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Abstract

An innovative adaptive nulling strategy based on reconfigurable thinned arrays is
studied in this report. A customized version of the genetic algorithms exploiting
ad-hoc operators devoted to keep constant the number of elements
instantaneously active is applied to optimize the on/off status of the switches to
maximize the signal-to-interference-plus-noise ratio at the antenna output. The
performances of the technique have been analyzed varying the number of array
elements and the number of interferences within a static scenario.



TEST CASE 5 - 32 Elements - Fixed Scenario, Single Interference -
n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 6 - 32 Elements - Fixed Scenario, Single Interference -
n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 7 - 32 Elements - Fixed Scenario, Single Interference -
n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 8 - 32 Elements - Fixed Scenario, Double Interference -
n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 9 - 32 Elements - Fixed Scenario, Double Interference -
n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 10 - 32 Elements - Fixed Scenario, Double Interference -
n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 11 - 32 Elements - Fixed Scenario, Triple Interference -
n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a triple interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 12 - 32 Elements - Fixed Scenario, Triple Interference -
n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a triple interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 13 - 32 Elements - Fixed Scenario, Triple Interference -
n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a triple interference.

Test Case Description

Number of Elements N = 32

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =32 (o, n=1,...,N)
e Population: 16
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 14 - 64 Elements - Fixed Scenario, Single Interference -
n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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GA - 64 Elements - Single Interference: i = 90°, ¢! = 42°
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TEST CASE 15 - 64 Elements - Fixed Scenario, Single Interference -
n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20

32



GA - 64 Elements - Single Interference: 0} =

Null Depth [dB]

-100

90°, i = 42°

0000000000000000000000000000000000000000000000000000000000000000

Normalized Power Pattern [dB]

-20

-30

40

-50

Fig.85 - Thinning Configuration

GA ——
0 15 30 45 60 75 90 105 120 135 150 165 180
¢ [deg]
Fig.86 - Pattern
Fitness SINR ——

T T
o

§=42° ——

Fitness, £

T 50

1 10

Generation Index, k

Fig.87 - Nulls Depth

100 200 1

L 5
10 100 200

Generation Index, k

Fig.88 - Fitness - SINR

33

SINR, y® [dB]



-20

-30

-50

-60

-70

Null Depth, F¥(¢9,) [dB]

-80

-90

-100

40 F

EFP @1+ 0

EFY ¢ —
EFY¢)1 -0
FR (o)

10 100 200

Generation Index, k

Fig.89 - NullsDepth 6 = 90°, ¢} = 42° Statistics

SINR, y* [dB]

50

40

Ep®]+ 0 ——
™) ——

10 100 200

Generation Index, k

Fig.90 - SINR Statistics

‘ ‘ AF (0, ¢1) ‘ Nr. Active Elements ‘ SINR[dB] ‘

lca| —9659 |

| 4620 |

Tab.16 - GA Simulation Results Analysis

34



TEST CASE 16 - 64 Elements - Fixed Scenario, Single Interference -
n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 17 - 64 Elements - Fixed Scenario, Double Interference -
n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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GA - 64 Elements - Double Interference: 0% = 90°, ¢! = 42°, 05 = 90°, ¢% = 113°
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TEST CASE 18 - 64 Elements - Fixed Scenario, Double Interference -
n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20
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GA - 64 Elements - Double Interference: 0% = 90°, ¢! = 42°, 05 = 90°, ¢% = 113°
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Tab.19 - GA Simulation Results Analysis
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TEST CASE 19 - 64 Elements - Fixed Scenario, Double Interference -
n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20
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GA - 64 Elements - Double Interference: 0% = 90°, ¢! = 42°, 05 = 90°, ¢% = 113°
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TEST CASE 20 - 64 Elements - Fixed Scenario, Triple Interference -
n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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GA - 64 Elements - Triple Interference: 0 = 90°, ¢! = 42°, 05 = 90°, ¢ = 113°, 04 = 90°, ¢} = 164°
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Tab.21 - GA Simulation Results Analysis
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TEST CASE 21 - 64 Elements - Fixed Scenario, Triple Interference -
n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20
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GA - 64 Elements - Triple Interference: 0 = 90°, ¢! = 42°, 05 = 90°, ¢ = 113°, 04 = 90°, ¢} = 164°
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TEST CASE 22 - 64 Elements - Fixed Scenario, Triple Interference -
n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a triple interference.

