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Abstract

An innovative strategy for the robust design of linear antenna arrays is analyzed
in this report. Being the array elements characterised by tolerance errors, the
synthesis is aimed at determining the intervals of values fitting the user-defined
mask constraints on the radiated power pattern. With reference to the upper
and lower bounds of the power pattern analytically determined for given
tolerances through interval analysis, the nominal excitations of the array
elements are then optimised by means of a global stochastic optimiser suitably
customised to deal with interval numbers.



1 Pencil Beam Patterns

In the following test cases the robustness of a PSO based synthesis is investigated. The SLL and the LM-Height
are fixed. Every time the number of elements is raised, UMBW is reduced. The LMBW is chosen as half of the
UMBW value.
Fixed Parameters:

e SLL = —-20dB

e LM-Height = —5 dB

o LMBW = UMBW

Simulations:

1. N =10, UMBW= 0.46 u, LMBW = 0.23 u

e da, =1%
e da, =5%
e da, =10%

2. N =20, UMBW = 0.38 u, LMBW= 0.19 u

e da, = 1%
e da, =5%
e da, =10%

3. N =40, UMBW = 0.25 u, LMBW= 0.125 u

e da, =1%
e da, = 5%
e da, =10%

4. N =100, UMBW = 0.11 u, LMBW= 0.055 u

e da, = 1%
e da, =5%
e da, =10%



1.1 Test Case #2 - Pencil Beam - N = 10 - da,, = 5%

Array Geometry:

e Number of Elements: N = 10

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 5%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.46 u
e LMBW: 0.23 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.46u, LMBW=0.23u
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Figure 6.2.1. Power Synthesis Mask



1.1.1 PSO Parameters:

e Unknown Number: 10
e Swarm Dimension: 20
e Random Seed: 1

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 200
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.2.1.1. Max and Min excitations amplitudes values, for the PSO



1.1.2 Excitations:

Amplitudes, Pencil Beam, N=10, d=A/2, 6a,=5%
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Figure 6.2.2.1. Optimal particle’s excitations amplitudes

1.1.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (??). Remember

that:

¢ = ¢inf + ¢sup
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Figure 6.2.3.1. Fitness

Performed Iterations | Final Fitness Value | Simulation time
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1.1.4 Synthesized Interval Pattern:

Pencil Beam, N=10, da,=5%, UMBW=0.46u, LMBW=0.23u

ol IAF(U)ljn |
IAF(U)lg,,° ——
Lower Mask
% 10 ¢ Upper Mask i
[}
=
g 30} 1
S
Z
40 i
-50 1 1 1
-1 -0.5 0 0.5 1
Figure 6.1.5. Optimal Interval Pattern
Parameter | [Dyaz] [dB] | [SLL] [dB] | [HPBW] [u] | [[AF (tmaz)|?] [dB] A
Nominal 9.6 -23.7 0.208 -0.42 0.055627
Inf. 8.7 -28.2 0.208 -0.87 /
Sup. 10.5 -19.8 0.24 0.0 /

Table 6.1.5. Interval Pattern Parameters




1.2 Test Case #3 - Pencil Beam - N = 10 - da,, = 10%

Array Geometry:

e Number of Elements: N = 10

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 10%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.46 u
e LMBW: 0.23 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.46u, LMBW=0.23u
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Figure 6.3.1. Power Synthesis Mask



1.2.1 PSO Parameters:

e Unknown Number: 10
e Swarm Dimension: 20
e Random Seed: 11

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 500
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.3.1.1. Max and Min excitations amplitudes values, for the PSO



1.2.2 Excitations:

1.2.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7).

that:
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1.2.4 Synthesized Interval Pattern:

Pencil Beam, N=10, da,,=10%, UMBW=0.46u, LMBW=0.23u
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Figure 6.3.4.1. Optimal Interval Pattern
Parameter | [Duas] [dB] | [SLL] [dB] | [HPBW] [u] | [|AF (umes)?] [dB] | A
Nominal 9.5 24.5 0.216 -0.83 0.10417
Inf. 7.7 —00 0.216 -1.74 /
Sup. 11.2 -16.11 0.28 0.0 /

Table 6.3.4.1. Interval Pattern Parameters
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1.3 Test Case #4 - Pencil Beam - N = 20 - da,, = 1%

