
Multiple interferences suppression with space-polarization
null-decoupling for polarimetric array

LU Yawei, MA Jiazhi, SHI Longfei*, and QUAN Yuan
State Key Laboratory of Complex Electromagnetic Environmental Effects on Electronics and Information System,

College of Electronic Science, National University of Defense Technology, Changsha 410073, China

 

 

Abstract: The  adaptive  digital  beamforming  technique  in  the
space-polarization  domain  suppresses  the  interference  with
forming  the  coupling  nulls  of  space  and  polarization  domain.
When there is the interference in mainlobe, it  will  cause serious
mainlobe  distortion,  that  the  target  detection  suffers  from.  To
overcome this  problem and make radar  cope with  the complex
multiple interferences  scenarios,  we  propose  a  multiple  main-
lobe and/or sidelobe interferences suppression method for dual
polarization array radar. Specifically, the proposed method con-
sists of a signal preprocessing based on the proposed angle es-
timation  with  degree  of  polarization  (DoP),  and  a  filtering  crite-
rion based on the proposed linear constraint. The signal prepro-
cessing provides the accurate estimated parameters of the inter-
ference,  which  contributes  to  the  criterion  for  null-decoup-
ling in  the  space-polarization  domain  of  mainlobe.  The  pro-
posed method can reduce the mainlobe distortion in the space-polariza-
tion  domain  while  suppressing  the  multiple  mainlobe  and/or
sidelobe interferences. The effectiveness of the proposed method
is verified by simulations.
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1. Introduction
In practical application scenarios, the mainlobe and side-
lobe of radar are likely to be interfered by the barrage in-
terferences  at  the  same  time.  The  multiple  interferences
are  difficult  to  suppress  especially  when  they  are  in  the
mainlobe. Because the target signal may be continuously
covered  in  both  time  and  frequency  domains  by  barrage
interferences. Radar needs to cope with multiple interfer-
ences suppression and maintain the ability of target detec-
tion. For the array radar,  the methods of the interference
suppression are very concerned by researchers.

In the space domain, mainlobe interferences suppression
in adaptive  digital  beamforming  (ADBF)  will  bring  dis-
tortion in the mainlobe [1] and reduce the reception gain
in the target direction [2,3]. Methods based on the block ma-
trix and eigen-subspace preprocessing [4−8] are proposed
to  solve  the  problem  of  mainlobe  distortion.  However,
when the target signal is closed to the mainlobe interfer-
ence  in  the  space  domain,  these  methods  will  suppress
both the mainlobe interference and the target signal. AD-
BF based on the covariance matrix reconstruction [9−11]
and steering vector estimation [12,13] is proposed to sup-
press the multiple interferences. These methods get more
accurate  nulling  position  of  interferences,  but  they  are
still  unable to solve the problem of serious target energy
loss under  the  multiple  mainlobe  interferences.  In  addi-
tion, these methods combined with subarray [14−16] can
reduce the  calculation  amount  of  ADBF in  practical  ap-
plication, but they still  cannot solve the problems above.
For  the  methods  based  on  the  blind  source  separation
[17−20],  the  problem  of  amplitude  and  phase  distortion
of the target signal is inevitable, which leads to errors of
the  target  angle  measurement.  Moreover,  the  separation
effect will get worse when there are more than one Gaus-
sian interference.

In the polarization domain, the development of polari-
zation filtering contributes to the interference suppression
[21−23].  The  interference  suppression  polarization  filter
(ISPF)  is  based  on  the  orthogonal  projection  [24−26].
When the polarization of the target signal is orthogonal to
that of the interference, these methods can achieve an eff-
ective impact on the interference suppression. An oblique
projection polarization filter (OPPF) constructed from the
signal ’s polarization subspaces was proposed in [27], which
was still  available without prior information of the inter-
ference.  However,  these  methods  are  difficult  to  apply
when there is more than one interference in the mainlobe.
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In  the  multi-domain,  we  can  get  more  characteristic
difference  between  targets  and  the  interference  than  that
in each individual domain [28,29]. Thus, the effect of the
interference suppression can be significantly improved. In
[30], the method was based on the polarization array and
generated adaptive nulls in the space-polarization domain
to  suppress  the  interference.  A  space-polarization-frequ-
ency domain collaborative filter based on the oblique pro-
jection  was  provided  to  recover  the  original  target  and
suppressed the interference in [31]. However, the interfer-
ence nulls in the space-polarization domain are generated
with  each  other  at  the  same  time.  Though  the  coupled
nulls can make interference nulls deeper and suppress the
interference more effectively, they can also aggravate the
mainlobe distortion and lead to more target energy loss.

