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Part I

Numerical Analysis
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1 Phase Range [-135:135] - Test Case 1 - 55x55 - Linear Polarization

1.1 K=2000, P=250, I=100000

In the Fig. 1 is depicted the behaviour of the Cost Function varying the random seed. The best value of cost

function is achieved by Seed=2 and is ® = 5.414 x 1072,

10°

0 20000 40000 60000 80000
Iteration Number, i

100000

Figure 1: Cost Function behaviour at different random seed.

At this value of cost function the achieved performance on the Phase are showed in Fig. 2 and are numerically

showed in table I.
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Figure 2: Phase (a)(c)(e) and value of the phase out of the minimization range (b)(d)(f) of the Minimum-Norm
z,y)})(a)(b), of the total current for the random seed = 1(c)(d) and for the random seed =

a
current (£ {J}N (

2(e)(f)-

Case @ Number of value > ¢J™X (z,y) | Number of value< g3V (z,y) Phase Range Time [s]
Min [deg] | Max [deg] | parallel [ no-parallel
MN 1.0 451 358 —179.87 179.63
Seed=1 | 9.071 x 102 81 88 —169.61 175.37 [ 253 x 10° | 1.42 x 10°
Seed=2 | 5.414 x 1072 68 56 —167.54 165.30 2.40 x 10° | 1.42 x 108

Table I: Cost Function value and statistics about the result.

The verification of the radiated field is showed in Fig. 3 and numerically in table II.
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Figure 3: Magnitude (a)(d), Phase (b)(e) and Magnitude of the difference with respect to the original field

(d),
(¢)(f) of the seed=1 (a)(b)(c) and seed=2 (d)(e)(f).

| Seed | £ |
1 2.14 x 1073
2 1.82 x 1073

Table II: Integral error of the difference between the original field and the one radiated by the total current.
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1.2 K=2000, P=500, I=100000

In the Fig. 7 is depicted the behaviour of the Cost Function varying the random seed. The best value of cost

function is achieved by Seed=2 and is ® = 2.216 x 1072.

10°

Cost, ®°SY()
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Iteration Number, i

1072

Figure 4: Cost Function behaviour at different random seed.

At this value of cost function the achieved performance on the Phase are showed in Fig. 5 and are numerically

showed in table III.
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Figure 5: Phase (a)(c)(e) and value of the phase out of the minimization range (
current (£ {J}N (

2(e)(f)-

b
(

0@(x.y)) [rad]

0@(xy)) [rad]

D@(x.y)) [rad]

)(d)(f) of the Minimum-Norm

z,y)})(a)(b), of the total current for the random seed = 1(c)(d) and for the random seed =

Case @ Number of value > ¢J™X (z,y) | Number of value< g3V (z,y) Phase Range Time [s]
Min [deg] | Max [deg] | parallel [ no-parallel
MN 1.0 451 358 —179.87 179.63
Seed=1 | 3.823 x 102 54 43 —171.58 [ 167.27 [ 3.62x 10° | 2.83 x 10°
Seed=2 | 2.216 x 1072 34 32 —163.47 163.72 3.72 x 10° | 2.85 x 10°

Table III: Cost Function value and statistics about the result.

The verification of the radiated field is showed in Fig. 6 and numerically in table IV.
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Figure 6: Magnitude (a)(d), Phase (b)(e) and Magnitude of the difference with respect to the original field

(d),
(¢)(f) of the seed=1 (a)(b)(c) and seed=2 (d)(e)(f).

| Seed | £ |
1 2.05 x 1073
2 2.05 x 1073

Table IV: Integral error of the difference between the original field and the one radiated by the total current.
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1.3 K=2000, P=1000, I=100000

In the Fig. 7 is depicted the behaviour of the Cost Function varying the random seed. The best value of cost

function is achieved by Seed=2 and is ® = 1.325 x 1072.

10°
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0 20000 40000 60000 80000 100000
Iteration Number, i

1072

Figure 7: Cost Function behaviour at different random seed.

