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Abstract 

 

This document deals with a strategy for thinning the radiating elements of ring 

arrays in order to suppress interfering signals arriving on the antenna sidelobes. 

The on-off status of the array element is changed according to the optimized 

binary sequences determined through an evolutionary algorithm suitably 

customized to provide solutions with a controlled percentage of the number of 

active bits with respect to its total number. The proposed technique is validated 

with a set of experiments where arrays of different size haved been considered. 



TEST CASE - N = 37 -Configuration = 3rings -η ∈ [0.6, 0.6] - NI = 2

Goal

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

uration, 
onsidering a time-varying s
enario with 2 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 2

• Interferen
e Dire
tion Of Arrival: θi
1
= 146◦, φi

1
= 80◦

• Interferen
e Dire
tion Of Arrival: θi2 = 41◦, φi
2 = 167◦

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: 0.6

• Maximum Thinning Coe�
ient: 0.6
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GA - Multiple Interferen
es: θi
1
= 146◦, φi

1
= 80◦; θi

2
= 41◦, φi

2
= 167◦
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TEST CASE - N = 37 -Configuration = 3rings -η ∈ [0.6, 0.6] - NI = 3

Goal

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

uration, 
onsidering a time-varying s
enario with 3 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 3

• Interferen
e Dire
tion Of Arrival: θi
1
= 93◦, φi

1
= 166◦

• Interferen
e Dire
tion Of Arrival: θi2 = 114◦, φi
2 = 47◦

• Interferen
e Dire
tion Of Arrival: θi3 = 55◦, φi
3 = 57◦

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: 0.6

• Maximum Thinning Coe�
ient: 0.6
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GA - Multiple Interferen
es: θi
1
= 93◦, φi

1
= 166◦; θi

2
= 114◦, φi

2
= 47◦; θi

3
= 55◦, φi

3
= 57◦
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TEST CASE - N = 37 -Configuration = 3rings -η ∈ [0.6, 0.6] - NI = 4

Goal

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

uration, 
onsidering a time-varying s
enario with 4 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 4

• Interferen
e Dire
tion Of Arrival: θi
1
= 105◦, φi

1
= 9◦

• Interferen
e Dire
tion Of Arrival: θi2 = 106◦, φi
2 = 20◦

• Interferen
e Dire
tion Of Arrival: θi3 = 134◦, φi
3 = 85◦

• Interferen
e Dire
tion Of Arrival: θi4 = 130◦, φi
4 = 104◦

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: 0.6

• Maximum Thinning Coe�
ient: 0.6
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GA - Multiple Interferen
es: θi
1
= 105◦, φi

1
= 9◦; θi

2
= 106◦, φi

2
= 20◦; θi

3
= 134◦, φi

3
= 85◦; θi

4
=

130◦, φi
4
= 104◦
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TEST CASE - N = 37 -Configuration = 3rings -η ∈ [0.6, 0.6] - NI = 5

Goal

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

uration, 
onsidering a time-varying s
enario with 5 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 5

• Interferen
e Dire
tion Of Arrival: θi
1
= 20◦, φi

1
= 175◦

• Interferen
e Dire
tion Of Arrival: θi2 = 133◦, φi
2 = 4◦

• Interferen
e Dire
tion Of Arrival: θi3 = 131◦, φi
3 = 90◦

• Interferen
e Dire
tion Of Arrival: θi4 = 86◦, φi
4 = 61◦

• Interferen
e Dire
tion Of Arrival: θi5 = 129◦, φi
5 = 128◦

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: 0.6

• Maximum Thinning Coe�
ient: 0.6
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GA - Multiple Interferen
es: θi
1
= 20◦, φi

1
= 175◦; θi

2
= 133◦, φi

2
= 4◦; θi

3
= 131◦, φi

3
= 90◦; θi

4
=

86◦, φi
4
= 61◦; θi

5
= 129◦, φi

5
= 128◦
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Fig.1 - Thinning Con�guration

Fig.2 - Pattern Fig.3 - Pattern proje
tion
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Number of A
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TEST CASE - N = 91 -Configuration = 5rings -η ∈ [0.6, 0.6] - NI = 2

Goal

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

uration, 
onsidering a time-varying s
enario with 2 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 2

• Interferen
e Dire
tion Of Arrival: θi
1
= 46◦, φi

1
= 147◦

• Interferen
e Dire
tion Of Arrival: θi2 = 10◦, φi
2 = 178◦

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: 0.6

• Maximum Thinning Coe�
ient: 0.6
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GA - Multiple Interferen
es: θi
1
= 46◦, φi

