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Motivation and Outline

Å Ice sheet internal temperatures and sea ice thickness (0-2 m) are two 
parameters of key interest that at present are difficult to remotely sense

Å The ultra-wideband software defined microwave radiometer (UWBRAD) was 
designed under NASA support to address these challenges

ÅMeasures Earth thermal emissions from 0.5- 2 GHz to remotely sense ice 
sheet internal temperatures and sea ice thickness

Å UWBRAD was deployed in airborne observations of the Greenland ice sheet in 
Sept 2016 and Sept 2017; the latter also included sea ice measurements

ÅAlso deployed in Antarctica Nov-Dec 2018 and currently operating on sea 
ice floe as part of the MOSAiC campaign

ÅA preliminary concept for space deployment has also been developed 
(the CryoRad Mission)

Å Extensive modeling activities also conducted (led by L. Tsang) in support of 
instrument development, campaign planning, and data retrieval



UWBRAD Measurement Concept

UWBRADwasdesignedfor retrievingthe internal temperatureof icesheets
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Microwave Emission is an explicit 
function of physical temperature.  
Roughly:

Tb = e Tphysical

andis well suited to retrieve 
ice sheet temperature



UWBRAD Measurement Concept

UWBRADconceptcanalsobe extendedto:
seaice,iceshelves,andglaciers
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Ultra -wideband software defined radiometer (UWBRAD) 

ÅUWBRAD operates 0.5ï2 GHz to demonstrate radiometric use of these bands

Å Requires operating in unprotected bands, so interference a major concern

Å Addressed by sampling entire bandwidth ( in ~ 88 MHz channels) and
implementing real-time detection/mitigation/use of unoccupied spectrum

Freq (GHz) 0.5-2 , 12 x ~88 MHz channels

Polarization Single (Right-hand circular)

Observation angle Nadir

Spatial Resolution 1.2 km x 1.2 km (1 km platform altitude)

Integration time 100 msec

Ant Gain (dB) 

/Beamwidth

11 dB

60¯

Calibration (Internal) Reference load and Noise diode sources

Calibration (External) Sky and Ocean Measurements

Noise equiv dT 0.4 K in 100 msec (each 100 MHz channel)

Interference 

Management

Full sampling of 100 MHz bandwidth in 16 

bits resolution each channel; real time 

ñsoftware definedò 

RFI detection and mitigation

Initial Data Rate 700 Megabytes per second (10% duty cycle)

Data Rate to Disk <1 Megabyte per second



UWBRAD Instrument

ÅMeasures Earth thermal emissions in 12 ~ 88 MHz
channels from 500- 2000 MHz

ï Each channel further resolved into 512 frequency sub-channels

ï Allows measurement of spectral properties of ice
sheet and sea ice thermal emission

ï Traditional L-band radiometry measures only 1400-1427 MHz

Å Single circularly polarized antenna observing at
nadir

ïAntenna deployed in flight from ñperiscopeò system

Å System operates outside spectrum protected for
microwave radiometry so algorithms 
to detect and remove radio frequency 
interference required

Å Deployed aboard Ken Borek DC-3T 
Basler Aircraft in Greenland flights

Å Deployed aboard Twin Otter Aircraft 
in Antarctica



Radiometer Design

ÅMulti-channel pseudo-correlation radiometer design

ÅWideband: need
to take internal
reflections into
account in 
calibration 
process

Å RFI processing
performed in 
software
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UWBRAD Channels



Radiometer Digital Backend/Software

Å Backend
consists of 
4 computers, 3
of which sample
4 channels each
and fourth serves
for control

Å A/D boards in 
computers are 
16 bit x 250 MSPS

Å System operates
~10% duty cycle

ÅChannelization,
integration,
RFI processing
performed in 
software

Raw Data

Medium Rate Data

100 ms Acquisition (25M samples)

RFI Flags

PowerKurtosis

512 pt 
Spectrogram

1 ms Time Interval (1) 1 ms Time Interval (2) 1 ms Time Interval (100)
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Spectrogram
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Spectrogram

Low Rate Data

Unmitigated Sum

Mitigated Sum

Percentage Flagged

Post-ProcessingReal-Time Processing

Run Sub-band Kurtosis Algorithm
Discard Non-Gaussian Frequency Bins

Integrate to 100 ms
Calibrate to Brightness Temperature

Run Cross Frequency Algorithm
Discard Anomalous Frequency Bins

Run Pulse Blanking Algorithm
Discard Anomalous Time Intervals

100 x 512 
Spectrogram

100 x 512 
Spectrogram

1 x 512 
Spectrogram

Run Sub-band Kurtosis Algorithm
Discard Non-Gaussian Frequency Bins

Flatten Spectrum

Run Cross Frequency Algorithm
Discard Anomalous Frequency Bins

Run Pulse Blanking Algorithm
Discard Anomalous Time Intervals

100 x 1 ms 
Fullband Power

100 x 512 
Spectrogram

100 x 512 
Spectrogram

Run Fullband Kurtosis Algorithm 
Discard Non-Gaussian Time Intervals

100 x 1 ms 
Fullband Kurtosis

Run Fullband Kurtosis Algorithm 
Discard Non-Gaussian Time Intervals

100 x 1 ms 
Fullband Kurtosis



Summary of 2017 Flight Paths

ÅDatasets include

ïGreenland ice 
sheet

ïSea ice in
Nares Straits

ïDevon ice cap

ïCanadian 
northern 
latitudes

ïSea surface

ïFirn aquifer 
regions

09/10
09/11

09/13

09/14

09/1509/16



Full UWBRAD Spectra/RFI Processing

Å Extensive RFI across spectrum, even in Greenland



Full UWBRAD Spectra/RFI Processing

Å Extensive RFI across spectrum, even in Greenland

Å Pulse, Cross-
frequency, and
kurtosis
detectors
flag try to flag
out corrupted
parts of 
spectrum

Å Appear to
eliminate
much RFI

Å Large swaths
of bandwidth
lost in some
cases

Å Some
evidence of
RFI remaining




