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Abstract—To improve the transmitting adaptive 
beamforming efficiency and performance of the shape 
maintenance for the mainlobe, analyzed existing adaptive 
pattern for beamforming.In this paper, the question that the 
main lobe of adaptive pattern will be distorted significantly, 
an approach is proposed to maintain the mainlobe shape 
based on a main-lobe subspace, and the high peak side-lobe 
problem is resolved recurring to the orthonormal projection 
algorithms available. The new approach can be used to the 
transmitting adaptive beamforming, adaptive sum and sub 
beam forming. The trace driven simulation shows its 
performance. 

Index Terms—adaptive beamforming, shape maintenance, 
beam, low sidelobe. 

I. INTRODUCTION 

It is often faced with various intentional, unintentional 
electromagnetic interference of  modern radar. It's can 
greatly enhance the ability of weapon systems, electronic 
warfare Based on the radar antenna array beamforming， 
it’s  a  core technique of modern radar. It is effective for 
large duty cycle interference adaptive beamforming, 
because its statistical properties can have the same or 
similar number of useful data samples to estimate,  in such 
interference direction  of the formation of effective 
interference  nulling  by adaptive beamforming. As for the 
similar objective of pulse interference and sidelobe 
deception target, its existence a short time, multiple 
samples cannot be used to capture, makes it difficult to 
adopt adaptive beamforming by adaptive beamforming, 
usually through low sidelobe level to reduce their impact. 
As for the tracking radar, the target tracking requires 
accurate measurement of the location of commonly used 
single-pulse technique by comparing two or more receive 
beams (such as beams and difference) to determine the 
target DOA. To make use of single pulse technique to 
accurately estimate the target DOA need stable mainlobe 
shapes. In radar applications, adaptive beamforming 
adaptive pattern generation must have a low sidelobe 
level, stable mainlobe shapes, a large duty cycle 
interference at a deep angle of zero. 

These problems can be attributed to find a simple, and 
the covariance matrix is containing the target signal 
unrelated, remain static pattern mainlobe (applicable to 
launch special main valve transmitter and receiver general 
mainlobe shapes) and sidelobe shape invariant adaptive 
beam forming method. This paper based on the direction 
of local conformal thought mainlobe shape preserving and 
based on the subspace projection sidelobe control joint 

used for the above problems provide a feasible scheme. 
The second part of the article describes the direction of 
local conformal and subspace projection side lobe control 
method, is proposed based on the fixed shape of the main 
valve and low sidelobe adaptive beam forming method, 
and the difference beam and to explain the  formation of a 
separate ； The third part of the adaptive from the 
receiving end and poor adaptive beamforming and launch 
special mainlobe shape adaptive beam forming two 
aspects carries on the simulation, verify the effectiveness 
of the proposed method. 

II. THE FIXED MAIN LOBE SHAPE AND LOW SIDELOBE 

ADAPTIVE BEAMFORMING 

SBC conventional adaptive beamforming, such as 
formula 1: 

              
ˆmin . . 1H H

qs t =
w

W RW W a
                         (1) 

Where R̂  is the receive data directly or after processing 

the covariance matrix may contain the target signal 
ˆ

XR , it 

may not contain the target signal 
ˆ

I N+R  , qa
 is the 

normalized static weight vector, that is 1q =a  , For 
receiving adaptive beamforming is likely to be pointing to 
the desired direction of steering vector, when the required 
low sidelobe with Taylor, Chebyshev and amplitude 
weighting, the receiving end of adaptive and difference 
beamforming, are static and poor weight vector, and a 
beam static pattern of low sidelobe through Taylor, 
Chebyshev weighted implementation etc., Static 
difference beam pattern can be achieved using Bayesian 
weighting, and adaptive transmit power for the transmitter 
vector form, the static weight vector pattern synthesis 
method may be used to get the right vector, corresponding 
to a fixed main beam shape and sidelobe envelope . 