Since the performance of multiple interferences suppres-
sion in the multi-domain suffers from the coupled nulls in
the mainlobe and insufficient information in a single do-
main,  a  multiple  mainlobe  and/or  sidelobe  interferences
suppression  method  based  on  null-decoupling  is  propo-
sed for dual polarization array radar in this paper.

The signal processing system is summarized in Fig. 1.
In the signal preprocessing, we propose a searching algo-
rithm based on degree of polarization (DoP) and a main-
lobe interference cancellation method. Thus, the parame-
ters of multiple mainlobe barrage interferences with une-
qual power in the space-polarization domain could be es-
timated accurately.  After  the  signal  preprocessing,  a  cri-
terion based on the linear constraint is devised to decou-
ple the null in the space-polarization domain of the main-
lobe. In the proposed method, the null within 3 dB beam-
width  is  generated  in  the  polarization  domain  only,  and
other nulls outside 3 dB beam-width are still generated by
optimal  filtering  criterion  [30]  in  the  space-polarization
domain. In  this  case,  we  can  reshape  the  mainlobe  pat-
tern against the distortion to maintain the ability of target
detection while suppress multiple interferences.
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Fig. 1    The proposed signal processing system
 

The proposed method requires that the polarization in-
formation of  the  interference within  3  dB beam-width is
different from that  of  the target  signal.  Then,  we can ef-

fectively distinguish the interference and the target which
is adjacent in the space domain. In addition, the proposed
null-decoupling  in  the  space-polarization  domain  is  only
for  the  case  where  there  is  only  one  interference  within
3 dB beam-width. There is no limit to the number of in-
terferences in the mainlobe outside 3 dB beam-width and
the sidelobe.

2. Signal model
Consider  a  uniform  linear  array  (ULA)  composed  of N
sensors separated by a half wavelength as d = λ / 2. Each
sensor  has  two  mutually  orthogonal  signal  receiving
channels as H (horizontal) and V (vertical). p is the uncor-
related  interference  including  one  mainlobe  interference
within  3  dB  beam-width  (hereinafter  referred  to  as  the
mainlobe interference),  one  mainlobe  interference  out-
side 3 dB beam-width (hereinafter referred to as the near-
mainlobe  interference)  and p −2  sidelobe  interferences,
where p  < N .  The characteristic  parameters  of  the signal
in  the  space-polarization  domain  are θ  and  (γ, η ),  the
former is  the  space  angle,  and  the  latter  is  the  polariza-
tion phase descriptor.

In order to facilitate the analysis, η is fixed as η = 90°,
that  is,  the  signals  are  limited  to  be  located  in  the  same
circular orbit of the poincare sphere.

Assume  that  the  space  angles  and  polarization  angles
of  interferences  are θi  (i=1,2,···,  p )  and γi  (i=1,2,···, p),
where  (θ1,γ1) represents  the  mainlobe  interference  para-
meter  and  (θ2,γ2) represents  the  near-mainlobe  interfer-
ence  parameter.  The  received  snapshots  that  are  compo-
sed of interferences and noise at k time can be expressed
as

x = [x1(k), x2(k), · · · , xN(k)]+ n(k) =
p∑

i=1

s(θi,γi)li(k)+ n(k) (1)

⊗

where xi(k )  (i=1,2,···,N)  is  the  received  signal  of  the ith
array sensor, n(k) is  the independent  and identically dis-
tributed Gaussian white noise, li(k) (i=1,2,···, p) is the in-
terferences  envelope  in  the  time  domain, θi  is the  direc-
tion  of  the i th  interference,  and  the  corresponding  joint
steering vector of space-polarization is s(θi, γi).  It  can be
expressed  as s(θi, γi )  = p(θi, γi)   a(θi ),  where p(θi, γi)  is
the polarization vector and a(θi) is the space steering vec-
tor as

p(θi,γi) =
[ cosγi

sinγiejη

]
, (2)

a (θi) = [1,ej2π d
λ

sinθi , · · · ,ej(N−1)2π d
λ

sinθi ]T, (3)

where (·)T is  the transpose operator.  The H  and V  single
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channel received signals of the array can be expressed as
xH =

p∑
i=1

cosγia(θi)li(k)+ n(k)

xV =

p∑
i=1

sinγiejηi a(θi)li(k)+ n(k)
. (4)

3. Angle estimation of interference
based on eigenbeam

This  part  provides  the  initial  searching  value  for  the
searching  algorithm  in  Section  4.  Taking  the H  channel
processing as an example, the V channel is the same. The
covariance  matrix  of  the  received  signal  by  the H  chan-
nel can be expressed as

RxH = E
[
xH xH

H

]
=

N∑
j=1

λ je jeH
j (5)

where (·)H are the  Hermitian transpose operators,  Eigen-
values λ1 ≥λ2≥···≥λN−1≥λN correspond  to  the N  eigen-
vectors e1,e2,···,eN−1,eN respectively, p larger eigenvalues
refer  to  interferences,  and N−p  smaller  eigenvalues  refer
to noise.

