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Abstract 
 
In this paper, a Radio frequency interference (RFI) in 
ALOS-2 PALSAR-2 interferogram is discussed. L-band 
synthetic aperture radar (SAR) systems share the band 
with global navigation satellite systems (GNSS), 
communication systems and aircraft surveillance radars, 
resulting in severe effect of RFIs. In general, all RFSs do 
not have temporal coherency. That is, if one makes a 
multi-temporal interferogram from SAR images, RFI 
signals in the images will appear as noise in the 
interferogram. However, some RFIs in PALSAR-2 have 
high interferometric coherence. That is, the phase 
component of some region in the interferogram does not 
represent the signals from the scatters on the ground but 
RFIs, though there is high interferometric coherence. Here, 
some results in Tokyo international airport in Tokyo bay 
are presented and discussed. 
 
1. Introduction 
 
Radio frequency interference (RFI) has been a major 
problem for synthetic aperture radar (SAR) system [1]. 
Especially for L-band earth observation systems, they 
share the band with global navigation satellite systems 
(GNSS), communication systems and aircraft surveillance 
radars. In general, the RFI source is expected to use a 
narrower bandwidth when compared with SAR. Moreover, 
the received RFI signals are assumed to be independent of 
each acquisition resulting in no interferometric coherence 
in two interferometric SAR images. In short, RFI has 
narrower bandwidth than SAR and has low temporal 
coherence [2].  
If an RFI has low temporal coherence, no further than 
poor signal to noise ratio (SNR) effects on the 
interferometric analysis. The overall interferometric 
coherence becomes poor and the phase component of the 
interferogram becomes random. However, Phased Array 
type L-band Synthetic Aperture Radar (PALSAR-2) 
aboard the Advanced Land Observing Satellite (ALOS-2) 
receives RFI signals which have high temporal coherence. 
That is, an interferogram of PALSAR-2 partially contains 
phase components that are derived from RFIs instead of 
the ground scatters. Such RFIs are called “intermittently 
transmitted wideband (ITWB) RFI” [3]. The existing RFI 
detection methods basically apply spectrum filter in range 
frequency azimuth time domain, i.e., the bandpass filter of 
SAR. The traditional assumption is that the RFI has 
narrower bandwidth than SAR and its power is stronger 
than SAR. Contrarily, ITWB RFI has moderate power 

with the same or wider bandwidth compared with SAR. 
This feature makes it difficult to detect with power 
spectrum. 
Instead of simple power spectrum method, an 
autocorrelation based RFI detection method was applied 
in this paper. In the method, it is assumed that the ITWB 
RFI has different features in both phase and amplitude 
domain compared with ordinal backscatter signals. That is, 
a backscattered signal, e.g., a signal reflected from a point 
target, aligns to both in the range and azimuth direction in 
focused SAR image (Single Look Complex (SLC) image). 
Needless to say, the signal aligns to the same direction in 
the Fourier transformed SLC too. That is, the signal will 
align to the range and/or azimuth direction in range 
frequency azimuth time domain, and range time azimuth 
frequency domain. On the other hand, an ITWB RFI 
signal aligns to neither directions because its transmission 
timing and the range curvature are independent of the 
SAR system, resulting in blurred appearance in the SLC.  
In this paper, the autocorrelation based RFI detection 
method is firstly introduced. Next, an example of ITWB 
RFI that ALOS-2 received. Note that all figures in this 
paper are plotted in slant range domain and not geocoded 
for easy understanding.  
 
2. Concept of ITWB RFI 
 
In this section, the concept of ITWB RFI is introduced. In 
general, an RFI signal does not have temporal coherence. 
That is, the arrival timing, signal pattern and/or radio 
frequency band of the RFI are independent for every 
observation of SAR. However, if an RFI source is an 
aircraft surveillance radar or a kind of transponder, a SAR 
may receive its signal at the same timing, similar signal 
shape and frequency in multiple observation. 
The arrival timing of the RFI contains specific delay 
caused by the difference of the pulse repetition frequency 
(PRF) between the SAR and RFI. If they are enough close, 
the RFI signal will be detected and focused as same as the 
backscattered signals. However, because the RFI source is 
fixed on the ground, its Doppler frequency is different 
from the backscattered signals. In addition, its range 
curvature is different too. From these features, the focused 
RFI signal appears as a blurred scatter as if it is a moving 
target, though the moving target rarely keeps temporal 
correlation. The theoretical analysis for the RFI source 
and SAR detection has not been completed but, its 
features in the interferogram and the theory of detection 
and removal has been proposed as followings. 
 



2. Autocorrelation Based RFI Detection 
 
In this section, an autocorrelation based RFI detection 
method written in [3] is briefly introduced. The proposed 
method is applied in both range frequency domain and 
azimuth time domain. For example, an autocorrelation of 
the small patch at (u, v) in the SLC range/azimuth Fourier 
transferred image SF, namely SF(u, v) can be 
 

 𝐶𝐶(𝑢𝑢,𝑣𝑣)(𝑘𝑘, 𝑙𝑙)

=
∑𝑆𝑆𝐹𝐹(𝑢𝑢 + 𝑘𝑘, 𝑣𝑣 + 𝑙𝑙)𝑆𝑆𝐹𝐹∗(𝑢𝑢, 𝑣𝑣)

∑𝑆𝑆𝐹𝐹(𝑢𝑢, 𝑣𝑣)𝑆𝑆𝐹𝐹∗(𝑢𝑢, 𝑣𝑣)  
(1). 