At this value of cost function the achieved performance on the Phase are showed in Fig. 8 and are numerically

showed in table V.
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Figure 8: Phase (a)(c)(e) and value of the phase out of the minimization range (b)(d)(f) of the Minimum-Norm
(

a
current (£ {J}N (

2(e)(f)-

z,y)})(a)(b), of the total current for the random seed = 1(c)(d) and for the random seed =

Case @ Number of value > ¢J™X (z,y) | Number of value< g3V (z,y) Phase Range Time [s]
Min [deg] | Max [deg] | parallel [ no-parallel
MN 1.0 451 358 —179.87 179.63
Seed=1 | 2.691 x 102 35 44 —162.39 [ 157.60 | 7.37 x 10° | 5.65 x 10°
Seed=2 | 1.325 x 1072 19 18 —158.25 156.92 8.11 x 10° | 5.67 x 10°

Table V: Cost Function value and statistics about the result.

The verification of the radiated field is showed in Fig. 9 and numerically in table VI.
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Figure 9: Magnitude (a)(d), Phase (b)(e) and Magnitude of the difference with respect to the original field

(d),
(¢)(f) of the seed=1 (a)(b)(c) and seed=2 (d)(e)(f).

| Seed | £ |
1 1.98 x 1073
2 1.84 x 1073

Table VI: Integral error of the difference between the original field and the one radiated by the total current.

ELEDIAQUniTN - DICAM, University of Trento - Student Report

page 12/39



1.4 K=2337, P=467, I=300000

In the Fig. 10 is depicted the behaviour of the Cost Function varying the random seed. The best value of cost

function is achieved by Seed=2 and is ® = 6.266 x 1073.

10°

-3 I
10
10° 10t 10? 10° 10*

Iteration Number, i

Figure 10: Cost Function behaviour at different random seed.

10°

10°

At this value of cost function the achieved performance on the Phase are showed in Fig. 11 and are numerically

showed in table VII.
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Figure 11: Phase (a)(c)(e) and value of the phase out of the minimization range (b)(d)(f) of the Minimum-
Norm current (£ {J}" (z,y)})(a)(b), of the total current for the random seed = 1(c)(d) and for the random

seed = 2(e)(f).
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Figure 12: Phase Mask mismatch for the Minimum-Norm current (a), the total current for the random seed =
1(b), and for the random seed = 2(¢).

Case o Number of value > ¢34 (z,y) | Number of value < IV (z,y) Phase Range Time [s]
Min [deg] | Max [deg]
MN 1.0 451 358 —179.87 179.63
Seed=1 | 7.531 x 1073 16 13 —157.26 155.35 1.18 x 10°
Seed=2 | 6.266 x 10~° 9 7 —164.20 149.41 [ 1.18 x 10°

Table VII: Cost Function value and statistics about the result.

The verification of the radiated field is showed in Fig. 13 and numerically in table VIII.
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| Seed | £ |
1 1.83 x 1073
2 1.75 x 1073

Table VIII: Integral error of the difference between the original field and the one radiated by the total current.
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1.5 Comparison

In the Fig. 14 is depicted a summary of the behaviour of the cost function at diffenent population and number

of coefficient and seed.
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Figure 14: Cost Function behaviour at different population and number of coefficient for Seed=1(a) and
Seed=2(b).

Observations:

The cost function is lower for the test cases that involve the higher number of coefficient and the higher

population;

e In Fig. 14 it is shown that the cost function is decreased increasing the number of iteration;

e the cases with the lower population (or better with a low ratio between the number of unknown K and
the population dimension P) have worse results.
e the best result is obtained for K = 2000, P = 1000, Random Seed = 2.

1.6 Number of Coefficient K calibration
We set the number of particle equal to the ten percent of the number of unknowns so:
e number of unknowns: U =2 x K;

e P=10%U;

o [ =3x10%

ELEDIAQUniTN - DICAM, University of Trento - Student Report page 17/39



10° 107

~ 10t ¢ .
=
8
e 110% w
1%
@]
@) 10—2 L i
1073 ‘ ‘ ‘ -4
100 200 400 800 2337

Coefficient Number, K

Figure 15: Final Cost Function and Integral error behaviour at different number of Coefficient selected (K).

We can notice that:

1. the final value of the cost function is lower as we select all the possible coefficient;

2. the Integral error on the radiated field is almost the same varying the number of coefficient.
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1.7 K=2000, P=250, I=100000, 20 seed

In this Section is increased the number of seed in order to have a statistical behaviour of the test case with the
population almost at 6% of the number of coefficients.
In the Fig. 16 is depicted the behaviour of the Cost Function varying the random seed. The best value of cost

function is achieved by Seed=17 and is ® = 3.585 x 1072,

10°

1071

Cost, ®°St()

10°
0 20000 40000 60000 80000 100000

Iteration Number, i

Seed=1 —— Seed=6 Seed=11
Seed=2 ——— Seed=7 Seed=12
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Seed=4 —— Seed=9 Seed=14
Seed=5 Seed=10 =--=---= Seed=15

Figure 16: Cost Function behaviour at different random seed.