Array Geometry:

e Number of Elements: N = 20

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 1%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.38 u
e LMBW: 0.19 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.38u, LMBW=0.19u
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Figure 6.4.1. Power Synthesis Mask
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1.3.1 PSO Parameters:

e Unknown Number: 20
e Swarm Dimension: 20
e Random Seed: 45

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 200
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.4.1.1. Max and Min excitations amplitudes values, for the PSO
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1.3.2 Excitations:

1.3.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7).

that:
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1.3.4 Synthesized Interval Pattern:

Pencil Beam, N=20, da,=1%, UMBW=0.38u, LMBW=0.19u
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Figure 6.4.4.1. Optimal Interval Pattern
Parameter | [Dyaz] [dB] | [SLL] [dB] | [HPBW] [u] | [|[AF (umes)?] [dB] | A
Nominal 10.91 -20.9 0.152 0.08 0.01035
Inf. 10.74 -21.7 0.152 -0.17 /
Sup. 11.08 -20 0.16 0.0 /

Table 6.4.4.1. Interval Pattern Parameters
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1.4 Test Case #5 - Pencil Beam - N = 20 - da,, = 5%

Array Geometry:

e Number of Elements: N = 20

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 5%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.38 u
e LMBW: 0.19 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.38u, LMBW=0.19u
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Figure 6.5.1. Power Synthesis Mask
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1.4.1 PSO Parameters:

e Unknown Number: 20
e Swarm Dimension: 20
e Random Seed: 82

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 200
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.5.1.1. Max and Min excitations amplitudes values, for the PSO
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1.4.2 Excitations:

Amplitudes, Pencil Beam, N=20, d=A/2, 6a,=5%
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Figure 6.5.2.1. Optimal particle’s excitations amplitudes

1.4.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (??). Remember

that:

¢ = (binf + ¢sup
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1.4.4 Synthesized Interval Pattern:

Pencil Beam, N=20, da,=5%, UMBW=0.38u, LMBW=0.19u
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Figure 6.5.4.1. Optimal Interval Pattern
Parameter | [Duas] [dB] | [SLL] [dB] | [HPBW] [u] | [|AF (umes)?] [dB] | A
Nominal 10.7 -24.8 0.16 -0.42 0.04671
Inf. 9.8 -20 0.16 -0.87 /
Sup. 11.6 -31.7 0.18 0.0 /

Table 6.5.4.1. Interval Pattern Parameters
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1.5 Test Case #6 - Pencil Beam - N = 20 - da,, = 10%

Array Geometry:

e Number of Elements: N = 20

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 10%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.38 u
e LMBW: 0.19 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.38u, LMBW=0.19u
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Figure 6.6.1. Power Synthesis Mask
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1.5.1 PSO Parameters:

e Unknown Number: 20
e Swarm Dimension: 20
e Random Seed: 4

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 200
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.6.1.1. Max and Min excitations amplitudes values, for the PSO
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1.5.2 Excitations:

1.5.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7).

that:

Cost Function
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1.5.4 Synthesized Interval Pattern:

Pencil Beam, N=20, da,,=10%, UMBW=0.38u, LMBW=0.19u
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Figure 6.6.4.1. Optimal Interval Pattern
Parameter | [Dyqz] [dB] | [SLL] [dB] | [HPBW] [u] | [JAF (tmaz)|?] [dB] A
Nominal 10.5 -27.4 0.176 -0.82 0.086339
Inf. 8.7 —00 0.168 -1.7 /
Sup. 12.2 -18.5 0.224 0.0 /

Table 6.6.4.1. Interval Pattern Parameters
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1.6 Test Case #7 - Pencil Beam - N =40 - da,, = 1%

Array Geometry:

e Number of Elements: N = 40

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 1%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.25 u
e LMBW: 0.125 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.25u, LMBW=0.125u
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Figure 6.7.1. Power Synthesis Mask
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1.6.1 PSO Parameters:

e Unknown Number: 40
e Swarm Dimension: 20
e Random Seed: 25

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 200
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.7.1.1. Max and Min excitations amplitudes values, for the PSO
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1.6.2 Excitations:

1.6.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7?).

that:
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1.6.4 Synthesized Interval Pattern:

Pencil Beam, N=40, da,,=1%, UMBW=0.25u, LMBW=0.125u
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Figure 6.7.4.1. Optimal Interval Pattern
Parameter | [Dpas] [dB] | [SLL] [dB] | [HPBW] [u] | [[AF (umas)|?] [dB] A
Nominal 12.8 -21.0 0.096 0.086 0.007516
Inf. 12.6 -21.8 0.096 -0.17 /
Sup. 12.9 -20.3 0.104 0.0 /

Table 6.7.4.1. Interval Pattern Parameters
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1.7 Test Case #8 - Pencil Beam - N =40 - da,, = 5%

Array Geometry:

e Number of Elements: N = 40

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 5%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.25
e LMBW: 0.125
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.25u, LMBW=0.125u
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1.7.1 PSO Parameters:

e Unknown Number: 40
e Swarm Dimension: 20
e Random Seed: 3

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 200
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.8.1.1. Max and Min excitations amplitudes values, for the PSO
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1.7.2 Excitations:

1.7.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7).

that:

Cost Function
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1.7.4 Synthesized Interval Pattern:

Pencil Beam, N=40, a,,=5%, UMBW=0.25u, LMBW=0.125u
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Figure 6.8.4.1. Optimal Interval Pattern
Parameter | [Dyaz] [dB] | [SLL] [dB] | [HPBW] [u] | [JAF (tmaz)|?] [dB] A
Nominal 12.5 -24.9 0.104 -0.42 0.0351406

Inf. 11.7 -31.4 0.104 -0.87 /
Sup. 13.4 -20.1 0.12 0.0 /

Table 6.8.4.1. Interval Pattern Parameters
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1.8 Test Case #9 - Pencil Beam - N = 40 - da,, = 10%

Array Geometry:

e Number of Elements: N = 40

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 10%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.25 u
e LMBW: 0.125 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.25u, LMBW=0.125u
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Figure 6.9.1. Power Synthesis Mask
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1.8.1 PSO Parameters:

e Unknown Number: 40
e Swarm Dimension: 20
e Random Seed: 8

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 500
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.9.1.1. Max and Min excitations amplitudes values, for the PSO
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1.8.2 Excitations:

1.8.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7?).

that:
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1.8.4 Synthesized Interval Pattern:

Pencil Beam, N=40, da,=10%, UMBW=0.25u, LMBW=0.125u
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Figure 6.9.4.1. Optimal Interval Pattern
Parameter | [Dpas] [dB] | [SLL] [dB] | [HPBW] [u] | [[AF (umas)|?] [dB] A
Nominal 15.6 -24.5 0.056 -0.82 0.039751
Inf. 13.8 —00 0.056 -1.7 /
Sup. 17.3 -15.5 0.072 0.0 /

Table 6.9.4.1. Interval Pattern Parameters
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1.9 Test Case #9 - Pencil Beam - N = 100 - da, = 1%

Array Geometry:

e Number of Elements: N = 100

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 1%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.11 u
e LMBW: 0.055 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.11u, LMBW=0.055u
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Figure 6.10.1. Power Synthesis Mask
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1.9.1 PSO Parameters:

e Unknown Number: 100
e Swarm Dimension: 20
e Random Seed: 1

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 200
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.10.1.1. Max and Min excitations amplitudes values, for the PSO
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1.9.2 Excitations:

1.9.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7).

that:
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1.9.4 Synthesized Interval Pattern:

Pencil Beam, N=100, 6a,=1%, UMBW=0.11u, LMBW=0.055u
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Figure 6.10.4.1. Optimal Interval Pattern
Parameter | [Dyqz] [dB] | [SLL] [dB] | [HPBW] [u] | [JAF (tmaz)|?] [dB] A
Nominal 16.4 -21.5 0.04 0.086 0.004777
Inf. 16.3 -22.4 0.04 -0.17 /
Sup. 16.6 -20.6 0.04 0.0 /

Table 6.10.4.1. Interval Pattern Parameters
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1.10 Test Case #9 - Pencil Beam - N = 100 - da,, = 5%

Array Geometry:

e Number of Elements: N = 100

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 5%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.11 u
e LMBW: 0.055 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.11u, LMBW=0.055u
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-1 -0.5 0 0.5