 
where C(u, v)(k, l) is the correlation value in shift (k, l) and 
* denotes the complex conjugate operation. Σ is for the 
summation in the local patch. The size of the patch is 8 in 
this paper (u=v=8). 
Needless to say, C(u, v)(0, 0) receives the maximum result 
1 while it will receives smaller number when the other k 
and l are not zero. If the signal is from an ordinal 
backscatter, relatively large (~0.3) C(u, v)(k, l) aligns to 
range or azimuth direction (u=0 or v=0) while ITWB RFI 
signal aligns to the other direction. If there are large C(u, 

v)(k, l) in skewed direction, it will be regarded as ITWB 
RFI. In short, the detection results of RFI, namely SRFI, 
will be modified from C(u, v)(k, l) as 
 

 𝑆𝑆𝑅𝑅𝐹𝐹𝑅𝑅(𝑢𝑢, 𝑣𝑣) = max
𝑘𝑘≠0,𝑙𝑙≠0

𝐶𝐶(𝑢𝑢,𝑣𝑣)(𝑘𝑘, 𝑙𝑙) (2). 

 
If there is no ITWB RFI, SRFI will be very small. In this 
paper, the overall RFI plot will be calculated from 3-
sigma of SRFI. 
 

 𝑅𝑅𝑅𝑅𝑅𝑅 = 〈𝑆𝑆𝑅𝑅𝐹𝐹𝑅𝑅〉 + 3 ∗ STD(𝑆𝑆𝑅𝑅𝐹𝐹𝑅𝑅) (3). 

 
 
3. Experimental Results 
 
Figure 1 presents the original RFI contaminated amplitude 
image of the SLC observed on September 8, 2016 from 
ALOS-2 Path 18, Frame 2900. The scene center of Fig. 1 
is the Tokyo International Airport in Tokyo bay, Japan. 
The shape of the airport is visible but, some scratched 
shapes are visible in the images too. For example there is 
an RFI candidate at 1000 row, 1500-2500 th column in 
Fig. 1. 
Figure 2 and 3 present range and azimuth Fourier 
transformed SLCs. Vertical stripes in Fig. 2 are narrow 
band RFIs from GNSSs and other sources while Fig. 3 
does not seem to have any abnormal signals. Figure 4 
presents the results of traditional spectrum based RFI 
detection while Fig. 5 presents the autocorrelation based 
RFI detection. The spectrum based RFI detection 
successfully showed the narrowband RFIs. On the other 
hand, the autocorrelation based method presents the 

skewed shape of the wideband RFI which was hindered in 
the spectrum based method. These results show that the 
spectrum based method does not fulfill the requirement of 
the RFI detection but the combination of two methods is 
required. 

 

Figure 1. Amplitude of an SLC observed on September 8, 
2016, from Path 18, Frame 2900. 

 

Figure 2. Range spectrum image of Figure 1. 

 

Figure 3. Azimuth spectrum image of Figure 1. 

 



 

Figure 4. Spectrum based RFI detection result for Fig. 2.  

 

Figure 5. Autocorrelation based RFI detection result for 
Fig. 2. 

 

Figure 6. Autocorrelation based RFI detection result for 
Fig. 3. 

 
Figure 6 presents the Autocorrelation based RFI detection 
result for Fig. 3. In azimuth Fourier domain, skewed 
signals were detected as same as in the range Fourier 

domain. That is, in this SLC, there are multiple signals 
that do not align to neither range nor azimuth direction. In 
short, these signals have different chirp signal in radio 
frequency domain and/or different Doppler frequency 
property. These skewed signals appear in multiple SAR 
images and have high interferometric coherence. This is 
why the ITWB RFI should be eliminated. 
In order to investigate the interferometric property of 
these detected RFIs, an interferogram was made from 
September 8, 2016 and June 30, 2016 dataset. 
Figure 7 presents the RFI contaminated interferogram. 
There are high coherence areas marked with the solid 
circle in the figure. These areas are on the ocean, i.e., 
there must be no interferometric coherence. If the RFI 
detection method is applied only in the range frequency 
domain, these parts remain as shown in Fig. 8. However, 
once the method is applied in the azimuth frequency 
domain too, the RFIs disappear as shown in Fig. 9. From 
these results, it can be concluded that these 
interferometric signals are derived from skewed signals in 
azimuth frequency domain detected by the autocorrelation 
based method.  
 
4. Conclusion 
 
A brief introduction of ITWB RFI and the autocorrelation 
based RFI detection method were presented in this paper. 
With the combination of the traditional spectrum based 
RFI detection method, the autocorrelation method 
successfully detected both the narrowband RFIs and 
frequency chirped anomaly signals, i.e., ITWB RFIs. 
Some RFIs have high temporal coherence resulting in 
poor interferometric analysis. ALOS-2 PALSAR-2 
interferograms are suffered from such RFIs. The 
experimental results show an interferogram without 
removing RFI may contain some high temporarily 
coherent RFI signals. Further analysis are required for the 
theoretical investigation of ITWB RFI contamination. 
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Figure 7. RFI contaminated (solid circles) interferogram 
obtained from Figure 1 and June 30, 2016 SLC.  

 
 

 

Figure 8. RFI elimination result of RFI filter in range 
direction only. 

 

 

Figure 9. RFI elimination result of the combination of 
both spectrum and autocorrelation based RFI filters. 


		2017-01-30T05:22:50-0500
	Preflight Ticket Signature




