
Important applications of passive
K- and V-band satellite imagery
include meteorological measurements
of temperature snow pack, rain
rate, ocean winds, and columnar
water vapor. Observation
of hurricanes and
atmospheric rivers
are critically enabled
using radiometer
measurements
by instruments such
as ATMS [1].
Observations of
temperature profiles
within cloud cover
are uniquely
facilitated using chan-
nels from 50-58 GHz.
No alternative radio
bands exist for
these and related
weather forecasting
purposes [2]. In order
to ensure the viability
of satellite-based
numerical weather forecasts the CU/CET is developing a
mobile platform capable of measuring the RFI environment
across the contiguous U.S. at these two key bands.
Radiometers in the van have precision hyperspectral
sensitivity permitting ground-level assessment of RFI that can
affect current and future satellite weather sensors.
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• There exists a compelling need to empirically characterize
trends in levels of anthropogenic emission within K- and V-
bands.

• A combined K- and V-band survey of U.S. anthropogenic
emission with traceable radiometric precision is being
developed. The observations are facilitated using the new
MXCR method of radiometric spectral detection that offers:
 Hyperspectral (~1-2 MHz) spectral resolution over K-band

(18-26.5 GHz) and V-band (50-58 GHz).
 Significantly greater (~10x) precision and rejection (20-30

dB+) of RFI-induced gain compression relative to
conventional total power radiometry,

 Kurtosis-based spectral identification and rejection of RFI
suitable for future passive EESS (and RA) sensors.

• Data analyses from the survey will provide a means of
assessing both existing RFI threats to EESS systems and
developing potential means of RFI detection and mitigation.

Precedent for a Contemporary
K-band Spectrum Survey

“…3GPP power leakage limits are sufficient to ensure that interference from a single
5G device is not harmful if considering the ITU-R threshold, but not if the weather
prediction software can tolerate only very low interference levels. Importantly,
aggregate interference resulting in practice from a 5G network with realistic network
densities is often harmful, even considering the least conservative ITU-R threshold.
Overall, our comprehensive coexistence study thus strongly suggests that additional
engineering and/or regulatory solutions will be necessary to protect weather satellite
passive sensing from mmwave cellular network interference.”
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P-Band Demonstration of MXCR

(A) Hardware 
implementation of 4-
path 4QWQQ P-band 
MXCR radiometer 
developed during CU 
BURRO Senior 
Capstone Design 
project (Giselle Koo,
Daniel (Scott) McCall,
Jinhua Zhang, Mohit 
Bhat, Fares Naser and 
Aziz Abdal). 

(B) Uncorrected 
inversion spectra for 
ambient-LN2 
differential 
temperature inputs. 
Retained frequencies 
are for ±3.65ΔKrms

kurtosis RFI rejection 
thresholding, with 
calibration using TND

estimated spectrum.

(C) Inversion spectra 
random error upon 
systematic error 
correction using 
similar antipodal 
inputs. Retained 
frequencies for    
±3.65 ΔKrms kurtosis 
RFI rejection 
thresholding, with 
calibration using TND

estimated spectrum.
(ΔTrms= 0.45 K).
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Multipath Cross-Correlation Radiometry (MXCR)

2025 Survey DeploymentsHyperspectral K- & V-Band MXCR Spectrometers

Density of Interferers
The density of interferers (DoI) equation [1,5] provides a
threshold for transmitter deployment - and thus a predictable RFI
risk limitation on local telecom market penetration:

The aggregate density and power of interfering sources within a
passive EESS footprint determine the overall received RFI
power, where ρ is the permissible density of interfering
transmitters (in number per unit area) required to maintain RFI
below a threshold δT and:

PI = Average interferer transmitter power (W)
δT = Permissible received interference (K, per

SA.1029-2 recommendation)
B = Bandwidth (Hz)
D = Antenna diameter (m)
h = Satellite boresight distance (m)
θs = Beam incidence angle WRT nadir (o)
λ = Wavelength = c/f (f = frequency)
α = Atmospheric attenuation
C = Propagation coupling factor