Test Case Description

Number of Elements N = 64

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =64 (o, n=1,...,N)
e Population: 32
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20
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GA - 64 Elements - Triple Interference: 0 = 90°, ¢{ = 42°, 05 = 90°, ¢} = 113°, 0
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TEST CASE 23 - 128 Elements - Fixed Scenario, Single Interference -
n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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GA - 128 Elements - Single Interference: 0% = 90°, ¢! = 42°
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TEST CASE 23 - 128 Elements - Fixed Scenario, Single Interference -
n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20
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TEST CASE 10 - 128 Elements - Fixed Scenario, Single Interference -
n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a single interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N7 =1

e Interference Direction Of Arrival: 0% = 90°, ¢} = 42°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20
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GA - 128 Elements - Single Interference: 0% = 90°, ¢! = 42°
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TEST CASE 23 - 128 Elements - Fixed Scenario, Double Interference
- n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N! =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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GA - 128 Elements - Double Interference: i = 90°, ¢¢ = 42°, 05 = 90°, ¢, = 113°
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‘ ‘ AF (0, ¢%) ‘ AF (0%, ¢b) ‘ Nr. Active Elements ‘ SINR[dB] ‘
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Tab.27 - GA Simulation Results Analysis
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TEST CASE 23 - 128 Elements - Fixed Scenario, Double Interference
- n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N! =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20
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GA - 128 Elements - Double Interference: i = 90°, ¢¢ = 42°, 05 = 90°, ¢, = 113°
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‘ ‘ AF (0, ¢%) ‘ AF (0%, ¢b) ‘ Nr. Active Elements ‘ SINR[dB] ‘
|cA| 5645 | —55.82 | 83 | 2310 |

Tab.28 - GA Simulation Results Analysis
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TEST CASE 10 - 128 Elements - Fixed Scenario, Double Interference
- n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a double interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N! =2

e Interference Direction Of Arrival: 7 = 90°, ¢} = 42°, 05 = 90°, ¢ = 113°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20
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GA - 128 Elements - Double Interference:
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‘ ‘ AF (0, ¢%) ‘ AF (0%, ¢b) ‘ Nr. Active Elements ‘ SINR[dB] ‘
lca| 6187 | 6442 | 76 | 2084 |

Tab.29 - GA Simulation Results Analysis
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TEST CASE 23 - 128 Elements - Fixed Scenario, Triple Interference -
n € [0.00 — 1.00]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a triple interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.00
e Maximum Thinning Coefficient: 7,4, = 1.00

e Number of Repetitions for Statistical Analysis: 20
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GA - 128 Elements - Triple Interference: 0} = 90°, ¢1 = 42°, 05 = 90°, ¢}, = 113°, 6 = 90°, ¢ = 164°
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TEST CASE 23 - 128 Elements - Fixed Scenario, Triple Interference -
n € [0.50 — 0.70]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a triple interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.50
e Maximum Thinning Coefficient: 7,4, = 0.70

e Number of Repetitions for Statistical Analysis: 20
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GA - 128 Elements - Triple Interference: 0} = 90°, ¢1 = 42°, 05 = 90°, ¢}, = 113°, 6 = 90°, ¢ = 164°
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TEST CASE 10 - 128 Elements - Fixed Scenario, Triple Interference -
n € [0.60 — 0.60]

Goal

Maximization of the SINR using genetic algorithms (GA) to determine the optimal thinned array configuration,

considering a static scenario with a triple interference.

Test Case Description

Number of Elements N = 128

e Elements Spacing: d = 0.5\

e Max Gain Pattern Direction : 8% = 90°, ¢¢ = 90°
e Desired Signal Power: 0dB

e Interference Power: 30 dB

e Noise Power: —30dB

e Number of Interferences: N' =3

e Interference Direction Of Arrival: 0 = 90°, ¢} = 42°, 05 = 90°, ¢4 = 113°, 64 = 90°, ¢} = 164°

Optimization Approach: GA
e Number of Variables: X =128 (ay,, n =1,...,N)
e Population: 64
e Crossover Probability: 0.9
e Mutation Probability: 0.01
e Number of Generations: 200
e Minimum Thinning Coefficient: 7,,;, = 0.60
e Maximum Thinning Coefficient: 7,4, = 0.60

e Number of Repetitions for Statistical Analysis: 20

80



GA - 128 Elements - Triple Interference: i =
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| | AF(61, ¢%) | AF(8), ¢) | AF(6}, 6%) | Nr. Active Elements | SINR[dB] |
lca| —6850 | -5580 | 4559 | 76 | 158 |

Tab.32 - GA Simulation Results Analysis
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