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Abstract—Barrage and deceptive jamming can mask the synthetic aperture radar (SAR) signals and
render SAR useless. In this paper, a novel jamming suppression method based on polarization SAR
(PolSAR) is proposed. After range compression, the barrage jamming has a noise-like characteristic
while the real echo and deceptive jamming are focused. According to this, the barrage jamming is
removed via a minimum entropy algorithm. Based on the diﬀerent polarization characteristics between
deceptive jamming and the real echo, the deceptive jamming can be suppressed by phase compensation
in doppler domain. Simulation results are shown to demonstrate the validity of the proposed method.

1. INTRODUCTION
During the past ﬁfty years, synthetic aperture radar (SAR) has become an important tool for information
acquisition and been widely utilized in various ﬁelds [1]. On the other hand, there exist many kinds
of jamming which may prominently worsen the imaging performance of SAR. Therefore, SAR should
embed the ability to suppress multiple jamming at the same time. According to the working modes, SAR
jamming can be classiﬁed into two types, i.e., barrage jamming and deceptive jamming [2]. Using strong
noiselike signals, the barrage jamming prevents SAR from producing clear images. By retransmitting
or simulating the true radar echo, the deceptive jamming can generate false targets in SAR image with
small transmit power.
The traditional jamming suppression methods are based on the diﬀerent characteristics of the
jamming and real echo in time-frequency or space domain. Pulse diversity technologies are now widely
applied to counter digital radio frequency memory (DRFM) jamming [3], yet they are incapable of
suppressing the barrage jamming in high power eﬀectively. Besides, many researchers have performed
detailed studies on narrow-band interference suppression [4–6], which are unsuitable for removing
wide-band jamming. Space time adaptive processing (STAP) techniques are eﬀective against noise
jamming [7], while their eﬀectiveness may reduce against deceptive jamming. In addition, digital
beamforming can suppress both types of jamming by space-variant null steering [8]. However, many
spatial degrees of freedom (DOF) may be required to attain full rejection whilst maintaining low
sidelobes.
With the development of radar polarization techniques, polarimetric SAR (PolSAR) has been widely
applied to target recognition and classiﬁcation [9]. However, there are few papers to research its jamming
suppression performance. Since diﬀerent SAR systems may work in diﬀerent polarizations, the jamming
systems should comprise an operational capability against SAR of varying polarization characteristic.
Considering the complexity of the equipment necessary to counter radar quasi-instantaneously, jamming
devices utilize a simple type of polarized transmission such as slant-linear, circular, or more usually,
elliptical. Hence, the jamming signal does not possess the same polarization characteristic as that of
the echo from the illuminated targets which in general show large variations of the complex reﬂection
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coeﬃcient, and this knowledge can be used to suppress jamming. Reference [10] ﬁrst proposes an activedecoys jamming suppression method; however, it is unable to remove barrage jamming. [11, 12] make
use of two key techniques in SAR domain — multichannel SAR and PolSAR to suppress both barrage