The coupling parameter C accounts for
scattering from nominal horizontally
propagating 5G radiation into the
satellite path by rooftops, buildings,
vehicles, terrain, vegetation, etc…

(C)

No RFI Filtering (240 pts): 
ΣD = 2(To-TLN2) → σD=1.85 K
ΣC =  (To-TLN2) → σC=0.97 K

Kurtosis @ 3.65ΔKrms (146 pts):
ΣD = 2(To-TLN2) → σD=1.21 K
ΣC = (To-TLN2) → σC= 1.00 K

(B)

STDs for constant input temperatures are between 3.4-9.4 K.

Blackman window with 25% FFT overlap

RFI Detection Using Spectral Kurtosis

Presuming that TA↑ is known, an MXCR estimator for TA↓ is:

where the sign (±) square root branch cut is selected based on
closeness of fit to a real input temperature solution. This estimator was
found by applying the subspace contraction and consolidation (SCC)
algorithm using the general equation for MXCR:

By the above process the specific path gains and phases cancel out
entirely and only uncalibrated cross-correlations are necessary to
estimate TA↓ (or TA↑ ). The noise STD falls as 1/√Ns, where Ns is the
number of accumulated samples.

The 4th-order normalized central moment statistics (kurtosis)
are readily calculated for each path and I/Q FFT frequency
bin using MXCR. The spectral kurtosis provides a means of
detecting and excising non-Gaussian signals caused by RFI.
The kurtosis
threshold can be
dynamically ad-
justed to respond
to changing
levels of RFI and
EESS precision
needs. Pulsed vs
CW RFI can be
distinguished by
accumulations of
varying lengths,
although the
kurtosis for MPSK
signals is difficult to distinguish from Gaussian noise.

The first MXCR spectrometer has been demonstrated at P-band
(410-785 MHz) using a 3.2 GS/s multichannel digital sampling
scope. The results show near-theoretical radiometer integration
efficiency and at least 20-30 dB superior rejection of gain
compression from RFI than conventional total power radiometry.

Hyperspectral (Δf ~2 MHz) MXCR spectrometers are being built for
operation at K-band (18-26.5 GHz) and V-band (50-58 GHz) using
high main beam efficiency antennas and waveguide transmission
networks. Traceable internal thermal references are used for
calibration. The spectrometers are being incorporated into a 360o PPI
azimuthal scanner.

(A)

Both fixed and mobile deployments of the K- and V-band
scanning hyperspectral MXCR spectrometers are being
planned beginning in summer 2025 as a means of
establishing a baseline level of anthropogenic emissions from
18-26.5 GHz. Both K- and V-band radiometers will be both
internally and externally calibrated. Real-time “O-records” will
be available to operators to facilitate return observations for
validation and survey data will be available through
SpectrumX. Scans of the Boston MA urban area during a 3-
week intensive observing period are being planned from the
vantage point of Building 54 on the MIT campus.
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The utility of passive EESS spectrum depends on the ability to
accurately measure antenna temperatures to thermal (0.01-0.5
K) precision. Deployments of 5G and unlicensed point-to-point
backhaul links potentially compromise EESS observations from
aggregate out-of-band emission. Per Palade et al., [3]:

harmful levels of aggregate emis-

The 23.6–24 GHz EESS
band and spwcific subbands
within 50-58 GHz are
internationally protected by
ITU regulations under RR
5.340 ("all emissions are
prohibited" footnote 880,
US74, US246 [4]). However,
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sion are difficult to detect within operational EESS sensor
data, and ignoring emission trends as 5G rollout occurs places
future EESS sensor designs at risk.

Sample calibrated 
O-records 
obtained using a 
K-nand GHz filter 
bank radiometer  
during an initial 
2024 demo RFI 
survey in the local 
Denver CO area. 
Tb’s clearly show 
detectable 
emissions from 
the north.


