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Abstract

Radio frequency interference (RFI) is a critical issue for
Polarimetric synthetic aperture radar (PolSAR). The
analysis of RFI signatures and its influence on PolSAR
data seems to be lacking in existing literatures, especially
for PolSAR post products, such as the polarimetric
decomposition parameters and clustering result. The goal
of this paper is trying to reveal the link between RFI and
polarization, as well as to analyze the impact of
interference on PolSAR image and post products.
Qualitative and quantitative analyses of the adverse
impacts of RFI on NASA/JPL UAVSAR dataset are
illustrated from two perspectives, i.e., evaluation of
imaging quality and interpretation of scattering
mechanisms.

1. Introduction

It is common to find polarimetric synthetic aperture radar
(PolSAR) systems are affected by the radio frequency
interference (RFI), especially in low-frequency band [1].
The RFI may come from external electromagnetic devices
which share overlapping spectrum with the PolSAR
systems, i.e., radiolocation radars, telecommunication
devices, television networks, etc. The existences of RFI
pose a hindrance to PolSAR image formation and image
interpretation [2]. Freeman analyzed the effects of noise
on polarimetric SAR data while without discussing the
interference [3]. C. Musgrove et al. [4] discusses the
impact of interference on coherence and performance of
coherent change detection, and some researchers
discussed the effect of interference on interferometric
phase [5]-[6].

Polarization is the inherent property of electromagnetic
wave, and RFI signature is linked to the polarization of
the receive channel, depending on the transmission
characteristics of the RFI emitter. However, existing
literatures seem lacking the analysis of RFI signatures and
its influence in PoISAR data, especially for PoISAR post
products, such as the polarimetric decomposition
parameters and clustering result.

2. Distortion Analysis
For a specific polarization channel, the radar echoes could

be expressed as a mixture of target echoes, interference
from the RFI emitter and system noise,

D,y (£:t,)= X, (1st, )+ 1,, (7.8, )+ Ny, (B8,) - (1)

where N, ( t, ) denotes the system additive noise.

2.1 Influences on Image Quality

In terms of the PolSAR raw data, the direct adverse
impact of RFI is the reduction of signal-to-interference-
plus-noise power ratio, especially with the presence of
strong interference. Very strong RFI emissions could even
saturate the receiver. It is not easy to identify the RFI in
the time domain because of its additive nature with target
echoes. However, RFI may appear well distinguishable in
the range-frequency domain because of its relative narrow
bandwidth compared to that of the radar echoes.

In case of motion compensation for high-quality SAR
image formation, if some critical Doppler parameters (e.g.,
centroid and modulation rate) need to be estimated from
the data, the presence of RFI would yield biased and
inaccurate estimates, which would result in blurry and
defocusing image or ghosts in the image.

The image formation process could be considered as a
process of two-dimensional convolution of the raw echoes
with a matched filter kernel in both range and azimuth
direction, and expressed as
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where o0, denotes the imaging result, G(f,tm) is the

system response function of SAR imaging algorithm. @
denotes the two-dimensional convolution operator.

X qu (f ,tm) is equivalent to the imaging result of useful
target echoes, which reflects the reflectivity. /. (f,tm)

and N (7,1,) denotes the output of RFI and noise after

processing by the image formation step. According to (2),
it is shown that the RFI is still mixed with the target
echoes in a linear additive nature.

Owning to the 2-D matched filtering processing, PoISAR
possesses a large signal processing gain along the range
and azimuth, which endows it the inherent capability for
interference suppression. It is worth noting that the
matched filter is adapted to the target response and not to
the RFI and noise. Large-power RFI will still superimpose



on the focused image as visible artifacts or stripes, which
may bury the target of interest and cause image quality
degradation. For RFI with weak power, it may not be
obvious in the amplitude distortion, but may still have
strong influence in phase distortion. Incorrect phase
would lead to miscalculation of decomposition parameters,
and inaccurate interpretation of scattering mechanisms.
These will be discussed in next section.