θ̂Hi

Taking  the  eigenvectors  corresponding  to  the p  larger
eigenvalues as the weights,  the eigenbeam of each inter-
ference can be obtained. By using the angle directivity of
the  eigenvectors,  we  can  regard  each  eigenvector  after
normalization  separately  as  a  class-steering  vector  [32],
then the corresponding interference angles  (i=1,2,···, 
p) can be estimated as

θ̂Hi = argsin


angle

N−1∑
n=1

ei(n+1)
ei(n)

/
(N −1)

π


· 180

π
(6)

where angle(·) is the phase solving function.

θ̂i

For each interference signal, the final space angle esti-
mation (i=1,2,···,p) in  this  part  is  based  on  the  eigen-
beam  corresponding  to  the  larger  eigenvalue  between H
and V channels.

4. The proposed method
This  part  includes  a  filtering  preprocessing  and  a  linear
constraint based on null-decoupling. The preprocessing is
combined with a searching algorithm for the interference
accurate estimation based on the DoP and a mainlobe in-
terference cancellation method.

4.1    Accurate angle estimation of interference
based on DoP

In order to estimate the space angle of the interference in

the  mainlobe  accurately,  we  take  the  DoP  as  the  index,
and propose a searching algorithm.

θ̂2 θ̂2 θ̂2

For  the  near-mainlobe  interference,  based  on  the  esti-
mated value , the searching range is θs∈( −Δθ, +Δθ).
θs is  the  changing  searching  angle,  and  Δθ is  the  single
side searching range. It is verified that when Δθ is set to
one sixth of the mainlobe beam-width, the algorithm can
achieve  good  estimation  results.  For  each  searching  an-
gle, set the following linear constraints:{

min ωHRnω
DHω = F

⇓
ω = R−1

n D(DHR−1
n D)−1F (7)

θ̂1 θ̂3 θ̂p

θ̂i

where D=[a( ), a(θs), a( ),  ···, a( )], F=[1,0,0,···,0]T,
a( ) (i=1,3,4···, p) is the space steering vector correspond-
ing to the estimated value. In order to eliminate the coup-
ling influence between the interferences in the mainlobe,
we  set  the  covariance  matrix  as Rn=σ

2I  in  the  searching
algorithm. It means that the signal used for beamforming
here is the pure noise with the power of σ2.

According to the weight of beamforming calculated in
(7),  the  near-mainlobe  and  sidelobe  interferences  can  be
suppressed.  The mainlobe interference of H  and V  chan-
nels ξH ξV are extracted as follows:{

ξH = ω
HxH

ξV = ω
HxV

. (8)

For each searching angle, we can calculate the DoP of
the  extracted  approximate  mainlobe  interference  in  (8).
As a kind of polarization rotation invariant, the DoP has a
strong robustness in characterizing the polarization charac-
teristics  of  the  signal.  In  this  paper,  the  DoP  is  used  to
characterize the waveform correlation of the extracted in-
terference signal from H and V channels.

We can get the polarized Stokes vector G as

G =


g0

g1

g2

g3

 ≡


⟨
|ξH |2

⟩
+

⟨
|ξV |2

⟩⟨
|ξH |2

⟩
−

⟨
|ξV |2

⟩⟨
ξHξ

∗
V

⟩
+

⟨
ξVξ

∗
H

⟩
j
(⟨
ξHξ

∗
V

⟩− ⟨
ξVξ

∗
H

⟩)


(9)

where (·)* is the conjugate calculation operator. The DoP
is calculated as

DoP =

√
g2

1+g2
2+g2

3

g0
. (10)

ˆ̂θ2

The larger the DoP is, the purer the mainlobe interfer-
ence  is  extracted.  The  searching  angle  corresponding  to
the maximum of the DoP is the accurate estimation of the
near-mainlobe interference space angle . In order to im-
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prove  the  calculation  amount,  we  combine  the  particle
swarm optimization (PSO) [33] to optimize the traversal
process of the searching algorithm.

