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Abstract 

 

The pattern nulling performances of reconfigurable ring arrays are investigated in 

this report. By controlling the on/off status of the array elements with a binary 

genetic algorithm, the SINR will be maximized in order to generate deep nulls 

along the unknown direction of arrival of an interference impinging on the array. 

Representative numerical results will be proposed in order to show the trade-off 

existing between the nulling capability and the number of elements. 



Mathemati
al Formulation

Multiple Interferen
es at the Central Frequen
y - SINR Maximization

Consider a linear array of N isotropi
 elements equally spa
ed along the x axis: the desired signal re
eived by

the n-th element of the antenna array 
an be de�ned as

Sd
n(t) = pd(t)e

jβd

n n = 1, ..., N (1)

where βd
n = (2π/λ)(udxn), ud = sin θd cosφd, xn is the distan
e between the n-th element and the 
enter of the

array e θd, φd are the polar 
oordinates de�ning the dire
tion of arrival (DOA) of the desired signal 
hara
terized

by envelope pd(t). Assuming that one or more (I) interfering signals 
an be re
eived by the antenna at the

same angular frequen
y ωd of the desired signal, it is possible to evaluate the 
ontribution of ea
h interferen
e

at the n-th element:

Si
n(t) = pi(t)e

jβi

n

{ n = 1, ..., N

i = 1, ..., I
(2)

where βi
n = (2π/λ)(uixn), ui = sin θi cosφi e θi, φi are the polar 
oordinates de�ning the dire
tion of arrival

(DOA) of the i-th interfering signal 
hara
terized by envelope pi(t). Moreover, let assume the presen
e of the

noise modelled with an additive gaussian pro
ess with power ℘n.

Hen
e, the 
oe�
ients of the 
ovarian
e matrix (N ×N) of the desired signal Φd are

Φmn
d = E

{

Sd∗
m (t)Sd

n(t)
}

m,n = 1, ..., N (3)

Similarly, it is possible to write the 
oe�
ients of the 
ovarian
e matrix Φi of the i-th interfering signal (i =

1, ..., I) as

Φmn
i = E

{

Si∗
m(t)Si

n(t)
}

m,n = 1, ..., N (4)

while the 
ovarian
e matrix of the noise is de�ned

Φn = pn1
N

(5)

where 1N is an identity matrix with dimension N ×N .

Let us write the 
ovarian
e matrix of the undesired signal with the form

Φu =
I

∑

i=1

Φi +Φn (6)

The power of the undesired signal re
eived at the 
entral frequen
y is

℘u =
1

2
WT∗ΦuW (7)

where W is de�ned as

W =
{

αne
jγn , n = 1, ..., N

}

(8)

where αn amplitude ex
itation 
oe�
ients of the n-th element and γn is the phase ex
itation 
oe�
ient of

the n-th element of the array. Using a thinning te
hnique, the possible solutions of αn are just two values:

αn ∈ Υ, n = 1, ..., N , where Υ = [{0} , {1}] . We 
onsider γn = 0, n = 1, ..., N .

The power 
ontribution of the desired signal at the re
eiver is
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℘d =
1

2
p2d(t)

∣

∣WTU(θd, φd)
∣

∣

2

(9)

where

U(θd, φd) =
{

ejβ
d

n , n = 1, ..., N
}

(10)

Considering (7) and (9) the SINR (Signal to Interferien
e plus Noise Ratio) 
an be de�ned as:

Ψ(G) ,
℘d

℘u

=
p2d(t)

∣

∣WTU(θd, φd)
∣

∣

2

WT∗ΦuW
(11)

Sin
e Φu and p2d(t) are not dire
tly misurable, (11) is not useful. However, it is possible to reformulate the

SINR maximization problem through the following 
ost fun
tion

f(G) =

∣

∣WTU(θd, φd)
∣

∣

2

WT∗ΦtW
(12)

where Φt = Φd +
∑I

i=1
Φi +Φn is a quantity that 
an be measured at the re
eiver.
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Numeri
al Assessment

TEST CASE - N = 37 -Configuration = 3rings -η ∈ [0.0, 1.0] - NI = 1

Goal

Maximization of the SINR using geneti
 algorithms (GA) to determine the optimal thinned ring array 
on�gu-

ration, 
onsidering a time-varying s
enario with a single interferen
e.

Test Case Des
ription

• Number of Elements N = 37

• Elements Spa
ing: d = 0.5λ

• Max Gain Pattern Dire
tion : θd = 90◦, φd = 90◦

• Desired Signal Power: 0 dB

• Interferen
e Power: 30 dB

• Noise Power: −30 dB

• Number of Interferen
es: NI = 1

• Interferen
e Dire
tion Of Arrival: θi
1
= 33◦, φi

1
= 151◦

Optimization Approa
h: GA

• Number of Variables: X = 37 (αn, n = 1, ..., N)

• Population: 18

• Crossover Probability: 0.9

• Mutation Probability: 0.01

• Number of Generations: 200

• Minimum Thinning Coe�
ient: 0.0

• Maximum Thinning Coe�
ient: 1.0
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GA - Single Interferen
e: θi
1
= 33◦, φi

1
= 151◦
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TEST CASE - N = 91 -Configuration = 5rings -η ∈ [0.0, 1.0] - NI = 1

Goal

Maximization of the SINR using geneti
 algorithms (GA) to determine the optimal thinned ring array 
on�gu-

ration, 
onsidering a time-varying s
enario with a single interferen
e.

Test Case Des
ription

• Number of Elements N = 91

• Elements Spa
ing: d = 0.5λ

• Max Gain Pattern Dire
tion : θd = 90◦, φd = 90◦

• Desired Signal Power: 0 dB

• Interferen
e Power: 30 dB

• Noise Power: −30 dB

• Number of Interferen
es: NI = 1

• Interferen
e Dire
tion Of Arrival: θi
1
= 136◦, φi

1
= 116◦

Optimization Approa
h: GA

• Number of Variables: X = 91 (αn, n = 1, ..., N)

• Population: 46

• Crossover Probability: 0.9

• Mutation Probability: 0.01

• Number of Generations: 200

• Minimum Thinning Coe�
ient: 0.0

• Maximum Thinning Coe�
ient: 1.0
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GA - Single Interferen
e: θi
1
= 136◦, φi

1
= 116◦
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TEST CASE - N = 172 -Configuration = 7rings -η ∈ [0.0, 1.0] - NI = 1

Goal

Maximization of the SINR using geneti
 algorithms (GA) to determine the optimal thinned ring array 
on�gu-

ration, 
onsidering a time-varying s
enario with a single interferen
e.

Test Case Des
ription

• Number of Elements N = 172

• Elements Spa
ing: d = 0.5λ

• Max Gain Pattern Dire
tion : θd = 90◦, φd = 90◦

• Desired Signal Power: 0 dB

• Interferen
e Power: 30 dB

• Noise Power: −30 dB

• Number of Interferen
es: NI = 1

• Interferen
e Dire
tion Of Arrival: θi
1
= 152◦, φi

1
= 154◦

Optimization Approa
h: GA

• Number of Variables: X = 172 (αn, n = 1, ..., N)

• Population: 86

• Crossover Probability: 0.9

• Mutation Probability: 0.01

• Number of Generations: 200

• Minimum Thinning Coe�
ient: 0.0

• Maximum Thinning Coe�
ient: 1.0
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GA - Single Interferen
e: θi
1
= 152◦, φi

1
= 154◦
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More information on the topics of this document can be found in the following list of references.
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