
Journal of Physics:
Conference Series      

PAPER • OPEN ACCESS

A convex optimization-based inversion method for
the synthesis of monopulse linear arrays
To cite this article: Federico Boulos et al 2020 J. Phys.: Conf. Ser. 1476 012014

 

View the article online for updates and enhancements.

You may also like
Performance Investigations of the
Uniformly and Non-Uniformly Excited
Linear Arrays
Roua Moafaq Younis and Jafar R.
Mohammed

-

Side Lobe Reduction Using Non-Uniform
Linear Phased Arrays
Rasha Bashar Mohammed and Jafar R.
Mohammed

-

Design of Vivaldi array antenna with low
sidelobe for Monopulse tracking
application
Le Nhu Thai, La Tuan Anh, Le Thi Hang et
al.

-

This content was downloaded from IP address 151.97.200.163 on 30/07/2026 at 08:40

https://doi.org/10.1088/1742-6596/1476/1/012014
/article/10.1088/1757-899X/1152/1/012005
/article/10.1088/1757-899X/1152/1/012005
/article/10.1088/1757-899X/1152/1/012005
/article/10.1088/1757-899X/1152/1/012014
/article/10.1088/1757-899X/1152/1/012014
/article/10.1088/1742-6596/2559/1/012003
/article/10.1088/1742-6596/2559/1/012003
/article/10.1088/1742-6596/2559/1/012003


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

NCMIP 2019

Journal of Physics: Conference Series 1476 (2020) 012014

IOP Publishing

doi:10.1088/1742-6596/1476/1/012014

1

A 
onvex optimization-based inversion method for the

synthesis of monopulse linear arrays

Federi
o Boulos

1
, Lu
a Dall'Asta

1
, Giorgio Gottardi

1
, Mohammad

Abdul Hannan

1
, Alessandro Polo

1
, and Aaron Salas-San
hez

1,2

1
ELEDIA Resear
h Center (ELEDIA�UniTN - University of Trento), I-38123 Trento, Italy

2
Department of Applied Physi
s, University of Santiago de Compostela, Santiago de

Compostela, 15705, Spain

E-mail: giorgio.gottardi�unitn.it

Abstra
t. In this work, the design of monopulse linear arrays generating sum and di�eren
e

patterns with a partially shared beam forming network is addressed as an inverse problem

and solved through a suitable inversion strategy. The array tails are organized into sub-arrays


ontrolled by amplitude weights, while the remaining array elements have two independent

amplitude 
oe�
ients, one for ea
h beam. The optimal values of both 
ommon and independent

ex
itations are determined by means of a 
onvex optimization te
hnique able to retrieve the

globally optimal solution whether existing. Su
h a synthesis method allows one to in
lude user-

de�ned upper power bounds on the se
ondary lobes as well as to arbitrary de
ide the layout

(i.e., the number and the sizes of the sub-arrays) of the 
ommon part. Representative results are

reported and dis
ussed to assess the e�e
tiveness and the e�
ien
y of the proposed te
hnique.

1. Introdu
tion

Monopulse radars require antenna systems able to generate two kinds of beam patterns, sum

and di�eren
e, whi
h are jointly used to tra
k the position of moving targets [1℄. The ex
itations

of the array elements that provide good monopulse performan
e are di�erent for the sum (e.g.,

Taylor) and di�eren
e (e.g., Bayliss) mode [2℄. A

ordingly, two sets of independent beam-

forming weights would be ne
essary, unavoidably in
reasing the antenna 
omplexity and 
osts

[3℄.

To over
ome su
h a problem, 
ompromise ar
hite
tures have been proposed to yield optimal

trade-o� between the 
omplexity of the array stru
ture and the performan
es of the radiated

sum and di�eren
e patterns. In su
h a framework, it is worth mentioning the solution with

independent ex
itations for the sum pattern, while the di�eren
e one is generated by aggregating

the elements into sub-arrays and using ampli�ers at the sub-array level to redu
e the overall

number of 
ontrol points [4℄[5℄.