ˆ̂θ1
ˆ̂θi

In the same way, we can get the accurate estimation of
the mainlobe interference space angle  and the sidelobe
interference space angle  (i=3,4,···,p).

The accurate estimation of the space angle in this part
is important for the proposed method. The searching algo-
rithm based on the DoP guarantees the following estima-
tion accuracy of polarization parameters and the mainlobe
interference suppression performance.

4.2    Mainlobe interference cancellation

ξ̂H ξ̂V

Combined  with  the  accurate  space  angle  estimation  of
each interference in Subsection 4.1, the weight ωg to ex-
tract the mainlobe interferences can be obtained. The ex-
tracted  mainlobe  interferences  of H  and  V  channels  are

 and .
Taking the mainlobe interference cancellation of the H

channel  as  an  example,  to  calculate  the  cancellation
weight ωi (i=1,2,···, N) of each array sensor channel, the
sidelobe cancellation algorithm is used for reference, and
the  steepest  gradient  idea  is  used  to  minimize  the  resi-
dual  signal  power  of εi  in (11).  The  weight  can  be  ob-
tained by iterative calculation [29].

εi = xHi−ωi ξ̂H , i = 1,2, · · · ,N (11)

xH

where xHi  (i=1,2,···,  N )  is  the  received  signal  of  each
sensor channel (that is each row of ).

ξH

zHi

With  the  cancellation  weight ωi  (i=1,2,···,  N),   can
be cancelled with xHi (i=1,2,···, N) according to (12). Then
we can get the sensors ’ signal  (i=1,2,···,  N) of the H
channel which eliminates the mainlobe interference.

zHi = xHi−ωiξ̂H , i = 1,2, · · · ,N (12)

After the same processing of the V channel, we can get
the  joint  space-polarization  receiving  signal z  which  eli-
minates the mainlobe interference.

4.3    Filtering criterion based on null-decoupling

(γ̂1, η̂1)

ξ̂H

ξ̂V

The estimated polarization phase descriptor  of the
mainlobe  interference  can  be  calculated  by  the  mean
value  of  the  amplitude  ratio  and  phase  difference  of 
and . The process is as follows:

γ̂1 = arctan

 1
M

M∑
m=1

∣∣∣∣∣∣ ξ̂V (m)
ξ̂H (m)

∣∣∣∣∣∣


η̂1 =
1
M

M∑
m=1

angle
(
ξ̂V (m)
ξ̂H (m)

) (13)

where M is the number of signal sampling.
Since  the  received  signal  has  eliminated  the  mainlobe

(γ̂⊥, η̂⊥)

interference, the polarization at the space direction of the
mainlobe  interference  needs  to  be  set  as  its  orthogonal
polarization, so  that  only  the  null  in  the  polarization do-
main can be formed for the mainlobe interference suppre-
ssion. The orthogonal polarization phase descriptor 
is calculated as follows:{

γ̂⊥ = 90◦− γ̂1

η̂⊥ = 180◦+ η̂1
. (14)

Therefore,  at  the  mainlobe  interference,  the  weight  of
the  array  pattern  of  the  proposed method should  be  able
to  make H  and  V  receiving  channels  meet  the  following
equation:

a( ˆ̂θ1)HωV

a( ˆ̂θ1)HωH

= p⊥ (15)

a( ˆ̂θ1)
p⊥ = tan γ̂⊥e jη̂⊥

(γ̂⊥, η̂⊥) ωV ωH

where  is  the space steering vector  of  the estimated
mainlobe  interference,  is  the  orthogonal
polarization ratio of ,  and  are weights act-
ing on V and H single channel signals respectively. They
can be expressed by the combined zeros and the unit ma-
trix, and the joint pattern weight ωopt of the space-polariz-
ation domain is as follows:

CH =


1 0 0 · · · 0

1 0 0 · · · 0
. . .

...
...
. . .

...

1 0 0 · · · 0


N×2N

CV =



0 0 · · · 0 1

0 0 · · · 0 1
...
...
. . .

...
. . .

0 0 · · · 0 1


N×2N

ωH=CHωopt

ωV=CVωopt

.