Formula 1 of the data covariance matrix in the presence 
of the target signal for adaptive pattern of impact is 
enormous, measuring adaptive beamforming algorithm 
one of the criteria of a good or bad is to see there is no 
interference adaptive weight vector is equal to static 
power, of course, equal to the static power is what we 
hope, corresponds to formula 1 when the covariance 
matrix containing the target signal and the static weight 
vector is not equal to the desired signal steering vector, the 
adaptive interference does not exist right does not mean 
static weight vector, a serious distortion of the main lobe 
appears, shown in Figure 1: Adaptive finite snapshots 
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difficult to maintain the original static pattern of the 
sidelobe, the main lobe of emission for a particular 
adaptive pattern, main lobe was also affected, when the 
adaptive weight vector used to generate the data 
containing the target signal adaptive is to cause the 
formation of nulling in the direction of the target (when 
the static weight vector and the true direction of the target 
is not the same, but in practice is usually the case, Figure 1 
for the 22 half-wavelength array element uniform linear. 

         
Figure 1a. Sum beam pattern              Figure 1b. Sub beam pattern 

 
Figure 1c.  Emission flat pattern 

A. The existing beam-forming method 
The existing beam-forming method is to add a static 

weight vector increment, that is WW a Δ+= q , to meet the 
suppression of interference as small as possible while 
making incremental, which can be a multi-objective 
optimization problem representation: 

                    

min

ˆmin( ) ( )

H

H
q q

Δ

Δ

 Δ Δ


+ Δ + Δ

w

w

w w

a w R a w
                    (2) 

 
For the formula 2 does not actually easy operation, 

besides the general purpose through the design of weight 
multi-objective problem into single objective optimization 
problem, in practice often use two simplified deformation: 

                   
min . . ( )H

qs t
Δ

Δ + Δ =
w

w a w C f
                  (3) 

and 

           
ˆmin( ) ( ) . .H

q q s t ξ
Δ

+ Δ + Δ Δ ≤
w

a w R a w w
             (4) 

Where C  is the constraint matrix, f  is the vector of 
constraint values. that by constraint to achieve disturbance 
suppression Formula 3 , so need to predict the interference 
direction vectors or interference subspace, and formula 4 
passes to the incremental modulus constraint to achieve 
the ultimate direction of static direction map remained, but 
the interference nulling is not easy to predict the impact 
caused, and selection of ξ  is an experience value. 

B. The fixed main lobe shape and low sidelobe adaptive 
beamforming 

1) adaptive realization of the fixed shape of the main 
lobe 

The weight vector changes but to ensure that the same 
main lobe shape, the sufficient condition is the main lobe 
of the right to decide the shape vector in the weight 
change, according to the main valve main valve subspace 

estimation: (assuming the array number for M , mΘ  flap 
angle range ) 

1 2
1

( ) ( ) ,
m

m

MEVD
H H

i i i M
i

d
θ

θ θ θ λ λ λ λΘ
=∈Θ

= = ≥ ≥R a a v v L

         (5) 

 
The main lobe steering vector sum of points obtained 

by sampling the angle in formula 5 , set 1 2 Mλ λ λ≥ ≥ ≥L , 
ataking the value of the formula 5 major feature of the 
composition corresponding to the main lobe of sub-feature 
vector space, take a large number of eigenvalues of P 
power distribution can be determined: 

                          

1

1

min

k

i
i
Mk

i
i

P
λ

γ
λ

=

=

 
  = ≥ 
 
  




                               (6) 

The main lobe and its sub-space a set of orthogonal 
sub-space form the base of the column space of matrix 
and the corresponding projection matrix are: 

      ( ) ( )1 2 1 2, , , , , , ,m P m P P M
⊥

+ += =U v v v U v v vL L                (7) 

              ( ) 1
,H H

m m m m m m m

− ⊥= = −P U U U U P I P
                   (8) 

 
The entire M  space can be divided into the main valve 

subspace and its orthogonal subspace, the corresponding 
weight vector can be written as: 

                        m m m m
⊥ ⊥= + = +W W W P W P W                   (9) 

So when W  changes its weight 0mm WW ≡  ⊙
qmaP unchanged, then the main lobe corresponding to the 

same pattern, as opposed to formula 1, the main lobe 
conformal adaptive pattern generation: 

 
( ) ( ) ( )0 0 0

ˆmin . . 1
H H

m m m m m m qR st⊥ ⊥ ⊥

Δ
+ Δ + Δ + Δ =

W
W U W W U W W U W a

  (10a) 

The corresponding solution can be expressed as: 

                   ( ) ( )1

0
ˆ ˆH H

m m m m qλ
−⊥ ⊥ ⊥Δ = −w U RU U RW a

         
(11a) 
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Where 

( )
( )

