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Fig. 1: Power time-series of an example real radar measurement with marked rejected outlier samples that will be linearly interpolated.
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• I/Q time-series is only partially contaminated, we 
need to identify contaminated samples. GAMIC 
ENIGMA signal processor identifies outliers in 
power ratio for each I/Q time-series and excludes 
them from all following computations.

• LAG’s R0, R1, R2 can readily be computed by using 
the remaining pulse pairs.

• RhoHV and PhiDP computed from samples that 
are not outliers in both horizontal and vertical 
channel.

• Due to missing samples, FFT can not be applied 
immediately. Algorithms depending on FFT of the 
time-series need further processing of the I/Q 
data. Possible solution: linear interpolation 
across gaps in the I/Q data → successfully tested 
on real radar data in the field.

Solution: Exclude contaminated samples

GAMIC ENIGMA is capable of ground clutter 
filtering with regression filtering or matched 
inversion. Both methods work with time-
series that have missing samples.

Results: Clean radar data
• Following images show measurement variables Z, ZDR, RhoHV 

before and after application of the suggested RF interference 
mitigation method.

• Used system: GAMIC X-band weather radar GMWR-25-DP with 
magnetron transmitter.

• Located at temporary radar site Krummendeich in northern Germany, 
very close to the river Elbe with a lot of naval traffic to and from the 
harbor in Hamburg.

• The almost preposterous RF interference caused by the numerous 
X-band radars around the site is virtually eliminated.

Fig. 2: Example Plan Position Indicators (PPI) of Zh (Horizontal Reflectivity; a, b) in dBZ, ZDR 
(Differential Reflectivity; c, d) in dB and RhoHV (Correlation Coefficient; e, f). Images a, c, e are 
uncorrected and b, d, f with RF interference mitigation.
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• Major problem: interference is at the same 
frequency as the radar echo.

• External narrow band filters can only help to 
prevent receiver blocking caused by nearby 
transmitters at a frequency close but not equal to 
our radar frequency.

• Typically, only small number of pulses in a time 
series contaminated by nearby pulsed RF sources.

• Frequency domain processing is heavily 
compromised in this situation due to mathematical 
properties of the delta function (Dirac impulse).

• The Fourier transformation of the delta function 
(impulse function) is 1 (contains all frequencies at 
equal power), it looks like noise only → unable to 
filter in frequency domain by editing FFT 
coefficients. 

• Notably affected radar measurements:

      – Reflectivity (Z)
      – Differential reflectivity (ZDR)
      – Correlation coefficient (RhoHV)
      – Differential phase (PhiDP)

• Radial velocity (V) usually not affected very much 
as phase of interference is uncorrelated to the 
radar. 

Problem: Interference at same frequency

• Pulsed RF interference has large impact on radar 
measurements. In particular, X-band systems in 
coastal regions suffer from interference caused by 
maritime radars at the same frequencies.

• Possible indicators for thresholding
(non-exhaustive list):

      – Power standard deviation in the time-series 
data (e.g. Sigma-Z by Météo France)

      – Texture of PhiDP (differential phase)
      – SQI (Signal Quality Index)

• Drawback of thresholding: underlying weather echo 
is also censored.

• Necessary separation of interference signal from 
the wanted signal.

Motivation: Marine radar interference

The proposed method can almost
fully mitigate pulsed RF interference
and restore all measurement variables
including dual polarization moments.
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Addressing the problem of weather radars seeing other radars

Pulsed RF interference mitigation
by exclusion of contaminated samples