(16)

Therefore, (15) can be expressed as

a( ˆ̂θ1)H[CV − p⊥CH]ωopt = 0. (17)

In order to eliminate the invalid solution where ωopt is
all zero, the following linear constraint in (18) should be
added. We just need to ensure that the signal response of
the H  channel  is  not  zero,  so  that  the V  channel  will  be
limited accordingly.

a( ˆ̂θ1)HωH = a( ˆ̂θ1)HCHωopt=1 (18)

It is known that the space angle of the look direction is
θ0, the polarization angle of the transmitting antenna is γ0,
and the joint steering vector of the look direction is s(θ0,
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γ0).  Equation  (19)  is  applied  to  the  distortionless  cons-
traint in the direction of the transmitting antenna.

s(θ0,γ0)Hωopt = 1 (19)

The  covariance  matrix  of  the  received  signal z  in  the
space-polarization domain without the mainlobe interfer-
ence can be obtained as

Rz = E[zzH]. (20)

On the basis of adaptive filtering with the minimum in-
terference-noise power,  the  filtering  criterion  in  this  pa-
per can be summarized as follows: min ωH

opt Rzωopt

CHωopt = f
⇓

ωopt = R−1
z C(CHR−1

z C)−1 f (21)

C = [s(θ0,γ0),c1,c2] c1 = a( ˆ̂θ1)H [CV − p⊥CH] c2 =

a( ˆ̂θ1)HCH f = [1, 0, 1]T

where , , 
, .

5. Simulation results

0◦

(5◦,90◦)

The  simulations  are  carried  out  to  verify  the  performan-
ce  of  the  proposed  method.  A  uniform linear  array  with
17 sensors separated by a half wavelength is considered.
The look direction is . The polarization phase descriptor
of the receiving polarization is .  The space angle
θ,  the  polarization  phase  descriptor  (γ,η)  and  the  array
channel’s signal-to-noise ratio (SNR) of the target signal
and the interference-to-noise ratio (INR) of interferences
are shown in Table 1.
 
 

Table 1    Signal parameters

Algorithm θ/(°) γ/(°) η/(°) INR/SNR/dB

Interference 1 2 30 90 35

Interference 2 5 60 90 25

Interference 3 25 80 90 10

Target signal 1.9 0 90 10
 

Interference 1 is the mainlobe interference, Interferen-
ce 2 is the near-mainlobe interference, and Interference 3
is the sidelobe interference. The Gaussian white additive
noise is considered.

When  the  three  interferences  exist  at  the  same  time,
Fig. 2 shows the eigenbeam corresponding to each inter-
ference in the method described in Section 3. Fig. 3 shows
the  space  angle  estimations  of  the  interference  by  the
searching algorithm  based  on  the  DoP  proposed  in  Sec-
tion 4. It can be found that the proposed estimation method
obtains  more  accurate  space  angle  estimations  of  the
interference.
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Fig. 3    Searching algorithm on each interference
 

In order to evaluate the estimation effect of the propo-
sed method of two adjacent interferences in the mainlobe,
we make a  comparison between the  estimation based on
the eigenbeam and the estimation based on the DoP. Fig. 4
shows  the  standard  deviation  (SD)  of  the  estimation  by
200 Monte Carlos versus the space distance between the
two interferences in the mainlobe.

We can see that the estimation based on the DoP is less
affected by the space distance of the two interferences in
the mainlobe. It has a higher estimation accuracy and it is
more stable than the estimation based on the eigenbeam.
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(a) Interference within 3 dB beam-width in mainlobe
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Fig. 4    SD of the estimation versus the space distance between the
two interferences in mainlobe
 

(γ̂1, η̂1)
In order to evaluate the estimation effect of the polari-

zation parameter  of the mainlobe interference, the
statistical analysis results of the estimation by 200 Monte
Carlos versus the space distance between the two interfer-
ences in the mainlobe are calculated.  The statistical  ana-
lysis  results  of  the  estimation  errors  between  the  esti-
mated mean value and the true value are shown in Fig. 5.
The statistical analysis results of the SD of the estimation
are shown in Fig. 6.
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Fig. 5    Estimation error of the polarization parameters estimation
versus the space distance between the two interferences in mainlobe
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Fig.  6      SD  of  the  polarization  parameters  estimation  versus  the
space distance between the two interferences in mainlobe

We can see that with the increase of the space distance
between  the  two  mainlobe  interferences,  the  SD  of  the
polarization parameters  estimation  will  increase  corres-
pondingly, but the estimation errors in Fig. 5 show that the
overall estimation effect is very considerable.

