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The ICEBEAR Radar

ICEBEAR ⇒ Ionospheric Continuous wave E-region Bistatic Experimental Auroral Radar

50 MHz VHF E-region bistatic radar experiment
49.5 MHz centre freq. with 100 kHz bandwidth

Fully digital
digital waveform generation
digital reception
GNURadio/UHD for hardware interface and control
DigitalRF for data storage

Independent signal/RF paths for all antennas
allows for processing and/or re-processing of data to enhance different characteristics

Horizon viewing (typically up to 45◦ elevation, can go higher)

Technical Details

Tx: 10 channels (antennas) / linear array (only 2–4 needed)
↪→ ∼800 W (max.) continuous wave (CW) each with self- and remote-monitoring

Rx: 10 channels (antennas) / T-configuration (July 2019)
Core: Ettus Research X300 digital transceivers (Tx/Rx)
Signal: pseudo-random phase modulation on CW carrier
Timing: phase coherence between Tx and Rx (from accurate GPS timing)
Simultaneous high temporal and spatial resolutions

↪→ easily changed/configured

FoV: ‘imaging’ or ‘mapping’ field-of-view (FoV)
↪→ Nominal FoV down boresight (ñorth)
↪→ Capable of imaging behind Rx

Resolution nominal/typical:
temporal: 1.0 s
range/azimuth/elevation: 1.5 km
Doppler: 10 Hz (∼30 m/s)

ICEBEAR FoV

Baseline Visibility

Main interferometric ICEBEAR data product
Cross-correlation of signals on antenna pair
Normalised visibility between antennas 1 and 2 from Farley et al.
(1981):
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arg(V12(r , ω)): phase difference between antenna pair
|V12(r , ω)|: coherence of visibility
V1,2(r , ω): complex voltage sample from antenna 1, 2
r : range gate
ω: Doppler frequency
⟨·⟩: ensemble (temporal) average

Spherical Wave Harmonic Transform

Performed for each range-Doppler bin
Synthesis: 45 unique baseline visibilities Vij(k0) ⇒ 1 sky brightness
map B(Ωk)
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l and m : spherical harmonic degree and
order
Ylm(Ωk) and Y ∗

lm(Ωi) : spherical harmonic
functions
k0 : wave number
B(Ωk) : brightness distribution in the sky
Q : number of baselines

Vi(k0) : measured visibilities
ri : distance between antennas for a given
baseline
Ωk : angular components of k (pointing
direction)
Ωi : angular components of baselines
Jl(k0ri) : spherical Bessel function of the
first kind

Interferometric process: Visibility phase is crucial!

Measured Visibility Phase

Phase of point source contains expected phase and error

arg(Vij) = ϕij = k(Di −Dj) · n +∆ϕij

ϕij : phase difference between antenna pair

k(Di −Dj) · n : expected visibility phase
k : radar wave number
D : vector from origin to antenna
n : unit vector from origin to airplane
∆ϕij : error in phase measurement

Average over many echoes : ∆ϕij =
1
N

∑N ∆ϕij

Palmer et al. (1996)

Airplane Echoes

Airplane Phase Calibration

Airplane Calibration Results: Airplane Echoes

Airplane Calibration Results: Meteor Echoes

Summary and Future Work

Summary

ICEBEAR very reliant on signal phase
→ phase calibration essential

Airplanes routinely seen by radar
→ Point source + high SNR = good calibrator

Generate baseline calibration based on difference b/w expected and measured phase of airplane echoes
Excellent results for determining airplane AoA
Mixed results for scientific targets

Future Work

Investigate elevation dependence on azimuth in airplane calibrated scientific data
→ Direction dependent calibration?

→ Result of multipath effects?

Use meteor shower radiant as test for calibration on scientific target
Compare airplane calibration to celestial source calibration
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