2.2 Influences on Interpretation of Scattering
Mechanisms

1) Polarization Signatures

The ultimate goal of PolSAR imaging is to obtain good
understanding and interpretation of the illuminated area.
Land-use classification is one of the most important
applications of PolSAR. A kind of classification methods
is based on the recognition of scattering mechanism
between the electromagnetic waves and the medium. The
co-polarization and cross-polarization signatures are
useful tools for establishing the link with canonical
scattering mechanisms.

Knowing the target response in a certain polarization
basis, one can synthesize the radar cross section for any
arbitrary combination of transmit and receive
polarizations with a simple mathematical transformation.
Hence, the synthesized 3-D co-polarized signature and
cross-polarized signature are expressed as

e
o)

where U is the unitary transformation matrix defined by
the tilt angle and ellipticity angle of the polarization
ellipse characterizing the polarization state.

Py =0 (2 )| <[ (x 10 87 (0
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From (3)-(4), it is shown that the presence of interference
would alter the shape and intensity of polarization
signatures. Incorrect polarization signature may lead to
misunderstanding of the scattering mechanisms, which
would result in wrong classification results. Besides, it
will also cause error when using the polarization
signatures to seek for the optimal polarization
combinations. To quantitatively evaluate the influence of
interference, two metrics are introduced to compare the
similarity between the polarization signatures without RFI
and that with RFI, ie., the normalized signature
correlation mapper (NSCM) measures the dissimilarity of
the signature shapes, and the Euclidean Distance (ED)
used to compare the difference between the intensity of
signatures.

2) Polarimetric Decompositions
The polarimetric target decomposition theorems aimed at

providing interpretation of scattering mechanisms based
on sensible physical constrains. The target decomposition

theorems are considered as appropriate tools to perform
data interpretation of the distributed targets and have been
proved effective for physics-based PolSAR image
classification. One of the target decomposition theorems
is based on the Eigen decomposition of the covariance
matrix or coherence matrix, and then the eigenvalues and
eigenvectors are analyzed physically. Among them, the
Cloude and Pottier decomposition is a typical
representative and we would use it as an example to study
the effect of interference on the polarimetric
decompositions.

Cloude and Pottier defined the secondary parameters of
the Eigen-decomposition, i.e., entropy H , anisotropy A4
and alpha angle & , to describe the randomness in
scattering. Correct estimation of H/A/& parameters

allow a physical interpretation of PoISAR data. However,
the presence of RFI deteriorates the accuracy of Eigen-
decomposition, and thus would bias the calculation of
these three eigenvalue-derived parameters. C. L. Martinez
et al. [8] provided thorough perturbation analysis of the
eigen-decomposition. It is shown that the biases of the
entropy and anisotropy depend only on the eigenvalues,
whereas the alpha angle relies also on the eigenvalues and
eigenvectors. The biases of eigenvalues and eigenvectors
behave as a source of error, and shall be transmitted to the
physical parameters obtained from them. Further
discussions will be covered in Section 3 by presenting the
results of real measured dataset.

3. Experimental Results

This dataset is acquired over Hawaii by NASA/JPL
UAVSAR in 2010. The illuminated area is a peninsula
surrounded by the Pacific Ocean, including an airport,
forest, and buildings, etc.
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Figure 1. UAVAR Hawaii dataset. (a) Pauli-coded image.
Sectional drawings of the strong point scatterer along (b)
range and (c) azimuth.
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Figure 2. Evaluation of the distortion to the polarization signatures under various RFI conditions. (a) NSCM. (b) ED.

Fig. 1(a) presents the image of UAVSAR Hawaii dataset.
Obvious RFI stripes are observed and the patterns of the
artifacts are very unique, which are not a duplicate of
nearby scatterers or areas with strong reflectivity. The
patterns are not comparable with the general radiometric
artifacts appeared in SAR images such as the ambiguities,
saturation effects or processing effects. The patterns in the
image are bright stripes with curvature, which could be a
result of unmatched filtering of the interference. The
interference in this dataset may originate from the nearby
airport surveillance radar.