In [6℄, a method for synthesizing sum and di�eren
e patterns in 
ontinuous linear apertures having

a 
ommon aperture zone has been proposed. The approa
h was inspired by the observation that

in some 
ases the 
urrent distributions generating the sum and di�eren
e patterns are similar in

the outer part of the aperture and it is based on suitable perturbations of the Bayliss roots [2℄

de�ned by means of a Simulated Annealing te
hnique. Su
h a method has been su

essively used

for dis
rete arrays by 
lustering the elements not in 
ommon into sub-arrays properly weighted

to generate the di�eren
e pattern [7℄.
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The 
ase of linear arrays has been solved in [8℄ with a Convex Programming (CP) pro
edure

whose main advantages are: (i) the formulation of the problem as the minimization of a linear

fun
tion over a 
onvex sets whi
h guarantees the retrieval of the globally optimal solution if

existing; (ii) an easy in
lusion of arbitrary upper power bounds on the se
ondary lobes of the

two antenna modes; (iii) the deterministi
 behaviour (CP -based [9℄[10℄) of the optimization

te
hnique.

In this work, the method in [10℄ is 
ustomized to deal with simpli�ed linear array ar
hite
tures

where, unlike [7℄, the sub-arrays are in the array tails. Be
ause of the linearity of all the synthesis


onstraints [11℄, a Linear Programming (LP) pro
edure is exploited sin
e more 
omputationally

e�
ient than the CP .

2. Mathemati
al Formulation

Let us 
onsider a N -element linear array arrangement with ele
tromagneti
 radiators uniformly

spa
ed by d along the x-axis. The array fa
tor of the sum mode is given by

AFΣ (ϑ) =
M
∑

n=−M ;n 6=0

αn exp

{

j

[

k

(

n−
sgn (n)

2

)

d sin (ϑ)

]

+ ϕn

}

(1)

while that of the di�eren
e mode turns out to be

AF∆ (ϑ) =

M
∑

n=−M ;n 6=0

βn exp

{

j

[

k

(

n−
sgn (n)

2

)

d sin (ϑ)

]

+ ϕn

}

(2)

where αn and βn, n = ±1, ..., ±M are the amplitude 
oe�
ients generating the sum and

di�eren
e patterns, respe
tively, 
hara
terized by a symmetri
 (i.e., αn = α−n) and an anti-

symmetri
 (i.e., βn = −β−n = β−n exp {jπ}) distribution. In (1) and (2), ϕn, n = ±1, ..., ±M
are the phase weights enabling the beam steering for the target tra
king, k = 2π

λ
, λ being the

free-spa
e wavelength, and ϑ the angular dire
tion measured from broadside. Let the sub-set of

elements in the array tails having |n| ≥ η, η ∈ [1, M − 1) being an integer threshold, be 
lustered

into Q sub-arrays (Q/2 for ea
h half of the array) made of C (C ≥ 2) elements

αn+(q+1)C = αn+(q+1)C+c; q = 1, ..., Q; c = 1, ..., C − 1 (3)

βn+(q+1)C = βn+(q+1)C+c; q = 1, ..., Q; c = 1, ..., C − 1. (4)

Moreover, the same sub-array amplitude weighting is used for both the sum and di�eren
e

patterns su
h that

αn = βn for |n| ≥ η. (5)

It is worth noti
ing that both 
onstraints (3)-(5) are linear with respe
t to the problem unknowns.

The synthesis of the ex
itations generating the sum and di�eren
e patterns is then addressed as

an inverse problem, by minimizing the 
ost fun
tion

Ψ(αn; n = ±1, ..., ±M) = −Re {AFΣ (ϑ0)} (6)

subje
t to the additional 
onstraints for the di�eren
e pattern

Im

(

∂AF∆

∂ϑ

)∣

∣

∣

∣

ϑ=ϑ0

> A (7)

AF∆ (ϑ0) = 0 (8)
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and the upper power bounds along a set of S angular dire
tions in the sidelobe region for both

beams

−
√

SLMΣ (ϑs) ≤ AFΣ (ϑs) ≤
√

SLMΣ (ϑs); s = 1, ..., S (9)

−
√

SLM∆ (ϑs) ≤ AF∆ (ϑs) ≤
√

SLM∆ (ϑs); s = 1, ..., S. (10)

where SLMΣ and SLM∆ denote the sidelobe masks for the sum and di�eren
e patterns,

respe
tively (i.e., the maximum power admitted in the sidelobes dire
tions). More in detail,

Equation (6) is devoted to enfor
e the maximization of the amplitude and, as a 
onsequen
e, the

peak power of the sum beam along the target dire
tion ϑ0, while (7) and (8) impose that the

slope of the di�eren
e pattern is higher than a user-de�ned threshold, A, �xed on the basis of

the desired angular resolution, and the beam has a null along ϑ0, respe
tively.