Figure 6.11.1. Power Synthesis Mask
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1.10.1 PSO Parameters:

e Unknown Number: 100
e Swarm Dimension: 20
e Random Seed: 62

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 500
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.11.1.1. Max and Min excitations amplitudes values, for the PSO
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1.10.2 Excitations:

1.10.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7).
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1.10.4 Synthesized Interval Pattern:

Pencil Beam, N=100, 6a,=5%, UMBW=0.11u, LMBW=0.055u
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Figure 6.11.4.1. Optimal Interval Pattern
Parameter | [Dyqz] [dB] | [SLL] [dB] | [HPBW] [u] | [JAF (tmaz)|?] [dB] A
Nominal 16.2 -24.9 0.048 -0.42 0.021466
Inf. 15.3 -31.2 0.048 -0.87 /
Sup. 17 -19.1 0.056 0.0 /

Table 6.11.4.1. Interval Pattern Parameters
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1.11 Test Case #9 - Pencil Beam - N = 100 - da,, = 10%

Array Geometry:

e Number of Elements: N = 100

e Element Spacing: d = %

Test Case Parameters:
e Sample Points: 501
e Amplitude Error: 10%

e Phase Error: ¢, = 0.0 rad

Power Mask:
e UMBW: 0.11 u
e LMBW: 0.055 u
e SLL: —20 dB

e LM-Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.11u, LMBW=0.055u
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Figure 6.12.1. Power Synthesis Mask
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1.11.1 PSO Parameters:

e Unknown Number: 100
e Swarm Dimension: 20
e Random Seed: 1

o Fitness Tolerance: 1 x 107190
e Max Iterations Number: 500
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 6.12.1.1. Max and Min excitations amplitudes values, for the PSO

44



1.11.2 Excitations:

1.11.3 Fitness:

The following figure shows the variation of the weighted fitness, along with its components (?7).

that:
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1.11.4 Synthesized Interval Pattern:

Pencil Beam, N=100, da,=10%, UMBW=0.11u, LMBW=0.055u

ol IAF(U)ljn |
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Figure 6.12.4.1. Optimal Interval Pattern
Parameter | [Dpas] [dB] | [SLL] [dB] | [HPBW] [u] | [[AF (umas)|?] [dB] A
Nominal 16.1 -28.1 0.048 -0.83 0.037215
Inf. 14.3 —00 0.048 -1.74 /
Sup. 17.8 -18.5 0.064 0.0 /

Table 6.11.4.1. Interval Pattern Parameters
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2  Summary of the results

In this section the results obtained in the previous test cases are compared.

e Pattern Tolerance (A) for N = 10, 20, 40, 100

Each test case is here considered with da,, = 1%, 5%, 10%

Sum Beam, SLL=-20 dB

A, 5a,=1%
011 } A, 53,=5% .
o1 | A, 52,=10%

0.09 r R
0.08 R
0.07 1
< 0.06 1
0.05 ]
0.04 R
0.03 R
0.02 1
0.01 1

10 20 40 100
N

Figure 7.1. A vs N for each group of test cases

N=10 | N=20 | N=40 | N =100

da, =1% | 0.01186 | 0.01035 | 0.00752 | 0.00477

da, =5% | 0.05563 | 0.04671 | 0.03514 | 0.02211

da, = 10% | 0.10417 | 0.08634 | 0.03975 | 0.03721

Table 7.1. A values plotted in Fig.7.1

Note: In Fig. 7.1 we can see how the A parameter decreases, increasing the elements number. This is due to

the fact that the main contribution is given by the area between the two bounds in the main lobe u zone.

47



e Final Fitness value (®) for N = 10, 20, 40, 100

1. Each test case is here considered with da,, = 1%, 5%, 10%

Sum Beam, SLL=-20 dB

0.005 ®©, 08,=1%
®, da,=5%
®, da,=10%
0.004 | .
0.003 | .
=
0.002 | i
0.001 | .
0r i
10 20 40 100
N
Figure 7.2. ® vs N for each group of test cases
N =10 N =20 N =40 N =100
dan, = 1% 0.0 0.0 0.0 0.0
dan =5% | 79x107% | 1.8 x 10718 | 1.6 x 10718 | 3.1 x 108
San =10% | 4.7x107% | 21 x1073% | 1.8 x 1073 | 49 x 10~*

