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Abstract

Radio Frequency Interference (RFI) are incoherent electro-
magnetic interference signals that appear as various kind of
bright linear features in azimuth time range frequency di-
agram. RFI causes significant reduction in image contrast
and introduces artifacts in image that may affect the po-
larimetric signatures and degrades the overall radiometric
quality. Although the matched filtering which is an inte-
gral part of SAR data processing system has an inherent
ability of interference suppression, yet high power RFI is
still visible in Azimuth time Range frequency domain as
bright stripes. It also introduces hazyiness in the image.
The technique presented in this paper is a modified vari-
ant of an existing approach retaining the basic philosophy
for RFI detection. It uses hypothesis testing based on z-test
combined with Tukey biweights to estimate robust statistics
for the purpose of RFI detection. Denoising of RFI mask is
performed using statistical information of data. RFI correc-
tion is further performed using interpolation in magnitude
based on local statistics.

1 Introduction

Radio frequency interference is an issue that affects the
SAR signals, generally operating in Low frequency region
e.g L,S and C band. Though RFI can affect signals in L,S
and C band but L-band remains the most affected region.
As per Recommendation ITU-R RS.577-7 of the ITU, ac-
tive the allocation for Earth exploration satellite service
(EESS) is from 1.215 GHz-1.3 GHz. The spectrum is al-
located to Radio-navigation satellite service (RNSS) like
GPS,GLONASS,GALILEO etc., radio-location service like
air-surveillance radars and military air-defence radars and
Amateur communication services [1]. Hence, in L-band
there are various sources whose frequency overlaps with
the frequency band of any microwave system making it
more prone to RFI phenomenon. Examples of RFI cases
in ESA C-band SAR (ERS-2 SAR) and EnviSat (5250-
5350 MHz, burst RFI) has been presented earlier [1]. It
seemed that these cases were possibly due to a military
radar. Large parts of the ALOS Phased Array type L band
SAR (PALSAR) acquisition over North America were af-
fected with RFI due to the presence of long-range and short-
range over-the-horizon radars of the North Warning Sys-
tem and radar stations operated by the FAA[2]. Section
2 describes methodology for RFI detection and correction.

Section 3 depicts the algorithm flowchart. Section 4 dis-
cusses the RFI simulation exercise performed on RISAT-1
data alongwith the results. Section 5 summarizes the activ-
ity with scope for future work.

2 Methodology

RFI detection concept is based on the analysis of time-
frequency characteristics of RFI’s. The algorithm oper-
ates on H(z,f) obtained by taking 1D Fourier transform
of raw data in range direction. Time stationary narrow
band(TSNB) and Time varying wide band(TVWB) RFI’s
are the end members of the family of large types of RFI’s
that can exist in SAR data [2].

2.1 TSNB RFI Detection

TSNB represents the RFI whose bandwidth is narrow and
center frequency remains stationary with respect to azimuth
time. In order to detect TSNB RFI, blocks of 256 azimuth
lines are averaged. Using the averaged range power spec-
trum |H (f)|?, population mean (u) and population standard
deviation (o) are estimated made using the robust statis-
tics i.e. Tukey biweights [3]. The sampling distribution
of the statistic (i.e, mean) is assumed to be normally dis-
tributed. Next, the z-values corresponding to test statistic
are obtained using [4],
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Where, SE is known as standard error and it can be de-
fined as standard deviation of the sampling distribution of a
statistic. Mathematically [4],
o

SE = 7 2)
Where, n is the sample size, 256 in our case. The accep-
tance region corresponding to the null hypothesis that a
given sample is an RFI is assigned a confidence level of
(1 —a)=99.5%. Where, , denotes the significance level
and is defined as the probability of falsely rejecting null hy-
pothesis. To detect RFI, identification of peaks is important,
hence a one tailed Z-test is appropriate. The advantage of
this method lies in the fact that the detection thresholds are
not fixed rather dynamic depending on statistical properties
of data.



2.2 TVWB RFI detection

TVWB represents the RFI whose bandwidth is wide and
centre frequency varies with respect to azimuth time. A
similar strategy is adopted as in case of TSNB with the vari-
ation that in this case the averaging is carried out in range
frequency direction rather than azimuth time. If averag-
ing is done in azimuth time than due to varying centre fre-
quency the RFI will disappear in averaged spectra. Blocks
of 100 range-frequency samples are averaged. The z-values
can be defined as,

H(1) —p
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Where, |H(t)|* denotes averaged power spectrum along az-
imuth time. Sample size 'n’ used in the calculation of SE is
100 here. Rest of the procedure remains similar to TSNB.

2.3 RFI correction

As a first step towards RFI correction, a single mask is
generated based on TSNB and TVWB RFI detection. A
thresholding is applied to the mask using statistical infor-
mation of RFI unaffected data in order to denoise the mask.
Further Denoising of the mask is performed based on a
minimum RFI bandwidth and minimum RFI samples in
range and azimuth directions respectively. As the RFI is
incoherent[2], masked frequencies are now interpolated in
magnitude based on local statistics retaining the original
phase values.

