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Abstract

In this paper, a compressive sensing approach for wide
null steering in partially adaptive arrays is introduced. The
proposed method imposes the wide nulls by canceling the
whole sidelobes where the interference signals arrive. The
problem is first formulated and relaxed to obtain a convex
programming problem. The relaxed problem is then solved
using iterative re-weighted `1 minimization algorithm to
enhance the sparsity in the final solution. Simulations were
conducted for one and two wide nulls steering in small and
large linear arrays. Results show that the proposed algo-
rithm is capable of steering the required nulls with small
number of perturbed array elements

1 Introduction

Interference mitigation in phased antenna array systems us-
ing null steering is essential in many applications such as
radar [1], and cognitive radio [2]. The nulls are steered
towards the directions of interference signals by controlling
the antenna elements positions [3], the complex (magnitude
and phase) excitations [4], amplitude only [5] or phase only
excitations [6] of the antenna elements. Usually null steer-
ing is achieved by changing the excitations or locations of
all the array elements which leads to increased complex-
ity and cost. These arrays are referred to as fully adaptive
arrays.

In [7, 8] algorithms for wide null steering which cancel the
whole sidelobe at the interference angle by controlling the
edge elements of a partially adaptive array was presented.
The authors exploited that the grating lobes of the edge el-
ements are closely matched in width to the sidelobes of the
equally spaced array. To cancel a side lobe, its peak angle
is determined, then the weights of the edge elements are ad-
justed so that their pattern is equal in magnitude to and in
antiphase with the array pattern at the desired angle.

Recently, an algorithm for wide null steering using two-
step smoothed `0 (SL0) sparse decomposition technique [9]
was proposed in [10]. The algorithm uses SLO to minimize
the number of perturbed array elements. But, the number
of perturbed array elements is chosen arbitrary which may
result in using more than the required number of elements.

Also, the algorithm was tested only for large arrays and a
single wide null.

In this paper, the compressive sensing theory [11] is used
to solve the problem of wide null steering by controlling
minimum number of antenna elements. First the problem
is formulated as a sparse recovery problem, then relaxed to
a convex form [12]. Finally, the relaxed problem is solved
using the iterative re-weighted `1 algorithm [13]. The pro-
posed algorithm is capable of canceling one or more side-
lobes of the array pattern to achieve the desired single or
multiple wide nulls.

The rest of the paper is organized as follows. Section 2 con-
tains the problem formulation and the proposed algorithm.
In section 3, the simulation results are presented. Finally,
conclusions are given in section 4.

2 Formulation and Algorithm

The array factor of linear array with equally spaced N
isotropic radiating elements placed along horizontal axis x
as a function of the elevation angle θ , measured from the
array boresight, can be expressed as

AF(θ) =
N

∑
n=1

Ine− jkdn sin(θ), (1)

where In and dn are the complex excitation and the position
of n-th array element, respectively. k = 2π/λ is the wave
number and λ is the wavelength. To steer the main beam
towards the desired angle, θs, the conventional excitation
for the n-th array element is given by

Icn = αne jkdn sin(θs), (2)

where αn is the excitation amplitude of n-th element. The
conventional pattern in this case is given by

AFc(θ) =
N

∑
n=1

Icne− jkdn sin(θ) =
N

∑
n=1

αne− jkdn(sin(θ)−sin(θs)).

(3)
Generating K nulls at the array pattern requires perturbing
the array elements from their conventional excitations. The
new complex excitation for the n-th element is given by

In = Icn + xn. (4)



Then, the new pattern is given by

AF(θ) =
N

∑
n=1

Ine− jkdn sin(θ) = AFc(θ)+
N

∑
n=1

xne− jkdn sin(θ).

(5)
Ideally, the antenna array forms a null in the directions of
the interference signals. Then,

AF(θk) = AFc(θk)+
N

∑
n=1

xne− jkdn sin(θk) = 0, (6)

where θk, k = 1,2, ...,K are the null angles. Equation (6)
can be written as

N

∑
n=1

xne− jkdn sin(θk) =−AFc(θk). (7)

Equation (7) is a set of linear equations with K unknowns
which can be represented in a matrix form as

AX = y, (8)

where

y =
[
−AFc(θ1) −AFc(θ2) . . . −AFc(θK)

]T
, (9)

X =
[
x1 x2 . . . xN

]T
, (10)

and

A =


e− jkd1 sin(θ1) e− jkd2 sin(θ1) . . . e− jkdN sin(θ1)

e− jkd1 sin(θ2) e− jkd2 sin(θ2) . . . e− jkdN sin(θ2)

...
...

. . .
...

e− jkd1 sin(θK) e− jkd2 sin(θK) . . . e− jkdN sin(θK)

.
(11)

Since the number of array elements, N, is usually much
larger than the number of interference signals, K, the sys-
tem in (8) is an under-determined system and has infinitely
many solutions. Minimum mean square error (MMSE) es-
timator can be used to find the array perturbations that min-
imize the mean square error in pattern due to the weight
perturbations. In this case, the array perturbations are gives
by [14]

X = AH(AAH)−1y, (12)

where AH is the Hermitian transpose of matrix A. The so-
lution in (12) doesn’t provide a localized solution, so a fully
adaptive array is required to achive the desired nulls.