Table 7.2. ® values plotted in Fig.7.2

Note: In Fig. 7.2 the simulations final fitness value is plotted. While in cases da,, = 1% and da,, = 5% the
mask constraints are almost satified, with da,, = 10% are not. Moreover increasing N, the PSO is more

able to find a suitable solution.
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3 PSO Synthesis

3.1 Test Case #1 - Sum Beam -da,, = 1%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 1%.

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 1%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.1.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 1

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints

e Upper Mask Main Beam Width: 0.347 u (20°)

e Lower Mask Main Beam Width: 0.174 u (10°)
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e Side Lobe Level: —20 dB

o Lower Mask Height: —5 dB

SLL=-20dB, LM-Height=-5dB, UMBW=0.347u, LMBW=0.174u

ot Lower Mask
Upper Mask
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o
S -20
o
>
S
_30 -
40
-50 ' ! !
-1 -0.5 0 0.5
Figure 8.1.1: Power Synthesis Mask
Optimal Particle:
Amplitudes, Pencil Beam, N=20, d=A/2, da,=1%
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1.2 i
E': 1r i
S 08} ]
2
g o06Ff |
<
S 04r i
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(0]
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0r i
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Element Location, x/A

Figure 8.1.2: Optimal particle Amplitudes
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Fitness:

e Performed Iterations: 23

e Fitness Finale : 0.0

10 :
(D —
107! \
S 10?2
I3
=)
=
s
g 10°
10
10”°
0 10 20 30 40 50
k
Figure 8.1.3: Fitness
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Pencil Beam, N=20, da,=1%, UMBW=0.347u, LMBW=0.174u
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Figure 8.1.2: Optimal Interval Pattern
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Parameter inf sup | nominal
[Dimaz] [dB] 11.17 | 11.52 | 11.34
[SLL] [dB] -24 -22.1 -23
[HPBW] [deg] 7.79° | 8.25° 8.25°
[|E(tmaz)|?] [dB] | -0.087 | 0.086 0
Pattern Matching // // 0.0091

Table 8.1.2: Interval Pattern Parameters
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3.2 Test Case #2 - Pencil Beam - da, = 5%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 5% and the mask is the same of the previous test case (Test Case #1).

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 5%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.2.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 1

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints
e Upper Mask Main Beam Width: 0.347 u (20°)
e Lower Mask Main Beam Width: 0.174 u (10°)
e Side Lobe Level: —20 dB

e Lower Mask Height: —5 dB

93



Value [dB]

Optimal Particle:

Element Amplitude, [a,]

SLL=-20dB, LM-Height=-5dB, UMBW=0.347u, LMBW=0.174u

ol Lower Mask |
Upper Mask
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Figure 8.2.1: Power Synthesis Mask
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Figure 8.2.2: Optimal particle Amplitudes
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Fitness:

e Performed Iterations: 100

e Fitness Finale : 2.3 x 1018
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Figure 8.2.3: Fitness

Interval Pattern:

Pencil Beam, N=20, da,,=5%, UMBW=0.347u, LMBW=0.174u
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Figure 8.2.2: Optimal Interval Pattern
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Parameter inf sup nominal
[Dimaz] [dB] 10.39 | 12.12 11.26
[SLL] [dB] -32.5 | -19.57 -25
[HPBW] [deg] 8.25° | 9.63° 8.25°
[|E(tmaz)|?] [dB] | -0.44 | 0.42 0
Pattern Matching | // // 0.046

Table 8.2.2: Interval Pattern Parameters
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3.3 Test Case #3 - Pencil Beam - da, = 10%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 10% and the mask is the same of the previous tests cases (Test Cases #1 and #2).

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 10%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.3.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 1

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints
e Upper Mask Main Beam Width: 0.347 u (20°)
e Lower Mask Main Beam Width: 0.174 u (10°)
e Side Lobe Level: —20 dB

e Lower Mask Height: —5 dB
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Value [dB]

Optimal Particle:

Element Amplitude, [a,]

SLL=-20dB, LM-Height=-5dB, UMBW=0.347u, LMBW=0.174u
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Figure 8.3.2: Optimal particle Amplitudes
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Fitness:

e Performed Iterations: 100

e Fitness Finale : 2.1 x 1073
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Figure 8.3.3: Fitness
Interval Pattern:
Pencil Beam, N=20, d6a,=10%, UMBW=0.347u, LMBW=0.174u
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Figure 8.3.2: Optimal Interval Pattern
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Parameter inf sup nominal
[Dimaz] [dB] 9.39 | 12.87 | 11.13
[SLL] [dB] —oco | -16.7 -29
[HPBW] [deg] | 8.71° | 11° 8.71°
[|E(tmaz)|?] [dB] | -0.915 | 0.827 0
Pattern Matching // // 0.091

Table 8.3.2: Interval Pattern Parameters
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3.4 Test Case #4 - Pencil Beam - da, = 1%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 1%. Now the lower mask is 2° larger.