3.1 Influence on Image Quality

Since there is no ideal corner reflector in this image for
evaluating the point target impulse response, a strong
scatterer is extracted out for illustration, as shown in Fig.
1(a). This strong scatter is a ship target in the sea.
Fig.1(b)-(c) plot the sectional drawings of the strong point
scatterer along range and azimuth in different polarimetric
channels respectively. The transmitting polarization of
RFI source is close to vertical polarization, and thus the
RFI power in horizontal-receive channel HH is much
weaker. However, the presence of interference raises the
side-lobe level greatly in VH and VV. The degradation of
PSLR and ISLR would make the weak targets easily be
submerged, making it difficult to realize target detection.

3.2 Influences on Interpretation of Scattering
Mechanism

Next, select four areas inside the airport runway
corresponding to various RFI conditions for illustration,
as marked in Fig. 1(a). They are referred to as No RFI
Area ), Low RFI Area 2), Moderate RFI Area @), and
Strong RFI Area @), respectively. These areas possess the
same scattering mechanisms and should have similar
reflectivity.

According to (3) and (4), the co-polarized and cross-
polarized signatures are computed, as shown in Fig. 2(a)-
(b). In Low RFI Area 2, the RFI introduces large
distortion to the co-polarized signature, while the cross-
polarized signature being almost unaffected. Meanwhile,
the RFI in Moderate RFI Area 3) and Strong RFI Area @
have a great distortion to the shape and intensity of both
the co-polarized and cross-polarized signatures. These
four distributed areas should have the same scattering
mechanism with the one under ideal occasion, i.e. low
ISR condition. Take No RFI Area Q) as a benchmark, Fig.
3 plots the NSCM and ED values to show the relative
deviations of the distorted signatures. The large NSCM
and ED values indicate the great changes in shapes and
the intensity of signatures.Therefore, the distortion of the
image amplitude and phase caused by RFI would lead to
erroneous  polarization signatures. The erroneous
polarization  signatures would further bias the
interpretation of scattering mechanisms.
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Figure 3. Evaluation of the distortion to the polarization
signature of marked areas with various RFI conditions. (a)
NSCM. (b) ED

A category of land cover classification scheme is based on
the physical scattering characteristics. The presence of
RFI would derive biased estimate of decomposition
parameters, and subsequently lead to wrong classification
results when using these incorrect parameters. Next, we
take the Cloude-Pottier decomposition as an example to
illustrate the effect of interference on target
decomposition and classification results. Fig. 4(a)-(c)



shows the H/A/& parameters. From Fig. 4(a)-(b), it is

shown that there are many anomalies due to the presence
of RFI, especially the sea surface, airport runway, as
marked by dashed line. The anomalies clearly show the
patterns of interference artifacts. RFI has little effect on
the calculation of alpha parameter in Fig. 4(c). This is
because the eigenvectors are more robust than the
eigenvalues to the presence of RFI. Fig. 4(d) shows the
clustering result incorporating the Cloude-Pottier
decomposition and the Wishart classifier. It is shown that
some areas with and without RFI are misclassified as
different classes, such as the airport runway and the
nearby sea. The quality of the PoISAR data is negatively
affected due to the presence of RFI, with biased retrieval
parameters leading to incorrect clustering result.

2y 250

®)

© | (d)
Figure 4. Parameters of Cloud-Pottier decomposition, (a)
Entropy, (b) Anistropy, (¢) Alpha and (d) clustering result
using Wishart Classifier.

4 Conclusion

This paper mainly focuses on analyzing the effect of RFI
on PoISAR image and post products, without discussing
specific interference mitigation methods. Qualitative and
quantitative analyses of the adverse impact of RFI on
UAVSAR dataset are illustrated from two perspectives,
i.e., evaluation of imaging quality and interpretation of
scattering mechanisms. The presence of RFI would distort
the image amplitude and phase. The noise floor of the
image rises with the increase of ISR, which would
submerge the image response of weak target, making it
difficult to be detected. The resulting distortion to the
shape and intensity of both the co-polarized and cross-
polarized signatures would lead to misinterpretation of the
scattering mechanisms. Moreover, the existence of RFI
would induce biased estimation of target decomposition
parameter, and thus inaccurate parameters would lead to
incorrect clustering result.
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