But, we are interested in generating the K nulls by perturb-
ing the complex weights of a minimum number of array
elements, while the vast majority of elements stay at their
conventional weights. The aforementioned problem can be
formulated as

min‖X‖0

subject to AX = y
(13)

where the l0-quasi norm ‖.‖0 denotes the number of non-
zero elements. The optimization problem in (13) is an NP-
optimization problem due to the non-convex objective func-
tion. To relax the problem to a convex form, the `0-quasi

norm is replaced with `1 norm. The optimization problem
can then be rewritten as

min‖X‖1

subject to AX−y≤ ε
(14)

where ‖.‖1 is the `1 norm which is the sum of the absolute
values of its argument, and ε is a fidelity factor to control
the error or the allowed difference between the desired and
designed values. The problem in (14) is a convex optimiza-
tion problem and can be solved using CVX package [15].

To enhance the sparsity of the solution and hence reduce
the number of perturbed array elements, the iterative re-
weighted `1 norm algorithm is adopted here. Then, a re-
weighted `1 norm of the vector X is minimized at iteration
i as

min‖ξ
(

Xi−1)Xi‖1

subject to AX−y≤ ε
(15)

where the weightings ξ
(

Xi
)
= 1/

(
Xi−1 +δ

)
are assigned

to each of the elements of Xi (X at ith iteration). δ is a
small positive number that provides numerical stability and
ensures that a zero-valued component in Xi does not pre-
vent a nonzero estimate at the next iteration. In the first it-
eration (i = 1), the weightings ξ

(
X0
)

initialized to all ones
which results in the objective function in (14). With the ob-
tained ξ

(
Xi
)

, those of small magnitudes are given larger
weightings in the next iteration and vice versa. The process
suppresses the small entries in X to zero.

3 Simulation Results

For the first example, a uniform linear array with 11 ele-
ments and 0.5λ element spacing is assumed. αn is set to
one for all antenna elements, and the main beam is steered
to θs = 10°. The direction of arrival of the interfering sig-
nal is assumed at θi =−7.5°. To achieve the required wide
null, two nulls around θi with small spacing of 0.05° are
introduced, i.e., nulls at −7.45° and −7.55°. Only the edge
elements (elements number 1 and 11) were required by the
algorithm at the first iteration to impose the required wide
null. The elements perturbations acquired by the algorithm
are x1 = 0.59556 52.9344° and x11 = 0.59556 −52.9344°.

Figure 1(a) shows the patterns of the original linear array,
the fully adaptive array, and the proposed method. Clearly,
the proposed method is able to create the required wide null
by canceling the whole sidelobe which contains the angle
θi. Also, the proposed method resulted in a wider null than
the fully adaptive array. Figure 1(b) shows the patterns of
the original array, and the selected elements with their cor-
responding perturbations. It can be seen that the sidelobe
of the full array which contains the angle θi is matched in
width and magnitude with the corresponding grating lobe
of the selected elements. And since both patterns are an-
tiphase with each other at null angles, the whole sidelobe is
canceled in the total pattern of the proposed method.
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Figure 1. Null steering in 11 elements array: (a) Patterns of the different methods, (b) Pattern of the selected elements.
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Figure 2. Patterns of the different methods for the 60 elements array.
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Figure 3. Patterns of the selected elements for the 60 elements array.

For the second example, a uniform linear array with 60
elements and 0.5λ element spacing is assumed. The di-

rections of arrival of the interfering signals are assumed
at θi = 16.5° and 24.5°. Four nulls were imposed at an-



Table 1. Perturbations of selected array elements

Proposed Method SL0-SL0
n |xn| 6 xn (deg) n |xn| 6 xn (deg)
1 0.9110 118.7340 1 1.6429 -156.2271
11 0.2517 -94.1930 16 3.3281 90.0003
50 0.2517 94.1930 46 3.3281 -90.0003
60 0.9110 -118.7340 60 1.6429 156.2271

gles 16.45°, 16.55°, 24.45°, and 24.55°. For comparison
purposes, the two-step SL0 (SL0-SL0) algorithm from [10]
was used to obtain the same wide nulls. Only four antennas
were chosen by the proposed algorithm to steer the nulls.
For a fair comparison, the number of perturbed antennas
was set to four in the SL0-SL0 algorithm. The selected an-
tennas and their perturbations are listed in Table 1. The pat-
terns of the two techniques, the fully adaptive array, and the
original array are shown in Figure 2. Obviously, the pat-
tern of the proposed algorithm has wider nulls and lower
sidelobe level than the pattern of the SL0-SL0 algorithm.
Figure 3 shows the patterns of the selected elements by the
two algorithms. The grating lobes of the selected elements
by the proposed algorithm have better matching with the
sidelobes at which the interfering signals arrive and lower
grating lobes levels than those of the SL0-SL0 algorithm.

4 Conclusions

An algorithm for wide null steering in linear antenna ar-
rays was presented. The algorithm can cancel the sidelobes
at the interference directions by changing the weights of
a minimum number of antenna elements. Results showed
that changing the weights of the edge elements only were
sufficient to impose a single wide null, while four elements
were required for two separated wide nulls.
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