and deceptive jamming; however, such methods require a complex hardware conﬁguration and large
calculated amount.
In this paper, a novel jamming suppression method for PolSAR is proposed to remove both barrage
and deceptive jamming. In Section 2, the echo signal and jamming models are analyzed. Section 3
proposes a method to remove barrage jamming based on a minimum entropy algorithm. In Section 4,
the deceptive jamming is removed via phase compensation. In Section 6, simulations are presented to
verify the eﬀectiveness of our algorithm.
2. POLSAR SIGNAL MODELS IN PRESENCE OF JAMMING
In this paper, we consider a stripmap PolSAR system works in time division polarization measurement
scheme. The orthogonal antennas alternatively transmit horizontal (H) polarization and vertical (V )
polarization pulses and receive the scattered echo at the same time. At the slow time tm1 , SAR transmits
an H polarized pulse. Then, the horizontal-horizontal (HH) and horizontal-vertical (V H) polarization
electromagnetic wave can be obtained. At the slow time tm2 (tm2 = tm1 + Ta ), SAR transmits a V
polarization signal, and then the vertical-horizontal (HV ) and vertical-vertical (V V ) polarization echoes
can be received. Here, Ta denotes the pulse repetition interval (PRI).
Assume that SAR transmits a linear frequency modulation (LFM) pulses represented as p(τ ) where
τ denotes the fast time. For the ith point target in the illuminated scene, the scattered echoes in every
polarization channel can be written as follows
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where R
 i is the range from the antenna to the point target, c the velocity of light, λ carrier wavelength,
SiHH SiHV
the scattering matrix of the target, and the matrix elements are scattering
Si =
SiV H SiV V
coeﬃcients in HH, HV , V H, and V V polarization, respectively.
Suppose that there exist a barrage jammer transmitting the signal pb (τ, tm ) and a deceptive jammer
transmitting the signal pd (τ, tm ). Ignoring the propagation eﬀect of the electromagnetic, the complete
signals received by the receiver can be expressed as follows
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Rb is the distance between SAR and the barrage jammer, while Rd denotes the range from SAR
to the deceptive jammer. hb (tm ) = [hbH (tm ), hbV (tm )]T and hd (tm ) = [hdH (tm ), hdV (tm )]T are the
Jones vectors of the barrage and deceptive jamming, respectively. Here, hbV (tm ) = ρb hbH (tm ) where
ρb = tan(γb ) exp(jδb ) is the polarization ratio, γb ∈ [0, π/2] and δb ∈ (0, 2π]. For example, γb = π/4 and
δb = π/2 in the left-circular polarization. Similarly, hdV (tm ) = ρd hdH (tm ) where ρd = tan(γd ) exp(jδd ).
3. BARRAGE JAMMING SUPPRESSION
The barrage jamming is non-coherent to SAR transmitted signal while the deceptive jamming and
scattered echo are coherent. After the range compression operation, the barrage jamming has a noiselike characteristic, and its energy will be distributed uniformly in the range direction. On the contrary,
the deceptive jamming and target echo will be focused. In the ﬁeld based on information theory, entropy
is a statistic measure of randomness, disorder, or more precisely unpredictability. That is to say, the
barrage jamming will bring about large entropy in the range-compressed domain. Next, we will propose
a minimum entropy algorithm to remove the barrage jamming.
In our algorithm, we ﬁrstly perform range compression on (2), and the signals can be expressed as
eHH , eV H , eHV and eV V . Then, we construct a entropy function as follows
Q