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 1%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.4.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 2

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints
e Upper Mask Main Beam Width: 0.347 u (20°)
e Lower Mask Main Beam Width: 0.209 u (12°)
e Side Lobe Level: —20 dB

e Lower Mask Height: —5 dB

61



Value [dB]

Optimal Particle:

Element Amplitude, [a,]

SLL=-20dB, LM-Height=-5dB, UMBW=0.347u, LMBW=0.209u
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Figure 8.4.1: Power Synthesis Mask
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Figure 8.4.2: Optimal particle Amplitudes
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Fitness:

e Performed Iterations: 100

e Fitness Finale : 7.4 x 107°
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Figure 8.4.3: Fitness
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Figure 8.4.2: Optimal Interval Pattern
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Parameter inf sup nominal

[Dimaz] [dB] 10.3 | 10.7 10.5
[SLL] |dB] 214 | -19.6 -20
[HPBW] |deg] 9.6° | 10.09° | 9.6°
[|E(tmaz)|?] [dB] | -0.087 | 0.086 0
Pattern Matching // // 0.011

Table 8.4.2: Interval Pattern Parameters
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3.5 Test Case #5 - Pencil Beam -da, = 5%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 5%. The mask is the same of the previous test case (Test case #4).

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 5%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.5.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 2

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints
e Upper Mask Main Beam Width: 0.347 u (20°)
e Lower Mask Main Beam Width: 0.209 u (12°)
e Side Lobe Level: —20 dB

e Lower Mask Height: —5 dB
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Value [dB]

Optimal Particle:

Element Amplitude, [a,]

SLL=-20dB, LM-Height=-5dB, UMBW=0.347u, LMBW=0.209u
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Figure 8.5.1: Power Synthesis Mask
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Figure 8.5.2: Optimal particle Amplitudes
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Fitness:

e Performed Iterations: 100

e Fitness Finale : 3.1 x 1073
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Figure 8.5.3: Fitness
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Figure 8.5.2: Optimal Interval Pattern
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Parameter inf sup | nominal
[Dimaz] [dB] 9.65 | 11.39 | 10.52
[SLL] [dB] -28.6 | -18 -23
[HPBW] [deg] | 9.63° | 11° | 10.09°
[|E(tmaz)?] [dB] | -0.44 | 0.42 0
Pattern Matching | // // 0.051

Table 8.5.2: Interval Pattern Parameters
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3.6 Test Case #6 - Pencil Beam -da, = 10%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 10%. The mask is the same of the previous test cases (Test cases #4 and #5).

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 10%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.6.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 2

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints
e Upper Mask Main Beam Width: 0.347 u (20°)
e Lower Mask Main Beam Width: 0.209 u (12°)
e Side Lobe Level:—20 dB

e Lower Mask Height: —5 dB
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Value [dB]

Optimal Particle:

Element Amplitude, [a,]

SLL=-20dB, LM-Height=-5dB, UMBW=0.347u, LMBW=0.209u
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Figure 8.6.1: Power Synthesis Mask
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Figure 8.6.2: Optimal particle Amplitudes
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Fitness:

e Performed Iterations: 100

e Fitness Finale : 2.6 x 102
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Figure 8.6.3: Fitness
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Figure 8.6.2: Optimal Interval Pattern
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Parameter inf sup | nominal
[Dimaz] [dB] 8.8 | 12.3 10.5
[SLL] [dB] -0 | -15.6 -24

[HPBW)] [deg] | 9.63° | 12.4° | 10.09°
[|E(ttmaz)?] [dB] | -0.91 | 0.82 0

0.1022

Pattern Matching // //

Table 8.6.2: Interval Pattern Parameters
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3.7 Test Case #7 - Pencil Beam -da, = 1%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 1%. The lower mask is 2 dB higher with respect of the Test Case #1’s mask.