At this value of cost function the achieved performance on the Phase are showed in Fig. 17 and are numerically

showed in table IX.
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Figure 17: Phase (a)(c¢

)(e) and value of the phase out of the minimization range (b)(d)(f) of the Minimum-Norm
current (£ {JMN (z,y)})(a)(b), of the total current for the best random seed = 17(c)(d).

Case d Number of value > gb{,”AX (,y) | Number of value< d)ﬁ'“ (z,y) Phase Range Time [s]
Min [deg] [ Max [deg] | parallel [ no-parallel
MN 1.0 899 663 —179.87 179.63
Seed=15 | 3.585 x 10~2 37 47 —170.36 164.29 1.89 x 10° | 1.43 x 10°
Table IX: Cost Function value and statistics about the result.
The verification of the radiated field is showed in Fig. 18 and numerically in table X.
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Figure 18: Magnitude (a), Phase (b) and Magnitude of the difference with respect to the original field (¢) of
the seed=17 (a)(b)(c).
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| Seed | £ |
| 17 [1.98x1077 ]

Table X: Integral error of the difference between the original field and the one radiated by the total current.

Moreover, the statistics on the cost function with different seed is descried in Tab. XI

| Average ® | Minimum @ | Maximum ¢ | Median ® | Variance ® |
[ 7221 1072 [ 3585 x 1072 | 1.012x 10~ | 7.370 x 102 | 3.340 x 10~* |

Table XI: Cost function statistics.
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2 Phase Range [-150:150] - Test Case 1 - 55x55 - Linear Polarization

This section is aimed at showing the result of setting the wanted phase range to [—150, 150] using a PSO with

different parameters.

2.1 Parameters
e Reflectarray Geometry:

— number of elements along x: M = 55;

— number of elements along y: N = 55;

— element spacing along x: Az = 0.373333 [\[;
— element spacing along y: Ay = 0.373333 [\];
— non radiating dimension: 2337;

— truncation order: H = 688;
e PSO Parameters

— max iteration number: I = {10°, 1.5 x 10°, 3 x 10°};

— number of NR-Basis: K = 2000;

— swarm size: P = K X 2 x 10% = 400 (x2 real and imaginary part);
— inertial weight: 0.4;

— inertial: 2 -> consider constant inertial velocity;

— alpha: 0.4,

— beta: 0.4;

— cl: 2.0;

- c2: 2.0;

— random seed: {1, 2}.
e Optimization Parameters

— ¢MAX (z,y) = 150 [deg];

— o)™ (x,y) = =150 [deg];

min {R{a}} = —1.0;

max {R {a}} = 1.0;

min {S{a}} = —1.0;

- max {S{a}} =1.0.
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Initialialization We use a population with:

e an agent with the a =0,

e all the other agents with random initialized a.
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2.2 Results - K=2000 - Iteration 100k

In the Fig. 19 is depicted the behaviour of the Cost Function varying the random seed. The best value of cost

function is achieved by Seed=1 and is ® = 1.411 x 1073.

10° ;

Cost, ")

0 20000 40000 60000 80000 100000
Iteration Number, i

Figure 19: Cost Function behaviour at different random seed.

At this value of cost function the achieved performance on the Phase are showed in Figs. 20,21 and are

numerically showed in table XII.
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Figure 20: Phase (a)(c)(e) and value of the phase out of the minimization range (b)(d)(f) of the Minimum-
Norm current (£ {JMY (z,y)})(a)(b), of the total current for the random seed = 1(c)(d) and for the random

seed = 2(e)(f).
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Figure 21: Phase Mask mismatch for the Minimum-Norm current (a), the total current for the random seed =
1(b), and for the random seed = 2(¢).

Case o Number of value > ¢34 (z,y) | Number of value < IV (z,y) Phase Range Time [s]
Min [deg] | Max [deg]
MN 1.0 310 258 —179.87 179.63
Seed=1 | 1.411 x 1073 1 0 —150.00 161.98 4.25 x 10°
Seed=2 | 1.709 x 10~° 2 1 —151.34 159.63 | 4.24 x 10°

Table XII: Cost Function value and statistics about the result.

