low cost, to measure the TEC, amplitude scintillations, 
and phase scintillations in the ionosphere over a mid-latitude site 
to characterize the ionosphere.
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The Application of Spherical Elementary Current Systems (SECS)

 

 

  

 

Horizontal Currents Field Aligned Currents
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Assumptions, Pros, and Cons of SECS

• The ionosphere is assumed to be a uniform sheet at 110km
• An array of nodes gives reference points over the sensor array of 

for current reconstruction – these are mathematical points
• Can't differentiate from non-ionospheric sources

o GIC analysis will need to be conducted
• Requires multiple sensors free of electromagnetic disturbances
• Pros

o The sensor location can be irregular
o Scalable Spatial Resolutions
o Characterizes regional currents

• Cons
o Only a 2D rendition of or currents, can't determine vertical 

structure 
o Can't account for fast fluctuations from geomagnetic storms
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Simulation Of Code



Current Status

14

7.56 km

2.38km 2.28km

1.67km

Bartlett Hall
Altitude: 180ft

Spellman Hall
Altitude: 160ft

Redoubt 4
Altitude: 800ft

Installation Process What’s the difference 
between environmental 
sensors and sies/electro-
meters?
1. Installed: 3 x GPS 

receivers
2. Pending requisition 

and installation:
1. Magnetometers 

and Environmental 
Sensors

2. Seismometer
3. Electrometer
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Linear Interpolation 
between data points

 VTEC Data unbiased by CDT Halfhill
 4-Hour binning with 15-minute step
 ~500km radius of view

 > 1 million kilometers of area

Propagation Speed Derivation Methodology
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Propagation Speed Derivation Methodology (Cont’d)

Step 2: Log time bin-1 maxima information
Step 1: Identify maxima in time bin-1

Step 3: Repeat steps 1-2 
for time bin-2

Step 4: Calculate straight line distance 
between maxima from bin-1 to bin-2 
in rank order

Maximum vTEC Location

#1 1st Highest Lat-Long 1

#2 2nd Highest Lat-Long 2

#3 3rd Highest Lat-Long 3

#4 4th Highest Lat-Long 4

Maximum #1:
(Bin-1) Lat-Long 1
(Bin-2) Lat-Long 1

Distance Formula
Bin Timestamps 

w/ Speed 
Formula

Maxima movement Speed

Step 5: Repeat step 4 for all 
maxima in bins and average 
results.

Step 6: Repeat step 1-5 for Bin-2 and 
Bin-3, Bin-3 and Bin-4, etc. Average 
the results over desired time period 
to get TID propagation speed



STEP 3:
Design a weatherproof 

enclosure for the components. 
Integrate solar panel and 

battery.
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Future Procurement

[14A]

STEP 1:
Run RM3100 and other sensors on 

standard microcontroller, start 
programming. (SPI/I2C)

STEP 2:
Start work with LoRaWAN 

Gateways. Set up remote indoor 
operation with sensor board and 

transmitter.

SENSORS

SB
SENSORS

MICROCONTROLLER

STEP 3:
Install node in tested outdoor 

location, set up link with 
rooftop ground station.

STEP 4:
Test the system and 

hardware, monitor results 
remotely.

STEP 5: Repeat, Build 
a Network of Nodes.

R

STEP 6: Crowdsource 
data with HAMSCI 

Network/Web 
Server/Machine 

Learning Algorithm

R

TRANSMIT

GS
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