1

0 0

1

ˆ ˆ1

ˆ

H H H H
m q m m m m m q

H H H
q m m m m q

λ

−⊥ ⊥ ⊥ ⊥

−⊥ ⊥ ⊥ ⊥

− +
=

W a W RU U RU U a

a U U RU U a
 

From the perspective of constraint, formula (10a) is 
equivalent to: 

              
fWCWRW

W
=HH ts     ..ˆmin

                      (10b) 

Where 
( ) 








==

q
H

m
mq aU

fUaC
1

,,
，Resulting in: 

                   ( ) fCRCCRW
111 ˆˆ −−−= H

                       (11b)    

It can verify, when
2ˆ
nσ=R I or 

2 2
0 0 0

ˆ ( ) ( )H
nσ θ θ σ= +R a a I ， 

that is, without interference q=W a ，Where 
2
0σ

 and 
2
nσ

 

are the target signal and noise power, 0( )θa  as the goal of 
true steering vector. 

 
Note that in solving (10b) when the assumption is not 

entirely static weight vector subspace in the main lobe, the 
pattern synthesis or the main beam pointing direction 
vector amplitude weighting results. And when a located 
entirely within the main valve subspace (corresponding to 
the static weight vector without low sidelobe), then 
directly to remove the constraint (10a) model can be 
solved (because the adaptive weight vector 
( )H H

m q m q q m q Const⊥+ Δ = ≡P a U W a a P a
). 

2) Realization of adaptive low side lobe 
As in the introduction pointed out how the adaptive get 

low sidelobe is a wide range of research questions, 
including aspects of study is in static pattern to ensure low 
sidelobe circumstances how to design adaptive method. 
Many studies have analyzed the adaptive pattern sidelobe 
level distortion reason: Finite snapshots divergence caused 
by the noise  eigenvalue eigenvector in the generation of 
adaptive weight vector, thus eliminating the noise 
adaptive weight vector in the feature vector components 
(which can be attributed to the projection method) has 
become an easy to maintain the adaptive original static 
pattern method of low sidelobe characteristics, whether 
the data covariance matrix containing the target signal, the 
typical projection algorithm has the following two: 

                                
'

n q=W P a                                  (12a) 

                              
'

0s ad=W P W                                (12b) 

 (12a) in qa
 is the static weight vector, that is bound 

vector, the orthogonal projection algorithm applies only to 
data in the case of non-target signal for interference when 
the strong adaptive weight vector of the ideal 
approximation, by the time the signal subspace 

interference Zhang, after the projection direction to ensure 
the formation of the interference nulling for adaptive 
pattern specially designed sidelobe characteristics (if any) 
does not necessarily cause damage; (12b) applied to the 

data containing the target signals, 0adW  as the 
conventional adaptive methods (such as LCMV ) to get 

the adaptive weight vector, the 
1

0
ˆ

ad qμ −=W R a  is the static 
weight vector in the signal subspace, ideal adaptive weight 
vector in the signal subspace, when the static weight 
vector is specifically designed to meet a certain main lobe 
or sidelobe envelope shape, (12b) type simple projection 
will destroy this performance. As for the noise or signal 
subspace by different methods. 

The adaptive weight vector as the static weight 
vector with an adaptive incremental, as shown in formula 
( 13): 

( )
2

1
0 0 2 2

1

( ) ( )
P

Hi n
ad q ad q i q i q

in i n

λ σμ μμ
σ λ σ

−

=

−= = = − = −W R a W a v a v a Vx
       (13) 

The V column for the signal subspace of a group of 
radicals. From another perspective, ideally adaptive 
weight vector in the static weight vector on the variation 
of signal subspace of a group is a linear combination, and 
then the unconstrained projection algorithm can be more 
generally written as: 

                    

'
02 2

( )q s ad q
n n

μ μ
σ σ

= + −W a P W a
                   (14) 

Formula (4) is not affected by the static weight vector 
performance and data not found in the target signal 
limiting. 

At the same time easy to prove, the formula (3 ) of the 
beam-forming, the adaptive weight: 

   
1 1( ) ( ( ) )H H H H

q q q
− −= − = −W a C C C C a I C C C C a             (15) 

C  is the interference steering vector or their sheets into 

the space, then the 
1( ( ) )H H−−I C C C C  on the noise subspace, 

and (12a) the same result, but also the equivalent of 
Sidelobe cancellation (static weight vector channel as the 
main beam channel to interfere with the normal direction 
beamforming auxiliary channel beam) results. 