Fig. 7 shows the comparison of the adaptive array pat-

tern  in  the  mainlobe  between  the  spatial  sample  matrix
inverse  (SMI),  the  maximal  outputting  signal  to  interfe-
rence plus noise ratio (SINR) filtering method in the space-
polarization domain in [30] and the proposed method.
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Fig. 7    Adaptive array patterns
 

It  is  found  that  in  3  dB  beam-width  of  the  mainlobe,
the  proposed  method  can  effectively  relieve  the  serious
mainlobe  distortion  while  SMI  and  the  method  in  [30]
cannot. The location of nulls, the gain at the interference
and the gain at the target direction are calculated in Table 2
(the nulls are represented by the space angle θ and polar-
ization angle γ). 
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Table 2    Comparison between three methods

Algorithm
Interference 1 Interference 2 Interference 3

Gain at target direction/dB
Null 1/(°) Gain/dB Null 2/(°) Gain/dB Null 3/(°) Gain/dB

SMI 2.01 −57.45 4.99 −55.92 24.95 −52.08 −37.50

Method in [30] 1.85, 31.98 −57.22 5.53, 54.41 −35.17 23.75, 40.45 −25.32 −13.83

The proposed method 2.01, 30.45 −41.91 4.97, 59.82 −49.15 25.04, 79.91 −53.10 −6.18

 

We can see that for the method in [30], due to the mu-
tual  influence between the interferences,  the interference
with stronger energy affects the nulling position of the in-
terference with weaker energy. The nulling position with-
in the mainlobe of the proposed method is more accurate
than that of other methods. The gain at target direction of
the  proposed  method  is  also  higher  than  that  of  other
methods.

The  mixed  signals  of  interferences,  noise  and  target
signals before and after the interference suppression with
the  three  methods  are  shown in Fig.  8.  The  real  lines  in
Fig. 8 are the mean values of the SNRs of the mixed sig-
nals and the output signals after the interference suppres-
sion.  We can see that  the  three methods can achieve the
same  degree  of  the  interference  cancellation  ratio  about
50  dB  under  the  interference  conditions  in  this  paper.
However, SMI cannot keep the target signal. The method
in  [30]  can  suppress  the  interference  effectively,  but  its
target signal has more loss compared with that of the pro-
posed method because of the mainlobe distortion. It is ob-
vious that the proposed method can suppress the interfer-
ence effectively while obtaining the best output SNR per-
formance.

In order to evaluate the calculation amount, we compare
the proposed method without PSO, the proposed method
with PSO and the method in [30]. The central processing
unit (CPU) is Intel(R) Core(TM) i7-7700 with 3.60 GHz.
The computing time of  each method is  averaged by 200
Monte Carlos. The results are shown in Table 3.
 
 

Table 3    Calculation amount comparison

Signal
sampling

point

Method in
[30]/s

The proposed
method without

PSO/s

The proposed
method with

PSO/s
256 0.002 8 0.150 6 0.066 5

512 0.003 3 0.171 4 0.072 6

1 024 0.002 6 0.222 7 0.083 9
 

It can  be  seen  that  the  calculation  amount  of  the  pro-
posed method without PSO is more than 50 times of that
of the method in [30]. The calculation amount of the pro-
posed method with  PSO is  about  20 times of  that  of  the
method in [30]. The optimization with PSO for the sear-
ching algorithm ’s traversal process can greatly reduce the
calculation amount.

Simulation results show that the proposed method per-
forms  well  in  the  multiple  interference  suppression  and
target signal keeping.

6. Conclusions
In this paper, a multiple interference suppression method
based on null-decoupling is derived for dual polarization
array  radar.  By  the  signal  preprocessing,  the  parameters
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of  the  interferences  in  the  space-polarization domain are
estimated. Then the proposed method realizes the decoup-
ling  of  the  null  in  the  space-polarization  domain,  which
reduces the mainlobe distortion in both space and polari-
zation domains, and keeps the target signal while suppress-
ing  the  multiple  interferences.  Simulation  results  verify
that the proposed method performs well.

References
 YU K B, MURROW D J. Adaptive digital beamforming for
angle estimation in jamming. IEEE Trans. on Aerospace and
Electronic Systems, 2001, 37(2): 508–523.

[1]

 NICKEL U, CHAUMETTE E, LARZABAL P. Estimation of
extended targets  using the  generalized monopulse  estimator:
extension to a mixed target model. IEEE Trans. on Aerospace
and Electronic Systems, 2013, 49(3): 2085–2096.

[2]

 CHEN X Z, SHU T, YU K B, et al. Enhanced ADBF archi-
tecture for monopulse angle estimation in multiple jammings.
IEEE Antennas  and Wireless  Propagation  Letters,  2017,  16:
2684–2687.