fb1 (γ, δ) = −

|ê1 (q, tm1 )| ln(|ê1 (q, tm1 )|),

(4)

q=1

where Q is the fast time sample number, ê1 (q, tm1 ) = |êb1 (q, tm1 )|2 /

Q
q=1

|êb1 (q, tm1 )|2 , êb1 (q, tm1 ) =

eV H (q, tm1 ) − tan(γ) exp(jδ)eHH (q, tm1 ). As mentioned above, the residual barrage jamming in
êb1 (q, tm1 ) will cause more disorder. When γ = γb and δ = δb , the barrage jamming will be removed
completely, and the entropy fb1 will become minimum. According to this view, the estimated values of
γb and δb can be obtained as
(5)
(γ̂b , δ̂b ) = min fb1 (γ, δ).
γ,δ

Now, the (γb , δb ) estimation is formulated as a nonlinear optimization problem. This problem is diﬃcult
to solve using traditional search techniques because of its non-convex nature, resulting in multiple
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local minima. Particle swarm optimization (PSO) is a population-based and stochastic optimization
technique. Compared to conventional optimization techniques such as genetic algorithm, PSO takes
advantage of its algorithm simplicity and robustness. In this paper, we utilize PSO algorithm to search
for the optimum solution.
In our PSO algorithm, Formula (5) is used as the ﬁtness function. All the encountered positions
(γ, δ) of the particles are evaluated by this ﬁtness function to represent how well the particles satisfy
the parameters. The implementation steps of PSO algorithm can be found in [13]. In order to obtain
higher estimation accuracy, we perform the (γ, δ) estimation at several slow times, and the mean of
estimated values will become the ﬁnal result.
With the estimated value ρ̂b = tan(γ̂b ) exp(j δ̂b ), the barrage jamming of the V H and HH
polarization channels can be suppressed, and the new signal becomes
(6)
êb1 (τ, tm1 ) = eV H (τ, tm1 ) − ρ̂b eHH (τ, tm1 ).
In the same way, we can obtain the barrage-jamming-removed signal at the slow time tm2 , which
is written as
(7)
êb2 (τ, tm2 ) = eV V (τ, tm2 ) − ρ̂b eHV (τ, tm2 ),
where eV V and eHV are the digital signals in the V V and HV polarization channels after range
compression respectively.
4. DECEPTIVE JAMMING SUPPRESSION
Over a very short time (Ta is usually less than 1 millisecond), the polarization of the deceptive jamming
can be approximated to be invariable, that is
(8)
hd (tm2 ) ≈ hd (tm1 ).
The polarization scattering property of the real target changes very little, and its scattering coeﬃcients
satisfy the reciprocity theorem
(9)
SiV H = SiHV .
From (8) and (9), the relationship between the received signals in diﬀerent polarization channels can be
obtained. For the deceptive jamming,
(10)
JDHV (fa ) = JDHH (fa ) exp(j2πfa Ta ),
(11)
JDV V (fa ) = JDV H (fa ) exp(j2πfa Ta ),
where JDHH , JDHV , JDV H and JDV V are the doppler spectrums of the deceptive jamming after
range compression and range cell migration correction (RCMC); fa denotes the doppler frequency. For
the real target,
(12)
ViHV (fa ) = ViV H (fa ) exp(j2πfa Ta ),
where ViHV and ViV H represent the doppler spectrums of the ith target echo after range compression
and RCMC.
In our jamming suppression technique, we also perform RCMC on (6) and (7), and transform these
signals into doppler domain. According to (2), (3), (6) and (7), the transformed signals can be expressed
as follows
(ViV H (τ, fa ) − ρ̂b ViHH (τ, fa )) + JDV H (τ, fa ) − ρ̂b JDHH (τ, fa ),
(13)
Êb1 (τ, fa ) =
i

(ViV V (τ, fa ) − ρ̂b ViHV (τ, fa )) + JDV V (τ, fa ) − ρ̂b JDHV (τ, fa ).

Êb2 (τ, fa ) =

(14)

i

It can be seen that the deceptive jamming in Êb1 (τ, fa ) is diﬀerentiated from that in Êb2 (τ, fa ) with a
phase term exp(j2πfa Ta ). Thus, we can remove the deceptive jamming, through the following phase
compensation,
(15)
V (τ, fa ) = Êb2 (τ, fa ) − Êb1 (τ, fa ) exp(j2πfa Ta ).
Finally, the jamming-removed image can be obtained via the conventional azimuth compression. The
whole ﬂow chart of our technique is shown as Figure 1.
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Range compression
Barrage jamming suppression based on PSO algorithm
VH-HH data

VV-HV data

Range cell migration correction
Transformation into doppler domain
Phase compensation to remove deceptive jamming
Azimuth compression
Jamming-removed image

Figure 1. Flow chart of the proposed technique.
5. THE IMAGING RESULTS OF REAL TARGETS AFTER JAMMING
SUPPRESSION
According to the formulas (9)∼(15), we have
(ViV V (τ, fa ) − ρ̂b ViHV (τ, fa )) − β(fa )

V (τ, fa ) =
i

β(fa )ViHH (τ, fa ) − (ρ̂b + 1)

ViV V (τ, fa ) + ρ̂b

=

(ViV H (τ, fa ) − ρ̂b ViHH (τ, fa ))
i

i

β(fa )ViV H (τ, fa ) ,

i

(16)

i

where β(fa ) = exp(j2πfa Ta ). After performing inverse fast Fourier transform (IFFT) in the doppler
domain, the useful signal can be obtained as follow
v(τ, tm ) =

viHH (τ, tm1 + Ta ) − (ρ̂b + 1)

viV V (τ, tm2 ) + ρ̂b
i

i

viHH (τ, tm2 ) − (ρ̂b + 1)

viV V (τ, tm2 ) + ρ̂b

=
i

viV H (τ, tm1 + Ta )
i

i

viV H (τ, tm2 ) .