3) the fixed main lobe shape and low sidelobe 
adaptive beamforming 

The first step: conformal adaptive main lobe, 
corresponding to formula (10), the need to determine 
where the main lobe of conformal region, and then 
calculate the main lobe subspace. Been the main lobe 

conformal adaptive weight vector 0adW . Step two: The first 
step produces the weight vector corresponding to 
eliminate the effects of random noise feature vector, 
corresponding to the formula (12b) operation to get the 
final adaptive weight vector

'W . 
For the mainlobe can be considered sub-space 

calculated in advance and save, for the receiver to beam 
scanning, they may also consider whether to seek a simple 
iterative algorithm: from a starting point to the main lobe 
subspace by a simple process to get the next point to point 
on the main lobe subspace. 
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III. SIMULATION AND PERFORMANCE ANALYSIS 

In the 22 array element half wavelength of uniform 
linear array as an example, figure 1 three simulation 
results for this array simulation results. The presence of 
both target signal, namely, the direction of the main lobe 
with the circumstance of the target. 

Simulation 1: comparison with conventional adaptive 
beamforming  

Use this method to get the corresponding diagram in 
Figure 1 three results, in order to compare the results, the 
results of the conventional adaptive once again in the 

graph. Target signal is 20dB, the direction of 2o
, 45− o

 
there is 40dB interference direction, taking snapshots 256. 

           
Figure 2a. Adaptive sum beam pattern   Figure 2b. Adaptive sub beam 
pattern 

 
Figure 2c. Adaptive transmitter flat pattern 

 

Compared with conventional adaptive methods can be 
seen, this approach not only in the mainlobe and sidelobe 
envelope pattern to maintain a static shape in the direction 
of the formation of the zero-interference should be deeper 
than the conventional adaptive trap method, because the 
relative conventional adaptive in terms of its direction 
does not require the formation of the target nulling. 

Simulation 2: with the existing method is adaptive 
beam conformal 

Compared to simulation 1, the number increased 

interference in 45− o
, 30− o

, 40o
 40dB increase in the 

direction of interference in the interference direction is 
assumed to use (3) corresponds to the conformal method, 
for comparison, corresponds to Figure 3. 

           
Figure 3a. Adaptive sum beam pattern Figure 3b. Adaptive sub beam 
pattern 

 
   Figure 3c. Adaptive transmitter flat pattern 

From the above results can be out in the interference far 
away from the main lobe, the present method and 
interference under the direction of the known formula (3) 
of the conformal method performs as well, but 
interference from the main valve close, or the presence of 
interference in the main valve, the method of this paper to 
save the main lobe shape precedence interference 
suppression, and the formula (3) corresponding to the 
conformal method is interference suppression takes 
precedence over saving the main lobe shape, which is the 
first side lobe suppression using conventional methods 
and then use other methods to interfere with eliminate the 
main lobe interference in terms of the method provides a 
sidelobe suppression under main lobe interference 
conformal method. 

Simulation 3: The main lobe subspace estimate the 
selection of the main lobe in the conformal properties 

Increase in the previous simulation, based on a 10o
 

direction 40dB interference, where only the flat-topped 

emission pattern simulation, Figure 4a, 4b, 4c are γ = 

0.9999, γ = 0.999999,  γ = 0.99999, and the result shows 

that the closer the selected γ  1, the main valve to 
maintain the better, because this time the main valve sub-
space has more dimensions, while the main lobe of the 
orthogonal subspace of the vector affect the shape of the 
main lobe is smaller, but the direction of the formation of 
the interference nulling depth will be reduced. 

                
Figure 4a. γ =0.9999              Figure 4b. γ =0.99999 

IV. PERFORMANCE TESTS 

In this paper, a summary and comparison of the existing 
adaptive beamforming pattern control method was 
proposed based on the main valve, conformal and sidelobe 
envelope conformal adaptive beam forming method, 
solves the following three problems: the static weight 
vector using a specially designed ( differs from the target 
direction vector ) containing difference of low sidelobe 
forming problems, because adaptive and difference 
beamforming can use the data must contain the target 
signal; arbitrary static firing pattern adaptive nulling 
problem. 
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