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 1%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.7.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 3

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints
e Upper Mask Main Beam Width: 0.347 u (20°)
e Lower Mask Main Beam Width: 0.174 u (10°)
e Side Lobe Level: —20 dB

e Lower Mask Height: —3 dB
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Value [dB]

Optimal Particle:
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Fitness:

e Performed Iterations: 100

e Fitness Finale :
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Figure 8.7.2: Optimal Interval Pattern
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Parameter

inf

sup nominal
[Dimaz] [dB] 10.2 | 10.5 10.3
[SLL] [dB] 2211 | -19.4 -20
[HPBW] [deg] | 10.09° | 10.09° | 10.09°
[|E(tmaz)|?] [dB] | -0.087 | 0.086 0
Pattern Matching // // 0.011

Table 8.7.2: Interval Pattern Parameters
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3.8 Test Case #8 - Pencil Beam - da, = 5%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 5%. The mask is the same of the previous test case (Test Case #7).

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 5%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.8.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 3

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints
e Upper Mask Main Beam Width: 0.347 u (20°)
e Lower Mask Main Beam Width: 0.174 u (10°)
e Side Lobe Level: —20 dB

e Lower Mask Height: —3 dB
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Fitness:

e Performed Iterations: 100

e Fitness Finale : 8.5 x 1073
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Figure 8.8.3: Fitness
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Figure 8.8.2: Optimal Interval Pattern
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Parameter inf sup nominal
[Dimaz] [dB] 9.5 11.3 10.4
[SLL] [dB] -27.8 | -17.5 -22
[HPBW] [deg] 10.09° | 11.47° | 10.09°
[|E(tmaz)|?] [dB] | -0.44 | 0.42 0
Pattern Matching // // 0.051

Table 8.8.2: Interval Pattern Parameters
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3.9 Test Case #9 - Pencil Beam - da, = 10%

In this test case a mask constrained power synthesis is performed using Interval Analysis. The amplitude error

is set to 10%. The mask is the same of the previous test cases (Test Cases #7 and #8).

Geometry:
e Number of Elements: N = 20
e Element Spacing: d = %

e Sample Points: 501

Test Case Parameters:

e Amplitude Error: 10%

e Phase Error: ¢, = 0.0 rad

Max Amplitude Value | 1.0

Min Amplitude Value | 0.0

Table 8.9.1: Max and Min excitations amplitudes values, for the PSO

PSO Parameters:

e Unknown Number: 20

e Swarm Dimension: 20

e Random Seed: 3

e Fitness Tolerance: 1 x 107190
e Max Iterations Number: 100
e Inertial Weight: 0.4

e cl: 2.0

e c2: 2.0

Power Mask Constraints
e Upper Mask Main Beam Width: 0.347 u (20°)
e Lower Mask Main Beam Width: 0.174 u (10°)
e Side Lobe Level: —20 dB

e Lower Mask Height: —3 dB

81



Value [dB]

Optimal Particle:

Element Amplitude, [a,]

SLL=-20dB, LM-Height=-3dB, UMBW=0.347u, LMBW=0.174u

ol Lower Mask |
Upper Mask
-10 b 4
-20
_30 - .
-40 b 4
_50 1 1 1
-1 -0.5 0 0.5
Figure 8.9.1: Power Synthesis Mask
Amplitudes, Pencil Beam, N=20, d=)\/2, da,=10%
' ' Amplitude, [a,] ——
1.2 .
1 -
0.8 i
0.6 g
0.4 i
0.2 g

4

6 8

Element Location, x/A

Figure 8.9.2: Optimal particle Amplitudes
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Fitness:

e Performed Iterations: 100

e Fitness Finale : 4.8 x 1072
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Figure 8.9.3: Fitness
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Parameter inf sup nominal

[Dimaz] [dB] 8.6 12.1 10.3

[SLL] [dB] 486 | -153 | -225

[HPBW] [deg] | 10.09° | 13.32° | 10.55°

[|E(tmaz)|?] [dB] | -0.91 | 0.82 0

Pattern Matching // // 0.1062

Table 8.9.2: Interval Pattern Parameters
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