3 Algorithm flowchart

Range-Doppler algorithm(RDA) has been used to focus
SAR data during this work. This algorithm efficiently pro-
cesses the SAR data in frequency domain. The time domain
correlation operations, for range compression and azimuth
compression, are replaced by the frequency domain multi-
plication operations. It allows the increased computational
efficiency by applying RCM correction in Range-Doppler
domain. RFI detection and correction is performed on raw
data in Azimuth time range requency domian. After this op-
eration, range compression is performed, followed by RCM
correction and azimuth compression. The basic steps for
the RFI detection and correction module are given in Fig-
ure 1.

4 Simulation and results

An exercise has been done to simulate RFI in RISAT-1 im-
age.The main intent behind the exercise is to analyse the im-
pact of RFI on high resolution image of RISAT-1 in C-band.
RISAT-1 image of dumping orbit 7904, FRS-1 mode, Scene
4 acquired over Ahmedabad, Gujarat is considered for RFI
simulation. Original range spectrum H(z, f) of the image
is shown in Figure 2. Section of original image formed
is shown in Figure 3. For the purpose of RFI simulation,
raw data corresponding to, ALP-SRP052920440 of ALOS
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Figure 1. RFI detection and mitigation flowchart

PALSAR acquired over Nabta Playa in the south of Egypt
is downloaded from the website. RFI mask extracted from
ALOS data using the RFI detection algorithm is shown in
Figure 4. This mask is applied on range spectrum, H(z, f)
of RISAT image and the masked frequencies are interpo-
lated as discussed earlier in subsection 2.3. The new range
spectrum as can be seen in Figure 5 , now consists of both
TSNB and TVWB RFI. The image formed again after in-
troducing RFI is illustrated in Figure 6. The algorithm dis-
cussed in section 4 is now applied on RFI affected range
spectrum and masked range spectrum is presented in Fig-
ure 7. It can be seen from Figure 7 that majority of TVWB
RFI is detected and removed from the range spectrum and
only residual TSNB is left. Image formed after correct-
ing the range spectrum is displayed in Figure 8. In order
to quantitatively analyse the impact of algorithm on image
quality, ten homogeneous regions of corrected image and
original image are considered. Mean and standard devia-
tion for ten regions is computed in power and scatter plot
is depicted in Figure 9a and Figure 9b. Mean and SD val-
ues are downscaled by a factor of 10'? for display. Further,
ratio of standard deviation and mean is depicted in Figure
10a. To verify that the mean value of the original image
is restored after the detection and correction algorithm is
implemented, mean values for the ten regions is shown in
Figure 10b. SNR for these regions is tabulated in Tablel.

Figure 2. Range Spec. H(z, f) of original image RISAT-1,
dumping orbit 7904, FRS-1 mode, Scene 4



Table 1. Signal to noise ratio comparison between original
and corrected images

RFI

Original introduced Corrected

Image(dB)

Image(dB) Image(dB)

13.5034 -13.0274 12.5214
18.4636 -8.1867 17.3620
17.7604 -8.9399 16.6088
22.0506 -4.6282 20.9205
14.0102 -12.5877 12.9610
18.8632 -7.7974 17.7513
19.0240 -7.7052 17.8436
16.7169 -9.8822 15.6666
14.6708 -11.9616 13.5871
19.9837 -6.6695 18.8792

Figure 3. Section of original image of RISAT-1, dumping
orbit 7904, FRS-1 mode, Scene 4

Figure 4. Generated Mask image from ALOS Image frame
ALP-SRP052920440

5 Conclusion

The robustness of this method comes from the fact that
the detection thresholds are determined dynamically rather
than assuming fixed values. Substantial improvement is ob-
served on applying the current algorithm on simulated RFI
image for RISAT-1 in Figure 6. Though the algorithm de-

Figure 6. Section of RISAT-1 image formed after RFI in-
sertion

Figure 7. Range Spec. H(t, f) after detecting and masking
RFI

tects and removes majority of TVWB and TSNB RFI, only
residual TSNB remains, same can be inferred from Figure
7. Statistical analysis of image in terms of mean and stan-
dard deviation as shown in Figure 9a, Figure 9b, Figure 10a
and Figure 10b conveys that data distribution is preserved
before and after RFI correction. Hence, the overall radio-
metric quality of image is enhanced. The same is conveyed
from Table 1. It can be concluded that the algorithm pro-
vides a robust method for detecting and mitigating RFI sig-
natures present in SAR images to a significant extent. The
algorithm has been tested on few ALOS PALSAR datasets



Figure 8. Section of RISAT-1 image formed after RFI cor-
rection
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Figure 9. SD vs mean scatter plot for original and RFI
corrected image

and significant improvements have been observed. The al-
gorithm will be useful considering the future SAR missions
like NASA-ISRO joint L and S-band SAR (NISAR).
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Figure 10. SD/Mean plot and mean value variation
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