Sin
e (6) is linear with respe
t to the ex
itation amplitudes of the sum mode and all other


onstraints are linear either with respe
t to αn or βn, n = ±1, ..., ±M , the synthesis problem

turns out being a LP one and the linprog MATLAB routine is used for its solution.

3. Numeri
al Results

Two representative results are reported to validate the proposed LP synthesis method. In the

�rst example, an array of N = 16 elements and d = λ/2 has been taken into a

ount with 50 %

(i.e., η = 5) of the array aperture shared between the two modes and A = 10. In the 
ommon

part, the array elements are 
lustered into Q = 4 sub-arrays of C = 2 elements ea
h.

(a) (b)

Figure 1. Numeri
al Assessment (N = 16, Q = 4, C = 2) - Synthesized sum and di�eren
e

modes with 50% of 
ommon amplitude 
oe�
ients; (a) Amplitude 
oe�
ients; (b) Power

patterns.

The ex
itations of the sum and di�eren
e modes along with the 
orresponding normalized power

patterns are shown in Fig. 1(a) and Fig. 1(b), respe
tively, while the key features of the two

beams are given in Tab. 1. As it 
an be observed [Fig. 1(b)℄, even though half aperture

has 
ommon 
ontrol points, a sum and a di�eren
e pattern with peak sidelobe level equal to

SLLΣ = −26.71 [dB℄ and SLL∆ = −19.60 [dB℄, respe
tively, have been synthesized

1
.

1
SLLΣ and SLL∆ denote the maximum power in the sidelobes dire
tions for the sum and di�eren
e patterns,

respe
tively.
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(a) (b)

Figure 2. Numeri
al Assessment (N = 32, Q = 4, C = 4) - Synthesized sum and di�eren
e

modes with 50% of 
ommon amplitude 
oe�
ients; (a) Amplitude 
oe�
ients; (b) Power

patterns.

In the se
ond example, a larger array with twi
e elements (N = 32) and same inter-element

distan
e d has been 
onsidered. Also in this 
ase, half of the array aperture has been shared,

but here the following setup has been 
hosen: η = 9, Q = 4, and C = 4. The solution of

the LP-based synthesis (A = 20), given in Fig. 2 and Tab. 1, still assesses the reliability and

e�e
tiveness of the proposed method.

Table 1. Pattern features.

Sum Pattern Di�eren
e Pattern

N = 16, Q = 4, C = 2
Dmax [dB℄ 11.01 7.57
SLL [dB℄ −26.71 −19.60
θ3dB [dB℄ 8.56 9.27
K [rad−1

℄ - 0.68
N = 32, Q = 4, C = 4

Dmax [dB℄ 11.25 10.44
SLL [dB℄ −28.85 −19.40
θ3dB [dB℄ 4.07 4.03
K [rad−1

℄ - 0.97

From a 
omputational point of view, it is worth pointing out that both syntheses have been


arried out in less than 1 [se
℄ on a standard laptop (3 GHz PC with 2 GB of RAM memory).

4. Con
lusions

The synthesis of sum and di�eren
e patterns in linear arrays with 
ommon ex
itation weights in

the array tails has been addressed by means of a LP-based inversion 
omputational method. To

simplify the 
omplexity of the feeding network, sub-arrays are used in the 
ommon part of the

array aperture. Besides its e�e
tiveness and the 
omputational e�
ien
y, the main advantage of

the proposed approa
h is the possibility to e�
iently synthesize dis
rete arrays having arbitrary

upper bounds and feeding layout.
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