1
= 147◦; θi

2
= 10◦, φi

2
= 178◦
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Number of A
tive Elements: 54
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TEST CASE - N = 91 -Configuration = 5rings -η ∈ [0.6, 0.6] - NI = 3

Goal

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

uration, 
onsidering a time-varying s
enario with 3 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 3

• Interferen
e Dire
tion Of Arrival: θi
1
= 96◦, φi

1
= 166◦

• Interferen
e Dire
tion Of Arrival: θi2 = 40◦, φi
2 = 170◦

• Interferen
e Dire
tion Of Arrival: θi3 = 117◦, φi
3 = 132◦

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: 0.6

• Maximum Thinning Coe�
ient: 0.6
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GA - Multiple Interferen
es: θi
1
= 96◦, φi

1
= 166◦; θi

2
= 40◦, φi

2
= 170◦; θi

3
= 117◦, φi

3
= 132◦
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TEST CASE - N = 91 -Configuration = 5rings -η ∈ [0.6, 0.6] - NI = 4

Goal

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

uration, 
onsidering a time-varying s
enario with 4 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 4

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

1
= 144◦

• Interferen
e Dire
tion Of Arrival: θi2 = 166◦, φi
2 = 165◦

• Interferen
e Dire
tion Of Arrival: θi3 = 60◦, φi
3 = 55◦

• Interferen
e Dire
tion Of Arrival: θi4 = 92◦, φi
4 = 161◦

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: 0.6

• Maximum Thinning Coe�
ient: 0.6
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GA - Multiple Interferen
es: θi
1
= 33◦, φi

1
= 144◦; θi

2
= 166◦, φi

2
= 165◦; θi

3
= 60◦, φi

3
= 55◦; θi

4
=

92◦, φi
4
= 161◦
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Number of A
tive Elements: 54
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TEST CASE - N = 91 -Configuration = 5rings -η ∈ [0.6, 0.6] - NI = 5

Goal

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

uration, 
onsidering a time-varying s
enario with 5 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 5

• Interferen
e Dire
tion Of Arrival: θi
1
= 105◦, φi

1
= 137◦

• Interferen
e Dire
tion Of Arrival: θi2 = 72◦, φi
2 = 90◦

• Interferen
e Dire
tion Of Arrival: θi3 = 85◦, φi
3 = 40◦

• Interferen
e Dire
tion Of Arrival: θi4 = 150◦, φi
4 = 66◦

• Interferen
e Dire
tion Of Arrival: θi5 = 118◦, φi
5 = 7◦

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: 0.6

• Maximum Thinning Coe�
ient: 0.6
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GA - Multiple Interferen
es: θi
1
= 105◦, φi

1
= 137◦; θi

2
= 72◦, φi

2
= 90◦; θi

3
= 85◦, φi

3
= 40◦; θi

4
=

150◦, φi
4
= 66◦; θi

5
= 118◦, φi

5
= 7◦
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Fig.1 - Thinning Con�guration

Fig.2 - Pattern Fig.3 - Pattern proje
tion
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SINR[dB℄: 6.07

Null Depths[dB℄: [−54.75,−43.87,−38.7,−42.22,−51.05]

Number of A
tive Elements:54
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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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Fig.2 - Pattern Fig.3 - Pattern proje
tion
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SINR[dB℄: 50.07

Null Depths[dB℄: −106.93

Number of A
tive Elements: 102

28



TEST CASE - N = 172 -Configuration = 7rings -η ∈ [0.59, 0.61] - NI = 2

Goal

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

uration, 
onsidering a time-varying s
enario with 2 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 2

• Interferen
e Dire
tion Of Arrival: θi
1
= 93◦, φi

1
= 73◦

• Interferen
e Dire
tion Of Arrival: θi2 = 45◦, φi
2 = 115◦

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: 0.59

• Maximum Thinning Coe�
ient: 0.61
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GA - Multiple Interferen
es: θi
1
= 93◦, φi

1
= 73◦; θi

2
= 45◦, φi

2
= 115◦
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Fig.1 - Thinning Con�guration

Fig.2 - Pattern Fig.3 - Pattern proje
tion

30



-75

-70

-65

-60

-55

-50

-45

-40

-35

-30

 0  50  100  150  200

N
u
ll

 D
ep

th
  
[d

B
]