(17)

i

It can be seen that the useful signal is a simple linear superposition of the real V V , HH and V H
polarization echoes received at the slow time tm2 , equivalently.
The imaging result by using the range Doppler algorithm (RDA) [14] can be derived as
[SiV V + ρ̂b SiHH − (ρ̂b + 1)SiV H ]

I(τ, tm ) =
i


 
2Ri0
xi
sinc Bd tm2 −
×A0 sinc B τ −
c
v



4πRi0
exp −j
λ


,

(18)

where A0 is a constant, B the signal bandwidth, Bd the Doppler bandwidth, v the radar velocity along
the azimuth direction, and Ri0 and xi denote respectively the nearest slant range and the azimuth
coordinate of the ith point target.
Without jamming, the PolSAR can provide HH, V V , V H and HV polarization images. These
polarimetric measurements will help to reﬁne tomographic results. From (18), only one image can be
obtained after removing the jammings with our method. That is to say, jamming suppression also
brings about some loss of polarimetric information. In addition, the amplitude of the ith imaging

100

Lin, Xue, and Liu

point is proportional to ψi = |SiV V + ρ̂b SiHH − (ρ̂b + 1)SiV H |. if ψi = 0, then the imaging point is
also eliminated. For a high resolution radar, a target usually posses an asymmetrical shape and is
constructed by various types of strong scattering centers, whose scattering matrixes depend on their
shapes and conducting properties of a small surface around them [15]. That is to say, for the target,
there exist few scattering centers whose scattering coeﬃcients ﬁt ψi = 0, and it will not signiﬁcantly
aﬀect the performance of target recognition.
6. SIMULATION AND ANALYSIS
In order to evaluate the eﬀectiveness of the presented method, some numerical simulation results
are provided in this section. The SAR system parameters are set as follows: the carrier frequency
fc = 2 GHz, the bandwidth B = 40 MHz and the pulse repetition frequency (PRF) fp = 640 Hz.
In this simulation, the SAR works at stripmap mode, and the resolution is 3.75×2 m. The real scene
includes two rows of tank parked in the meadow, and each row contains 26 tanks with an interval of 4 m
between the adjacent tanks. For simplicity, these
tanks are modeled as the dihedral corner reﬂectors

−1 0
whose normalized scattering matrixes are all
, and the polarimetric covariance matrix of the
0 1


−1
0
0.53
0
0.19
0 . In addition, there exist a barrage jammer and a deceptive
meadow clutter is set as
0.53
0
1.03
jammer. The barrage jammer transmits random noise signal with the signal-to-jamming ratio (SJR)
−55 dB in the right-hand circular polarization, while the other jammer transmits a forest-scene deceptive
jamming with the SJR −10 dB in the left-hand circular polarization.
Figure 2 shows the imaging results of the contaminated echoes in diﬀerent polarization channels. It
can be seen that the tank targets are smeared, and SAR is unable to perform accurate target detection.
First, based on the minimum algorithm, we perform the ρb estimation at 10 randomly selected slow
times. The mean of these estimated values is ρˆb = −0.0026 − 0.9996 × i. Now, the barrage jamming
can be removed according to (6) and (7). Figure 3 shows the imaging results after barrage jamming
suppression using the data received by diﬀerent polarization channels. Note that the tank targets are
still buried by a deceptive forest scene.

Tanks

(a)

Tanks

(b)

(c)

Figure 2. The imaging results before jamming suppression. (a) HH channel. (b) HV channel. (c) V V
channel.
We perform RCMC operation on the barrage-jamming-removed signals and transform them into
range-doppler domain. Then, the deceptive jamming can be eliminated based on (15). The ﬁnal
imaging result is shown in Figure 4. It can be observed that the barrage and deceptive jamming have
been suppressed eﬀectively, and the tank targets are focused well. However, since we utilize the channel
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Tanks

(b)

Figure 3. The imaging results before barrage jamming suppression. (a) Using the data received by
V H and HH channel. (b) Using the data received by V V and HV channel.

Figure 4. The imaging result after barrage and deceptive jamming suppression.
cancelation method to remove the two jamming, only one SAR image can be obtained ﬁnally. That is
to say, the jamming suppression also brings about some loss of the target information for PolSAR.
7. CONCLUSION
Image degradation due to various jamming is an important problem in SAR imaging, which cannot
be neglected during SAR image analysis. At present, many methods are proposed to remove jamming
in time-frequency or space domain. However, they may cease to be eﬀective when the jamming works
in wide-band or the jammer locates inside the main lobe region. Fortunately, there exists a distinct
polarization character between the illuminated target and the jammer. Based on this idea, a new
jamming suppression method is proposed in this paper. First, after range compress, the barrage jamming
can be removed with a minimum entropy algorithm. Then, the deceptive jamming can be suppressed
in range-doppler domain via phase compensation. The simulation results show that our method can
suppress the barrage and deceptive jamming eﬀectively. However, our method will bring about some
loss of the target information for PolSAR.
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