[3]

 LI R F, WANG Y L, WAN S H. Research of reshaping adap-
ted  pattern  under  mainlobe  interference  conditions.  Modern
Radar, 2002, 24(3): 50–55. (in Chinese)

[4]

 SUN C W,  TAO H H.  Mainlobe  maintenance  using  shrink-
age  estimator  method. IET  Signal  Processing,  2018,  12(2):
169–173.

[5]

 QIAN  J  H,  HE  Z  S,  JIA  F  D,  et  al.  Mainlobe  interference
suppression in adaptive array. Proc. of the 13th IEEE Interna-
tional Conference on Signal Processing, 2016: 470−474.

[6]

 LU L J, LIAO Y P. Improved algorithm of mainlobe interfer-
ence suppression based on eigen-subspace. Proc. of the Inter-
national  Conference  on  Communication  and  Signal  Proce-
ssing, 2016: 133−137.

[7]

 QIAN J H, HE Z S. Mainlobe interference suppression with
eigenprojection  algorithm  and  similarity  constraints. Elec-
tronics Letters, 2016, 52(3): 228–230.

[8]

 MOHAMMADZADEH S,  NASCIMENTO V H.  Maximum
entropy-based  interference-plus-noise  covariance  matrix  re-
construction  for  robust  adaptive  beamforming.  IEEE  Signal
Processing Letters, 2020. DOI: 10.1109/LSP.2020.2994527.

[9]

 YANG X P,  ZHANG Z A, ZENG T.  Mainlobe interference
suppression based on eigen-projection processing and covari-
ance  matrix  reconstruction. IEEE  Antennas  and  Wireless
Propagation Letters, 2014, 13: 1369–1372.

[10]

 AI X  Y,  GAN  L.  Robust  adaptive  beamforming  with  sub-
space projection and covariance matrix reconstruction. IEEE
Access, 2019, 7: 102149–102159.

[11]

 ZHANG X, LIU S, YAN F G, et  al.  Robust adaptive beam-
forming  based  on  covariance  matrix  reconstruction  against
steering vector mismatch. Proc. of the IEEE/CIC International
Conference on Communications, 2019: 283−286.

[12]

 ZHENG Z, ZHENG Y, WANG W Q, et al.  Covariance ma-
trix  reconstruction  with  interference  steering  vector  and
power  estimation  for  robust  adaptive  beamforming. IEEE

[13]

Trans. on Vehicular Technology, 2018, 67(9): 8495–8503.
 YU  K  B.  Mainlobe  cancellation,  orthogonal  nulling  and
product patterns. Proc. of the IEEE International Symposium
on Phased Array Systems and Technology, 2016: 1−7.

[14]

 CHEN X Z, SHU T. Multiple jamming cancellation using ad-
aptive  subarray  DBF  for  monopulse  angle  estimation.  Proc.
of the IEEE International Symposium on Phased Array Sys-
tems Technology, 2016: 1−6.

[15]

 ELAYAPERUMAL S, HARI K V S. Optimal irregular sub-
array design  for  adaptive  jammer  suppression  in  phased  ar-
ray  radar.  Proc.  of  the  IEEE  International  Symposium  on
Phased Array Systems and Technology, 2019: 1−7.

[16]

 SRIYANANDA M G S,  JOTSENSALO J,  HAMMALAIN-
EN  T.  Blind  source  separation  for  OFDM  with  filtering
colored  noise  and  jamming  signal. Journal of  Communica-
tions and Networks, 2012, 14(4): 410–417.

[17]

 DUAN Y L, ZHANG H. Noisy blind signal-jamming separa-
tion algorithm based on VBICA. Wireless Personal Commu-
nications, 2014, 74(2): 307–324.

[18]

 LI J, ZHANG H, ZHANG J. Fast adaptive BSS algorithm for
independent/dependent sources.  IEEE  Communications  Let-
ters, 2016, 11(20): 2221–2224.

[19]

 ZHOU B L, LI R F, LIU W J, et al. A BSS-based space–time
multi-channel  algorithm  for  complex-jamming  suppression.
Digital Signal Processing, 2019, 87: 86–103.

[20]

 SHI  L  F,  REN  B,  MA  J  Z,  et  al.  Recent  developments  of
radar  anti-interference  techniques  with  polarimetry.  Modern
Radar, 2016, 38(4): 1–7. (in Chinese)

[21]

 XU Z H, XIONG Z Y, CHANG Y L. Optimal receiving po-
larization obtained  through  solving  unitary  quadratic  equa-
tion. IEEE Antennas and Wireless Propagation Letters, 2015,
14(2): 198–200.

