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ABSTRACT 

Radio Frequency Interference (RFI) is a major concern for 
both real and synthetic aperture radiometers. After the lessons 
learnt from SMOS, ESA is preparing the next-generation of 
L-band interferometric radiometers with RFI mitigation 
integrated in the cross-correlators. This work presents a 
preliminary design and results of a pre-correlation RFI 
mitigation algorithm tailored for interferometric radiometers. 
The results show that the correlation error introduced by the 
RFI is reduced on average to the half, with peaks of 20 dB of 
mitigation. 

Index Terms— Interferometric radiometer, RFI, 
mitigation 

1. INTRODUCTION

Radio-Frequency Interference (RFI) signals are 
undesired electromagnetic emissions that can degrade the 
performance of any receiver. Nowadays, the concern about 
the RFI phenomenon is increasing due to the high number of 
RFI occurrences detected, and this problem is expected to 
grow even more in the future because of the pervasive use 
and abuse of wireless technologies around the world. RFI 
signals are either those illegally emitted at bands reserved for 
passive observations (in-band emissions), or those that are 
legally emitted in adjacent bands, but a fraction of their power 
leaks into the bandwidth of the receiver (near-band 
emissions), or even a harmonic emission at a much lower 
frequency band that falls in the pass-band. The origin of these 

RFI signals can be of very different nature. RFI can be 
intentional or unintentional, and it can be generated 
externally or even by the same device, although these last 
ones must be minimized by proper design. They can be lower 
harmonics, inter-modulation products, out-of-band 
emissions, or even intentional emissions designed to override 
a particular frequency band. As pointed in [1], the allocated 
bands provide a statutory protection, with no guarantees 
against interference occurrences from accidental out-of-band 
emissions to intentional jamming. 

RFI signals disrupt all types of microwave radiometers. 
The most common distinction between types of radiometers 
is their antenna configuration. Real aperture radiometers use 
a single antenna, whereas synthetic aperture radiometers have 
an interferometric array of antennas. The different antenna 
configuration distinguishes between the RFI mitigation 
techniques for real aperture, and afterwards, extends them to 
the more complex case of synthetic aperture [2]. 

Synthetic aperture radiometers refer to those that use 
multiple small antennas and interferometric signal processing 
(basically the complex cross-correlation of the signals 
collected by each pair of antennas) to obtain the resolution of 
a single large antenna. The synthetic aperture approach 
overcomes the barriers that the physical size of the antenna 
places on passive microwave remote sensing from space, as 
it replaces an unrealistically large antenna with an array of 
small antennas, eventually even in different platforms. 

SMOS is ESA’s Soil Moisture and Ocean Salinity 
mission, the second Earth Explorer mission. A description of 
this mission and its scientific achievements can be found in 
[3] and [4]. SMOS, launched in November 2009, has 
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exceeded already its extended lifetime of 3 years, and hence, 
ESA started several activities to prepare the technology for a 
future follow-on mission on L-band radiometry. 

Even though SMOS operates in a frequency band 
reserved exclusively for passive microwave radiometry, a 
large number of illegal emissions in this frequency band that 
are disturbing the measurements have been observed since its 
launching [5]. Based on the SMOS experience, it is intended 
that RFI mitigation techniques are developed as part of the 
on-board correlator. The baseband signals sensed by the 
individual receivers and transmitted through the optical 
harness are cross-correlated in the correlator unit and 
integrated during the duration of one snapshot. Through this 
integration the data volume of the visibilities is greatly 
reduced compared to the one of the baseband signals, but the 
whole visibility measurement may be contaminated by RFI, 
even if the interference had only a very short duration or if it 
affected only a part of the signal spectrum. 

This paper describes the first iteration of the RFI 
mitigation algorithm proposed for the next generation of ESA 
L-band interferometric radiometers. 
 

2. ALGORITHM DESCRIPTION 
 
The proposed RFI mitigation algorithm receives the signal 
from each one of the receivers and processes it independently. 
The digital signal is already filtered and quantized to 1-bit. 
The objective of the RFI mitigation signal is to eliminate the 
interfering signal as much as possible without significantly 
degrading the performance of the radiometer. The mitigated 
signal is delivered to the correlation block, where the signals 
coming from different receivers are cross-correlated. Fig. 1 
shows the overall block diagram of the proposed RFI 
mitigation algorithm. 

After an initial windowing to reduce the Gibbs effect 
associated to the truncation of the data streams, a Fast Fourier 
Transform (FFT) is evaluated to create a spectrogram of the 
input signal. The choice of the Hamming as the window 
function is a good trade-off between the spectral leakage in 
the frequency-domain and the length of the temporal 
response. The spectrogram is the most used technique for RFI 
excision and can be implemented in situations that require 
low power and small form factor devices. This approach can 
adapt rapidly to changing environments [6]. The signal is 
filtered in the time-frequency space to remove the RFI 
components before being transformed back to the time-
domain. 

After the spectrogram computation, the statistical 
moments are calculated simultaneously in the time and 
frequency domains to detect the presence of RFI. The 
selected statistical moment is the Kurtosis, which shows an 
outstanding performance considering its simple 
implementation [7]. When the Kurtosis is applied in a single 
frequency bin, it is coined as Spectral Kurtosis, whereas when 
it is applied for a single time bin is coined as Cross-frequency 
Kurtosis. The result of both approaches is compared to a 

particular threshold calculated according to a Constant False 
Alarm Rate (CFAR). The CFAR has been set to values a low 
as 10-8 to preserve the radiometric signal in case no RFI is 
present [8]. It is worth to mention that in synthetic aperture 
radiometers a second stage of RFI mitigation can still be 
performed in the imaging process as in [9], which does not 
apply in real aperture radiometers. 

