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High Frequency Radio Signals
- HF (3-30 MHz) skywave signals used 

in global radio communications 
- Doppler residuals of these signals can 

be used to remotely sense 
bottomside ionosphere

- Fluctuations in TEC and electron 
density

- A Grape V1 PSWS node can monitor a 
single HF channel with continuous 
time resolution along a single path 
(Collins³ et. al.)

Adapted from: Space Weather Prediction Center¹



Current / Future Grape Network Coverage



1. Investigate the behavior of HF signals with respect to 
doppler residuals over time

2. Identify and characterize periodic patterns found in 
residual data

3. Correlate patterns with relevant geospace phenomena

Objectives



- Grape V1 low-IF receiver (K2MFF) 
installed with a 30m inverted vee 
antenna tuned to 10MHz at NJIT in 
Newark, New Jersey

- 10MHz signal is generated by the NIST 
radio station WWV in Fort Collins, 
Colorado
- GNSS disciplined oscillator produces 

an extremely stable signal
- Difference between peak received signal 

and 10MHz taken as ‘doppler residual’
- Sampling rate of 1Hz

Methodology: Setup

Adapted from: Collins² et al.



Methodology: Aggregate Data
2022 Doppler Residuals Above Illinois Midpoint (41.751416, -89.616813)



Methodology: 24-Hour Data
Doppler Residual Plot (2021-07-01)



Results: Best Fit Probability Distribution
Doppler Residual Best Fit PDFs (2021-07-01)



2023 Annular Eclipse
Doppler Trace History (October 7th - October 14th 2023)



2023 Annular Eclipse
Doppler Trace History (October 7th - October 14th 2023)



2023 Annular Eclipse

Deionization
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Results: Single Hop Ray Tracing
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Results: Double Hop Ray Tracing
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- Median (50th 
percentile) was 
chosen as the most 
representative 
statistic to 
characterize 
longer-term residual 
trends

Discussion
Doppler Residual Percentile Trend (7-2022)



1. A connection between incident solar irradiation above the 
midpoint of HF signal travel was established

2. A strong Cauchy distribution was associated with 5-minute 
bins of data collected between sunrise and sunset

3. The Grape receiver was sensitive enough to detect changes 
in ionospheric electron density due to geospace phenomena

Conclusions



- Correlate patterns in 
Grape dataset with 
other datasets 
monitoring different 
geospace phenomena

- Assess the impact of 
multipath signal travel 
on the signal

Future Work

Courtesy of: Shunrong Zhang of MIT Haystack
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