[22]

 YANG Z X, LI F Z, LI F. A novel method of adaptive polari-
zation canceller for interference cancellation. Proc. of the In-
ternational  Conference  on  Microwave  and  Millimeter  Wave
Technology, 2019: 1−3.

[23]

 MA J Z, SHI L F, LI Y Z, et al. Angle estimation of extend-
ed targets  in  main-lobe  interference  with  polarization  filter-
ing. IEEE Trans. on Aerospace and Electronic Systems, 2017,
53(1): 169–189.

[24]

 MA J Z, SHI L F, LI Y Z, et al. Angle estimation with polari-
zation  filtering:  a  single  snapshot  approach. IEEE Trans.  on
Aerospace and Electronic Systems, 2018, 54(1): 257–268.

[25]

 WANG X S, CHANG Y L, DAI D H. Band characteristics of
SINR polarization  filter. IEEE Trans.  on  Antennas  and  Pro-
pagation, 2007, 55(4): 1148–1154.

[26]

 MAO X P, LIU A J, HOU H J, et al. Oblique projection po-
larisation  filtering  for  interference  suppression  in  high-fre-
quency  surface  wave  radar. IET Radar,  Sonar  and  Naviga-
tion, 2012, 6(2): 71–80.

[27]

 XU J W, WANG C H, LIAO G S, et al. Sum and difference
beamforming  for  angle-Doppler  estimation  with  stap-based
radars. IEEE  Trans.  on  Aerospace  and  Electronic  Systems,
2016, 52(6): 2825–2837.

[28]

 SHI  L  F,  REN  B,  LI  Y  Z,  et  al.  Joint  filtering  scheme  of[29]

LU Yawei et al.: Multiple interferences suppression with space-polarization null-decoupling for polarimetric array 51



multistation GSM interference for UHF-band radar.  Proc.  of
the  IEEE  International  Conference  on  Signal  Processing,
Communications and Computing, 2013: 1−5.
 XU Z  H,  WANG  X  S,  XIAO  S  P,  et  al.  Filtering  perform-
ance  of  polarization  sensitive  array:  completely  polarized
case.  Acta  Electronica  Sinica,  2004,  32(8):  1310–1313.  (in
Chinese)

[30]

 MAO X P, YANG Y L, HONG H, et  al.  Multi-domain col-
laborative filter for interference suppressing. IET Signal Pro-
cessing, 2016, 10(9): 1157–1168.

[31]

 ZHOU B L, WANG Y L, LI R F, et al. A blind range-direc-
tion  estimation  method  under  the  mainlobe  smart  jamming
condition.  Acta  Electronica Sinica,  2019,  47(9):  1819–1829.
(in Chinese)

[32]

 HUANG S B, YU L, HAN F J, et al. Adaptive beamforming
algorithm  for  interference  suppression  based  on  partition
PSO. Proc. of the 7th IEEE Annual Information Technology,
Electronics  and  Mobile  Communication  Conference,  2016:
1−5.

[33]

 Biographies
LU  Yawei was  born  in  1997.  She  received  her
B.E.  degree  in  communication  engineering  from
Xidian  University,  Xi ’an,  China,  in  2018.  She  is
currently pursuing her M.E. degree from National
University  of  Defense  Technology.  Her  interests
include radar signal processing and radar polarime-
try.
E-mail: luyaweivivi@163.com

MA  Jiazhi was  born  in  1987.  He  received  his
B.E.  and  M.E.  degrees  in  control  engineering
from the Aviation University, Changchun, China,
in  2010  and  2013,  respectively.  He  is  currently
pursuing his  Ph.D.  degree from National  Univer-
sity of Defense Technology. His interests include
radar signal processing and radar polarimetry.
E-mail: jzmanudt@163.com

SHI  Longfei was  born  in  1978.  He  received  his
B.E.  and  Ph.D.  degrees  in  electronic  engineering
from National University of Defense Technology
(NUDT), Changsha, China, in 2002 and 2007, re-
spectively. He is an associate professor at NUDT.
His current  research  interests  include  digital  sig-
nal processing and radar polarimetry.
E-mail: longfei_shi@sina.com

QUAN Yuan was born in 1996.  He received his
B.S. degree in electronic information engineering
from  Beijing  Institute  of  Technology,  Beijing,
China in 2018. Currently, he is pursuing his M.S.
degree  from  National  University  of  Defense
Technology.  His  research  interests  include  radar
signal  processing,  waveform  design  and  joint
radar-communications.

E-mail: quanyuan18@nudt.edu.cn

52 Journal of Systems Engineering and Electronics Vol. 32, No. 1, February 2021