When RFI is detected in one of these domains, a blanking 
mask is calculated for both the time and frequency domains. 
These blanking masks can be combined in two ways: the bins 
are marked to be blanked if an RFI is detected either in time 
or frequency domain (OR mask), or when both domains 
detect the RFI simultaneously (AND mask). The AND mask 
(less aggressive) is selected by default, whereas the OR mask 
is only selected when no bin is marked with the AND 
approach. 

Eventually, the selected blanking mask is applied to the 
spectrogram of the radiometric signal before it is delivered to 
the correlator. Fig. 2 shows an example of the application of 
the blanking masks on the spectrogram. 

Fig. 1: Overall block diagram of the proposed RFI 
mitigation algorithm. 



3. SIMULATION ENVIRONMENT 
 
The RFI mitigation algorithm has been tested by running 
1200 Monte-Carlo simulations with 3 different receivers and 
6 different types of RFI signals: pulsed, CW, QPSK, FSK, 
QAM and chirp. 

The time epochs are 200 ms long and the radiometric 
bandwidth is of 27 MHz. The sampling rate is set to 
57.69375 MHz and the size of the FFT to 1024 samples. 
Thus, the number of frequency bins K is 1024, and the 
number of time bins M within an integration epoch is 22536. 

The scenario generation has been created as close as 
possible to the RFI scenario suffered by SMOS. It is worth to 
mention that the power level of the RFI signals under 
simulation is much weaker than in a case with a highly 
directive real aperture radiometer such as SMAP, and hence, 
making the RFI detection process harder in the pre-
correlation stage. 
 

4. PRELIMINARY RESULTS 
 
The mitigation performance of the proposed algorithm is 
evaluated by comparing the output value of the correlator 
with and without applying the mitigation. Since the 
magnitude of the output of the correlator depends on the 
radiometric scenario itself, the correlation error introduced by 
the RFI is defined as a figure of merit for a fair comparison 
among the results. Thus, the correlation error without 
mitigation is defined as 
 

𝜖𝜖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 104 · |𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐  −  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐|, (1) 
 
where 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is the output of the correlator without 
mitigation (only signal contaminated with RFI), and the 
correlation error with mitigation is defined as 
 

𝜖𝜖𝑚𝑚𝑚𝑚𝑐𝑐 = 104 · |𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚𝑐𝑐  −  𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐|, (2) 
 
where 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚𝑐𝑐 is the output of the correlator with mitigation. 
The 104 factor has been added to express the magnitude of 
the correlation in the same Correlation Units (CU) used in 
SMOS. 

Fig. 3 depicts the mitigation performance of the proposed 
algorithm for all the scenarios under consideration and all the 
cross-polarization combinations. The magnitude of the 
correlation errors is expressed in logarithmic units for a better 
representation (40 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  10 · 𝑙𝑙𝑐𝑐𝑙𝑙(104𝑑𝑑𝑑𝑑)). The red line 
defines the unitary slope line. The results located under the 
red line show actual error reduction or mitigation, whereas 
the ones above correspond to a degradation of the 
measurements. The design of any mitigation algorithm 

Contaminated spectrogram

0 M/2 M

Time bins

0

K/2

K

Fr
eq

ue
nc

y 
bi

ns

-20

-15

-10

-5

0

5

10

15

20

Ar
bi

tra
ry

 P
ow

er
 U

ni
ts

 [d
B]

Mitigated spectrogram

0 M/2 M

Time bins

0

K/2

K

Fr
eq

ue
nc

y 
bi

ns

-20

-15

-10

-5

0

5

10

15

20

Ar
bi

tra
ry

 P
ow

er
 U

ni
ts

 [d
B]

Fig. 2: Sample spectrogram before (top) and after 
(bottom) applying the corresponding blanking mask. 

Fig. 3: Mitigation performance. 



should maximize the former while minimizing the latter. The 
vertical white line is located at -8.16 dBCU corresponding to 
a 16-bit quantization noise floor. Hence, error values located 
at the left of white line are masked by the quantization floor. 

The mitigation performance can be further expressed as 
the ratio of the correlation errors as 
 

𝜌𝜌𝑚𝑚𝑚𝑚𝑐𝑐 = 𝜖𝜖𝑚𝑚𝑚𝑚𝑚𝑚
𝜖𝜖𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚

, (3) 

 
coined as the correlation ratio. Fig. 4 shows a histogram of 
the mitigation ratio in dB units. This representation allows to 
better quantify the mitigation performance. 

The results show that the algorithm is performing well in 
the 57.6% of the cases, and it is degrading only in the 5.5% 
of the cases. These results are difficult to compare with 
previous results, but one can take as a reference the constant 
false alarm rate from real aperture radiometers such as SMAP 
(9.3%) [10]. It is also worth to mention that the given the 
design of the algorithm, no false alarm was detected during 
the simulations. 

The mean mitigation ratio considering all the cases is -
3 dB. Therefore, the correlation error introduced by the RFI 
signal is reduced to the half in average, however, in some 
cases the mitigation reaches more than -20 dB. Table 1 
summarizes the obtained results. 
 

5. CONCLUSIONS 
 
This paper describes the preliminary design and results of a 
pre-correlation RFI mitigation algorithm for interferometric 
radiometers. The results show that the correlation error 
introduced by the RFI is reduced to the half, with 
performance peaks of 20 dB of mitigation. 

 

Table 1: Summary of mitigation ratio results. 

All Mitigating (<0) Degrading (>0) 
Mean -3,0 dB 
Best < -20 dB 

%. It. 57,6% 
Mean -4.2 dB 

%. It. 5,5% 
Mean 1.5 dB 
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Fig. 4: Mitigation ratio histogram. 
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