Generation Index, k

θ=93
o
, φ=73

o

θ=45
o
, φ=115

o

 0.55

 0.6

 0.65

 0.7

 0.75

 0.8

 0.85

 0.9

 0.95

 1

 0  50  100  150  200
 0

 5

 10

 15

 20

 25

 30

 35

F
it

en
ss

, 
f(k

)

S
IN

R
, 

ψ
(k

)  [
d
B

]

Generation Index, k

Fitness
SINR

Fig.4 - Nulls Depth 1 Fig.5 - Fitness SINR

SINR[dB℄: 31.04

Null Depths[dB℄: [−71.83,−61.48]

Number of A
tive Elements: 101
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TEST CASE - N = 172 -Configuration = 7rings -η ∈ [0.59, 0.61] - NI = 3

Goal

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

uration, 
onsidering a time-varying s
enario with 3 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 3

• Interferen
e Dire
tion Of Arrival: θi
1
= 98◦, φi

1
= 64◦

• Interferen
e Dire
tion Of Arrival: θi2 = 10◦, φi
2 = 154◦

• Interferen
e Dire
tion Of Arrival: θi3 = 153◦, φi
3 = 156◦

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: 0.59

• Maximum Thinning Coe�
ient: 0.61
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GA - Multiple Interferen
es: θi
1
= 98◦, φi

1
= 64◦; θi

2
= 10◦, φi

2
= 154◦; θi

3
= 153◦, φi

3
= 156◦
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Fig.1 - Thinning Con�guration

Fig.2 - Pattern Fig.3 - Pattern proje
tion
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SINR[dB℄: 19.37

Null Depths[dB℄: [−55.93,−65.25,−50.61]

Number of A
tive Elements: 102
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TEST CASE - N = 172 -Configuration = 7rings -η ∈ [0.59, 0.61] - NI = 4

Goal

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

uration, 
onsidering a time-varying s
enario with 4 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 4

• Interferen
e Dire
tion Of Arrival: θi
1
= 88◦, φi

1
= 65◦

• Interferen
e Dire
tion Of Arrival: θi2 = 115◦, φi
2 = 143◦

• Interferen
e Dire
tion Of Arrival: θi3 = 52◦, φi
3 = 16◦

• Interferen
e Dire
tion Of Arrival: θi4 = 165◦, φi
4 = 90◦

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: 0.59

• Maximum Thinning Coe�
ient: 0.61
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GA - Multiple Interferen
es: θi
1
= 88◦, φi

1
= 65◦; θi

2
= 115◦, φi

2
= 143◦; θi

3
= 52◦, φi

3
= 16◦; θi

4
=

165◦, φi
4
= 90◦
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Fig.1 - Thinning Con�guration

Fig.2 - Pattern Fig.3 - Pattern proje
tion
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Fig.4 - Nulls Depth 1 Fig.5 - Fitness SINR

SINR[dB℄: 10.78

Null Depths[dB℄: [−52.50,−54.38,−43.75,−44.93]

Number of A
tive Elements: 101
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TEST CASE - N = 172 -Configuration = 7rings -η ∈ [0.59, 0.61] - NI = 5

Goal

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

uration, 
onsidering a time-varying s
enario with 5 interferen
es and a 
onstraint on the number of elements

ex
ited.

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 = 5

• Interferen
e Dire
tion Of Arrival: θi
1
= 105◦, φi

1
= 137◦

• Interferen
e Dire
tion Of Arrival: θi2 = 72◦, φi
2 = 90◦

• Interferen
e Dire
tion Of Arrival: θi3 = 85◦, φi
3 = 40◦

• Interferen
e Dire
tion Of Arrival: θi4 = 150◦, φi
4 = 66◦

• Interferen
e Dire
tion Of Arrival: θi5 = 118◦, φi
5 = 7◦

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: 0.59

• Maximum Thinning Coe�
ient: 0.61
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GA - Multiple Interferen
es: θi
1
= 105◦, φi

1
= 137◦; θi

2
= 72◦, φi

2
= 90◦; θi

3
= 85◦, φi

3
= 40◦; θi

4
=

150◦, φi
4
= 66◦; θi

5
= 118◦, φi

5
= 7◦
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Fig.1 - Thinning Con�guration

Fig.2 - Pattern Fig.3 - Pattern proje
tion
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Fig.4 - Nulls Depth 1 Fig.5 - Fitness SINR

SINR[dB℄: 6.17

Null Depths[dB℄: [−40.22,−42.36,−56.60,−40.71,−58.15]

Number of A
tive Elements:104
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