The verification of the radiated field is showed in Fig. 22 and numerically in table XTII.
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Figure 22: Magnitude (a)(d), Phase (b)(e) and Magnitude of the difference with respect to the original field
(e)(f) of the seed=1 (a)(b)(c) and seed=2 (d)(e)(f).
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| Seed | £ |
1 1.89 x 1073
2 1.79 x 1073

Table XIII: Integral error of the difference between the original field and the one radiated by the total current.

ELEDIAQUniTN - DICAM, University of Trento - Student Report

page 27/39



2.3 Results - K=2000 - Iteration 150k

In the Fig. 23 is depicted the behaviour of the Cost Function varying the random seed. The best value of cost

function is achieved by Seed=2 and is ® = 1.023 x 1073.

10°

0 25000 50000 75000 100000 125000 150000
Iteration Number, i

Figure 23: Cost Function behaviour at different random seed.

At this value of cost function the achieved performance on the Phase are showed in Figs. 24,25 and are

numerically showed in table XIV.
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Figure 24: Phase (a)(c)(e) and value of the phase out of the minimization range (b)(d)(f) of the Minimum-
Norm current (£ {J}" (z,y)})(a)(b), of the total current for the random seed = 1(c)(d) and for the random

seed = 2(e)(f).
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Figure 25: Phase Mask mismatch for the Minimum-Norm current (a), the total current for the random seed =
1(b), and for the random seed = 2(¢).

Case o Number of value > ¢34 (z,y) | Number of value < IV (z,y) Phase Range Time [s]
Min [deg] | Max [deg]
MN 1.0 310 258 —179.87 179.63
Seed=1 | 1.255 x 1073 1 0 —150.00 160.62 6.75 x 10°
Seed=2 | 1.023 x 103 2 0 —150.00 158.12 8.21 x 10°

Table XIV: Cost Function value and statistics about the result.

With respect at the case with 10° iteration the Cost Function is dereased. However, the number of element
with a phase out of the mask is increased from 1 to 4, but 3/4 for seed=1 and 2/4 for seed=2 have a values of

Phase Mask mismatch (5) below 1072 degrees so they are thresholded to 0.

The verification of the radiated field is showed in Fig. 26 and numerically in table XV.
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2 1.79 x 1073

DET (V) [deg]

DET (V) [deg]

-2

N o N N
o o o
EF U [@8]

A
S

&
3

5§ 8§ = B8 3
EF v [@B]

&
3

a)(d), Phase (b)(e) and Magnitude of the difference with respect to the original field
(¢)(f) of the seed=1 (a)(b)(c) and seed=2 (d)(e)(f).

Table XV: Integral error of the difference between the original field and the one radiated by the total current.
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2.4 Results - K=2000 - Iteration 300k

In the Fig. 27 is depicted the behaviour of the Cost Function varying the random seed. The best value of cost

function is achieved by Seed=2 and is ® = 1.614 x 10~%.
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Figure 27: Cost Function behaviour at different random seed.

At this value of cost function the achieved performance on the Phase are showed in Figs.

numerically showed in table XVI.

28,29 and are
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Figure 28: Phase (a)(c)(e) and value of the phase out of the minimization range (b)(d)(f) of the Minimum-
Norm current (£ {J}" (z,y)})(a)(b), of the total current for the random seed = 1(c)(d) and for the random

seed = 2(e)(f).
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Figure 29: Phase Mask mismatch for the Minimum-Norm current (a), the total current for the random seed =
1(b), and for the random seed = 2(¢).

Case o Number of value > ¢34 (z,y) | Number of value < IV (z,y) Phase Range Time [s]
Min [deg] | Max [deg]
MN 1.0 310 258 —179.87 179.63
Seed=1 | 8.094 x 107 1 0 —150.00 156.82 | 1.42 x 105
Seed=2 | 1.614 x 1074 1 0 —150.00 151.37 1.41 x 10°

Table XVI: Cost Function value and statistics about the result.

The verification of the radiated field is showed in Fig. 30 and numerically in table XVII.
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Figure 30: Magnitude (a)(d), Phase (b)(e) and Magnitude of the difference with respect to the original field
(¢)(f) of the seed=1 (a)(b)(c) and seed=2 (d)(e)(f)-
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| Seed | £ |
1 1.88 x 1073
2 1.78 x 1073

Table XVII: Integral error of the difference between the original field and the one radiated by the total current.
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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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